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ABSTRACTS

OF THE LITERATURE EXAMINED BY THE RADIATION SHIELDING INFORMATION CENTER

The abstracts included in this loose-leaf binder cover all the
documents that are both in the literature store of the Radiation Shielding
Information Center and in the latest edition of the RSIC bibliography. At
this writing (September 1966), the latest edition of the bibliography is
ORNL-RSIC-5 (Rev. 1), Bibliography, Subject Index, and Author Index of the
Literature Examined by the Radiation Shielding Information Center, May
1066, which is being issued along with these 1130 abstracts. Additional
abstracts will be issued for inclusion in this loose-leaf binder when the
next bibliography is ready for publication.

Although most of the abstracts included here were taken directly
from the published documents, some were written by RSIC staff members.
These were limited to documents which either did not contain abstracts
or contained abstracts that were not sufficiently informative. Only
unclassified abstracts are included; all are subject to revision or
replacement. At the lefthand margin next to each abstract is an RSIC
accession number for the document itself.

Indexes to Abstracts

Indexes to the abstracts both by subject matter and by authors can
be found in the latest edition of the bibliography.

Availability of Documents Abstracted

The availability of documents abstracted here is given along with
the bibliographic information preceding each abstract. The abbreviations
used are the same as those listed in Nuclear Science Abstracts, a bi-
monthly publication by the U. S. Atomic Energy Commission covering inter-
national literature on nuclear science and technology. For convenience,
those pages of NSA which define the abbreviations used in the availability
column and identify the depositories from which documents may be obtained
are reproduced here as they appeared in the August 1966 issue.
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Public Availability of USAEC Reports

All USAEC reports abstracted in NSA are available to the
public through one or more of the following sources:

(1) Depository libraries in the United States, in other
countries, and in international agencies. A list of these
depositories appears on the inside covers of each issue of
NSA.

(2) Scientific and technical journals or other publications.

(3) Microcard Editions, Inc., in Microcard and micro-
negative form. Orders and inquiries should be sent to:
Accounting and Shipping Department, West Salem, Wis-
consin 54669,

(4) Clearinghouse for Federal Scientific and Technical
Information, U. S. Department of Commerce, Springfield,
Virginia 22151,

(5) Superintendent of Documents, U. 8. Government Print-
ing Office, Washington, D. C. 20402,

Public Availability of Non-AEC Reports

U. S, Reports, Many reports of U, S, Government agencies
are available to the public from the Clearinghouse for Fed-
eral Scientific and Technical Information (CFSTI). This
availability is given when known. Such reports should be
ordered by AD number or NASA-N number, If availability
is not shown, inquiries may be directed to CFSTI. In the
case of NP numbers, inquiries should be by title and author.

Nonrn-U. S. Reporis. Many reports of atomic energy
establishments of other countries are deposited in the
libraries listed on the inside covers of each issue of NSA.

Additionally, the following have made their reports
available as indicated.

AUSTRALIA

Australian Atomic Enevgy Commission Reseavch Estab-
lishment. Available upon request from the Library, Aus-

tralian Atomic Research Establishment, Private Mail Bag,
Sutherland, New South Wales, Australia.

BELGIUM

Centve d’Etude de I'Energie Nucléaive. Available upon
request to individuals and organizations, from the Centre
d’Etude de l'anergie Nucléaire {CEN), 31, Rue Belliard,
Bruxelles, Belgium.

CANADA

Atomic Enevgy of Canada Limited. For sale by the
Technical Information Officer, Atomic Energy of Canada
Limited, Chalk River, Ontario, Canada. Copies are also
deposited in libraries in the United Kingdom.

National Research Council of Canada. Available from
the National Research Council of Canada, Ottawa 2, Ontario,
Canada,

DENMARK

Atomic Enevgy Commission Reseavch Establishment,
Risg. Available on exchange from the Library, Danish
Atomic Energy Commission, Risg¢, Roskilde, Denmark.
Also for sale by Jul. Gjellerup, Booksellers, 87 Solvgade,
Kgbenhavn K., Denmark.

Danatom. Available on loan from Research Establish-
ment, Risg, Roskilde, Denmark. Copies are available from
Danatom, Aurehgjvej 2, Hellerup, Denmark,

EURATOM

Reports from the Commission of the European Atomic
Energy Community are available from: Presses acade-
miques europeennes, 98, chaussee de Charleroi, Brussels 6,
Belgium; and Office central de vente des publications des
Communautes eurodeennes 2, place de Metz, Luxemburg.

FRANCE

Commissariat & I'Enevgie Atomique. Inquiries for re-
ports numbered 1-2199 should be addressed to Commis-
sariat 4 l’fjnergie Atomique, Service Central de Documen-
tation, Centre d’Etudes Nucléaires de Saclay, Boite Postale
No. 2, Gif-sur-Yvette (S, et 0.), France. Reports num-
bered 2200 and above are available from La Documentation
Francaise, 16 Rue Lord-Byron, Paris VIII, France.

Service Central de Protection contre les Rayonnements
Ionisants. Copies are available from Ministére de la Santé
Publique, Service Central de Protection contre les Rayon-
nements Ionisants, B. P, n°35—LE VESINET (S. et O.),
France.

GERMANY

Deutsches Elektronen-Synchrvotron DESY. Copies are
available from Deutsches Elektronen-Synchrotron Desy,
Dokumentation, 2000 Hamburg-Gr. Flottbek 1, Notkestieg 1,
Germany.

Gesellschaft fiiv Kernforschung mbH (KFK). Copies are
available from Gesellschaft fiir Kernforschung mbH,
75 Karlsruhe, Postfach 947, Germany. Copies are also
deposited in many national nuclear centers in the world.

Kernforschungsanlage. Copies may be ordered from
Zentralbibliothek der Kernforschungsanlage Jiilich, Jiilich,
Bundesrepublik Deutschland,

Hahn-Meitnev-Institute fir Kernforschung. Available
without charge from Hahn-Meitner-Institute fur Kernfor-
schung Berlin, Bibliothek, Glienicker Strasse 100,1 Berlin
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39, Germany. Copies are deposited in many national nu-
clear centers in the world.

Johann-Wolfgang-Goethe Universitat, Frankfurt Am Main,
Institut fiiv Kernphysik, (IKF). Copies are available from
Gmelin Institut, 40-42 Varrentrappstrasse, Frankfurt
(Main), West Germany,

ISRAEL

Israel Atomic Enevgy Commission. Available without
charge from Ministry of Defence/Atomic Energy Com-
mission, Soreq Research Establishment, Yavne, Israel.
Copies are deposited in libraries in Israel and in other
countries.

ITALY

Centro Informazioni Studi Espevienze (CISE). For sale
at CISE Press Office, Casella Postale 3986, Milano, Italy.
Copies are deposited in libraries in Italy.

Comitato Nazionale pev I’Enevgia Nucleare. Copies are
available from Comitato Nazionale per I’Energia Nucleare,
Divisione Affari Internazionali e Studi Economici, Ufficio
Pubblicazioni, Via Belisario, 15, Roma, Italy.

JAPAN

Japan Atomic Enevgy Research Institute (JAERI). Avail-
able from the Staff Supply Cooperative of Japan Atomic
Energy Research Institute (JAERI), 1-1 Tamura-Cho, Shiba,
Minato-Ku, Tokyo, Japan. Copies are deposited in deposi-
tories in Tokyo, Nagoya, and Osaka.

Nagoya University. Copies are available from Research
Information Center, Institute of Plasma Physics, Nagoya
University, Nagoya, Japan.

University of Tokyo. Available free of charge from In-
stitute for Nuclear Study, University of Tokyo, Tanashi-
Machi, Kitatama-gun, Tokyo, Japan.

NETHERLANDS

Reactor Centrum Nedevland. For sale by Reactor Cen-
trum Nederland, 112 Scheveningseweg, ’s-Gravenhage, The
Netherlands. Copies are deposited in university libraries in
Holland and in many national nuclear centers in the world.

NEW ZEALAND

Institute of Nuclear Sciences. Copies are available from
Librarian, Institute of Nuclear Sciences, D.S.I.R., Private
Bag, Lower Hutt, New Zealand. Copies are deposited in
other countries.

NORWAY

Forsvarets Fovskningsinstitutt. Copies available from
Norwegian Defence Research Establishment, Library, P. O.
Box 25, Kjeller, Norway.

Institutt for Atomenevgi. “KR’ reports are available on
an exchange basis from the Library, Institutt for Atomen-
ergi, Box 40, Kjeller, Norway. Other series are not gen-
erally available to the public.

Norwegian Reactor School. Copies are available from
The Library, Institutt for Atomenergi, P. O. Box 40, Kjeller,
Norway.

PAKISTAN

Atomic Enevgy Center. Copies are available from
Atomic Energy Center, P. O. Box 658, Lahore, (West
Pakistan).

POLAND

Reports of the Polish nuclear institutes are published by
the Nuclear Energy Information Center of the Government
Commissioner for Use of Nuclear Energy. Copies are
available from O$rodek Informacji o Energii Jadrowej,
Warszawa, PKiN, Poland.

SPAIN

Junta de Energia Nuclear. ““‘JEN’ reports are available
without charge from Servicio de Documentation, Junta de
Energia Nuclear, Ciudad Universitaria, Madrid (3), Spain.
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SWEDEN

Aktiebolaget Atomenevgi. *“‘AE’ reports are for sale
from Aktiebolaget Atomenergi, Library Section, Box 43041,
Stockholm 43, Sweden. Bibliographies and literature sur-
veys of the VDDIT- series may be obtained {rom Aktie-
bolaget Atomenergi, Information Office, Scientific and
Technical Information, Box 43041, Stockholm 43, Sweden,
Other series are not generally available to the public.
Organizations in the atomic energy field may obtain copies
from Aktiebolaget Atomenergi. Microcopy of AE reports is
available from the International Documentation Centre,
Tumba, Sweden,

SWITZERLAND

CERN Euvopean Ovganization fov Nuclear Reseavch.
Available without charge from CERN European Organiza-
tion for Nuclear Research, Geneva 23, Switzerland. Copies
are deposited in libraries in 13 countries.

Eidgenbssisches Institut filv Reaktovforschung. ‘‘EIR”
reports are available from Eidgenossiches Institut fir
Reaktorforschung, c/o Bibliothek, Wurenlingen/Ag, Swit-
zerland.

TURKEY

Turkish Atomic Enevgy Commission, Copies are avail-
able free of charge from T.A.E.C., Cekmece Nuclear Re-
search Center, P. O, Box 1, Airport, Istanbul, Turkey.

UNITED KINGDOM

United Kingdom Atomic Energy Authovity. Some reports
are for sale in the United States by the British Information
Service (BIS), 845 Third Avenue, New York, N. Y, 10022,
United Kingdom reports generally may be purchased from
Her Majesty’s Stationery Office, London. Copies not for
sale by Her Majesty’s Stationery Office may be purchased
in microcopy form from Micro Methods Limited, East
Ardsley, Wakefield, Yorks, England. Report copies are
deposited in a large number of libraries in England, de-
positories of the USAEC in the United States and abroad,
and in most national nuclear centers throughout the world.

Conferences

Published conference proceedings as well as individual
unpublished papers from conferences are included in this
index. A CONF number is assigned to the conference if
published proceedings are received and alsoif only a single
paper is received, The base number used is year-month-
sequence, Thus, the number CONF-650101 would indicate
that the conference was held in 1965, in January. and that
this was the first January 1965 conference so rcceived.
This number would be assigned to complete published pro-
ceedings, or if individual papers are received, the base
number would be extended to include a paper number, i.e.,
CONF-650101-1. As additional papers are received. they
will be assigned consecutive numbers in the series, CONF-
650101-1, 2, 3, 4, ete. This numbering system ensures that
all papers received from a conference will be associated
with that conference in this index,

If published proceedings are received after the receipt of
individual papers, the complete proceedings will be ab-
stracted and the abstract number will appear in this index
with the base CONF number.

Abbreviations Used in Availability Column

AECL For sale by Atomic Energy of Canada
Ltd., Chalk River, Ontario, Canada,

BIS For sale by British Information Service,
845 Third Avenue, New York, N. Y.
10022

CFSTI For sale by the Clearinghouse for Federal

Scientific and Technical Information,
U. 8. Department of Commerce, Spring-
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Dep.

Dep.(mc)

Dep.(mn)

DSIR

DTI
Extension

EM’

Gmelin

field, Virginia 22151. The symbol ‘‘cy”
indicates that the format of the item
sold may be either a printed document
or a photographic reproduction (two-
thirds of original size) depending upon
the availability of printed stock. The
indicated price is for either format.
The symbol ‘““mn’’ is used to indicate
that copy is also available in the form
of micronegatives (microfiche).

AEC reports: Full-size copy is on de-
posit in the depository libraries both
inside and outside the United States.
These reports are also for sale by
Microcard Editions, Inc., Accounting
and Shipping Department, West Salem,
Wisconsin 54669,

Non-AEC reports: Full-size copy on de-
posit in the depository libraries in the
United States only.

Same as for Dep., except copy is in
Microcard form.

Same as for Dep., except copy is in mi-
cronegative (microfiche) form.

For sale by the National Lending Library
for Science and Technology (D.S.LR.),
Boston Spa, Yorkshire, England.

Available from the U. S, Atomic Energy
Commission, Division of Technical In-
formation Extension, P, O. Box 62, Oak
Ridge, Tennessee 37830,

Blueprints and microcopy of AEC engi-
neering drawings are available from
Clearinghouse for Federal Scientific
and Technical Information, U, S. De~
partment of Commerce, Springfield,
Virginia 22151. Current prices of the
CAPE- packages may be obtained from
this address. TID-4100, available from
the Division of Technical Information
Extension, P. O. Box 62, Oak Ridge,
Tennessee 37831, contains information
on all the CAPE- packages for sale.

Available at a nominal charge and under
the AED- number shown from Atomic
Energy Documentation Center, Gmelin
Institute, 40-42 Varrentrappstrasse
Frankfurt (Main), West Germany.

GPO

HMSO

IAEA

JCL

LC

NAS

NRC

ORAU

ORINS
UKAEA,
London

UN

USGS

REPORT NUMBER INDEX

For sale by the Superintendent of Docu-
ments, Government Printing Office,
Washington, D. C, 20402,

Her Majesty’s Stationery Office, London.

Available from the International Atomic
Energy Agency, Vienna, Austria, and
from its sales agencies in various coun-
tries throughout the world. A list of
these agencies is found in each STI/
DOC and STI/PUB publication.

For sale by the Special Libraries Asso-
ciation Translation Center, John Crerar
Library, 35 West 33rd Street, Chicago,
Illinois 60616,

For sale by the Library of Congress,
Photoduplication Service, Washington,
D. C. 20540.

National Academy of Sciences, National
Research Council, Washington, D. C.
20418,

For sale by the National Research Council
of Canada, Ottawa, Ontario, Canada.

Available on interlibrary loan from the
Library, Oak Ridge Associated Uni-
versities, Post Office Box 117, Oak
Ridge, Tennessee 37830.

See ORAU,

Available from United Kingdom Atomic
Energy Authority, 11 Charles II Street,
London, S. W, 1,

United Nations Bookshop, United Nations
Headquarters, New York, New York.

Available free of charge from the U, S.
Geological Survey, Washington, D. C.
20242.

[The symbols “‘ph,”” “‘mf,”” and ““fs’’ are used to designate
that copy is available only in photostat, microfilm, or
facsimile form. The symbol “mn”’ is used to designate that
copy is available in micronegative (microfiche) form. The
symbol “cy’’ is used to designate full size or photographi-
cally enlarged copy (two-thirds of original size).}
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USAEC DEPOSITORY LIBRARIES

Collections of USAEC reports are maintained in the libraries of the organizations listed below for reference use by the
general public. Facilities for making photocopies are available. The USAEC also makes available through these libraries
atomic energy reports of countries other than the U. 8. that are abstracted in Nuclear Science Absfracts.

ALABAMA

Auburn, Auburn University
ALASKA

College, University of Alaska
ARIZONA

Tucson, University of Arizona
ARKANSAS

Fayetteville, University of Arkansas
CALIFORNIA

Berkeley, University of California

Davis, University of California

Los Angeles, University of California

San Diego, Public Library

Stanford, Stanford University
COLORADO

Boulder, University of Colorado

Denver, Public Library
CONRECTICUT

New Haven, Yale University
DELAWARE

Newark, University of Delaware
DISTRICT OF COLUMB!A

Washington, Library of Congress
FLORIDA

Coral Gables, University of Miami

Gainesville, University of Florida

Tallahassee, The Florida State University
GEORGIA

Atlanta, Georgia lnstitute of Technology
HAWALI

Honolulu, University of Hawaii
ILLINOIS

Chicapo, John Crerar Library

Chicago, University of Chicago

Evanston, Northwestern University

Urbana, University of [liinos
INDIANA

Bloomington, Indiana University

lafayette, Purdue Untversity
IOWA

Ares, Towa State University
KANSAS

Manhattan, Kansas State University
KENTUCKY

Lexington, University of Kentucky

Louisville, University of Louisville
LOUISIANA

Baton Rouge, Louisiana State University

New Orleans, Tulane University
MARYLAND

Baltimore, Johns Hopkins University

College Park, University of Maryland

Reprinted from Nuclear Science Abstracts 20, No. 15 (1966).

MASSACHUSETTS
Cambridge, Harvard University
Cambridge, Massachusetts Institute of
Technology
MICHIGAN
Ann Arbor, University of Michigan
Detroit, Public Library
East Lansing, Michigan State University
MINNESOTA
Minneapolis, University of Minnesota
MISSISSIPPI
State College, Mississippi State University
MISSOURI
Kansas City, Linda Hall Library
Rolla, University of Missouri School of
Mines and Metallurgy
St. Louis, Washington University
MONTANA
Bozeman, Montana State College
NEYADA
Las Vegas, Nevada Southern University
Reno, University of Nevada
NEW JERSEY
Princeton, Princeton University
Teaneck, Fairleigh Dickinson University
NEW MEX!CO
Albuquerque, University of New Mexico
NEW YORK
Albany, The Universitv of the State of
New York
Buffalo, State University of
New York at Buffalo
Ithaca, Cornell University
New York, Atomic Industrial Forum, Inc.
New York, Columbia University
New York, New York University
Rochester, University of Rochester
Schenectady, Union College
Syracuse, Svracuse University
Troyv, Rensselaer Polvtechnic Institute
NORTH CAROLINA
Charlotte, Public Library of Charlotte
and Mecklenburg County
Durham, Duke University
Raleigh, North Carolina State College
NORTH DAKOTA
Grand Forks, University of North Dakota
OHIO
Cincinnati, University of Cincinnati
Cleveland, Public Library

OHIO (CONT.)
Columbus, Ohio State University
Toledo, University of Toledo
Youngstown, Youngstown University
OKLAHOMA
Norman, University of Oklahoma
Stillwater, Oklahoma State University
OREGON
Corvallis, Oregon State University
Portland, Reed College
PENNSYLYANIA
Philadelphia, University of Pennsylvania
Pittsburgh, Carnegie Library
University Park, Pennsylvania State
University
PUERTO RICO
Rio Piedras, University of Puerto Rico
RHODE ISLAND
Providence, Brown University
SOUTH CAROLINA
Columbia, University of South Carolina
TENNESSEE
Knoxville, University of Tennessee
Memphis, Public Library
Nashville, Joint University Libraries

Oak Ridge, Oak Ridge Associated Universities

TEXAS
Austin, University of Texas
College Station, Texas A & M University
Dallas, Southern Methodist University
Houston, Rice University
Lubbock, Texas Technological College
San Antonio, Public Library
UTAH
Salt Lake City, University of Utah
YIRGINIA
Blacksburg, Virginia Polytechnic Institute
Charlottesville, University of Virginia
Norfolk, Old Dominion College
WASHINGTON
Pullman, Washington State Untversity
Seattle, University of Washington
WEST YIRGINIA
Morgantown, West Virginia University
WISCONSIN
Madison, Universitv of Wisconsin
Milwaukee, Public Library
WYOMING

Laramie, Universitv of Wyoming
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DEPOSITORIES OF USAEC REPORTS

ARGENTINA
Buenos Aires, Comisién Nacional de Energia
Atémica
AUSTRALIA
Canberra, Australian National Library
Sutherland, New South Wales, Australian
Atomic Energy Commission
AUSTRIA
Vienna, Zentral Bibliothek der Physikalischen
Institute der Universitat
BELGIUM
Mol-Donk, Centre d'Etude de I’Energie
Nucleaire
BOLIVIA
La Paz, Comisidn Nacional de Energia Nuclear
BRAZIL
Rio de Janeiro, Instituto Brasileiro de
Bibliografia € Documentacao
Szo Paulo, Instituto de Energia Atomica,
Cidade Universitaria Sao Paulo
BURMA
Rangoon, Union of Burma Applied Research
Institute, Atomic Energy Center Library
CANADA
Hamilton, McMaster University
Ottawa, National Reseatch Council Library
Vancouver, University of British Columbia
CHILE
Santiago, Instituto de Fisica y Matematicas,
Universidad de Chile
CHINA
Hsinchu, Taiwan, Free China, National Tsing
Hua University
COLOMBIA
Bogota, Instituto De Asuntos Nucleares
COSTA RICA
San Pedro, University of Costa Rica Library
DENMARK
Ris&, Danish Atomic Energy Commission
ECUADOR
Quito, Escuela Politécnica Nacional
EL SALYADOR
San Salvador, Universidad de Fl Salvador,
Biblioteca de Energia Nuclear
FINLAND
Helsinki, Teknillisen Korkeakoulun Kirjasto
FRANCE
Gif-sur-Yvette, Centre d'Etudes Nucléaires de
Saclay
Paris, Académie des Sciences
GERMANY
Berlin, Hahn-Meitner-Institut fiir Kernforschung
Berlin
Frankfurt /Main, Gmelin-Institut
Munich, Technische Hochschule, Bibliothek

AUSTRIA

Vienna, [nternational Atomic Energy Agency
BELGIUM

Brussels, L.a Bibliotheque EURATOM
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GHANA
Accra, University College of Ghana
GREECE
Athens, Nuclear Research Center
“‘Democritus”’
GUATEMALA
Guatemala, Comisi6én Nacional de Energia
Nuclear
INDIA
Bombay, Department of Atomic Energy
(RAN
Tehran, Tehran University Nuclear Centre
IRAQ
Baghdad, Iraqi Atomic Energy Commission
IRELAND
Dublin, Univessity College
ISRAEL
Rehovoth, Israel Atomic Energy Commission
ITALY
Rome, Centro di Studi Nucleari della Casaccia
Rome, Comitato Nazionale per I’Energia
Nucleare
JAPAN
Tokyo, National Diet Library
KOREA
Seoul, Office of Atomic Energy
LEBANON
Beirut, [.ebanese National Council for
Scientific Research
LUXEMBOURG
Luxembourg, Ministry of Transport and
Electricity
MALAYSIA
Kuala Lumpur, University of Malaysia
MEXICO
Mexico, D.F., Comisién Nacional de Energia
Nuclear
NETHERLANDS
The Hague, Reactor Centrum Nederland
NEW ZEALAND
Lower Hutt, Institute of Nuclear Sciences
NIGERIA
Ibadan, University of Ibadan
NORWAY
Lillestrdm, Institutt f8r Atomenergi
PAKISTAN
Lahore, West Pakistan, Atomic Energy Centre
PERU
Lima, Junta de Control de Energia Atomica
PHILIPPINE REPUBLIC

Manila, Philippine Atamic Energy Commission

In International Agencies

FRANCE
Paris, European Nuclear Energy Agency,
0.E.C.D.

In Countries Other than the U.S.

POLAND
Warsaw, Biura Pelnomocnika Rzadu do Spraw
Wykorzystania Energii Jadrowej
PORTUGAL
Sacavem, Junta de Energia Nuciear
REPUBLIC OF SOUTH AFRICA
Pretoria, Atomic Energy Board Library
REPUBLIC OF THE CONGO
Leopoldville, Université Lovanium
SPAIN
Madrid, Junta de Energia Nuclear, Biblioteca
Documentacién v Publicaciones, Ciudad
Universitaria
SWEDEN
Nykdping, Aktiebolaget Atomenergi
SWITZERLAND
Ziirich, Eidgentssische Technische
Hochschule, Bibliothek
THAILAND
Bangkok, Office of the Thai Atomic Energy
Commission, Department of Science
TURKEY
Ankara, Turkish Atomic Energy Commission,
Atomic Energy Library
UNITED ARAB REPUBLIC
Cairo, Atomic Energy Commission
UNITED KINGDOM
Birmingham, Central L.ibrary
Boston Spa, National Lending Library for
Science and Technology
Kingston upon Hull, Central Library
Liverpool, Central Library
London, Central Library, Acton
London, Nationa! Reference Library
London, Science Museum Library, South
Kensington
Manchester, Central Library
Newcastle upon Tyne, Central Library
Nottingham, Central Library
Sheffield, Central Library
URUGUAY
Montevideo, Comision Nacional de Energia
Atomica
YENEZUELA
Caracas, Instituto Venezolano de Investiga-
ciones Cientificas
YIET-NAM
Saigon, Atomic Energy Office
YUGOSLAVYIA
Belgrade, Federal Commission for Nuclear
Energy

ITALY
Ispra, EURATOM Research Center
SWITZERLAND

Geneva, United Nations Library



0. O. Witte, Radiation Protection Doors of Steel, AEC-tr-6181 (November
1962). Availability: $1.10 (fs), $0.80 (mf) JCL.

The problems of fabricating radiation shielding
doors are described. The emphasis is on doors con-
structed of steel or encased in steel,

1. 8. Orecher and M. Oberhofer, Shielding of Radiations from Reactor-Beam
ubes, AEC-tr-6185 (November 1062). Availability: $1.10 (fs), $0.80
(mf) JCL.

A survey of the materials which might be used in
the shielding of reactor beam tubes 1s given and a very
brief description of the construction of the shields is
presented.

2. F. Kohl, Nomographic Determination of Permissible Distances and Pro-
tective Screens Against Gamma Radiation, AEC-tr-6101 (June 1962).
Availability: $1.60 (fs), $0.80 (mf) JCL.

Connecting namographs were constructed to describe
the attenuvation of gamma rays from various radioisotopes
through concrete, iron, and lead, assuming that the
source 1s a point source. The source strength ranges
from 0.1 pc to 10* C. The safe distances from the shield
range are from 1 cm to 100 m. The dose-rate ranges from
10 pr/hr to 100 mr/hr.

5. A. Nyk#nen and S. E. Pihlajavaara, Finnish Recommendations for Radia-
tion Shielding Concrete Structures, AEC-tr-6083 (1962). Availability:
$1.60 (£2), $0.80 (mf) JCL.

Recommendations are given for the preparation of
concrete for shielding of radiations. These include
legal aspects, structural considerations, and shield-
ing properties. Questions of density, uniformity, water
content, and testing are reviewed.



L. wWalter Lowen, A Buildup Corrected Single Collision Model for Gamma-Ray
Backscattering, EIR-53 (June 1963). Availability: Free of charge from
CERN European Organization for Nuclear Research, Geneva 2%, Switzerland.

A Ppuildup corrected single-collision kernel is devel-
oped to calculate the backscattered energy flux at a speci-
fied location resulting from a monoenergetic point mono-
directicnal gamma beam incident with a given angle of inci-
dence on a scatterer of specified thickness. The formula-
tion is supported by phenomenological analysis and by a
comparison of total energy albedos, as calculated by a
single-collision kernel, to Monte Carlo data. The angular
distribution of reflected energy is computed by means of a
buildup corrected single-collision kernel for 1-MeV gammas
backscattered from concrete. The results are shown to be
in good agreement with Monte Carlo data.

A scattering factor, derived from the buildup cor-
rected kernel was evaluated for 1-MeV gammas incident on
concrete by means of a computer program for the IBM 709.
Application of the scattering factor to the solution of
reflection problems in realistic geometry is illustrated
by a sample problem. Extended applications to slant
incidence transmission problems are indicated.

5. B. T. Price, C. C. Horton, and K. T. Spinney, Radiation Shielding,
Pergamon Press, 1957.

This book is a general reference on radiation
shielding. Two unique features are: (1) a section
describing how to design a reactor shield on page
230 and (2) a discussion of energy-dependent removal
cross sections in relation to neutron attenuation in
thick shields.

6. R. Aronson, M. J. Berger, R. E. Belssner et al., Reactor Handbook,
Second Ed., Vol. 3, Part B (Shielding) (E. P. Blizard and L. S.
Abbott, eds.), Interscience Publishers, 1962.

This book is a general reference on radiation
shielding. Many tables and graphs of pertinent
shielding data are included.



H. Goldstein, Fundamental Aspects of Reactor Shielding, Addison-Wesley
Publishing Co., Inc., 1959.

7.

This book 1s a general reference on radiation
shielding. The emphasis is, however, on calculational
techniquesand the basic physics involved in shielding.

8. J. B. Whittaker, "The Dose Rate from a Spherical Source with Self-
Absorption," Phys. Med. Biol., Vol. 8, No. 3, pp. 309-318 (September

196%)

The dose rate at any point outside a spherical homo-
geneous radioactive source 1s calculated allowing for ab-
sorption both in the surrounding medium and in the source.
The absorption 1s considered to be exponential, no account
being taken of secondary interactions which might produce
a "puildup" of dose rate in the medium.

The dose rate for arbitrary absorption coefficients
inside and outside the source 1s derived initially in the
form of an integral, from which the dose rate on the
surface of the sphere 1s obtained explicitly. The special
cases of the source in a nonabsorbing medium and in a
medium of absorption coefficient equal to that of the
source are considered in some detall. The expressions
for the dose rate in the two cases have been solved
numerically for a range of typical values and the results
are presented in graphical form. The dose rate in the
three limiting cases of large distance from the source,
and high and low self-absorption have been derived from
expansions of the expression for the dose rate in a non-
absorbing medium. The errors involved in considering
only the first one or two terms of each series are given.
The expression for the dose rate due to a source of absorp-
tion coefficient equal to that of its environment has been
similarly expanded to give the dose rate at large dis-
tances, and also for low absorption, the errors involved
in the first one or two terms again being given.

An estimation of the effect of scattered radiation
by means of "bulldup" factors is discussed.
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9. P. A, Ombrellaro and F. D. Federighi, A Variational Procedure for
Calculating Fast Few-Group Constants, KAPL-2220 (August 10, 1662).
Availability: Dep.; $1.25 OTS.

A variational procedure for calculating fast-energy "
few-group constants 1is described. For a given medium,
the method permits one to express the flux and current
solutions of the Boltzmann equation, treated according .
to P~1 slowing~down theory in each group of a few=-group
scheme, as a linear combination of two base flux spec-
tra, to obtain the group flux, and as a linear combination
of two base current spectra, to obtain the group current.
The coefficients for combining the base spectra are pro-
vided by the theory and depend only on the concentrations
of the component elements of the medium. Once the flux
and current spectra in each group are calculated, the
group constants for the medium can be easily calculated
from base-flux-spectra weighted library microscopic
cross sections. Group constants calculated in this
manner agree well with those obtained from the MUFT 5
program.

10. W. R. Faust, Some Exact Solutions to the Three-Dimensional Equation
of Radiative Transport, NRL-5838 (September 26, 1962). Availability:
$1.10 (fs) OTS.

Fourier techniques are applied to obtain an
exact solution of the three-dimensional integro-
differential equation of radilative transport for a
point isotropic source imbedded in an infinite medium.
Results of these calculations are then extended to ob-
tain the solution for a point source radiating along
the z axis (beam of radiation).
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11. D. Meneghetti, Table of Trim Discrete Quadrature Parameters for
Thin Binary Slab Cells, ANL-661% (September 1962). Availability:

$0.50 0TS,

Discrete quadrature welghts and angles for use in
discrete ordinate methods of solutions for thin cells
are tabulated for a series of regional cell thicknesses
of applicability. Parameters are given for 4, 6, 8, 10,
and 12 angle approximations. The quadrature assignments
are based upon a simplified integral transport solution
to the spatial average of the angular distribution of un-
collided flux, assuming flat sources. The guadrature
assigmments are designated TRIM, for thin-region inte-
gral method, and are most useful with thin cells having
either or both regions very thin in mean-free-path units.
The IBM-TO4 Fortran program used to compute the parameters
is described.

12. M. L. Wohl, Monte Carlo Calculations of Neutron Number Spectra and
Buildup Factors in Infinite Conical Configurations, NASA TN D-143k
(September1962). Availability: $0.50 OTS.

A Monte Carlo code simulating neutron transport
in infinite cones of water and water-equivalent hydro-
gen was prepared for an IBM 704 computer. The code was
essentially a modification of the point-source, infinite-
medium code used in NASA TN D-850.

Studies were made of differential neuytron number
spectra and associated bulldup factors for infinite
cones having apex half-angles of 15°, 30°, 45°, and
60°. The buildup factors obtained were compared with
those for the appropriate infinite medium, which allowed
an examination of the effect of solid angle subtended
by material on the transport of 6-MeV source neutrons
emanating from the cone apex.

The variation of number bulldup factorwith distance
for the various cones shows that neutron scattering out
of the cones is predominant in the first 30 to 40
centimeters of material, and that transport beyond this
distance 1s of a similar nature in all the cones.
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1k,

12

A. H. Redmond and M. B. Salamon, A Standardization of the Hurst
Radsan Neutron Detector, USNRDL-TR-598 (November 19, 1962),

Availability:

$1.60 OTS.

Dose measurements have been made with five Radsan
detectors at the same operating conditions using a 100-
channel analyzer and computing dose from the pulse-
height distribution. The detectors responded to an
80-gram plutonium beryllium neutron source at 50

centimeters with a sensitivity about 21 percent higher
than the first collision dose computed from the spec-
tral distribution. An explanation is offered.
Responses to a 2-gram similar source mounted on the
detectors were correlated with the counting rate on a
scaler, giving a figure for a quick check of detector
condition. Both measurements gave similar ratios of
dose-to-counts in a 10~minute period. A shift of
spectrum threshold with detector temperature rise is
described.

K. F. Hansen,
Availability:

The

Multi-Group Diffusion Methods, NY0-10206 (April 1962).
Dep.; $1.75 OTS.

purpose of this report is to provide an introduc-

tion to the multi-group diffusion methods of reactor
analysis. The report is divided into two sections: the
first concerning the derivation of the multi-group equa-
tions from the age-diffusion equation, while the second
portion pertains to numerical methods of solving the
equations.

No new technigques of analysis are contained in
the report. The mathematics has been kept simple in
order that the approximations at each step are clearly
apparent. The adjoint function is introduced and the
reasons for considering the adjoint are repeatedly
stressed.

The selection of numerical methods considered
in the second section is by no means exhaustive.
Simple illustrations of various lterative methods are
included. Relations between the rates of convergence
of various methods may be found in the references,
along with proofs of various results quoted in the
report.



15. H. Goldstein and J. E. Wilkins, Jr., Calculations of the Penetration
NY0-3075 (June 30, 1954) . Availability: Dep.;

of Gamma Rays
$30.30 (ph), $8.70 (mf) OTS.

An extensive series of calculations on the penetra-
tion of gamma rays in infinite homogeneous media has been
made using the "moments method" introduced by Spencer and
Fano. Spectra of scattered photons, due to monoenergetic
sources ranging in energy from 0.5 MeV to 10 MeV, were
obtained at distances up to 20 mean-free-path lengths in
eight materials whose atomic numbers varied from O to 92,
Source geometries included point isotropic and plane
monodirectional. The computations were performed with
the aid of a high speed automatic computer, the SEAC.

The choice of microscopic absorption coefficients for

the calculation is discussed at length, and the data used
are reproduced. Definitions are given for the quantities
describing the scattered photons, and the fundamental
equation governing the photon transport is derived. The
"moments method" is described in detail, both as to the
derivation and integration of the equations for the
spatial moments of the flux, and as to the procedures

for reconstructing the flux from the moments. Scat-
tered flux spectra and buildup factors are reproduced for
all the calculated problems in the form of some 140
tables and 75 graphs. Methods for extending the results
to problems not calculated are described. Possible
sources of error are discussed. It is concluded on the
basis of internal checks, comparison with other
theoretical predictions, and examination of published
experiments, that the accuracy of the calculations is
more than adequate for almost all practical applica-
tions.

16. J. Moteff, Miscellaneous Data for Shielding Calculations, APEX-176
(December 1, 195L). Availability: Dep.; $9.60 (fs), $3.59 (mf)
0TS,

This report represents an effort to consolidate
under one cover the data of importance to the shielding
groups. The major topics considered are as follows:

Gamma Ray Attenuation Coefficilents

Bulldup Factors

Fission Product Gamma Spectrum

Geometric Considerations

Flux to Dose Conversion

Attenuvation Fission Product Gamme Rays Through
Lead, Iron, and Water.
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19.
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R. T. McGinnies, X-Ray Attenuation Coefficients from 10 keV to
lOO MeV, Suppl. to NBS Circular 585 (Octdber 30, 1959).
Availablllty° $0.7%5 GPO. -

A revision is given of the X-ray attenuation coef-
ficients presented in National Bureau of Standards
Circular 583. Table 4 of that publication is eliminated
and a new table is given for each material for photon
energies less than 100 keV., The uncertainties in
the estimates of attenuation coefficients at low energies
are from % to 5 percent, which is the same as was
previously given at higher energies. The cross sections
for scattering are unchanged. Two values are listed
for the photoelectric cross section, one calculated
from the Sauter-Stobbe formulas and the other derived
from new experimental evidence. The procedures for
smoothing experimental data are described and are
generally the same as were used in Circular 583, 1In
addition to the systematic coverage of the region from
10 keV to 100 MeV, some data are included for a number
of elements based on experimental measurements below
10 keV and above 100 MeV. A comparison is made between
calculated and experimental total attenuation coef-
ficients at energies above 10 MeV.

G. W. Grodstein, X-Ray Attenuation Coefficients from 10 keV to 100
MeV, NBS Circular 583 (April 30, 1957). Availsbility: $0.35 GPO.

A tabulation of attenuation coefficients of X-rays
and gamma rays from 0.0l to 100 MeV for 29 materials
is presented. A summary of information on the prob-
ability of the basic interaction processes of photons
with matter and a detailed analysis of experimental and
theoretical evidence are included. Present information
on the basic processes 1s adequate for many applications;
however, improved theory and additional experimental data
are needed in certain areas. A comparison of calculated
and experimental coefficlents points up this need.

T. Rockwell, Reactor Shielding Design Manual, D. Van Nostrand Co., Inc.
1956. Availability: $2.10 OTS.

This book is a general reference, but is more
oriented toward designing a shield for a water-cooled
power reactor. There are many useful tables and graphs
presented.
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15

E. I. Nowstrup, L. A. Beach, and W. R. Faust, Shadow Shields, NRL
Report 4275 (November 16, 1953). Availability: $1.50 {ph), $1.50 (fs)
0TS.

Studies have been made of the effectiveness of shadow
shields placed between a source and detector. Experiments
were performed by observing counting rates with a Geiger
tube at various distances in water from a source hidden
behind conical lead shadow shields of various dimensions.

J. F. Batter, A. L. Kaplan, and E. T. Clarke, An Experimental Evalua-
tion of the Radiation Protection Afforded by a Large Modern Concrete
Office Building, CEX-59.1 (January 22, 1960). Availability: Dep. (mc);
$0.60 OTS.

An experimental study was made to determine the ef-
fective shielding provided by a modern reinforced-concrete
office building (AEC Headquarters building) from nuclear
fallout. Pocket ionization chambers were used for mea-
surement of the radiation-field strength. Fallout was
simulated with distributed and point-source configurations
of Co®° and Ir*®? sources.

Four typical sections were selected for study, and
experiments were performed on each. These included an
external wing with exposed basement walls and an external
wing with a buried basement. Roof studies were made on an
internal wing with a full basement and on the east end of
wing A, which has a thin-roof construction. The thick-
roof construction of 8 in. of concrete and 2 in. of rigid
insulation covers all the building except the east end of
Wing A, which has 4 in. of concrete and 2 in. of insula-
tion.

G. S. Hurst and R. H. Ritchie, "Fast Neutron Dosimetry," Radiology
Vol. 60, No. 6, 864-868 (June 1953).

Recent work on fast-neutron dosimetry done by the
Health Physics Division of the Oak Ridge National Laboratory
is summarized. The use of count-rate dosimeters and the
pulse-integration method are discussed in detail.
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2%. G. S. Hurst, "An Absolute Tissue Dosimeter for Fast Neutrons," Brit. J.
Radiol 27, fo. 318, 353-357 (June 1954). T

It is shown that the Bragg-Gray principle can be ap-
plied to proportional counter designs in such a manner
that the absolute tissue dose (and hence the flux if the
energy spectrum is known) due to fast neutrons can be
measured. The method has the combined advantages of
high sensitivity to fast neutrons and very low sensitivity
to gamma radiation, Two practical designs are described.

24, F. Akerhielm, Transmission of Thermal Neutrons Through Boral, AE-2L
(August 1960) Avallablllty. Dep. (me).

Transmission measurements have been performed using
Maxwellian distributed neutrons from the Rl reactor
perpendicularly incident upon a boral absorption plate.
American, English, German, Swedish, and Swigs samples
have been investigated and the results are compared to
calculated values. The Influence of the absorber grain
size is discussed.

25. A, W. Starbird, J. D. Velletri, R. L. MacNeil, and J. F. Batter,
The Effect of Interlor Partitions on the Dose Rate in a Multlstory
Windowless Building, TO-B 63-6 (January 31, 1983). Availability:
$6.60 0OTS.

This report evaluates the effects of three common
types of interior partitions within multistory structures
on the dose rates from infinite uniform fields of fallout
contamination. Comparisons are made between experimentally
determined steel model results utilizing cobalt-60 gamma
radiation and those obtained through use of the OCD en-
gineering manual entitled "Design and Review of Structures
from Fallout Gamma Radiation.” A comparison is also made
between partition results from limited fields of contamina-
tion and previous experimentally determined limited-field
results for similar structures without partitions.

Agreement is excellent between experimentally mea-
sured and computed infinite-field dose rates for the three
partition geometries compared -- typical box, corridor,
and compartment types.
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26, A, Shambon, W. M. Lowder, and W. J. Condon, Ionization Chambers for
Environmental Radiation Measurements, HASL-108 (February 1963).
Availability: $1.00 OTS.

The development of ionization chambers for precise
dosimetric measurements of environmental gamma and cosmic
radiation in the field is described. The design, calibra-
tion, and evaluation of 20-liter air ion chambers and high-
pressure argon and nitrogen chambers are discussed in terms
of the well-known difficulties associated with field
surveys of environmental radiation.

27. R. Dennis, S. N, Purohit, and L. E. Brownell, Procedures for Shielding
Calculations, AECU-3510 (January 1957). Availsbility: Dep.; $9.10
(fs), $3.50 (mf) OTS.

This report deals with the shielding of nuclear radi-
ation facilities. It is divided into two sections. The
first part of the report deals with the gamma-radiation
shielding. The concept of the '"buildup factor" is dis-
cussed in detail. As an illustration, the analysis of
the heterogeneous gamma-radiastion spectrum from the MTR
fuel element from the point of view of shielding has been
given. The analytical expression for the buildup factor,
as obtained by Taylor, has been used in the above anslysis.
The second part of the report discusses the problems in-
volved in shielding a nuclear reactor. A sample calculation
of the shielding of a nuclear reactor is given. The report
contains graphs for determining the standard integrals
involved in calculating the radiation flux for standard
geometries and also an extensive bibliograph§.
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28, H. H. Van Tuyl, Fission Product Radiation and Shielding Calculations,
HW-69533 (May 1961). Availability: Dep. (mc); $6.00 (fs), $2.06 (mf)
orSs.

Calculations relating to radiouctive decay by beta
and gamma emission are discussed, with special emphasis
on processes which are often ignored, but which become
important when dealing with purified fission products.
These include beta spectra analyses to permit accurate
evaluation of average beta energies, bremsstrahlung produc-
tion in beta decay, and internal conversion in gamma decay.
Calculations of fission product production and dose rates
are also described, i

The attenuation of both primary and secondary gamma
rays is discussed, and data are presented which permit
the accurate estimation of gamma dose rates from point
sources, including both primary attenuation and dose build-
up factors. Formulas for extending these calculations to
other simple geometries are given.

29. H. S. Davis, "Concrete for Shielding Nuclear Radiations, J. Struct.
Div. Am. Soc. Civil Engrs. Vol. 88, No. ST1, Paper 3062, 123-13L

(February 1962).

Various types of concrete are described with reference
to theilr physical and shielding properties. Heavy ag-
gregates, hydrous ore, cements, and water content, are
also described and their affect on the shielding prop-
erties of concrete is evaluated. Current development
programs (as of January 1962) are briefly described as
well as areas needing further investigation.

It is deduced that concrete can be used at normal or
at high temperatures for shielding nuclear radiations if
structural requirements associated with high-temperature
operation can be satlsfied and allowances are made for
changes in shielding properties caused by loss of water.
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0. H. S, Davis and A, M. Asce, "Thermal Considerations in the Design of
Concrete Shields,"” J. Struct. Div. Am. Soc. of Civil Engrs, paper 1755
(September 1958).

The behavior and properties of concrete structures
for shielding atomic power plants are discussed briefly.
Methods are presented for estimating thermal effects as-
soclated with linear and non-linear distributions of
temperature, nuclear heating, and shield cooling. These
data and procedures are subsequently used for analyzing
several design problems and thermal criteria.
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A. D. Krumbein, Summary of NDA Unclassified Results of Moments Calcu-
lations for the Penetration of Neutrons Through Various Materials, NDA-

20

92 (Rev.) (April 1958). AVallablllty‘ Dep.. $1.25 OTS.

oTs.

This report summarizes the unclassified results
presently available at NDA for the penetration of neu-
trons through hydrogen, water, carbon, beryllium, and
several hydrocarbons. The moments method was used through-
out. Point isotropic sources were obtained and used in all
the calculations except for one carbon problem. Most of
the results are for fission sources but monoenergetic
sources were included for several of the materials.

Results are given in the form of both graphs and
tables for the differential number spectra as functions
of’ penetration depths. In addition, doses are given
where they have been calculated. Where available, the
fitting parameters, Ci and By orNKB_ , are 1ncluded in
the results.

. Henderson, Conversion of Neutron or Gamma-Ray Flux to Absorbed

Rate, XDC 59-8-179 (August 1k, 1959). Availability: $2.60

This report contains conversion factors for the
conversion of gamma-ray photon flux and gamma-ray energy
flux to absorbed dose rates in air, carbon, and tissue.
First-collision conversion factors for the conversion of
neutron flux to absorbed dose rates are given for ethy-
lene and tissue. The maximum biological effectiveness
(RBE) for neutrons is plotted as a function of energy
as is the RBE dose rate in rem per hour. Results are
presented in the form of both graphs and tables.

H. H. Rossi, E. P. Blizard, R. S. Caswell et al., Protection Against
Neutron Radiation up to 30 Million Electron | Volts, NBS Handbook 63

(November 22, 1957). Availability: $0.40 GPO.

This handbook is a compilation of the biological
hazards of neutron radiation up to 350 MeV as legislated
by the National Committee on Radiation Protection and
Measurement as of the Data of issuance.
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J. O. Blomeke and M. F. Todd, Uranium-235 Fission-Production as a
Function of Thermal-Neutron Flux, Irradiation Time, and Decay Time.
T. Atomic Concentrations and Gross Totals, ORNL-2137, Part I (Decem-
ver 15, 1058). Availaoility: Dep.; $22.25 (fs), $13.07 (mf) OTS.

Levels of fission products resulting from thermal
fission of UP3° in reactor fuels were computed over a
wide range of reactor operating conditions and decay
times. Values for approximately 300 fission products
are presented in graphical form together with gross
totals of their activities, radiation powers, and thermal-
neutron poisoning. The gamma spectrum is further broken
into four groups of specified energy ranges, which are
suitable for use in shielding design. Tabulations of
these properties are arranged as to chain or mass number,
element, and as to the rare-gas and rare-earth groups.
The calculations assume constant replenishment of UZ2S,
constant reactor power operation, and no fission-product
separations during irradiastion.

E. Storm, E. Gilbert, and H. Israel, Gamma-Ray Absorption Coeffi-
cients for Elements 1 Through 100 Derived from the Theoretical Values
of the National Bureau of Standards, LA-2237 (November 18, 1958).
Availability: Dep.; $57.80 (ph), $11.10 (mf) OTS.

A compilation of gamma-ray absorption coefficients
for elements 1 through 100 derived from the theoretical
values of the National Bureau of Standards 1s presented.

R. C. Hawkings, W. J. Edwards, and E. M. McLeod, Tables of Gamma
Rays from the Decay of Radionuclides, CRDC-100T7 (March l§gl).
Availability: Dep.; $8.00 AECL.

The energies and abundances of gamma rays from
the decay of those radionuclides having a half life
> 1 sec are listed. The radionuclide decay modes,
half lives, and production modes are also listed.
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37. D. Meneghetti, "Discrete Ordinate Quadratures for Thin Slab Cells,"
Nucl. Sci. Eng., 1k, 3, 295-303 (November 1962),

Fluxes of thin slab cells calculated by discrete
SN method, DSN (N = 2, 4, 8, 16), single~spherical
harmonics, PN (N = 1, 3, .., 11, 13) and double-
spherical harmonics, DPN (N = 1, 2, 3, Lk, 5), are
compared. The anisotropic flux component occurs pre-
dominantly in the region aboutu = Q. The spatially
dependent part of the spatial flux is largely deter-
mined by a few nearest-neighbor source regions. The
anlsotropic flux component ordginates largely from the
isotropic effective sources arising from the non-
spatially dependent part of the spatial flux.

Two quadrature forms, for use in discrete ordinate
methods of solutions for thin cells, are described
which emphasize the small Iul directions. One is based
on a simplified integral transport approximation. The
other 1s a modified form of the single Gaussian quadra-
ture. Methods of choosing the quadratures and repre-
sentative results are discussed.

58, M. J. Barrett, "Radiation of an Extended Source," Nucl. Sci. Eng., 1l
2, 186-191 (October 1962).

The gamma current intensity (flux) and the gamma
emission (leakage) of a homogeneous, spherical medium
are derived by inserting a source spectrum in the
Boltzmann transport equation. In the range of photon
energies from 0.5 MeV to 10.5 MeV, Compton scattering
by electrons of the medium dominates the energy degrada-
tion of photons, so that one may use Klein-Nishina
cross sections for the transfer kernel., Iwthping the
flux into energy groups permits an approximation of the
transport equation as a matrix equation. Numerical
solutions for the flux and leakage spectra, found by
inverting the matrix equation, agree well with the
results of previous theoretical studies.

)
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W. R. Faust and A. D. Anderson, '"Penetration and Diffusion of a Beam
of Rediation," Nucl. Sci. Eng., 14, 1, 17-21 (September 1962),

An approximate solutivh is’ obtained to :the three- -
dimensional equation of transport for a point source
radiating along the Z-axis. The radiation is separated
into scattered and unscattered components, and the
transport equation for the scattered radiation is
derived. The appropriate solution for the scattered
radiation is obtained by expanding the intensity in
tesseral harmonics and solving the resulting equations
for the amplitude of each harmonic. Some numerical
results are presented to illustrate the behavior of
the solution at great depths of penetration.

R. Kladnik.and I. Kuscer, "Velocity Dependent Milnes Problem,"” Nucl.
Sci. Eng., 13, 2, 149-152 (June 1962).

G. R.
Eng.,

Infinite medium solutions of the transport equa-
tion are used to obtain two integrals of this equation,
to express the asymptotic approximation to the solution
of Milne's problem, and to construct a variational
trial solution. This solution i1s improved by one
iteration. The linear extrapolation distance is
expressed by the stationary value of the variational
functional.

Dalton, "Interaction of Adjacent Neutron Detectors,"” Nucl.
13, 2, 190-196 (June 1962).

The time and speed independent neutron transport
eqiiation in its integral form is applied to the
calculation of the disturbed neutron flux in the
vicinity of neutron detectors. The method is also
applied to the calculation of the average flux in a two-
detector system where the detectors are close enough
to interact with each other. Hand methods of solving
the integral equations are developed and shown to give
results in good agreement with more accurate numerical
methods of solving the integral equations.

Sci.
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L2, Z. Weiss, "The Slowing Down of Neutrons as a Stochastic Process," Nucl.
Sci. Eng., 12, L4, Leh-468 (April 1962).

The solution of the neutron slowing down equation
in an infinite, homogeneous moderator (with nuclei of
mass M) has been obtained by means of direct summation
of transition probabilities between the initial and
final energy states. It has been possible to obtain an
exact formula for the distribution of neutrons in lethargy
space after N collisions with moderator nuclei. The
asymptotic expansion of the results for large and for very
large N is in agreement with the Dancoff's formulas. The
accuracy of the asymptotic expansion has been estimated.

43, M. Tobias and T. B. Fowler, "The Equipoise Method - A Simple Procedure
for Group Diffusion Calculations in Two and Three Dimensions," Nucl.
Sci. Eng., 12, 4, 513-518 (April 1962). -

An extremely simple iterative procedure is de-
scribed for performing group-diffusion calculations in
two and three dimensions. No proofs have been found to
guarantee its convergence, but successful experience
with a wide variety of problems, some realistic, others
with specially introduced difficulties, shows the method
to be rapid and relisble. Three large computer programs
have been devised embodying the principle: EQUIPOISE-3,
TWENTY GRAND, and WHIRLAWAY. The first two are two-
dimensional programs, while the third is three-dimensional.

If desired, the programs can be used to compute
adjoint fluxes and those integrals necessary for per=-
turbation calculations automatically. Possible further
applications of the method are suggested.

4. L. Rosen and L. Stewart, The Neutron-Induced Disintegration of ILi- 6
and Li-7 by 5- to 1A-Mev Incident Neutrons, LA-26L3 (October 22, 1961).

—_— e —

Aveilability: Dep.; $2.50 OTS.

A detailed study of the Li®(n,dn)He* and Ii”
(n,tn)He* reactions has been made over the energy
region from 5 to 14 MeV. The reaction cross sectionms,
as well as the spatial and spectral distributions of
all reaction products were determined for eleven
energies for Ii7 and twelve energies for Li®. The
high reaction cross sections have important implica-
tions for the design of mobile reactor shields.
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45, H. Lustig, Differential Elastic Neutron Scattering Cross Section for
Oxygen, NDA-2111-3, Vol. A (November 1, 1959). Availability: $3. 320
(fs), $2.40 (mf) OTS as PB-1L67TT.

A set of elastic scattering angular distributions
is presented for neutron energies up to 18 MeV. Cal-
culations undertaken for the determination of rescnance
parameters in the incident neutron energy region from
2.5 to 4.0 MeV are described.

k6. E. 8. Troubetzkoy, Fast-Neutron Cross Sections of Iron, Silicon, Alumi-
num, and Oxygen, NDA 2111-3, Vol. C {November 1, 1959). Availability:
$9.30 (fs), $3.60 (mf) OTS as PB-1L67T79.

A set of neutron cross sections for iron, silicon,
aluminum, and oxygen has been prepared for energies up
to 18 MeV. The cross sections tabulated include om,
Onns nn's Onxs Tnys on(6), onn' (E,E'), onpty(E,E,),
On,2ns and cross sections for charged-particle emission.

L7. E. 8. Troubetzkoy, M. H. Kalos, H. Lustig et al., Fast-Neutron Cross
Sections of Manganese, Calcium, Sulfur, Sodium, NDA-2133-L4 (January
31, 1961). Availability: $7.6O 0TS as AD-255536.

A set of neutron cross sections for manganese,
calcium, sulfur, and sodium has been prepared for
energies up to 18 MeV. The cross sections tabulated
include omp, Oppn, Opnt's Onyo Onys Snps Ondis Gn’gn,
on(6), onnt(E,E'), and opyy(E,Ey).

48. A. D. Krumbein and H. Goldstein, Neutron Cross Sections for Beryllium,
UNC-5014, Vol. B (May %1, 1962). Availability: $2.60 OTS as NDL-TR-
36, Vol. B (AD-276088).

Neutron cross sections for energies up to 18 MeV
are given for beryllium, along with a brief descrip-
tion of each cross~section table. Revisions made in
previous compilations are noted and the uncertainties
in the existing data are discussed.
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N. Tralli, M. H. Kalos, A. J. Longano et al., Neutron Cross Sections
for Titanium, Potassium, Magnesium, Nltropen Aluminum, Silicon,
Sodium, Oxygen, and Manganese, UNC-5002 (January 31, 1962). AVQAj_

Bhility: $10.10 QIS.as LD 272 809.

A set of neutron cross sections for titanium,
potassium, magnesium, and nitrogen has been prepared
for neutron energies from 0,0253 eV to 18 MeV. The
cross sections tabulated include or, on,n, on,y, on(6),

(E,E"), oy p (E E ) Ogiopn, and cross sections for
charged—partlclé emlsolon.

A revision of some of the neutron cross sections
for Al, 8i, Na, and O given in NDA 2111-3, Vol. C,
Nov. 1 1959, and NDA-213%-k, Jan. 31, 1961, has been
made based on experimental results which have appeared
in the literature sgince the publication of these reports.
In additigz;ﬁiemé typographical errors in the tabulation
of on,n f in NDA 213%~4 are corrected.
//
d
The results of Hauser-Feshbach calculations of re-
actfons of 0*® are reported.

P. W. Schreiber and D. T. James, Flux Measurements in the Battelle
Memorial Institute Fast-Neutron Activation Facility, XDC 61-1-103

(January 1961). Availability: Dep. (me); $4.80 (ph), $2.70 (mf) OTS.

Fast-neutron foll activation traverses were run in the
No. 4 6-in. beam hole of the Battelle Memorial Institute
reactor by R. Jung.

Foil activation and integral neutron fluxes are
reported for the foil shield tank filled with water and
isopropyl biphenyl. These liquids provided sufficient
neutron spectrum hardening to indicate the relative acti-
vation threshold energles for the various materials.

G. D. Joanou, A. J. Goodjohn, and N. F. Wikner, Legendre Expansion
Coefficients for the Angular Distribution of Elastically Scat-
tered Neutrons and Fast-Neutron Cross Sections for D, Be, C, 0O, Zr,
Po, and Bi, GA-2156 (May 15, 1961). Availability: Dep., $2 30 TS,

An analysis was made of éxperimentally determined
angular dilstributions for elastically scattered neutrons
in terms of Legendre polynomiad expansion coefficients.
The first six coefficients of the expansion were cal-
culated as a function of energy from 0.1 to 14,0 MeV.

In addition to the tabulated results, the procedures
used in obtaining the coefficients and the cross-
section data for each element are discussed.
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52. A. Prince, The Status of Neutron Cross Sections and Related Data,
XDC-60-11-16% (Wovember 30, 1960). Aveilability: Dep. (mc)j $15.30
(ph), $5.40 (mf) OTS.

The current status of experimentally defined neu-
tron cross sections for materials pertinent to shield
analysis is presented. In addition, the experimental
and theoretical techniques employed in obtaining ac-
curate data are outlined. Materials included are:

Hydrogen Oxygen Yttrium
Lithium Aluminum Zirconium
Beryllium Chromium Molybdenum
Boron Iron Tungsten
Carbon Cobalt Lead
Nitrogen Nickel Uranium

5. G. T. Chapmen and C. L. Storrs, Effective Neutron Removal Cross Sec-
tions for Shielding, AECD-3978 (September 19, 1955). Availability:
Dep.; $0.75 OTS.

The effective removal cross-section concept as
applied in shield calculations is discussed and a method
of determining the numerical value of this cross sec-
tion from LTSF experimental data is presented. Radia-
tion intensity measurements in water beyond some 20
elements and compounds and the corresponding removal
cross-section values are reported. These values are
useful in determining the relative shielding effec-
tiveness of the various materials, but can be used
with complete assurance for shielding calculations
cnly when the geometry under consideration closely
resembles that employed at the LTSF. Specifically
there must be many relaxation lengths of hydrogenous
shield following the material.

A graphical comparison of the effective removal
cross sections and the total cross sections at a high
neutron energy (8 MeV) is also made and should be ap-
plicable to shield calculations. In addition, calcula-
tions are presented of correction factors for various
values of the water thickness, sample thickness, and
attenuvation lengths in order to facilitate the calcula-
tion of the removal cross section from future measure-
ments.
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54, D. K. Trubey and G. T. Chapman, Effective Neutron Removal Cross Sec-
tions for Carbon and Oxygen in Continuous Mediums, ORNL-2197 (September
2, 1958). Availebility: Dep.; $5.60 (fs), $1.10 (mf) OTS.

Thermal-neutron flux measurements at the Lid Tank
Shielding Facility in water, oil, and a sugar-water
solution have been used to calculate effective neutron
removal cross-section values of carbon and oxygen dis-
tributed in continuous mediums. The values are 0,72
+ 0.05 barn for carbon and 0,92 + 0.05 barn for oxygen.
These values are somewhat lower than previously reported
values determined by another method, but the differences
may be attributable to experimental errors.

55 L. V. Spencer, Structure Shielding Against Fallout Radiation from
Nuclear Weapons, NBS Monograph 12 (June 1, 1962). Availability:
$0.75 GPO.

The theory of structure shielding from fallout
gamma radiation is developed to the point of applica-
tions to elementary structure types. Examples discussed
in the text include the density interface, foxhole,
shielded foxhole or basement, light superstructure, verti-
cal wall, blockhouse, vents, compartmentalization effects,
and mazes. A large number of engineering charts and
graphs are presented for engineering calculations, in-
cluding many obtained from angular distributions of the
exposure dose. Results are given for a fission spectrum,
and for Co®® and Cs37 sources. This information has
been obtained almost completely by machine calculations
utilizing basic cross-section data. A number of sources
of experimental data are mentioned, but detailed compari-
sons with experiment are not included.

56. R. J. Howerton, Tabulated Differential Neutron Cross Sections, Vol. I,
Part III, UCRL-5573 (January 1961). Availability: Dep.; $5.00 OTS.

Tables are presented of experimental differential
neutron cross sections for the elastic scattering of
neutrons by nuclei in the energy range of O to 15 MeV.
Nuclear reactions induced by neutrons are also included,
particularly those that are significant for reactor-
type calculations. The tables include nuclei from H

to Pu.
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57 N. Go Sjostrand and A. L. Story, Neutron Cross Sections and Fission
Parameters of U-23%, U-235, and Pu-2%9 at 2200 M/sec, AEEW~M 125
(April 1961). (United Kingdom Atomic Energy Authority.)

This memorandum is to be published as one chapter
(4) of a book entitled "Nuclear Data for Reactor Design,
Vol. I" by N. G. Sj8strand and J. S. Story (pub.
Pergammon Press), and is a critical assessment of
experimental data relating to the 2200 m/sec cross sec-
tions of the three main fissile materials.

58. R. Sher and J. Felberbaum, Least Squares Analysis of the 2200 M/sec
Parameters of U-233, U-235, and Pu-239, BNL-722 (June 1962).
AveirEbility: Dep.; $0.75 OTS..

An analysis similar to that of Du Mond and Cohen
on the atomic constants has been applied to measurements
of the 2200 m/sec cross sections of U233, UPBS | and PuP3°
considered as a single set. The following values are
obtained:

527.5 + 2.k,

P%: (op = 591 * 3), 04 = 576.1
v = 2.50% + 0.010

|+

2.7’ Uf

P35,  (op = 694 + 3), o0, = 682.0 + 2.6, of = 582.2 + 2.2,
v = 2.430 + 0,009

P39, (UT = 1040 + ]_O), 0g = 1030.1 + 7.4, of = T48.2 + l+.9,
v = 2,882 + 0.016

From these values, the following values are derived:

B32; g = 2,202 + 0,008, O = 0,092 + 0.00%
P35;: = 2.074% + 0.006, & = 0,171 + 0.00%
PP39; = 2,0 =

: 7 = 2,093 + 0,01k, & = 0,377 + 0.011

The values in parentheses, the op's, are obtained
by adding the estimated scattering cross section to the
least squares value of og.
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59. R. E. Lynch, J. W. Benoit, W. P. Johnson et al., A Monte Carlo Calcu-
lation of Air Scattered Gamma Rays, ORNL-2292 (September 10, 1958).
Availability: Dep.; $7.60 (fs), $2.30 (mf) OTS.

A calculation is presented of alr-scattered gamma
rays using the Monte Carlo method of computation. For
simplicity, the problem was idealized to have a mono-
energetic, monodirectional point source of gamma rays
in an infinite body of air. The results of the calcula-
tion included the angular distributions, energy spectra,
and tissue dose rates at source-~detector separation dis-
tances of from 5 to 100 ft. A complete parameter survey
was completed for source energies from 0,6 to 12 MeV and
for beam angles with respect to the source-detector axis
of from O to 180 deg. The report” is divided into five
volumes: Volume 1 gives a complete description of the
mathematical procedure used in the calculation, while
volumes 2 and 3 present tables of data representing the
energy spectra and angular distributions obtained from
the calculation. Volumes 4 and 5 present information
similar to that in volumes 2 and 3, except that the
data have been converted to tissue dose rates.

60. M. A. Capo, Gamma-Ray Absorption Coefficients for Elements and Mixtures,
APEX-628 (August 1961). Availability: Dep.; $0.75 OTS.

Mass gamma-ray total and energy absorption coef-
ficients are tabulated as a function of energy from
0.2 MeV to 10 MeV for various elements, mixtures, and
compounds. The data presented here are based on the
latest published results of Dr. G. White Grodstein,
National Bureau of Standards. Polynomial expressions
are given for approximation of absorption coefficients
for elements or energy levels not tabulated by Dr.
Grodstein.
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L. B. Engle and P. C. PFisher, Energy and Time Dependence of Delayed
Gammas from Fission, LAMS-26L2 (July 7, 1962). Avallabilitv: Dep.;
$1.00 0TS.

This report contains some results of an experi-
ment designed to measure the energy and time dependence
of the gammas emitted after effectively instantaneous
reutron-induced fission of Th®32 y=S8 (B35 (2588,
and Pu®3®, geventeen-bin distributions of the absolute
number of photons/fission-sec-MeV and intercomparisons
and integrations over energy and time of these distribu-
tions are given, Gammas having energies between 0.12 and
6.5 MeV were detected during five short time intervals
between 0.2 sec and 45 sec after fission occurred.

H. E. Hungerford, "The Nuclear, Physical, and Mechanical Properties
of Shielding Materials," Reactor Handbook, 2nd Ed., Vol. I, Chapt. 51
(Materials) (C. R. Tipton, Jr., ed.), 1960. (Interscience Publishers)

Many tables of physical and nuclear properties
of importance in shielding applications are presented
for many materials.

W. J. Stapp and M. Tetenbaum, "Radiation Damage," Reactor Handbook,
2nd Ed., Vol. I, Chapt. 52 (Materials) (C. R. Tipton, Jr., ed.), 1960.
(Interscience Publishers).

A summary of radlation effects is presented for
materials which may be used in a shielding application.

R. D. Schamberger, F. . Maienscheir et al., "Bulk Shielding Data,"
Reactor Handbook, 2rnd Ed., Vol. I, Chapt. 53 (Materials) (C. R.

Tipton, Jr., ed.), 1960. (Interscience Publishers

Extensive graphs and tables of data obtained
from rather basic experimernts at several shielding
facilities are presented. The facilities are the
Bulk Shielding Reactor, the [id Tank Shielding
Facility, the Ground Test Reactnr, the Aircraft
Shield Test Reactor, and the Brookhaven Shielding
Facility.
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J: G. Carver, U-235 Fission Gamma-Ray Source Data, XDC 60-11-63
(November 9, 1960). Availability: Dep. (mec); $6.30 (pn), $3.00 (n)

0TS,

Presented in this report are the latest dats
available concerning gamma rays associated with the
fission of U®3> poth during fission and for long times
afterward. The data is tabulated in a convenient
manner for use in shielding calculations. The gamma
rays were categorized as follows: (1) prompt, (2)
short half-life, (3) intermediate life, and (4) delayed
gamma rays. The data contained here is not intended
for use in predicting so-called shutdown dose rates,
but rather describing completely the radiation coming
from a reactor during operation, after that operation
has continued for an appreciable time.

E. S. Troubetzkoy and H. Goldstein, A Compilation of Information on
Gamma-Ray Spectra Resulting from Thermal-Neutron Capture, ORNL-295E

(May 17, 1960). Availability: Dep.; $2.25 OTS.

This report counsists of a compillation of thermal-
neutron capture gamma-ray spectra of various nuclel
which are useful for reactor shielding applications.

The bulk of the data 1s taken from two groups: a

Chalk River group, originally led by B. B. Kinsey and
later by G. A. Bartholomew, and a group headed by L. V.
Groshev at the Institute of Atomlc Energy of the Azademy
of Sciences USSR. All the data are presented in tabular
form for seven energy intervals from O to above 9 MeV.
In addition, figures illustrating the appearance of the
spectra are given, including continuous differential
spectra for 50 nuclel and line spectra for 15 nuclel.
The line spectra consist of vertical lines having
heights proportional to intensities.
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67. M. 0. Burrell, Nuclear Radiation Transfer and Heat Deposition Rates in
Liquid Hydrogen, NASA TN D-1115 (August 1962). (National Aeronautics
and Space Administration.) Availability: $2.25 OTS.

Stochastic methods are used to calculate the radi-
ation transport and energy deposition of neutrons and
gamma, rays in liquid hydrogen slabs and cylinders. The
sources are treated as moriocenergetic and either point
isotropic for the cylinder or plane parallel rays for
the slabs. A description of the methods used and a
rather extensive compilation of results are given. The
results include heat rate deposition as a function of
depth, albedo factors, slow-neutron spatial distributions,
and transmitted angular distributions of gamma rays.

68. R. L. Walker and M, Grotenhuis, A Summary of Shielding Constants for
Concrete, ANL-6L443 (November 1961). Availability: Dep.; $2.00 OTS

This report is intended to fulfill the need to
consolidate, classify, and revise the present knowledge
of the shielding constants of concretes. The densities,
elemental compositions, and mixes, where avallable, are
given for a wide range of concretes. From these data,
various constants useful for shielding calculations have
been computed, These constants include the removal cross
sections, total cross sections, average thermal-neutron
absorption cross sections, thermal-neutron diffusion
coefficients, reciprocal thermal-neutron diffusion lengths,
total gamma-~ray linear attenuation coefficients, gamma-
ray energy absorption linear attenuation coefficients, the
effective atomic numbers for the determination of buildup
factors, and the capture gamma-ray spectra. Experimental
results are included where available.

69. M. Leimdorfer, "The Backscattering of Gamma Radiation from Spherical
Concrete Walls," Nucl. Sci. Eng., 17, 3, 345-351 (November 1963).

The Monte Carlo technique has been applied to investi-
gate the.effect of wall curvature on the backscattering
properties of:concrete. The wall was considered infinitely
thick and the source radiation was normally incident.

Monte Carlo calculations were only performed at 1-MeV source
energy but an analytical formula was derived to facilitate
extrapolation to other energies as well as materials. The
results show that for practical purposes the plane wall
albedo is a sufficient, and conservative, approximation,

90% of 1ts wvalue being reached at a concrete wall radius

of about 100 c¢m for source energies up to 10 MeV.
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70, M. Leimdorfer, "The Backscattering of Radiation from Plane Concrete
Walls," Nucl. Sci. Eng. 17: 352-356 (November 1963).

Monte Carlo calculations have been performed for
source energies from 1 to 10 MeV, and normally incident
radiation, showing that 90% of the infinite-barrier
energy flux albedo is reached with a 10-cm concrete
wall. The spectrum of backscattered energy flux is
presented for the above sources and wall thicknesses
ranging from 5 to 50 cm. An analytical expression,
based on a single-scattering approximation, is shown
to produce good fits to the Monte Carlo results.

Ti. M. Leimdorfer, "Multiple Scattering of Gamma Radiation in a Spherical
Concrete Wall Room," Nucl. Sci. Eng. 17: 357-364 (November 1963).

The Monte Carlo method has been applied to the
calculation of the energy flux of scattered gamma radi-
ation in a spherical room surrounded by an infinitely
thick spherical wall and with a point source at the
center. Source energies were 1, 2, 4, 6, and 10 MeV.
The main investigation was carried out at a room radius
of 500 cm but, for the 1-MeV source, the influence of
varying the room radius down to 1 cm was analyzed. The
results contalin energy distributions of the first four
successive reflection components at the center of the
room and at the wall surface, as well as spatial dis-
tribution of the successive energy flux components.

The neglect of reflection contributions of order five
and higher was estimated to introduce an error of less
than 0.2% of the total scattered energy flux.

An analytical approximation is shown to produce a
useful and easily applicable method of predicting the
amount of scattered radiation in a spherical room.
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72. L. A. Bowman and D. K. Trubey, Deposition of Gamma-Ray Heating in
Stratified Lead and Water Slabs, ORNL CF 58-7-99 (July 28, 1958).
Availability: Dep. (mc), $4.80 (ph), $2.70 (mf) OTS.

This memorandum presents typlcal results from a
calculation of the deposition of heat in stratified lead
and water slabs caused by a monodirectional, monoenergetic
beam of gamma rays incident on the slabs. A total of 512
cases were calculated for infinite slabs with finite thick-
nesses of 1, 2, 4, and 6 mean free paths; source energies
of 1, 3, 6, and 10 MeV, and source angles of incidence
which were chosen to give slant slab thicknesses of 1, 2,
3, and 4 times the normal thickness. The results were
fitted to an empirical formula, which can be simplified
for special cases. While for the cases examined, the fit
was usually good to within 5%, it is to be emphasized that
the formula has been compared only with the results from
a very limited number of parameters.

75. D. M. Peterson, Radiation Heating Methods Report, NARF-60-5T (MR-N-2L49)
(June 30, 1960). (Convair, Fort Worth.) Not for sale to public.

This report describes methods for evaluating the
volumetric heat source in a material, due to neutron
and gamma-ray reactions within the material. Methods are
set forth for solving the resulting heat-transfer and
thermal-stress problems in cylindrical or slab geometries.

Th. 0. H. Hill and E. E. Kerlin, Experimental Investigation of Radiation
Heating in Materials, NARF-61-38T (MR-N-290) (December 12, 1961).
(Convair, Fort Worth.) WNot for sale to public.

An experimental study has been performed to measure
the nuclear-reactor radiation-induced heating rates in
lead, 1018 steel, Marlex Type 2 Polyethylene, and an 80%
lithium hydride~pclyethylene matrix material. The data
obtained from this study will be compared with data pre-
dicted by methods employing computer techniques.

Thermal trarsducers of the material types were
fabricated to provide for the measurement of rate of
temperature rise at some nine to twelve isolated planes
in the material.. The transducers were embedded in slabs
of material which approximated an infinite half-plane
configuration exposed to the reactor. Measurements are
given of heating rates observed on the reactor centerline
and at various off-centerline positions.
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G. E. Miller, Analysis of Radiation Heating Experiment, FZK~-9-169
(NARF-61-40T) (December 29, 1961). Availability: OTS.

Heat deposition due to nuclear radiation is a
problem of great concern in the design of high-power
reactor systems. To aid in the solution of thils prob-
lem, two high-speed digital-computer codes were developed
for calculating heat generation rates. These codes
are based on the differential-energy spectra lata ob-
tained by a moments-method solution of the Boltzmann
transport equation and yield the modified speitrum at
the point of interest from a given source point after
penetration of a multilayer shield. A summation of
the spectra from the individual source points gives the
total spectra. Application of energy-absorpt.on coef-
ficients and an integration of the spectrum over energy
yields the heat generation rate. To provide & verfica-
tion of the results obtained from the codes, four
materials - lead, iron, polyethylene, and lithiated
polyethylene - were exposed to radiation from the
Ground Test Reactor. The calculated results ggree
within 40% of the measured heating rates.

Ge T. Western, Energy and Angular Distribution Experiment, Vol. I,
Angular Distribution of Reactor Radiation from Slabs and of Emerégnt
Secondary Gamma Rays, NARF-62-16T (FzK-9-18%-1) ?December_gl, 1962) .
Availability: $6.60, OTS as AD-295718.

Radiation from the Aerospace Systems Test Reactor
positioned within the Outside ASTR Tank was directed,
with a narrow-beam slab geometry, onto test materials
of 5% borated polyethylene and of lead. MNeasurements
for polyethylene and lead, except as noted, were made
of (1) the radiation source term; (2) the flux distri-
bution of thermal and fast neutrons within the test
materials; (3) the angular distribution of thermal-
and epithermal-neutron flux, fast-neutron dose rate, and
secondary germs rays from the test materials; (L) the
reflection of neutrons from borated polyethylene and
from steel; (5) the angular distribution of fast-neutron
and gamma-ray number-energy flux; and (6) the angular
distribution of gamma-ray dose rate resulting from

- primary gamma rays scattering in and from the test
materials. Data for items 1, 2, 3, and 4 are presented
in Volume I of this report; data for items 5 and 6 will
be published in Volume II,
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77. M. J. Berger and J. W. Cooper, "Reflection of Fast Neutrons from
Water," J. Res. Nat. Bur. Std., A, 62%A, 2, 101 (September 1959).

The backscattering of fast (0.3, 1, 3, 6, 9, and
14 MeV) neutrons from a semi-infinite water medium has
been calculated by the Monte Carlo method. The informa-
tion obtained includes the joint angular and spectral
distribution of the reflected neutrons, the dependence
of the number albedo and energy albedo on the source
energy and obliquity, and the contributions to the
albedo of successive orders of scattering. The spectra
were calculated down to epithermal energiles ( ~ 0.5 eV).
The results for each case are based on the analysis of
3,000 neutron histories, generated with the use of an
IBM-70L4 computer. In the random sampling, elastic scat-
tering from hydrogen and oxygen, inelastic scattering
Trom oxygen and absorption due to n-0 and n-p processes
were taken into account. The cross sections for some of
these interactions are not well known. Parallel calcula-
tions with different assumptions about the cross sections
were made in order to estimate how sensitively the albedo
depends on the cross sections. The paper includes a
self-contained description of the Monte Carlo method,
1ts application to the calculation of radiation diffusion
and in particular to the neutron albedo problem. Emphasis
1s placed on the technique of correlated sampling which
makes possible an accurate estimate of albedo differences
resulting from different assumptions about the cross
sections. The random sampling computations were sup-
plemented by analytical calculations of the single-
scattering albedo. This was useful for an understand-
ing of the Monte Carlo results because a considerable
fraction of the reflected neutrons return after only
one collision.
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C. M. Huddleston. Z. G. Burson, R. M. Kinkaid et al., Ground Rough-
ness Effects on Energy and Angular Distribution of Gemma Radiation
from Fallout, CEP 62,81, EG+G L-586 (October 1962). Availability:
0TS, $1.25.

The effect of ground roughness on the radiation field
above ground which has been contaminated with fallout from
explosion in the atmosphere of a nuclear device was in-
vestigated for three types of Nevada terrain: (1) a flat
dry lake bed, (2) semi-rough terrain or land which has a
known and controlled degree of roughness, and (3) typical
wild desert. A modified Navy 5-ton 6 x 6 truck was used as
a mobile laboratory. A collimator and a scintillation
crystal with a 512-channel analyzer were used to measure
gamma~ray spectra at various polar angles. Dose=-vs-height
measurements were also made up to a height of 40 feet.

The project was undertaken to determine the importance
of ground roughness as a fTactor in radiation shielding from
fallout.

R. H. Peterson and J. A, Williams, A Complete Set of Functions for
Describing the Angular Distribution of the Neutron Flux from a Point
Source in Air, BRL-1432 (Septemcer 1962). Availability: $4.60 (fs)
as AD-2910L5,

Based on the properties of Jacobl polynomials, a set
of functions gn(cose) cos m¢ which is complete over a unit
sphere are developed. They differ from the spherical har-
monics Pp(cosd) cos mg in that the zonal jterms g9(cos8) con-
taln singularities of order (l - cos@) / at 6 = 0° and are
finite elsewhere thus providing a rapidly converging series
for the observed peakedness of the angular distributions
of neutron fluxes from a poing source in air. Tables of
the function g%(cos@) as well as its integral and its ad-
joint for 0 <m <n and O < n < k4 are included.

H, Hurwitz, Jr., Note on a Theory of Minimum Weight Shields, KAPL-1h41
(TID-usoo) (January 1957). Availability: Dep.; $1.60 (fs), $0.80
(mf) OTS.

A mathematical solution of the minimum weight prob-
lem is obtained under the assumption that the neutron
distribution in the shield is determined in advance and
does not depend on the distribution of heavy material.
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8l. R. R. Coveyou, "Serial Correlation in the Generation of Pseudo Random
Numbers," J. Assn. Comput. Mach. 7, 1, 72 (January 1960).

The serial correlation between a pseudo~random
number and its immediate successes for the class of
pseudo=-random numbers generated by the method of
congruence is estimated as well as the method of ob-~
taining the correlation between two members of the
sequence separated by p-l other members.

82. A. J. Weiss, W. D. Tucker, and L. G. Stang, Li-6D as a Source of
1L-MeV Neutrons, BNI-5%66 (March 1961). Availability: Dep. (mc),
$1.60 (fs), $0.80 (mf) OTS.

Lithium-6 deutride was prepared and irradiated
with thermal neutrons to produce a flux of 14=MeV neu-
trons, by the Li®(n,t)He* and D(t,n)He* reactions. The
flux produced was determined by measuring the Sc*2
activity induced in & vanadium monitor. The best ratio
of fast-to-thermal flux obtained was T x 1073, The fast-
neutron flux obtainable with Ii®D compared favorably
with that obtained by other methods.

8%. H. B, Ethridge, P. R. Flusset, and R. H. Ritchie, Proton Recoil
Energy Loss Distribution in Plane Geometry, ORNL-%089 (June 1962).
Availability: Dep.; $0.75 OTS.

Computetion of proton recoll energy losses from neu-
tron irradiation of hydrogenous systems possessing plane
symmetry have been made for the purpose of fast-neutron
counter design. A digital computer code has been written
to carry out the calculations for two irradiation geome-
tries: (1) the neutron beam is assumed to be normally
incldent upon the system, and (2) the system is exposed
to an isotropic flux of neutrons. Numerical results are
presented for neutrons of various energies incident on
plane radiatore of different thicknesses for these two
lrradiation geometries. These results have been used in
the conceptual design of fast-neutron dosimeters employ-
ing a generalized dosimetry principle. The applications
are described more fully elsewhere. '
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84, R. D. Schamberger, F. J. Shore, and H. P. Sleeper, Jr., Transmission
of Neutrons and Gamma Rays Through Air Slots. Part VI. Effects of
Multiple Offsets on Neutron Transmission of Air Slots, BNL-202L "
(Sepbember 195L4), Availability: Dep.; $3.%0 (ph), $2.40 (mf) OTS.

This report is part of the series of BNL reports -
2019 through 2028. See accession number 95, which is
BNL-2019, for the description of the experimental set up:

85, H. J. Kouts, Theory of Flux Perturbation by Voids in Shields, BNL-1357
(September 195B). Availability: Dep.; $4.80 (ph), $2.70 (mf) OTS.

The one-veloclty integral transport equation is .
derived from first principles assuming, at first, a source
distribution and a convex scattering medium over which the
cross sections are constant. This restricted scattering
geometry is later modifled to include the presence of
shield voids. The one-group theocry 1s then applied to
spherical voids in water. The two-group calculations
are developed more empirically on the assumption that in
the absence of voids the flux can be divided into two-
energy groups which are in equilibrium, One group
consists of a relatively high-energy component with a -
strong forward angular distribution, and the second group
consists of an isotropic secondary component which must
be visualized as originating from multiple scattering of
the primaries,

86, M. Leimdorfer, Gamma Radiation from Neutron Induced Ground Activity
for a Given Bomb Composition, Explosion Altitude, and Ground Analysis,
FOA L Report C 4135-L5L (March 1962). Availability: Dep.; (mc),
$1.10 (9, $0.80 (mf) JCL,

A method for determining neutron-induced activity
in the ground is described. Results from a test are
included along with the description of a bomb composi-
tion from which the neutrons are assumed to originate.,
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R. D. Schamberger, F. J. Shore, and H. P. Sleeper, Jr., Transmission
of Neutrons and Gamma Rays Through Air Slots. Part IV. Effect of
an Offset in the Transmission of Neutrons Through an Air Slot in
Water, BNL-2022 (September 1954). Availability: Dep.; $1.60 (fs),

30.50 (mf) OTS.

This report is part of the series of BNL reports
2019 through 2028. See accession number 95, which is
BNL-2019, for the description of the experimental set up.

R. D. Schamberger, F. J. Shore, and H. P. Sleeper, Jr., Transmission
of Neutrons and Gamms Rays Through Air Slots. Part X. Angular Dis-
tribution of WNeutrons Emerging from an Air Slot, BNIL-2028 ZSeptember
195L). Availability: Dep.; $3.30 (pn), $2.40 (mf) OTS.

This report is part of the series of BNL reports
2019 through 2028, See accession number 95, which is
BNL-2019, for the description of the experimental set up.

R. D. Schamberger, F. J. Shore, and H. P. Sleeper, Jr., Transmission
of Neutrons and Gamma Rays Through Air Slots. Part IX. Thermal and
Epithermal Neutron Distributions Through an Air Slot in Water, BNL-
2027 (September 19pL), Availability: Dep.; $1.10 (fs), $0.80 (mf)
0TS,

This report 1s part of the series of BNL reports
2019 through 2028. See accession number 95, which is
BNL-2019, for the description of the experimental set up.

R. D. Schamberger, F. J. Shore, and H. P. Sleeper, Jr., Transmission
of Neutrons and Gamma Rays Through Air Slots. Part VIII. Effect of
the Source Size on the Neutron Transmission of an Air Slot, BNL-2026
(September 195k),  Availability: Dep.; $1.60 (fs), $0.80 (mf) OTS.

This report is part of the series of BNL reports
2019 through 2028. See accession number 95, which is
BNL-2019, for the description of the experimental set up.



91.

92.

95

91*'0

Lo

Re. D. Schamberger, F. J. Shore, and H. P. Sleeper, Jr., Transmission

of Neutrons and Gemma Rays Through Air Slots. Part VII. Effect on
Neutron Transmission of Changing the Wall Material of an Air Slot,

?NL—2025 (September 1954). Availability: Dep.; $1.80 (ph), $1.80
mf) OTS.

This report 1s part of the series of BNL reports
2019 through 2028, See accession number 95, which is
BNL 2019, for the description of the experimental set up.

R. D. Schamberger, F. J. Shore, and H. P. Sleeper, Jr., Transmission
of Neutrons and Gamms Rays Through Air Slots. Part V. Effect of
the Vertical Position of a Single Offset on the Neutron Transmission
of an Air Slot, BNL-2023 (September 1954). Availability: Dep.;
$1.80 (pn), $1.80 (mf) OTS.

This report is part of the series of BNL reports
2019 through 2028, See accession number 95, which is
BNL~-2019, for the description of the experimental set up.

R. D. Schamberger, F. J. Shore, and H. P. Sleeper, Jr., Transmission
of Neutrons and Gamma Rays Through Air Slots. Part IITI. Transmission
of Gamma Rays Through Straight Air Slots in Water, BNL-2021 (September
195k). Availability: Dep.; $3.%0 (ph), $2.40 (mf) OTS.

This report 1s part of the series of BNL reports
2019 through 2028, See accession number 95, which is
BNL-2019, for the description of the experimental set up.

R. D. Schamberger, F. J. Shore, and H. P. Sleeper, Jr., Transmission
of Neutrons and Gemma Rays Through Air Slots., Part IT. Transmission
of Neutrons Through Straight Slots in Water, BNL-2020 (September 195L).
Avaellability: DeD.; $2.60 (fs), $1l.1% (mf) OTS.

This report is part of the series of BNL reports
2019 through 2028. See accession number 95, which is
BNL-2919, for the description of the experimental set up.
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95. R. D. Schamberger, F. J. Shore, and H. P. Sleeper, Jr., Transmission
of Neutrons and Gamma Rays Through Air Slots. Part I. Mechanical
Construction of the Slots and Representation Background Data, BNL-
2010 (September 1054). Availability: Dep.; $3.30 (ph), $2.40 (mf)
OTs.

This report is the first of a series of ten reports
describing experimental investigations of the streaming
of neutrons and gamma rays through air slots. The air
slots are surrounded by water in the BNL shield Tank.
Multiple offsets as well as straight slots were investi-
gated. The other reports in the series are BNL-2020
through 2028.

96. W. W. Pratt and H. J. Kouts, Leakage of Gemma-Radiation Through
Spherical Voids, BNL-158 (March 1952). Availability: Dep.;
$%.30 {ph), $2.40 (mf) OTS.

The measurements reported here were made in the BNL
water tank shielding facility. The measurements were made
with a brass-walled G-M counter, shielded on all sides
by 2= 1/2 in. of Pb. The experlmental arrangement is
illustrated. The tank was filled with water to a depth
of 143 in. An outlet is provided at the top surface of
the tank, so that the water level remains constant when
a void is placed in the tank. The counter was mounted
1 in. above the water surface, and measurements were made
at various points in the horizontal plane. A natural U
source plate 39-5/8 in. x %9-5/8 in. x 5/8 in. is mounted
below the tank to provide a fission source of gamma
rays and neutrons. The top surface of the source plate
1s shielded with boral from thermal neutrons from the
water tank itself. A plate of Bi 5-5/8-in. thick is
mounted below the source plate to suppress gamma-ray
leakage from the pile reflector. Even with the Bi
shield in place, the fraction of the gamma-ray flux at
the surface of the water which is attributed to the
source is only about 5% of the total flux. Thus, the
ganmma-ray measurements are primarily characteristic of
the pile gamma rays and those produced by neutron capture
in the material surrounding the water tank facility.
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97. J. C. LeDoux and A. B. Chilton, Attenuation of Gamma Radiation
Through Two Legged Rectangular Ducts and Shelter Entranceways -
An Analytical Approach, USNCEL TN 2863 (Januvary 1961). Availabilitys
$5.60 OTS as PB 158290.

The use of the albedo approach for the analytical
prediction of attenuation characteristics of two-legged
rectangular ducts transmitting gamma rays is extended
to cases involving the asymmetrical location of source
and/or detector. TIllustrative problems are presented
and solved.

98. A, B. Chilton, Further Analysis of Gamma-Ray Attenuation in Two
Legged Rectangular Ducts, USNCEL TN %12 (May 1961). Availability:
$5.60 OTS.

An analytical approach is developed to permlt
determination of gamma radiation attenuation as it passes
through two-legged rectangular ducts and shelter entrance-
ways. The approach used employs the albedo concept
for wall scattering and includes correction terms nec-
essary to account for the "corner lip effect.” With ap-
propriate simplifying assumptions, moderately simple
engineering formulas are cbtained. Actual use of the
formulas requires better knowledge of differential
angular albedo than is presently avallable; however, by
assuming isotropic distribution of the albedo function, a
very good comparison of experimental information with
results calculated by, this technique is obtained.

99. M. G. Wing, An Introduction to Transport Theory, John Wiley and
Sons, Inc., 1962.

The relatively new idea of invariant imbedding is
introduced against a background of classical transport
theory through the use of simple mathematical models.

100. REIC, Radiation Effects State of the Art 1961-1962, REIC Report

No. EM (June %0, 1962). (Radlatlon Effects Information Center)
Availability: $8.60 (fs) OTS.

No abstract necessary.
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H. E. Strickler, H. E, Gilbert, and J. A. Auxier, "Fast Neutron Scat-
tering from Thick Slabs," Nucl. Sci. Eng., 3, 1, 11-18 (January 1958).

An experimental evaluation has been made of the Po-
Be fast-neutron absorbed dose albedos for concrete, water,
and aluminum. By assuming neutrons are scattered isotropi-
cally in the center of mass system, a good fit to Plesset's
albedo theory was obtained. The values for the albedos
were found to be 0.32 for aluminum and.concrete, and 0.092
for water,

C. E. Lee, The Discrete Sn Approximation to Transport Theory, LA-2595
(March 9, 1962). Availability: Dep.; $3.00 OTS.

The generalized discrete S Method for solution
of the multigroup, multidimensional transport equation is
investigated. The transport and diffusion equations are
derived in difference and differential form based upon a
conservation law. The discrete direction representation
of the angular integration variable is derived on the
basis of a rotation-reflection symmetry condition. In
addition, if the reasonable asslmption that the mechani-
cal quadrature point weights are each taken proportional
to an area surrounding each point on the unit sphere,
then the usual moment conditions are shown valid in an
asymptotic sense., In particular, the Pp, IP(n/g)_l, and
Wich-Chandrasekhar methods of solving the transport equa-
tlon appear now as special cases., The full anisotropic
scattering formulation, elementary perturbation theory, and
group collapsing techniques are discussed with reference
to the proposed equations. The general methods for
solving the transport and diffusion difference equations
are reviewed briefly. Finally, simple one-dimensional
comparisons are made to indicate the treatment of the
general method in comparison with other specialized ap-
proximation techniques.



10%. A, F. Avery, D. E. Bendall, J. Butler, and K. T. Spinney, Methods of
Calculation for Use in the Design of Shields for Power Reactors, AERE-
"R=%2% (1960), Avallability: Dep.; $3.60 BIS.

Recommendations are given on methods of calculation
for use in the design of shields for the gas cooled,
graphite moderated, natural uranium reactors of the U.K.
Civil Power Programme., Topics dealt with include:
primary shielding of neutron and gamma radlation, nuclear
heating, coolant activation, fission product energy decay
rates and radiation streaming in ducts. A new method of
calculating neutron penetration is introduced and compared
with experimental measurements in a Calder Hall reactor
shiecld,

104, W. D. Allen, Neutron Detection, George Newnes Limited, 1960.

This is a general reference for detection of
neutron radiation.

105. J. K. Basson and J. A. Dennis, "Measurement of the Energy Response of
@’ B-10 Shielded U-235 Fission Chamber," Nucl. Instr. Methods 16:

321-5 (1962).

A TP3S fission chamber enclosed in absorbing shields
of B9 is used as a threshold detector for intermediate
energy neutrons.

The energy response has been measured by using
time-of~-flight techniques in conjunction with the Neutron
Booster at Harwell.

The effective fission cross section of UP3S when
shielded by 1 gm cm © of B*© is found to be in good
agreement with that calculated by the application of the
sphere transmission theory of Bethe, Beyster, and Carter,
The agreement for a shield of 2 gm cm 2 is reasonable,



106. A. F. Avery, The Prediction of Neutron Attenuation in Iron-Water
~Shields, AEEW-R 125 (April 1962). Availability: Dep.; $1.26 BIS.

The multigroup method which was previously used to
predict neutron attenuation in water (SWP/P 60) is ap-
plied to iron-water systems. Calculations for several
shield configurations are presented and the results are
compared with the experimental measurements made in the
Panel C facility of the LIDO reactor. The accuracy of
predictions of reaction rates due to sub-cadmium neu=
trons is generally to within 50% for penetrations up
to 160 cm from the core surface.

107. M. B. Wells, Monte Carlo Calculations of Fast-Neutron Scattering in
Air (Two Volumes), NARF-60-8T (FZK-9-147) (May 13, 1960). Availability:
$8.10 0TS (PB-156649).

The results of a Monte Carlo calculation of the
scattering of fast neutrons in an infinite homogeneous
medium of air are presented. The results of these
calculations, which include the effect of inelastic scat-
tering, are presented in terms of angular distributions,
energy spectra, and tissue dose rates at source-detector
separation distances of from 10 to 100 feet. A param-
eter study was completed for source energies of 0.33,
1.1, 2.7, 4, 6, 8, 10.9, and 14 MeV and source angles
with respect to the source-detector axis from 5° to
180°.

This report, the first of two volumes, gives a
desaription of the Monte Carlo problem and the mathe-
matical procedures used in the calculations. The first
volume also contains graphs giving the distribution of
the scattered flux and dose rate as a function of source
energy, source angle, and source-~detector separation
distance, It also contains tables giving the energy
distribution of the alr-scattered flux. Volume IT
caontains tables presenting the angular distributions of
the air-scattered neutron energy spectra for all source
energies, source angles, and source-detector separation
distances included in this parameter study.
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C. A. Diffey, Monte Carlo Air-Scattering Data for Monoenergetic
Fast Neutrons from Point Isotropic Sources, NARF-61-29T (MR-N-284)
(August 15, 1961). (Convair, Fort Worth.) Not for sale to public.

The Monte Carlo fast-neutron air-scattering data
presented in FZK-9-147, Volumes I and II, have been
integrated to obtain the angular distributions and
energy spectra for a point isotropic source emitting
orne neutron per second at a given energy Eg. These
calculations were performed for source-detector
separations of 10, 35, 64, and 100 feet and for initial
neutron energies of 0.%3, 1.1, 2.7, 4.0, 6.0, 8.0, 10.9,
and 14.0 MeV.

M. B. Wells, Studies in Shielding-TIII, Monte Carlo Calculations of
Neutron Scattering in Air, NARF-57-LOT (FZK-9-120A) (December 2,
"1957). {(Convair, Fort Worth) Not for sale to public.

This report describes a Monte Carlo method of
calculating the angular distribution and energy spec-
trum of air-scattered neutrons. The Monte Carlo method,
which is outlined in detail, was used to solve the
integrals that represent the contribution to the total-
scattered flux from each order of scattering. Results of
the Monte Carlo calculatlions giving the scattered flux
from a 3.25-MeV point monodirectional source are presented
in both graphical and tabular form for various source
angles and separation distances at 10,000-ft density
altitude.

e
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110. M. B. Wells, Air and Concrete Scattering of Neutrons, Monte Carlo
Calculations, NARF-58-15T (MR-N-197) (April 2, 1953). Availability:
$4.60 OTS as PB-162860.

This report presents results from Monte Carlo cal-
culations of the angular distribution of neutrons scat-
tered from alr and concrete. The Monte Carlo method
was used to evaluate the integrals that represent the
contribution to the tctal scattered flux from the first
five orders of scasttering. The scattered neutron flux
at various separation distances was computed for a
%.25-MeV peint monodirectional source located at a height
of 12.5 feet above the surface of a concrete slab. Dif-
ferential scattering cross sections based on a complex
square well model and differential scattering cross
sections assuming isotropic scattering in the center-of-
mass system were used in the Monte Carlo calculatlons.
The method used in computing the variance of the scat-
tered flux is ocutlined. The standard deviation computed
was found to be generaliy not more than 10% of the
scattered flux.

This report supplements the information presented
in Convair-Fort Worth report FZK-9-120A.

111. J. R. Barcus, Transmission of Neutrcons by Cylindrical Ducts Penetrat-

ing Rediation Shields, SCTM 21-59 (16) (March 1959). Availability:
Dep.; $1.60 [fs), $0.30 {mf) OTS.

ATter a brief isntroduction to elementary neutron
transport theory, the problem of the transmission of
neutrone by straight and bent cylindrical ducts pene-
trating a radiation shield is considered. The direct
scattered component 1s treated to a first approximation
using the diffusion approximation gpplied to the dis-
tribution of effective anisotropic sources along the duct
wall. The geomeiric approximaiions are such that the
method 1s applicable mainly to ducts with diameter-to-
lengtn ratics small compared to unity.
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M. H. Kalos, Methods in Monte Carlo Solution of Radiation Transpoft
Equation, NDL-TR-36 (UNC-501k4) (Vol. A) (May 31, 1962). (Army Chemi-
cal Corps Nuclear Defense ILab, Md.) DNot for sale to public.

A discussion is given of certain methods of
importance sampling and scoring in the Monte Carlo
solution of the radiation transport equation.

C. 8. Cook, "Calculation of the Penetration of Gamma Rays Through the
Edges of a 1/2 in. Diameter Lead Collimator, Nucl. Instr. and Methods
h: 103-6 (1959).

Gamma radiation from a point radioactive source
located on the axis of a cylindrically-shaped colli-
mator is not sharply defined by the geometrical aperture
of the collimator. Instead some of the radiation pene-
trates the edges of the collimator. Calculations of the
magnitude of this penetration have been made for a 1/2-
inch diameter cylindrical aperture in a lead collimator,
from point sources 8, 9, 10-1/2, 13, 16, 32, and 48 inches
from the detector end of the collimator. The results of
these calculations are reported here.

C. Eisenhauer, Analysis of Experiments on Light Residential Structure
with Distributed Co-60 Sources, NBS-6539 (October 1959). (Wational
Bureau of Standards.) Not for sale to public.

The shielding potentialities for gamma radiation
were analyzed for light residential structures of the
following type: two story wood frame house, one story
wood rambler, two story brick house, and a precasd
concrete house. A phantom house, consisting of Al
tubing fastened by clamps, was erected to measure dose
rates with no intervening attenuating material. The
dependence of shielding on source energy and on reversal
of source and detector is discussed. The results of the
investigation are compared with various calculational
schemes for evaluating radiation protection in structures.

L
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Jde. A. Auxier, J. O. Buchanan, C. Eisenhauver, and E.Meuker, Experi-
mental Evaluation of the Radiation Protection Afforded by Residential
Structures Against Distributed Sources, CEX 58.1 (January 1959).
Availability: Dep.; $10.50 (fs), $4.19 (mf) OTS.

A study was made to obtain information that could
be used to evaluate the protection afforded by residences
against radiation due to fallout. The sources used were
Co®° and Csls7, and the radiation dosimeters used were
pocket-type ionization chambers. Measurements were made
for distributed sources (400 Co®° and 20 Cs'®7) and for
single sources located inside the structures (one each,
2-curie Co®° and Cs'37),

Attenuation measurements were made for five houses
of typical domestic design and construction. Several
modifications were made to the houses, and the attenua-
tion measurements were repeated. The houses, located at
the Nevada Test Site, included single- and two-story
houses with and without basements and with light and heavy
walls., For comparison with the house data the dose-rate
distribution above an extended plane source was measured
in a "phantom" house, i.e., air measurements with the
instrument fixed on a framework of thin-walled aluminum
tubing. Although the complete analysis of the data is
not yet available, some typical analyses are presented,
and the effectiveness of some of the modifications is
illustrated.
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S. Tomoeda, M. B. Hastings, and W. G. Miller, Gamma-Ray Penetration
Experiments for a Light Aircraft Carrier Using Distant Sources and

Sources Simulating Contamination of thne Hull, USNRDL TR 533 (October

1961). (Naval Radiological Defense Lab, San Francisco.) Not for
sale to public.

The penetration of gamma rays into compartments of
an alircraft carrier from two different radioisotopes was
measured in two different experiments.

In one experiment, cobalt-60 and cesium-137 point
isctropic sources were exposed near the hull of the ship
to simulate hull contamination. Measurements of dose
were made in the forward part of the ship at four dif-
ferent deck levels. Dose distribution data are presented
for the two sources used and for the different source
points considered.

In the second experiment, a nominal 500-curie col-
limated cobalt-60 source was exposed at a distance of
roughly 100 feet from designated points to irradiate two
general regions of the ship. Dose distributions are
presented for each of 18 different source positions used.
Five decks were instrumented in each of the two general
regions considered.

Diagrams indicating source positions, detector posi-
tions, and hull-plating thicknesses are also presented.



55

117. F. L. Keller, C. D. Zerby, and J. Hilgeman, Monte Carlo Calculations
of Fluxes and Dose Rates Resulting from Neutrons Multiply Scattered
in Air, ORNL-2375 (December 15, 1958). Availability: Dep.; $2.60

(?st“%o.95 (mf) OTS.

A Monte Carlo code previocusly developed for the Oracle
was used for a parameter study to calculate the fluxes and
dose rates resulting from neutrons multiply scattered in
alr. Both the source and the detector were assumed to be
suspended in an infinite body of air (p = 0.00125 g/cm®),
and the source was assumed to be a point source which
emitted a monoenergetic line«beam of neutrons at various
angles with respect to the source-detector axis. Calcula-
tions were performed for separation distances, g, of 5, 10,
20, 40, 6L, and 100 ft; for source energies, Eg, of 5, 3,
2, 1.2, and 0.55 MeV; and for beam angles, 6, of 2, 15,
30, 60, 90, 135, and 180 deg. The scattering was assumed
to be isotropic in the center-of-mass system. The results
of the flux calculations were found to fit the expression
[25(Eo) /ing] + [n - 6o/sin6p], where Zg(Eq) is the total
macroscopic scattering cross section of air at the initial
energy of the neutron. The results of the dose-rate
calculations were found to fit the expression
[1/1.2] « [C(Eo) 35(Eo) ungl « [x - 60/sindol, where
C(Eo) 1s the flux-to-dose rate conversion factor.

118. M. B. Wells, Gamma-Rays from Inelastic Scattering of Neutrons in Air,
NARF-60-22T (FZK-9-150) (August 12, 1960). (Convair, Fort Worth:)
Not for sale to public.

This report describes a Monte Carlo calculation
of the gamma rays from neutron inelastic scattering in
air. The results of these calculations are given in the
form of energy and angular distributions of the detected
gamma-ray fluxes and angular distributions of the detected
gamma~-ray dose rates for point monodirectional neutron
sources of 6, 8, 10.9, and 14 MeV at source-detector
separation distances of 10, 35, 64, and 100 feet.
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119. M. O. Burrell and D. L. Cribbs, A Monte Carlo Calculation of Gamma-
Ray Penetrations Through Iron Slabs, NR=-82, Vol., 2 (January 1960).
Availability: Wot for sale to public.

A Monte Carlo sampling is used to calculate the trans-
mitted number and energy current, number and energy flux,
and dose of gamma rays penetrating an iron slab. The re-
sults gre presented for 6 thicknesses of irom, 5 source
energies, and 5 incident angles, Scattered dose and energy
flux transmission factors are determined for 120 equal solid
angles. The energy flux transmission factors are divided
into four energy groups. Also, a weighted average energy is
determined for each solid angle., The total output represents
some 25 hours of computing time on the IBM-70Lk. Most of
the data have been preserved on IBM cards.

120. M. O. Burrell and D, L. Cribbs, A Monte Carlo Calculation of Neutron
Penetrations Through Iron Slabs, NR-82, Voi, 3 (May 1960). Avail-
ability: WNot for sale to public.

A stochastic technique is used to calculate the trans-
mitted and reflected number current, flux, and dose rates
of monoenergetic, monodirectional beams of neutrons imping-
ing uvpon iron slabs. The results are presented for five
thicknesses of iron, five source energies, and five incident
angles. Scattered dose transmission factors and dose
reflection factors are determined for 120 equal solid angles.
Also, a weighted average energy of the transmitted and
reflected neutrons is determined for each solid angle. The
total computer output presented in the appendix represents
about 20 hours of computing time on the IBM-70Lh. A1l of
the dose data have been preserved on IBM cards.

121. F. J. Shore and R. D. Schamberger, The Transmission of Neutrons
Through Ducts in Water, BNL-390 (T-74) (March 1, 1956). Avail-
ability: Dep.; $4.60 (fs), $1.73 (mf) OTS.

The Brookhaven Shielding Facllity has been utilized
to study the transmission of fission neutrons through
ailr ducts in a water shield. The program included the
study of the transmission properties of ducts of two 4if-
ferent basic geometries, plane slots, and right circular
cylinders., The folilowirig report represents an ‘effort to’
systemize .and interrelate thewarious results of the in-~
vestigation. ' : ' )
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G. deSaussure, Calculation of the Photoneutron Flux in Water Near the
Bulk Shielding Reactor, ORNL-2545 (July 9, 1958). Availability: Dep.;
$1.10 (fs),%$0+.80 (mf) OTS.

The measurement of the gamma-ray dose rate at a dis-
tance 267 cm from the Bulk Shielding Reactor has been used
to estimate the photoneutron flux at that point. The re=- _
sulting calculated flux was l.65 x 10™° neutron.w T.seec T.cm Z.
This is to be compared with a measured valuve of the thermal-
neutron flux of 1.58 x 1075 neutron.w te.sec t.cm =, all of

which is assumed to consist almost entirely of photoneutrons.

D. K. Trubey, An Estimation of Photoneutrons from Carbon-13 in an O1l
Shield, ORNL-2200 (August 13, 1958). Availability: Dep.; $1.60 (fs),

$0.80 (mf) OTS.

Measurements of thermal-neutron flux in the presence
of high-~energy gamma rays in oll indicate that photoneu-~
trons comprise a large fraction of the total thermal-neutron
flux at large distances from the neutron source. This is
attributed chiefly to the (7,n) reaction in C'3., Measure-
ments at the Lid Tank Shielding Facility in oll with and
without a bismuth slab to reduce the gamma rays, and
conseguently the photoneutrons which they produced, agreed
with calculated fluxes.

R. D. Albert and T. A. Welton, A Simplified Theory of Neutron Attenua-
tion and Its Application to Reactor Shield Design, WAPD-15 (November

30, 1950). Availability: Dep.; $6.30 (ph), $3.00 (mf) OTS.

A theory has been developed for the attenuation of
neutrons in mixtures of hydrogenous and heavy materials
primarily for use din connection with shielding designs. The
theory is a simplified one which assumes a neutron is es=-
sentially lost after a single collision; an equivalent cross
section which includes contributions to scattering by heavy
materials is leftadjustable in the theory. The procedure
outlined in this paper involves comparison of the theory
with experimental bulk shielding results to determine the
adjustable parameter. Excellent agreement -- for shielding
purposes -- has been obtained in this way with experimental-
ly obtained spatial flux distributions for water, iron
and water, and two lead and water shields of differing
composition. These results have been developed for design
of the Mark I STR shield,
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R. E. Beissner and D. R. Smith, Studies in Shielding II, Single Scat-
tering and Capture Theory in Alr and Ground NARF 57- 59T (FZK-9-117)
(September 30, 1957). (Convair, Fort Worth.) Not for sale to pub-
lic.

This report presents the derivation and evaluation of
four of the more important equations used by Convair-Fort
Worth in the prediction of gamma and neutron dose rates.

The relations derived concern air and ground single scatter-
ing of neutrons and gemma rays and the radiative capture of
thermal neutrons in the air and in the ground. A discussion
of the equations and thelir importance in total dose rate
prediction follows the derivations.

D. Spielberg, Penetration of Neutrons from a Point Fission Source in
Air - Moments Method Calculation, WAL TR 551.1/2 (NDA 2106-10) (April
28, 1961). (Watertown Arsenal, Massachusetts.) Not for sale to
public.

The spatial and energy distributions of neutrons from
a point fission source in air were calculated by the moments
method. The results were used to calculate the neutron and
capture-gamma doses as functions of distance from the source.

The numerical results are given in Sections 5 and 6.

This work was performed under Technical Supervision of
Watertown Arsenal Laboratories, Watertown 72, Massachusetts.

F. L. Keller, C. D. Zerby, and W. W. Dunn, Gamma-Ray Dose Rates
Resulting from Neutron Captures in Air, ORNL 2462 (December 15, 1958).
Availability: Dep.; $3.60 (fs), $1.19 (mf) OTS.

A Monte Carlo calculation of the gamma-ray fluxes and
dose rates resulting from neutron captures in air was per-
formed. For this calculation the source was assumed to be
monoenergetic, and both the source and detector were assumed
to be suspended in an infinite body of air. The neutron
source was taken to be either a point isotropic or a line-
beam source, and the dose rate and angular distribution of
capture gamma rays at the detector were determined. For the
point isotropic source and a 50-ft separation distance it was
found that the dose rate vapled with the neutron source
energy approximately as E 173, Wnhen curves for the various
monoenergetic line-beam sources and a 65-ft separation dis-
tance were plotted as a function of the beam angle, they
were relatively flat over the region from 30 to 180 deg,
becoming flatter as the source energy increased.
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128, M. J. Berger and D, J. Raso, "Monte Carlo Calculations of Gamma-Ray
Backscattering," Radiation Res. 12, 20-37 (1960).

Monte Carlo calculations have been performed to determine
the backscattering of gamma rays with energies between
0.02 MeV and 2.0 MeV from hydrogen, water, concrete, iron,
tin, and lead. The radiation was assumed to be incident
on a semi-infinite medium, either isotropically, or at
angles of 0° (perpendicular incidence), 30°, 60°, or 90°
(grazing incidence). Several thousand photon histories
were sampled with the use of an IBM 704 computer to
determine the albedo for each case. The information ob-
tained includes (1) the number albedo and energy albedo,
(2) the energy distribution of reflected radiation inte-
grated over all directions, (3) the angular distribution
integrated over all energies, (4) the angular distribution
of the reflected energy, (5) the average energy of the
photons reflected in various directions, and (6) the
average obliquity of emergence of the reflected radiation
as a function of the gamma-ray energy. Tables of albedo
and illustrative energy spectra and angular distributions
are given in this paper. More detailed results can be
found in an accompanying informal publication (NBS
Report 5982).

129. M. J. Berger and D. J. Raso, Backscattering of Gamma Rays, NBS Report
5982 (2nd ed.) (February 8, 1960). (National Bureau of Standards.)
Not for sale to public.

Monte Carlo calculations have been performed to
determine the backscattering of gamma rays with energies
between 0.02 MeV and 2.0 MeV from hydrogen, water, con-
crete, iron, tin, and lead. The radiation was assumed to
be incident on a semi-infinite medium, either isotropically,
or at angles of 0° (perpendicular incidence), 30°, 60°, or
90° (grazing incidence). - Several thousand photon histories
were sampled with the use of an IBM TO4 computer to de-
termine the albedo for each case. The information obtained
includes (1) the number albedo and energy albedo, (2) the
energy distribution of reflected radiation integrated
over all directions, (3) the angular distribution inte-
grated over all energies, (4) the angular distribution of
the reflected energy, (5) the average energy of the
photons reflected in various directions, and (6) the
average obliquity of emergence of the reflected radiation
as a function of the gamma-ray energy. Tables of albedo
and 1llustrative energy spectra and angular distributions
are given in this paper. The description of the calcula-
tional method is found in Radiation Res. 12, 20-37 (1960).
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130. H. Kahn, Applications of Monte Carlo, AECU-3259 (April 19, 1954).
Availability: Dep.; $37.80 (ph), $11.10 (mf) OTS.

The general principles of making Monte Carlo cal-
culations are outlined. Discussions are included on
technique with random variables, transformations of
random variables, rejection techniques for producing
independent sample -values of a distribution F(x), and
manipulations of distributions. The various methods
which are described are illustrated by numerous examples.
Detailed analyses are also given of Monte Carlo methods
of evaluating integrals and integral equations.

131, M. H. Kalos, H. Goldstein, and J. H. Ray, Revised Cross Sections for
Neutron Interactions with Oxygen and Deuterium, NDL-TR-4O (UNC Pro-
Ject 50%8) (August 31, 1962). Availebility: $2.60 (fs) OTS as
AD-284906. :

A revision of the data for angular distributions for
elastic neutron scattering in oxygen and deuterium is
presented. The kinetics of the (n,2n) reaction in deu-
terium is discussed and a Monte Carlo scheme for generat-
ing the energy and direction of secondary neutrons is
given. Complete sets of the cross sections for both
materials are tabulated.

132, J. Griffin, Beta Decays and Delayed Gammas from Fission Fragments,
TA-2811 (February 18, 196%). Availability: Dep.; $1.25 OLS.

A theoretical study is made of the gross behavior of
beta decays following nuclear fission in times from 102
to 10 seconds. First a simple model is formulated to
describe the situation in terms of a few parameters.

Then the most uncertain of these parameters are chosen to
fit the observed rate of delayed gamma emission (assumed
proportional to the beta-decay rate) for the U235 (n,f)
process. The description 1s extended to other isotopes
by assuming that they differ only by small shifts of their
initial fragment distributions away from that appropriate
to neutron-induced fission of U35, The result is a
theoretical summary of the presently available data

which can be used in predictive extrapolation of that

data to situations not yet studied experimentally.
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1%33. J. T. Madell, T. J. Thompson, A. E. Profio, and I. Kaplan, Spatial
Distribution of the Neutron Flux on the Surface of a Graphite-Lined
Cavity, NY0-9657 (April 1962), Availability: Dep.; $4.00 OTS.

A graphite-lined cavity was bullt at the outer
end of the thermal column of the MIT Reactor. Seven
variations of the material and geometrical arrangement
of the cavity were made. The neutron flux was measured
on the top surface and in the top wall of each variation
and also on all surfaces and in the cavity itself of one
of the variations. Absolute flux, cadmium ratio, and
albedo measurements were made., The experimental results
demonstrated that the cavity suitably modified the magni-
tude, distribution, and direction of the neutrons emerging
from the thermal column.

A theoretical model was developed to calculate the
magnitude and distribution of the neutron flux on the sur-
faces of a cavity, The values of the view factors and
the albedos, which were necessary to calculate the flux
in the cavities, were obtained from computer programs.

The values of the flux were also calculated by using an
electronic computer,

The calculated values of the flux are in excellent
agreement with the measured values and it 1s felt that the
use of the theoretical model 1s justified.

134, J. S. Church and J. K. Donghoe, Flexible Neutron Shielding Systems
Based on Vinyl Plastisols, LAMS-2800 (February 28, 1963). Avail-
ability: Dep.; $0.75 OTS.

A method has been developed for fabrication of cast,
flexible neutron shielding. The process is based on a
filled polyvinyl chloride (PVC) plastisol system which
can be fabricated by either slush casting or low pressure
compression molding. Filler concentrations of 50 w/o
boron or boron carbide are readily attained with re-
tention of a fair degree of flexibility.
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135. Zo G. Burson, Experimental FEvaluation of the Falleout Radiation
Protection Provided by Selected Structures in the Los Angeles Area,
CEX-61.L (February 26, 1063). Availability: Dep.; $2.25 OTS.

An experimental study designed to provide a basis
for estimating protection against fallout radiation
was conducted on four diversified structures in the Los
Angeles, Californisz area. This study was sponsored by
the Civil Effects Test Operations (CETO), Division of
Biology and Medicine, U.S. Atomic Energy Commission. The
four buildings studied were (1) the Laboratory of Nuclear
Medicine and Radiaticn Biology at the Unilversity of
California at Ios Angeles (UCIA); (2) a family fallout
shelter; (3) the communications section of the L.os Angeles
Police Department building; and (4) a typical classroom
located at North Hollywood High School.

A fallout radlation field was simulated by the
Mobile Radiological Measuring Unit. The unit employed
a single radicactive 000 source, which was pumped at a
miform speed through a long length of tubing evenly
distributed over the area of interest. Measurements of
the radiation levels at selected points inside the struc-
tures were made with highly sensitive ionization=-chamber
detectors. Protection factors ranged from 10 to 2000
in the UCLA building, up to 10,000 in the family fallout
shelter, from 50 to 150 in the communication section of
the police building, and from less than 10 to approximately
20 in the high school classroom,



61

1%6. Re. K. Osborn,"A Discussion of Theoretical Analyses of Probe-Induced
Thermal~Flux Perturbations," Nuel. Sci. Eng. 15, 3, 245-258 (1963).

This review deals execlusively with the theoretical
task of interpreting the measurement of a thermal-neutron
absorption rate in terms of the neutron density that existed
at the probe location prior to probe insertion. Success-
ful accomplishment of this task is fairly obviously of
considerable practical importance, since activation mea-
surements of thermal fluxes are an important adjunct to many
reactor experiments and are also frequently employed to ob-
tain thermal flux maps in reactor cores and reflectors.
Because of its importance, the problem has received
extensive and varied (but usually piecemeal and semi-
intuitive) theoretical attention over the past twenty
years. Many experiments have been performed concurrently.
The net result has been to perpetuate a lively interest in
the problem, since comparisons of experiment with experi-
ment, experiment with theory, and theory with theory have
been ragged and controversial. It will be the purpose of
this review to present an adequately precise and general
statement of the problem and then attempt deductive compari-
sons of various theoretical attacks upon it. Attention
will be focused primarily upon the task of obtaining
operational descriptions of the diverse approximations
explicit or implicit in the calculations considered.

Throughout the review attention is presistently directed
to an aspect of the problem that has received less than
adequate attention so far, i.e., that of the effect of
"flux-hardening" on the absorption rate. An attempt to
obtain a qualitative estimate of the importance of this
effect is presented, but the only conclusion drawn so far
1s that the effect is not obviously an ignorable one.

137. W. D. Lanning, "Application of the Spherical Harmonics Technique to
Problems in Gamma Transport,” Nucl. Sci. Eng. 15, 3, 259-267
(1963) .

The feasibility of applying the spherical harmonics
technique to problems in gamma transport is investigated.
The spherical harmonics procedure is described for one-
dimensional slab geometry for plane monoenergetic sources.
Energy spectra cbtained by the P-3 approximation covering
a wide range of source energies and materials are compared
to moments results for penetrations up to fifteen mean
free paths. The comparisons indicate that it is plausible
to extend the method to multislab geometry for potential
design applications.
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139,

J. V. Walker, J. D. Randall, and R. C. Stinson, Jr., "Thermal Neutron
Flux Perturbation Due to Indium Foils in Water," Nucl. Sci. Eng. 15,

3, 309-313 (March 1963).

Flux perburbaticns due to indium disc foils exposed
to an isotropic thermal-neutron flux in a water medium
were experimentally determined. The unperturbed flux,
or the "zero thickness" activity, was determined using
foils which matched the moderating ratio of the medium,
thereby causing no flux perturbation. Comparison of the
results with several modifications of the Ritchie and
Eldridge theory gives excellent agreement for foil thick-
ness from O to 0,025 in.

Go Co Hanna, "The Neutron Flux Perturbation Due to an Absorbing Foil -
A Comparison of Theories and Experiments,” Nucl. Sci. Eng. 15, 3,

325-337 (March 1963).

Skyrme has given a theoretical treatment of the per-
turbation of the neutron flux in a diffusing medium by an
absorbing foil. His theory is re-examined, with particular
reference to the modification proposed by Ritchie and
Eldridge, and the "edge correction" is evaluated. The ac-
curacy of this modified Skyrme theory is tested by compari-
son with Dalton and Osborn's computer calculations for
monokinetic neutrons; the agreement is generally better
than 1%. )

This theory is theh extended to a Maxwellian neutron
spectrum, for which computer calculations are not avail-
able, with the result

1+ ¢

_a
2t 1+ gn/2

&>

A i1s the activity per unit mass of a foll of thickness 7

(in units of the absorption mean free path), Ay that of a
zero thickness foil @ = 1 - 2f7 x 2 exp(-1x) dx, and € =~ t/nR,
where t and R are the thickness and radius of the foil. The
bars denote averages over the Maxwellian spectrum. The
flux-depression parameter g is of the order of R/Atr, bug

its exact value depends on the velocity dependence of the
transport mean free path, and on the thermalization prop-
erties of the medium.

This formula 1s used to obtain, from the avallable mea-
surements of the dependence of A on foil thickness, "experi-
mental" values of g. For both graphite and hydrogenous
media they are smaller than expected.

o



63

140. H. A. Steinberg, "Generalizéd Quota Sampling,"” Nucl. Sci. Eng. 15, 2
142-145 (February 1963),

A generalization of quota sampling is described and
a quantitative evaluation of its wvalidity is made.

141, T. Hyodo, "Backscattering of Gamma Rays,” Nucl. Sci. Eng. 12, 2,
178-18L4 (February 1962).

Spectra of backscattered radiation from semi-infinite
slabs of paraffin, aluminum, iron, tin, and lead were
measured by means of & scintillation spectrometer, &s‘a
function of the measuring angle 6, which is the angle
between the normal to the plane face of the slabs and the
detector axis. The point gamma sources of Co®% and Cs'®7
were placed 1in close contact with the scattering slabs.
By using this geometry the measurement was performed
without perturbing effects produced by detector or source
collimating shields. The energy and number albedos, the
angular distributions of scattered energy and number of
photons, and the energy distributions are given for each
combination of gamma source and scatterer.

142, D. K. Trubey, "The Single-Scattering Approximation to the Solution
of the Gamma-Ray Air-Scattering Problem," Nucl., Sci. Eng. 10, 2
102-116 (June 1961).

The results of a calculation using the single-
scattering approximation, with no exponential attenuation
or buildup, has been compared to results of a Monte
Carlo calculation of the dose rate and number flux in air
from a monoenergetic gamma-ray source. The comparison
shows that the simple approximation is generally adequate
Tor unshielded detectors.
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14k,

6k

W. B. Doub, "Particle Self-Shielding in Plates Loaded with Spheri-
cal Poison Particles," Nucl. Sci. Eng. 10, 4, 299-307 (August 1961).

An approximate heuristic expression for the particle
self=-shielding factor for a set of purely absorbing
spheres of radius r and volume fraction V well mixed with
another set of non-absorbing spheres has been derived.

The resulting expression has been experimentally veri-
fied using transmission data at several incident neutron
energles for a plate-type sample containing a mixture of
aluminum and boron-carbide spheres with nominal diameters
85 + 15u. The boron-carbide spheres occupied about 57%
of the sample volume. The transmission was measured at
energies ranging from 0,03 to 1.2 eV using a crystal
neutron spectrometer.

Since, however, the sample contalned boron-carbide
spheres with a distribution of diameters the experimental
self-shielding factors are "average" values. It is shown,
using an approximate model, that a plausible theoretical
self-shielding factor is a volume weighted average of the
self-shielding factors for the spheres of diameters, di,
do, das

The particle self-shlelding factors derived by several
other authors have also been compared with the present
experimental results. The Hurwitz-Zweifel expression
glves quite bad agreement, though this 1s expected because
of the high volume fraction of poison in the sample. The
Burrus expression gives niuch better agreement
though not as good as the expression derived in this paper.

R. Kladnik and I. Kuscer, "Milnes Problem for Thermsl Neutrons in a
Nonabsorbing Medium," Nucl. Sci. Eng. 11, 2, 116-120 (October 1961).

The velocity dependent transport equation for a non-
absorbing semi-infinite medium with no sources i1s approxi-
mately solved by a variational method. A simple trial
function, which takes into account the asymptotic behavior
of the exact solution, is used to obtalin an approximation
for the extrapolation distance g, and, by iteration, an
approximation for the flux distribution.

Numerical results are given for a monatomic gaseous
medium with the atom mass equal to the neutron mass. The
value gw = 0.9%45 1 () is obtained. The velocity dis-
tribution of the merging neutron shows a hardening effect,
corresponding, in the average, to a 14% increase in the
neutron temperature.
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145, J. R. Mika, "Neutron Transport with Anisotropic Scattering," Nucl.
Sci. Fng. 11, 4, L415-427 (December 1961).

The general procedure of solving the one-velocity
Boltzmann equation in the case of plane geometry is
presented. It is assumed that the scattering function
can be expanded into the finite series of Legendre
polynomialse.

The complete set of eigenfunctions of the Boltz-
mann equation is found. The orthogonality and complete-
ness of the eigenfunctions are proved.

By way of illustration, solutions of some basic
problems of neutron diffusion are given.,

146. J. C. LeDoux and A. B. Chilton, "Garma-Ray Streaming Through Two-
Iegged Rectangular Ducts,"” Nucl. Sci. Eng. 11, 4, 362-368 (December
1961) .

An analytical approach is developed to permit
determination of gamma radiation attenuation as it passes
through two-legged rectangular ducts and shelter entrance-
ways. The approach used employs the albedo concept for
wall scattering and includes correction terms necessary
to account for the “"corner lip effects.” With appropriate
simplifying assumptions, moderately simple engineering
formulas are obtained. Actual use of the formulas re-
guires better knowledge of differential angular albedo
than is presently available; however, by assuming isotropic
distribution of the albedo function, a very good compari-
son of experimental information with results calculated
by this technique is obtained.
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147. S. K. Penny and C. D. Zerby, "Examination of the Range of Applic-
ability of Conditional Monte Carlo to Deep Penetration Problems,"
Nucl. Sci. Fng. 10, 1, 75-82 (May 1961).

The conditional Monte Carlo method of sampling has
been applied to the spatial part of the gamma-ray trans-
port problem in an infinite medium for the purpose of
evaluating its general usefulness and its applicability
to deep penetration problems. A simplified derivation of
the gpplication is presented, and the results of calcula-
tions for a water medium and a lead medium are shown.

The calculations indicate that the conditional Monte Carlo

method, as used in this application and without the aid of

other special techniques, gives reasonably good results in

a physical deep penetration problem out to approximately

10 mean free paths :penetration distance independent of the
absorbing properties of the material and can be carried out
to 20 mean free paths if some inaccuracy can be tolerated.

148, D. F. Rhodes, R. A. Stallwood, and W. E. Mott, "Intensity of Unscat-
tered Gamma Rays Inside Cylindrical Self-Absorbing Sources,"” Nucl.
Sci. Fng. 9, 1, 41-46 (January 1961).

A general expression for the intensity of unscattered
gamma rays at points on the axis of a cylindrical absorber,
surrounded by a ring-shaped self-absorbing source of
rectangular cross section, is derived in terms of two
integrals that have been evaluated on the IBM 704 computer.
The results are presented in the form of curves from which
the intensity can be determined for a wide variety of
cases. Por points not on the axis of symmetry a solution
is given for the special case of source with large peri-
pheral dimensions.
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149. G. R. Dalton and R. K. Osborn, "Flux Perturbations by Thermal Neu-
trons," Nucl. Sci. Eng. 9, 2, 198-210 (February 1961).

The transport equation which describes the thermal-
neutron population in and around a neutron detector is
converted to an iterative integral equation. This integral
equation 1s then solved for a wide range of specific cases
using a digital computer.

Using this method of calculation, the effects upon neu-
tron density of nonisotropic scatter in the surrounding
medium, of finite detector dimensions and of scatter by the
detector are calculated to an accuracy of better than 1%.
Detailed maps of the scalar neutron density in and around
finite detectors are available from the calculations.

The problem of nonisotropic, nonuniform initial neutron
density is formulated using the integral method.

150. D. W. Drawbaugh, "On the Solution of Transport Problemsg by Conditional
Monte Carlo," Nucl. Sci. Eng. 9, 2, 185-197 (February 1961).

The application of a conditional Monte Carlo method
for estimating the solution of transport problems is de-
scribed. Statistical estimators for solving transport
problems by the conditional Monte Carlo method are given
for both homogeneous and heterogeneous problems. The
analog and conditional Monte Carlo Solutions of a simple
one-speed transport equation are compared with the exact
deterministic solution. The application to deep penetra-
tion shielding problems is discussed.
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151. R. H. Ritchie and H. B. Eldridge, "Thermal-Neutron Flux Depression
by Absorbing Foils," Nucl. Sci. Eng. 8, L4, 300-311 (October 1960).

The perturbation of a thermal-neutron flux field by an
absorbing foil is considered for the case of a foil of
thickness t and of lateral dimensions >> L, where L is
the diffusion length of thermal neutrons in the medium.

The integral equation for "one-velocity'" transport of neu-
trons in the medium containing the foil is solved by a
variational method in which the "eigenvalue" is closely
related to the folil activation. The results are compared
with the predicticns of the Bothe and Skyrme theories,

The Bothe and Skyrme theories are compared for the case

of the finite disk-shaped foll and are shown to differ
primarily in the transport correction. This difference
may be important in cases where L is not very large
compared with the mean free path of neutrons in the medium.
On the basis of these considerations, a new analytic ap-
proximation for the activation of a finite foil is proposed.

152, W. R. Conkie, "Velocity Dependent Neutron Transport Theory," Nucl.
Sci. Eng., T, 4, 295=303 (April 1960).

A method of extending the spherical harmonics method
to calculation of veloclity dependent neutron transport
processes 1s described. Application of the method is
made to a variation of the Milne problem with the model
of an ideal gas of unit mass for the scattering medium.
The results indicate that the method can give accurate
analytical expressions for the neutron density for such
velocity dependent problems.
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153. W. Kofink, "Complete Spherical Harmonics Solution of the Boltzmann
Equation for Neutron Transport in Homogeneous Media with Cylindrical
Geometry,” Nucl. Sci. Eng. 6, 6, 475-486 (December 1959).

The aim of this paper is to show that the treatment

of the transport equation in cylindrical geometry does
not involve essentially more tedious calculations than the

reatment in plane geometry. A complete solutlon is given
for homogeneous media including the complementary solu-
tions. Every partial solution contains in its expansion
of’ spherical harmonics some functions of a parameter with
appropriate coefficients. It will be shown that these
functions are Legendre polynomials and Legendre functions
of the second kind as in the case of plane geometry for
the "main" solution, and derivatives of these functions
for the "complementary" solutions. They are solutions of
the recursion relations for the expansion and yield a
Turther recursion relation for the coefficients. Tables
of these coefficients are given up to the eleventh spheri-
cal harmonic approximation and a general formula is derived
for them. Two examples are worked out, a first based upon
the supposition of a linearly anisotropic scattering law,
and a second in which two higher terms of anisotropy are
added to this law.

154, C. C. Horton, "The Shielding of Helical Ducts," Nucl. Sci. Eng. 6,
6, 525-529 (December 1959).,

The problem of radiation penetration through a shield
containing a helical duct is considered by representing
the duct by successive straight ducts joined at a fixed
angle. Expressions for the emergent radiation flux are
derived and illustrated for a typical case. It is shown
that, in a representative example, the contribution from
radiation scattered along the duct is a small fraction of
the general increase in radiation level due to the reduced
effective density of the bulk shield in the vicinity of
the helix.
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H. E. Hungerford, R. F. Mantey, and L. P. Van Maele, "New Shielding
Materials for High-Temperature Application,"” Nucl. Sci. Eng. 6, 5,
3096-408 (November 1959).

Investigation and development of several new materials
Tor high-temperature shields have ylelded three reasonably
cheap materials which are structurally stable and able to
withstand high temperatures and high radiation fields. Cal-
culations indicate good neutron attenuation properties.
These materilals have undergone extensive development and
testing for both physical and radiation effect data. They
are (1) serpentine rock, (2) calcium borate, and (3) borated
diatomaceous earth.

Serpentine rock (3 MGO.Si0Op.2H-0), as asbestos mineral,
retains its water of hydration to temperatures as high as
950°F. It can be used either dry-packed, or as the ag-
gregate in concrete, with densities attainable of about
130 lb/cu ft. ©Structurally, the aggregate is not quite as
good as concrete, Calcium borate is the commercial name
applied to a number of borated calcium minerals pressed
into an asbestos matrix to give a boron content of about
12 w/o, with a density of over 70 1b/cu ft. Although the
composite is brittle, it can be fabricated into shapes
rather easily. Tests indicate it will withstand tempera-
tures up to 1800°F with less than 3% shrinkage, and can be
exposed to a neutron irradiation of 2.4 x 10°° nvt without
damage. Diatomaceous earth, a porous commercial refractory
material, has been successfully borated to the extent of
about 2 w/o boron. It can be used as an aggregate in port-
land or luminite concrete to give good strength properties
and densities of T78-82 1b/cu ft.

W. R. Conkie, "Polynomial:Approximaticns in Neutron Transport Theory,"
Nucl. Sci. Eng. 6, 4, 260-266 (October 1959).

The Milne problem, with absorption, of neutron
transport theory is solved by expanding the angular dis-
tribution in Tchebycheff polynomials, rather than the more
conventional Legendre polynomials. It is shown that the
Tchebycheff approximation of order N, the Ty approximation,
gives results for the extrapolated end point which are
closer to the exact results over most of the range of
absorption values considered than the corresponding Py
approximation.
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157. W. R. Conkie, "An Iterative Method in Neutron Transport Theory,"
Nucl. Sci. Eng. 6, L4, 267-271 (October 1959).

An iterative method for solving problems in neutron
transport theory is described. The method uses the
result of a low-order spherical harmonics calculation as
the initial function and attempts to improve this with
one iteration. The results for the one-velocity Boltz-
mann equation with plane symmetry show that good accuracy
is obtained for many practical cases.

158. D. G. Chappel, "Permissible Voids in Photon Shields," Nucl. Sci. Eng.
6, 2, 140-146 (August 1959).

Permissible voidd volume in photon shields is calculated
in terms of shield thickness, photon energy, and permissible
leakage factor. Several graphical aids for lead are pre-
sented. A simple method of void evaluation is included
which may form the basls for an engineering acceptance
test.

159, L. A. Beach, P. Shapiro, R. C. ORourke et al., "Solutions of the
Constant Velocity Transport Problem," Nucl. Sci. Eng. 6, 1, 66-75

(July 1959).

By Fourier transform techniques the exact solutions
of the one~velocity neutron diffusion problem for a uniform
infinite medium with isotropic scattering have been
derived for plane isotropic, plane parallel monodirectional,
and plane parallel bidirectional source terms. These
exact sclutions in terms of Fourier inversion integrals
were numerically evaluated upon the NAREC to give the
angular distribution of the scattered intensity, the total
scattered intensity, and the total intensity. By solving
the integrals by contour integration in the complex
plane, asymptotic solutions were obtalined which are good
approximate solutions for deep penetrations$ arnd problems
with 1little absorption.
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160. H. S. Wilf, "The Transmission of Neutrons in Multilayered Slab
Geometry,"” Nucl. Sci. Eng. 5, 6, 306-319 (June 1959).

The use of the method of discrete ordinates as a
numerical tool in reactor calculations is described. A
scheme for the numerical integration of the discrete
ordinate equations is developed, and the results compared
with known exact solutions. The problem of reflection and
transmission of neutron beams in stratified slab geocmetry
is considered from the point of view of the method of
discrete ordinates. A matrix formalism is derived which
permits the calculation of transmitted and reflected dis-
tributions if the incident beam is given. Asymptotic
expressions for the relevant matrices are given, and
comparison is made with the work of Chandrasekhar. Tables
of the matrix elements in the P; approximation are
prresented.

161. B. L. Byrum and J. A. Biggerstaff, "Nuclear Radiation Heating -
Preliminary Design Considerations," Nucl. Sci. Eng. 5, 1, 28-31
(January 1959).

Quick engineering estimates of nuclear radiation
heating effects exterior to reactors are frequently desired
in preliminary flight vehicle design. A technique that
is useful for such evaluations is presented. Analogies are
suggested among the capture, inelastic scattering and
neutron-induced charged particle processes; a means is
provided for treating neutron interactions giving rise to
gamma, rays of various discrete energies; and a cosine dis-
tribution of the core gamma radiation is discussed.

162. G. Goertzel, "The Method of Discrete Ordinates," Nucl. Sci. Eng. L,
4, 581-587 (October 1958).

In this paper the solution of the neutron transport
(Boltzmann) equation in plane and spherical geometries
is considered. It is demonstrated that the method of
discrete ordinates differs from the spherical harmonic
method merely by a linear transformation (with constant
coefficients) of the dependent variables.
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163, S. Ziering and D. Schiff, "Yvons Method for Slabs,” Nucl. Sci. Eng.
3, 6, 635-647 (June 1958).

The method of half-range polynomials is applied to
neutron transport theory. The specific applicability of
this method to problems having discontinuities in the
nuclear parameters at the bouwndaries or interfaces is dis-
cussed. Half-range polynomial expansions are used to ob-
tain solutions for both finite and semi-infinite slabs,
which consist of isotropically scattering media. The
results indicate that the half-range approximations compare
favorably with higher apprioximations obtained from the full-
range spherical harmonic or several discrete ordinate
methods. In particular, the poor convergence, found in
the full-range methods in regions close to the discontinuity,
1s not present in the half-range method. The latter method
is used to obtain a pair of second-order coupled differential
equations, as in diffusion theory.

16k, J. F. Perkins and R. W. King, "Energy Release from the Decay of
Fission Products," Nucl. Sci. Eng. 3, 6, 726-746 (June 1958).

The total disintegration rates, rates of beta- and
gamma-energy release, and gamma-ray energy spectrum, are
calculated for fission products due to thermal-neutron
fission of U35, Information on decay schemes was largely
obtained from the compilations of the Nuclear Data Group of
the National Research Council to July, 1957. Total fission
yields are from Kateoff and from Steinberg and Glendenin.
Nuclear charge distributions are taken from Pappas' work,
which includes the effect of closed shells. Reactor operat-
ing times of 1, 10, 100, &nd 1000 hours are treated, and
the results plotted for decay times ranging from lOé to 108
seconds. In addition, results for instantaneous operation
are compared to other calculations and measurements. The
present results fall below Way and Wigner's predictions
of both disintegration rate and total energy release over
the entire range of decay times, though they agree
satisfactorily with the Way-Wigner rule-of-thumb expressions.
The present results are in very good agreement with experi-
mental measurements. The gamma spectrum is found to vary
considerably with decay time but to be only a weak function
of reactor operating time. The total beta and antineutrinos
energies per fission are found to be 7.6 + 0.5 and
10.0 + 0.7, respectively.
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P. Titus, "Measurement of the Gamma-Ray Dose Near the Interface
Between Two Media," Nucl. Sci. Eng. 3, 5, 609-619 (May 1958).

Measurements have been made of the distribution of
exposure dose in the neighborhood of a plane boundary
separating two media of very different density, steel-wool
and steel. A point-isotropic Co®° source was located in
the vieinity of the boundary. Control measurements were
performed in a homogeneous medium of steel-wool. In this
way the effect on gamma-ray propagation of an abrupt density
change was established. The main result was a progressive
decrease of exposure dose near the density-interface
compared with the homogeneous medium situation, as the
source-detector distance was increased. There is good
agreement between the experimental results and corresponding
Monte Carlo calculations.

R. S. Caswell, R. F. Gabbard, D. W. Padgett et al., "Attenuation of
14.1-MeV Neutrons in Water," Nucl. Sei. Eng. 2, 2, 143-159 (April

1957) .«

The attenuation of 1bk.1-MeV neutrons in water has been
studied under conditions simulating an isotroplc point
source of monoenergetic neutrons in an infinite water medium.
The migration area of thermal neutrons [(r®)th/6] was found
to be 156 + 6 cn®. The "age' of indium resonance neutrons
was measured to be 150 + 6 cnf. Fast-neutron dose mea-
surements are in agreement with the theoretical calculations
of Goldstein et al.

E. Fisher, "The Streaming of Neutrons in Shields," Nucl. Sci. Eng. 1
3, 222-238 (July 1956).

The streaming of neutrons in narrow channels through
thick shields is treated theoretically, using one-velocity
diffusion theory. Scattering by the channel walls is
evaluated, and it is shown how the entrance and exit of
a channel affects its streaming current. The cases
examined are the straight duct, gap, and annulus,
offsets for the gap and annulus, and bends for the duct
and gap. In all cases simple, approximate formulas are
obtained.



168. A. Simon and C. E. Clifford (USA), "The Attenuation of Neutrons by
Alr Ducts in Shields,” Nucl. Sci. Eng. 1, 2, 156-166 (May 1956).

The attenuation of fast neutrons by long, thin air
ducts in shields is considered from a simple phencmeno-
logical point of view. It is shown that the wall-scattered
flux in a straight duct is small compared to the uncollided
neutrons which travel directly in air from one end of the
duct to the other, An expression for the attenuation due
to a bend is derived and this is generalized to the case of
several bends.

169, C. D. Zerby, "Radiation Flux Transformation as a Function of Density
of an Infinite Medium with Anisotropic Point Sources, ORNL-2100
(October 9, 1956). Availability: Dep.; $3.30 (ph), $2.40 (mf) OTS.

The derivation is presented of a general equation
used to transform the radiation current, flux, or dose rate
from an anisotropic point source in an infinite homogeneous
medium at a given density to the values at any density of
the medium. These equations are then used to describe the
method of transforming the Tower Shielding Facility data
te apply at any altitude.

170. E. P. Blizard, On the Disk to Point or Infinite Plane Shielding Trans-
formations, ORNL-2882 (December 22, 1959), Availability: Dep.;
1,60 (fs), $0.80 (mf) OTS.

The detector readings to be expected from an infinite
Plane isotropic source in a uniform infinite medium is derived
in terms of measurements at specific distances along the
axls of a uniform isotropic disk source. Extrapolation of
the higher terms in this series on the basis of exponential
attenuation is described and approximations are given for
the remainder of this series,

Another transformation is given which yields directly
the point-to-point attenuation kernel in terms of a series
of measurements on the axis of a plane isotropic disk source.
Approximations based on the extrapolation of the data are
also given to enable estimation of the remainder of the
seriles.
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V. Mangulis, Transformations of Solutions of Diffusion Equations in
Two~Medium Geometries, WADC Technical Report 56-112, Astia Doc. No.
155771 (August 1058). Availability: $0.75 0TS as PB- -151313.

In some cases the effectiveness of a shield for a
certain geometry is predicted by comparison with a dif-
ferent geometry for which the necessary data have been
measured; therefore transformations are necessary from
one situation to ancther, as, for example, the well-
known Hurwitz transformation, which gives the dose to be
expected with an infinite plane source in an infinite
homogeneous medium in terms of measurements on the axis
of a finite disk source in the same medium. Since in
realistic cases there are at least two media present,
transformations were investigated for two semi-infinite
slab media with a point,disk, infinite plane, or solid
cylinder isotropic source inside one of the media and
for a sphere of one material contained in an infinite
medium of the second material, with a spherical shell
or solid sphere isotroplc source inside the sphere
medium. The fluxes 1n all media were assumed to satisfy
the one-velocity diffusion equation with constant coef-
ficients.

A. V. H. Masket, R. L. Macklin, and H. W. Schmitt, Tables of Solid
Angles and Actlvatlonso I. Solid Angle Subtended by a Circular
Disc. II. Scolid Angle Subtended by a Cylinder. TII. Activation
of a Cylinder by a Point Source, ORNL-2170 {November 195
Availsbility: Depe; $7.60 (f*7; $2.51 (mf) OTS.

The solid angles subtended by discs and cylinders
have been calculated for a large range of disc and
cylinder dimensions and spacings and are presented in
tabular form. The interaction of radiation from a
roint source on right cylindrical bodles is calculated
for a large range of cylinder dimensions and spacing.
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175« C. D. Zerby, Radiation Fluxes in a Cylindrical Cavity Resulting from
an Idealized Entering Current, ORNL-2177 (February 12, 1957)
Availability: Dep.; $6.30 (ph), $%.00 (mf) OTS.

The equations for the contribution to the radiation
flux in a cylindrical cavity coming from the current
entering through the curved surface are developed for
two cases. In one case the cylinder is of finite length
and the flux is obtained along the centerline. In the
other case the cylinder extends to infinity in one
direction from the plane in which the flux is determined
along the radial from the center. In each case the
entering current is idealized to have an angular dis-
tribution with an axis of symmetry which i1s not nec-
essarily along the normal to the surface,

174, R. D. Sheffield, Shield System Optimization - Gradient Nonlinear
Progremming, NARF-57-62T (MR-N-186) (December 30, 1957). Availability:

IC $2.00 (mi), $6.30 (ph) as PB-139349.

A procedure is developed for minimizing a non-
linear function of n variables subject to inequality
constraints. Under suitable asssumptions concerning
convexity of the functions, a unique minimum is at-
tainable by the method., The technique is applied to
optimization of the total weight of a divided shield
system subject to a prescribed dose rate level permitted
in the crew compartment and to reactor leakage constraints.
The procedure consists of two phases: a dose rate
reduction phase followed by an isodose-rate weight
reduction phase. Provision is made for satisfying the
reactor leakage constraints which are expressed as
linear inequalities. The process is iterative and
provides a convergence criterion depending upon
equality of certain weight-dose coefficient ratios.
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W. H. Yanko, L, Yoder, M. E. Ginn et al., Summary Report for Develop-

ment of a Lightweight Plastic Neutron Shielding Material Based Upon
Boron Compounds with High Hydrogen Content, MRC-62-L4501-7A (April

3, 1962)., (Maierials Research Corp., Yonkers, N.Y.) Not for sale to
public.

All known boron compounds, composed of elements of
atomic rumbers 1 through 20, were evaluated for neutron
shielding properties vs high density polyethylene,
containing 6% amorphous boron, by comparison of cal-
culated neuftron removal cross sectlions and hydrogen
densities.

All boron compounds, derived from a comprehensive
literature survey up to March 1961, were tabulated along
with thelr pertinent properties: density, hydrogen
density, microscopic and macroscopic neutron removal
cross sections, thermal-neutron capture gamma-ray
energies, melting point, stability and toxicity. Classi-
fied compounds are reported separately in Part B, this
report. Known densities were available for only 12%
of the compounds. A method for calculating densities
by use of atomic volume summation corrected by derived
factors was devised. An TBM-70L4 computer program was
developed to effect all calculations and a compact
print out of all data.

A total of 129 unclassified compounds were found
with hydrogen densities and neutron removal cross
sections higher than polyethylene 6% boron. Of these,
7 were selected as neutron shielding candidates. Cost
estimates for these and 3 selected classified compounds
were made for 50 and 500 1lb. samples and at production
rates of 2 and 4 million 1b./yr.

W. Arblter, Neutron Shielding Materials for Light Weight Shields,
NDA 2143-6 (April 21, 1961). (Nucléar Development Corp.) Not for
sale to public.

One hundred and eighty-three elements and compounds
are reviewed for suitability as components of light
welght neutron shields. A new criterion of excellence
relating neutron removal cross section and density is
used., Materials of interest are H, NH4BH,, LiBH,,
LiBH,+2NHs, CgHig, BeHp, (CHz)s NBHs, NHs,. LilH,

(CH3) 4NBH4, (CHs)x, (CHo)n (CoHs)aNBHg, Caolls,

NaBHs, LilNHe, (CsHgO2)n, BepB, BeoC, NH4HoPOs, B,

Beslp, BeO, TiHs, (TI,Mo)Hs, (Ti,Cb)Hs,(TiV)Hs, CrBs, VH,
CoB, MogBs, Co, Ru, Rh, TaBo, WoBs, WBz, RepBs, WB,

Re, Pt, Ir, Os.
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177. E. G. Peterson, Shielding Properties of Ordinary Concrete as a Func-
tion of Temperature, HW-65572 (August 2, 1960). Availebility: Dep.;
$1.00 OTS.

The objective of this work was to determine the
effect of high temperature on neutron attenuation in
ordinary concrete. It is part of a continuing research
program to determine the neutron and gamma attenuation
properties of concrete shields where the ambient tempera-
ture may reach 300 C. The data supplements existing
work on iron-limonite, magnetite-limonite, magnetlte,
and fe rrophosphorus concretes,

The fast-neutron attenuation is exponential and
can be adequately predicted using removal theory. The
calculated removal cross sections agree with the mea-
sured values to within three per cent.

Tests indicate that even after penetrating 47.5
inches of concrete the thermal and resonance neutron
fluxes have not reached equilibrium with the fast-
neutron flux.

Significant changes in neutron flux values were
observed after the concrete had been baked at 100, 200,
and %00 C. A combination of removal and age theories
adequately predicts the increase in the fast, resonance,
and thermal-neutron fluxes.

178. E. G. Peterson, Shielding Properties of Ferrophosphorus Concrete
as a Function of Temperature, HW-6L774 (July 15, 1960). Availability:
Dep.; $2.00 OTS.

An investigation was conducted to determine the
shielding properties of ferrophosphorus concrete at
temperatures up to 320°C for neutrons and gamma radia-
tions. Ferrophosphorus conerete was selected because
of 1ts high density and possible use in biological-
shield construction. The neutron and gamma attenuation
properties of ferrophosphorus concrete were determined
experimentally. The thermal and resonance fluxes are
based on gold-foil activation while the fast flux was
determined using the 5%2(n,p)P®® threshold reaction.
The gamma attenuvation was measured with ionization
chambers. The tests indicate that the ferrophosphorus
concerete could be used as a blological shield. It
should be pointed out that, under the conditions under
which the ferrophosphorus concrete was tested, there
are other concretes that could be used which would be
more efficient as well as more economical.
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179. W. J. Grantham, Jr., Barytes Concrete for Radiation Shielding - Mix
Criteria and Attenuation Characteristics, ORNL-3130 (July 10, 195 )
Availebility: Dep.; $1.50 OTS.

Concrete mix design criteria, based on existing
theories of proportioning and specifically oriented
toward the solution of radiation shielding problems,
were developed. Effects of aggregate gradation, cement-
to-aggregate ratio, and water content were examined. A
barytes concrete, designed according to these criteria,
was thoroughly investigated in the Lid Tank Shielding
Facility. Relative effectivenesses of dry aggregates,
aggregates plus cement, and cured concrete were compared
through thermal-neutron flux, fast-neutron dose, and
gamma~ray dose measurements behind slab configurations.
Attenuation was measured for the aggregate, the aggregate
plus cement, and for the barytes concrete. Comparison
with attenuations calculated on the basis of removal
cross sections for the measured chemical compositions
showed satisfactory agreement.

180. E. P. Blizard and J. M. Miller, Radiation Attenuation Charac-
teristics of Structural Concrete, ORNL-2193 (August 13, 1958).
Availability: Dep.; $5.60 (fs) $1.70 (mf) OTS.

An experiment was performed at the Lid Tank
Shielding Facility to determine the dependence of the
neutron attenuvation of a structural concrete shield on
the amount and placement of water hydrogen throughout
the shield. It was found that a 7 wt% water content
is adequate to ensure that intermediate-energy neutrons
are quickly slowed down to thermal energy, at which
energy they are easily captured. A greater water
content improves the overall neutron attenuation ac-
cording to the removal cross-section theory. In addition
to the investigation of the neutron attenuation, the
measg;ed gamma=ray attenuation was compared with the
predicted gamma-ray attenuation obtained in a calculation
using buildup factors determined by the moments method.
The two values were 1n good agreement,
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181. T. V. Blosser, G. W. Bond, L. A. Lee et al., A Study of the Nuclear
and Physical Properties of the ORNL Graphite Reactor Shleld ORNL-
2195 (August 15, 1958), Availability: Dep.; $4.60 (fs), $1 40 (mf)

OTs.

A study of the nuclear and physical properties of the
concrete shield of the ORNL Graphite Reactor was per-
formed both to determine the radiation attenuation
characteristics of the shield and to discover any effects
of a long-term (lE—year) irradiation. In the experiment
neutron and gamma radiation measurements were made in a
4-5/8-in.-diam hole in the shield as the hole was drilled
in increments of 1 or 1/2 ft. Concrete plugs were always
placed behind the detectors to simulate a homogeneous
shield., The average relaxation length for gamma rays
in the barytes-haydite concrete, of which most of the
shield is made, was found to be approximately 13.6 cm,
increasing gradually from 1%.0 cm at a shield thickness
of 2 ft to 14.6 cm at a shield thickness of 5 ft. The
fast-neutron relaxation length in the barytes-haydite
concrete varied from 10.0 cm to 10.6 cm, the average
being approximately 10.2 cm. Measurements of the stream-
ing of radiation through the hole were also made. The
concrete dust collected from the drillings was used to
determine the chemical composition, water,content,
density, compressive strength, and radioactivity of the
shield at the various depths. The temperature gradient
through the shield was also measured. This investiga-
tion showed that the chemical properties and density of
the shield have not changed appreciably since a similar
investigation in 19M8 but i1ts compressive strength is
lower ( ~ 40% near the reflector-shield interface).

182. R. L. French, Reactor Shield Heating Calculations for Gamma Rays,
FZM-1076 (June 1958). Availability: Not for sale to public.

The renormalization in configuration space of a
slight generalization of the Lee model is discussed
as an example of general procedures, which seem to be
applicable alsc to more general cases than the present
one. The replacement of ordinary with finite-part
integrals removes consistently all ultraviolet infinities
and permits writing the Lie equations of the renormali-
zation group, the solution of which yields the familiar
relations between unrenormalized and renormalized
parameters.
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18%. J. H. Hubbell and R. L. Bach, Gamma-Ray Buildup Data for Use in
Distributed Source Calculations, NBS Report 7501 (May 9, 1962).
(National Bureau of Standards.) Not for sale to public.

The spatial distribution of primary radiation flux
from a finite plane source may, for points less than a
mean-free-path distance, be evaluated as the sum over
an infinite series. This series is derived by expand-
ing the exponential dependence exp(-por) as a power
series in uor and integrating, numerically or analytic-
ally, each term over the source array. If the medium
is effectively infinite and homogeneous, the scattering
properties of this medium can be characterized by a
point isotropic source buildup factor. Buildup factor
data are often approximated by formulas having simple
analytic dependences on per and numerical parameters
independent of ppr. A given set of such parameters : -~
can be used to construct a corresponding set of weight
functions Bn which can be used with the above primary-
flux series solution to give, instead, a total-flux
series solution. Tables of 6n s (alr dose buildup only)
derived from coefficients of cubic polynomials fitted
to the Goldstein-Wilkins data (NYO-3075) are given for
0 <n <13 at primary photon energies of 0.5, 0.7, 1.0,
1. 5, 2. O 5.5, 5.5, 7.5, and 9.5 MeV in water, Al, Fe,
Sn, Pb, W and U. A comparison with experimental data
from a rectangular food irradiator is included as a
numerical example.
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184. J. H. Hubbell, R. L. Bach, and R. J. Herbold, "Radiation Field from
a Circular Disk Source,” J. Res. Nat. Bur. Std., 65C, 4, 2L9-26L
(October 1961).

A number of radiation shielding problems involve
calculations of the response of an isotropic detector to
radiation of arbitrary angular distribution from uniform
finite plane sources. Series expansion methods previously
used for treating the rectangular source are here extended
to include the circular disk source with detector off-axis.
These methods involve the family of integrals fs(cose dS/r2)
P1(cos®) and the integral [(dS/r® exp(-ur) where 6 is
obliquity with respect to the normal to the disk surface
S, r is the distance from an element of 'source-area,” dS, to
the detector, and u is the attenuation coefficient. Tabula-
tions of the first type of integral facilitate use of
Legendre expansion representations of radiation directional
distributions. The second integral relates primarily to
exponentially attenuated radiation from a plane isotropic
disk source, but the expansion coefficient solution can be
readily adapted to take into account a point isotropic
buildup factor of the polynomial form

N
Z 5i(“'r>l’
i=0

This adaptation applies equally well to the corresponding
expansion coefficients previously given for the rectangular
source. Formulas and numerical results are presented.



84

185. J. H. Hubbell, R. L. Bach, and J. C. Lamkin, "Radiation Field from
a Rectangular Source," J. Res. Nat. Bur. Std., 64C, 2, 121-138
(April 1960).

Many radiation shielding problems involve calcula-
tions of the response of an isotropic detector to
radiation of arbitrary angular distribution from uniform
rectangular sources. In calculations of this type the
family of integrals [g(cos® dS/r?) Pp(cos6) and the
integral [g(dS/r®) exp(-pt/cosh). are frequently en-
countered, where 6 is obliquity with respect to an axis
perpendicular to the plane containing the rectangular
radiant surface, S, r is the distance from an element
of source area, dS, to the detector, p is the at-
tenuation coefficient, and t is the barrier thickness.
Solutions of the first type of integral facllitate use
of Legendre expansion representations of radiation
directional distributions, and may also have application
in other radiant surface studies, such as illumination
and heat exchange engineering. The second integral
relates to exponentially attenuated radiation from a
plane isotropic rectangular source separated from the
detector by a layer of material of thickness t.
Formulas, expansions, and numerical results are presented.
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R. T. Ackroyd and E. D. Pendlebury, Survey of Theoretical Calcula-
tion Methods, DEG Report 362(R) (March 27, 1961). (United Kingdom
Atomic Energy Authority. Development and Engineering Group, Risley,
Lencs, ENGLAND.)

A survey is given for those methods of calculating
critical sizes of isolated cores of fissile material
which have been found useful by British workers in the
criticality field. (A compenion paper, "Methods of
Calculationifor Interacting Arrays with Special Reference
to Storage Problems,” deals with the problem of inter-
action between several cores of fissile material.) The
methods range from the simplest, which are based on few-
group diffusion theory, to advanced methods such as
Monte Carlo, and those based on numerical solution of the
Boltzmann equation of transport theory. Methods are
given for all types of core and reflector spectra. The
advanced methods, such as the Carlson S,, are recommended
for establishing accurate critical slze date for the
simplest shapes of cores, when experiments are not
available, provided adequate cross-section data is at
hand. For interpolating between accurate critical sizes,
which may be either experimental or theoretical, experi-
ence has shown that simple methods based on a diffusion
theory model are often adequate, but 1t cannot be taken
as a rule. For critical size calculations for cores of
complex shape, the use of diffusion theory is recom-
mended if the physics is well understood. If the physics
is not well understood but there is adequate cross=-section
data, the Monte Carlo method is suggested. The review
of methods of calculation concludes with a sketch of a
geometrical method of solving mumerically the Boltzmann
equation, which gives at each stage of computation the
maximum error of the approximate solution. It is sug-
gested that methods of this type may be found useful in
cheapening advanced calculations, as they could be -
terminated as soon as the maximum error was acceptable
instead of having to walt in the usual way for convergence
to be attalned.

To facilitate the wise use of the methods of cal=-
culation which are given, the review concludes with a
note on cross-section data reguirements.
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Gs. T. Chapman, J. B. Dee, Jo M. Miller, and W. J. McCool, Measure-
ment of an Effective Neutron Removal Cross Section of thhlum at the
Tid Tenk ohielding Facility, ORNL CF 5hk-11-3 (November 2, 1954).
Availability: Dep.; $3.30 (ph), $2.40 (mf) OTS.

An effective neutron removal cross section of
1,01 + 0.0k barns was determined for lithium at the
ITSF., This value was obtained from measurements made
in a medium of oll behind a slab of metallic lithium
which was placed against the source plate.

REIC, Transient Radiation Effects on Electronic Components and Semi-
conductor Devices, REIC Report No. 26 (April 19, 1963). Available
from the Radiation Effects Information Center.

No abstract necessary.

D, 8. Duncan and H. O, Whittum, Jr., Application of Fast-Neutron Re-
moval Theory to the Calculation of Thermal-Neutron Flux Distributions

in Reactor Shields, NAA-SR-2380 (July 1, 1958). Availability: Dep.;
$5.60 (fs), $1.46 (mf) OTS.

A calculational method is presented which may be
used to determine fast and thermail-neutron flux distri-
butions at deep neutron penetrations in hydrogenous
gshields. The method is based primarily on fast-neutron
removal theory, which 1s used in conjunction with a
two=group diffusion model for calculating the thermal-
neutron flux distribution. A comparison of calculated
flux distributions with the results of experimental mea-
surements made in the shield of the Bulk Shielding
Reactor and in a portion of the Submarine Thermal Reactor
shield mock=-up indicates that the method is accurate in
the hydrogenous shield regions at several diffusion
lengths from nonhydrogenous boundaries. However, the
method is only approximately correct in the remaining
shield regions. Although 1t is recommended that other
methods be investigated in future neutron penetration
studies, it is concluded that the method presented is
extremely useful for many reactor shield calculations
because it 1s relatively simple to apply and yields
excellent results in the hydrogenous portions of a
composite shield.
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190. B. Davison, Neutron Transport Theory, Oxford University Press (1958).

This is a general reference for transport theory
methods.

191. E. Tochilin, Flux and Spectral Measurements of Primary and Moderated
Neutron Sources, USNRDL-TR-587 (October 8, 1962). (U.S. Naval Radi-
ological Laboratory, San Francisco.) Not for sale to public.

Radioactive (0,n) neutron sources maintained by
the U.S. Naval Radiological Defense ILaboratory (USNRDL)
include Ra-Be, PuF,, and four PuBeis sources. Compara-
tive neutron emission rates for these sources were
determined by two separate methods. These included:
(1) the manganese sulfate bath with appropriate correc-
tions made for fast-neutron escape or capture and for
thermal-neutron capture by the source; and (2) long
counter measurements corrected for energy response and
source anisotropy. Agreement to within 1 percent was
obtained by the two independent methods. A Ra-Be source
calibrated against the National Bureau of Standards
neutron standard was used as a primary reference.

Spectral measurements of PuBei;s and PuF, neutron
sources were made with nuclear emulsions. By the use
of cylindrical plastic and lead absorbers, an effort was
made to moderate the PuBejsz spectrum and thereby obtain
additional calibration points for instrument response
studies. Spectral changes were initially studied with
the double-moderator technique, followed by later mea-
surements with nuclear emulsions. From flux and
spectral measurements of the primary and moderated
radioactive sources, the first collision tissue dose
was calculated and, in turn, compared to experimental
measurements of absorbed dose with proportional counters
designed according to the Bragg-Gray principle.
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192. A. W. Casper, Comparison of Bulk Shielding Reactor Centerline Mea-
surements in Water with Predictions, APEX 504 (November 1958).
Availability: Dep.; $2.60 (fs), $1.01 (mf) OTS.

Measurements of fast-neutron and gamma-ray dose rates
in water along the centerline of the Bulk Shielding Reactor
(BSR) are compared with predictions made by use of three
available computer programs. It is found that the predic-
tions are very dependent on the assumptions made concern-
ing power distribution and that the more accurate des-
criptions of the source lead to predictions that agree
with measurements to within 20 percent throughout thick-
ness ranges as great as 100 centimeters of water.

1935. R. E. Baker, Shadow Shields and Scattered Gamma Radiation, APEX-4322
(June 1957). Availability: Dep.; $4.60 (fs), $1.19 (mf) OTS.

It is extremely difficult to predict the gamma-ray
intensities arriving at a point which is completely shielded
from the primary gamma rays traveling a line-of-sight path
but relatively unshielded from the scattered gamma rays
which arrive at the receiver point from various angles.

In order to obtain data which will yield a better general
understanding of the importance of the scattered component,
a series of investigations were undertaken to show the
effect of incremental changes in some of the variable
guantities involved in a source~barrier-detector arrange-
ment in a scattering medium.

19k, A. W, Cadper and J. G. Carver, Comparison of Computed Centerline Dose
Rates from Different Areas of a Source Plate, APEX-507 (November 1958) .
Availability: Dep.; $2.60 (ps), $1.07 (mf) OTS.

A shield fixture that consists of a slab of iron with
a cylindrical hole into which plugs of various materials
can be inserted is described. Computations made to de-
termine the effect of source-plate size on centerline
dose rates are described, and incremental dose contribu-
tions from various annular sections af the source plate
are presented. Plugs of iron, aluminum, and lead were
used in the computations.
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195. G. S. Stanford, Foil Data Thickness Corrections as Affected by Self-
Shielding and Flux Depression, TID-16733 (June 19, 1962). Avail-
ability: Dep.; $1.60 (fs), $0.80 (mf) OTS.

A method 1s presented for obtaining matched-foil data
from irradiations of ummatched foils, by meking use of the
first derivative of published flux=-perturbation formulas.
It is necessary to treat thermal and rescnance activation
separately. It is shown that non-uniformity in thickness
within a given foil is not normally an appreciable source
of error, although the area of the foil should be well
known. TFor the special case of 25-micron gold foils, it
is shown that, for moderate thickness deviations from foil
to foil, it is a good approximation to neglect the thermal
flux perturbations and to assume that the foils are very
thick to resonance neutrons, resulting in a rather simple
weight-correction formula.

196. B. T. Kimura, Penetration of Radiation Through Crew Shields, NARF-56-
29T (FZK-9-104) (November 30, 1956). (Convair, Fort Worth.) Not
for sale to public.

The single-scattering theory of predicting scattered
radiation penetrating a crew shield is reviewed. The re-
sults of this theory are compared with experimental data
taken with the Ground Test Reactor (GTR) operating at
one kilowatt.

The experimental arrangement consisted of the GTR,
a crew shield containing the detector, and a shadow shield
mounted in front of the reactor. The axes of these experi-
mental components were aligned along a line, h = 12,9 feet
above the ground. The crew shield and source were separated
by a distance a (measured between the centers of the source
and crew shield) which took values of 33.5 feet, 48.6 feet,
and 66.5 feet. The shadow shield angle O took values of
10°, 209, 35°. The detector position, z, relative to the
inner wall of the crew shield, was varied between a posi-
tion near the rear wall and a position near the center
of the crew shield. '

Comparisons between calculated and experimental dose
rates are made for the small cylinder and the thin crew
shield.

The magnitude and characteristics of the deviation
between calculated and experimental results for a given
crew shield depends on Q', z, the shield shaping on the
Crew compartment, and the type of radiation.
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Gs Placzek, "The Angular Distribution of Neutrons Emerging from a

Plane Surface," Phys. Rev. T2, 7, 556-558 (October 1, 1947).

The Wiener-Hopf expression for the angular distribu-
tion in Milne's standard case is transformed into a form
sultable for mimerical evaluation. The results of the
evaluation carried out by the Mathematical Tables Project
are glven.

F. Johnson, Jr., Source Integrated Material Distribution Attenuation

Functions (Distribution Functions), XDC 60-5-120 (May 5, 1960).
(General Electric, Cincinmati.) Not for sale to public.

A source integrated material distribution attenuation

function is an analytic expression for the effective attenua-

tion of radiation at a receiver point produced by a shielded
radiation source of finite size at a large distance. TFor
the sake of brevity, this function is most often referred to
as a distribution function. The important feature of a dis-
tribution function is that it is derived through the func-

tional integration over the source of functions which express
the relative source strength distribution and shield attenuva-

tion at the receiver point as functions of the variable(s)
of integration. In the strictest sense, the use of dis-
tribution functions is limited to radiation which is

attenuated on a line=-of-sight basiss A distribution function

is to a source of finite size as the analytic expression of
s (attenuation due to material thicknesses) is to = point
source. Distribution functions are useful in analyzing the
shielding characteristics of source-shield configurations
having very irregular geometry. As such, they are used
extensively in the analysis of the shielding characteristics
of porous shields. Distribution functions are also useful
in analyzing the effects of the use of different shield
materials in a configuration having a fixed irregular
geometry.

The general theory of distribution functions and the
derivation of the more elementary of these functions are
described herein. A tabulation is also given of the more
useful of these elementary distribution functions.

e
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199. J. Fagan, Shield Design Methods for Argonaut-Type Reactors, ANT,-6281
(March 1960). Availability: Dep.; $1.00 OTS.

The methods used in calculating the shielding for
Argonaut-type reactors are described. The shield designs
for the Argonaut-I Reactor, now operated by the Interna-
tional School of Nuclear Science and Engineering at Argonne
National Laboratory, and the Argonaut Reactor, which was
displayed at the Second United National Intermational
Conference on the Peaceful Uses of Atomic Eneggy, Geneva,
1958, were investigated. The methods used appeared to be
satisfactory within the anticipated limits of accuracy.

200. R. L. Kloster, Analysis of the Moments Method Experiment, NARF-59-
337 (FZK-9-138) (September L, 1959). (Convair, Fort Worth.) Not
for sale to public.

Monte Carlo calculations show the effects of a plane
water-air boundary on both fast-neutron and gamma dose
rates. Multigroup diffusion theory calculation for a
reactor source shows the effects of a plane water-air
boundary on thermal-neutron dose rate. The results of
Monte Carlo and multigroup calculations are compéred
with experimental values.

The predicted boundary effect for fast neutrons of
7.3% agrees within 16% with the measured effect of 6.3%%.
The gamma detector did not measure a boundary effect
because it lacked sensitivity at low energies. However,
the effect predicted for gamma rays of 5 to 10% is as
large as that for neutrons.

An estimate of the boundary effect for thermal neu-
trons from a Po-Be source is obtalned from the results of
multigroup diffusion theory calculations for a reactor
source. The calculated boundary effect agrees within 15%
with the measured values.
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. Yarmush, H. J. Zell, and R. Aronson, The Transmission Matrix
Method for Penetration Problems, WADC Technical Report 59-772

(August 1961). Availability: OTS.

A practical machine method for computing trans-
mission and reflection of radiatlon by laminated slab
shields 1s described, making use of transmission and
reflection matrices. These are ccmbined 1in a way
which produces a formal solution of the Boltzmann equa-
tion in slab geometry. This result is applied by using
representations in terms of energy groups and angular
expansions. Two codes for the IBM-704 which together
carry out the computation of the transmission and
reflection matrices are described and operating instruc-
tions are given. Numerical results for gamma rays are
presented. The advantages of the transmission matrix
method as compared to other methods are discussed.
Appendires are included showing how in the P, approxi-
mation the method gives diffusion theory in a parti-
cularly simple way and how it can be applied to other
geometries.

C. E. Humphries and N. D. King, Neutron and Gamma Air Scattering
and Air Secondary Transfer Functions for Shielding Applications,

NARF-62-1T (MR-N-283) (March 9, 1962). (Convair, Fort Worth).
Not for sale to public.

To aid in the design of shielded compartments,
air transfer functions have been generated for four
types of interactions: (1) air scattering of gamma
rays, (2) production of gamma rays by capture of neu-
trons, (3) production of gamma rays by inelastic scat-
tering of neutrons, and (4) air scattering of neutrons.
Attenuation through various combinations of neutron and
gamma shielding thicknesses 1s considered in these func-
tions, but gamma production within the shielding is not.
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20%. G. Goertzel, Quota Sampling and Importance Functions in Stochastic
Solution of Partlcle Problems AECD- 2795 (June 2l 19E—) Avail-

ability: Dep. . - P w0 ; ‘e ﬂ

In Section 1 a general Stochastic particle problem
is defined. Section 3 defines a quota sampling method
available for simplifying the solution of such a prob-
lem. In Section 4 an importance function, Q(a), is
defined such that if it were known and could be used
in the quota sampling, the solution of the Stochastic
problem is greatly reduced in difficulty. Thus any
function (&), used in quota sampling, should be selected
to represent Q() as closely as one's knowledge permits.

In Section 5 it is shown how to set up a pair of
problems, such that the solution of each is the im-
portance function for solving the other. Thus Q(Q) may
be estimated Stochastically.

204, B. Carlson, Numerical Solution of Transient and Steady-State Neutron
Transport Problems, LA-2260 (October 29, 1959). Availability: Dep.;
$3.30 (ph), $2.40 (mf) oTS.

A general numerical procedure, called the discrete
Sy method, for solving the neutron transport equation is
described. The main topics relate to the derivation of
sultable difference equations, and to the problem of
solving these, while maintaining generality, accuracy,
and reasonable computing speed. A few comparisons with
other methods are made.

205. T. 3., Dahlstrom and W. E, Thompson, The Angular Distribution of Dose
Rate from Gamma Rays Scattered Through Various Thicknesses of Iron
and Aluminum, USNRDL-TR-558 (April 19, 1962). Availability: $6.60
0TS as AD-276918.

The angular distribution of dose rate resulting
from gamme rays of Co®° and Cs1®7 transmitted through
various thicknesses of iron (0.737 in. and 1.6 in.)
and aluminum (2 in., 4 in., and 9 in.) was measured.
These experimental results are compared with Monte
Carlo calculations. Comparisons over a limited range
of these angular variables are also made with dose-rate
distributions calculated from gamma-ray spectrometric
data.
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C. D. Zerby, A Monte Carlo Metnod of Calculating the Response of a

Point Detector at an Arbitrary Position Inside a Cylindrical Shield,

Stochastic Processes, UCRL-664Q {October 2, 1961).

ORNL-2105 (June 12, 1956)., Availability: Dep.; $3.30 (ph), $2. ho
(mf) OTS.

A Monte Carlo method of calculating the response of
a point detector at an arbitrary position inslde a
cylindrical shield 1s described. The general procedure
is developed to obtain the maximum amount of information
from each history and to minimize the statistical error.

E. L, Kaplan, Backward Monte Carlo and Other Methods for Reversing

$0.50 OTS.

When a stepwise Monte Carlo calculation is such that
it has to terminate in a very restricted region in order
to contribute to the result, it is known that a gain in
efficiency may be achieved 1f the problem is reformulated
so that the calculations can begin in the restricted
region. The resulting backward Monte Carlo is discussed
in terms of matrices and neutron transport; it cor-
responds to taking the transpose of the matrix of
transition probabilities, and 1s contrasted with the
inverse of such a matrix and the inverse probabilities
calculated according to Bayes® theorem.,

It is shown that in anisotropic scattering, the
azimuthal angle is uniformly distributed in the back-
ward process as well as in the forward process. A pair
of zero-variance sampling schemes that are related to
Bayes' theorem are discussed.

J. Spanler, Monte Carlo Methods and Their Application to Neutron

Availability:

Transport Problems, WAPD-105 (July 1959). Availability: $2.00 OTS.

Some applications of Monte Carlo methods to
neutron transport problems are introduced after a
summary of the relevant probability theory which was
placed in a setting of abstract measure theory. This
is definitely not for the casual reader.
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209. A. R. Ptitsyn, "Use of the Moments Method for Calculating the Spatial
and Energy Distribution of the Neutron Fluxes from Plane and Point
Sources in an Infinite Medium," Soviet J. At. Energy, English Transl.
10, 2, 109-121 (February 1961).

A method is given for calculating the space-energy
distributicn of neutron densities from flat and point
sources ir an infinite medium.

The neutron density V(x,E) is sought in the form
N

(1,5) = ) ay(5) Ko, (8) 7]
i=1

To a large degree the form of the function K(x) is
arbitrary; its selection is based on physical principles.
From the 2N space momerts of the function ¥(x,E), 2N
parameters aj, bi are found. The neutron density dis-
tribution is found in hydrogen and water. The calcula-
tions for water are compared with experimental data. A
comparison with the accurate solution of Wick in the
case of retardation of neutrons by hydrogen shows that
from four moments the suggested method can, with suffi-
cient accuracy, find the spatial distribution of neutrons
at distances up tc 20 free path lengths.

210. R. E. Beissner, The Application of Invariant Imbedding to Shielding
Problems, NARF-61-L1T7 (MR-N-287) (March 9, 1962). Availability:

$6.60 0TS as AD-2724L1.

Tre fundamental concepts of the theory of invariant
imbedding as applisd to particle transport processes are
reviewed and thelr gpplications to shielding problems
are discussed. Two new approximate methods for predict-
ing the transmission of particles through slabs of
material are derived from the imbedding equations.
Oue-veloclty computaticns of the angular distriputions
of particles reflected and transmitted by slabs of
varying thickness and composition are presented and
analyzed.
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K. M. Case, F. DeHoffmenn, and G. Placzek, Introduction to the Theory

of Neutron Diffusion - Vol. I, Los Alamos Scientific Laboratory

Monograph (June 1953%). Availability: $l.25 G.P.O.

This monograph attempts to give a detailed discus-
sion of the gemeral equations of one-velocity neutron
diffusion theory and of their solution for the special
case of a homogeneous infinite medium with isotropic
scattering. The subject matter covered forms, regard-
ing both methods and results, only an almost infini-
tesimal part of the general theory of one-velocity
neutron diffusion but may be regarded as basic for the
understanding of many of the papers dealing with more
complicated problems in this field,

The volume is based on the first few lectures of
a course on neutron diffusion given by me during the
summer of 1949 at the RAND Corporation, Santa Monica,
California, and at the University of California at Los
Angeles. Frederic de Hoffmann recorded the lectures
and prepared a first draft of this volume. The task of
writing a large portion of the final version of the book
was carried out by K. M. Case, who added much original
material to it. In particular, the proof for the
reciprocity thecorem in Section 11 and for the source-
free infinite-medium solution in Section 1% are entirely
due to him. For Sections 16.1, 17, and 18, I have to
assume sole responsibility.

Emphasis has been placed on fairly complete tables
and graphs. The numerical work was carried out by the
Los Alamos computing group under the direction of
Bengt Carlson and Max Goldstein. In those cases where
numerical results of other authors were available they
have been recomputed except for Table 28, which has
been taken from the table of En(x) functions prepared
by the Mathematical Tables Project. G. Placzek.

[
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212, L. A. Beach, R. B. Theus, P, Shapiro et al., Comparison of Solutions
to the One- Je¢001tyrweu+ro” Diffusion Problem, NRL Report 5052 (December
2%, 1957). Availability: $3.30 (mf), $7.80 (ph) OTS as PB-12910C.

By Fourler transform techniques the exact solutions
of the one-velocity neutrorn diffusion problem have been
derived for plane isotropic, plane parallel mono-
directional, and plane parallel bidirectional source
terms. These exact solutions in terms of Fourier inver-
sion integrals were numerically evaluated upon the Narec
to give the angular distribution of the scattered
intensity, total scattered intensity, and total intensity.
By solving the integrals by contour integration in the
complex plane, asymptotic sclutions were obtained which
are good approximate soluticns for deep penetrations and
problems with 1ittle absorption. Moment method solu-
tions were derived and evaluated to be in good agreement
with the exact solutions for symmetric source and intensity
functions, Monte Cario estimates can be obtained that
correctly account for source asymmetries and boundary
discontinuities and which can be extended to at least
20 mean free paths utilizing suitable bias technigues
such as the exporential transformation.

21%. R. L. Hickmott, Removal Dose as an Envirommental Measurement of
X=Rays and Gamma Rays, WADC Technical Report 59-119 (April l95§70
Availasbility: $1.00 0TS as PB-1513%38.

The Removal Dose of any material is the net energy
per unit mass that a limitingly small mass of the material
transfers from the incident photon flux to the kinetic
energy of the associated flux of charged particles.
Removal Dose is compared to both Abscrbed Dose and
Expcsure Dose (roentgen) in terms of cross sections and
spectra. Its relation to radiation effects is compared
to the simiiar relation of Absorbed Dose,
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21k, A. Lorenz, Gamma Energy Deposition in Infinite Source Media, UCRL-6891
(May 15, 1962). Availability: Dep.; $2.00 OTS.

Based on the principle of energy conservation, a
time-independent multigroup technique to calculate photon
energy deposition in materials composing an infinite
gamma-ray source medium has been derived and coded for
the IBM 7090 computer. Applicable to homogeneous media,
the method is extended to treat nonhomogeneous media by
applying self-shielding corrections to the cross sections.
The results of sample calculations show good agreement
with Monte Carlo results.

The code ultilizes microscopic cross-section input
in calculating self-shielding factors, probabilities of
gamma-ray interactions and energy down-scatter; these
guantities determine the allocation of the photon energies
of a given source spectrum to the constituent elements of
the medium. With a capacity to handle 30 energy groups
and 9 materials, a single problem runs a fraction of a
minute on the IBM 7090 computer.

215. J. E. Faulkner, Single Isotropic Air Scattering of Neutrons in the
Presence of the Ground (Unshielded Detector), ORWL CF 54-8-96
(August 31, 1954). Availability: Dep.; (mc) $1.80 (ph), $1.80
(mf) OTS.

Calculations are made of the fraction of air scat-
tering occluded by the presence of the ground as a func-
tion of altitude for the case in which the source and
detector: are at equal heights above the ground.
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216. W. E. Kinney, A Monte Carlc Calculation of Scattered Neutron Fluxes at
an Air-Ground Interface Due to Point Isotroplc Sources on the Inter-
Tace, ORNI-3287 (July 13, 1962). Availability: Dep.; $1.00 OTS.

Scattered neutron fluxes on the interface between
810, ground and air due to 1- to 19-MeV point isotropic
monoenergetic sources located on the interface have been
calculated by the Monte Carlo method at distances out to
4 x 10° cm from the source. The validity of the method
was established by comparing Monte Carlo results for an
infinite air medium with moments method results. The
two methods were found to yileld fluxes that were in good
agteement out to 8 source mean free paths for a 2-MeV
source. At higher source energies the treatment of in-
elastic scattering as isotropic elastic scattering over-
estimated the high-energy flux and underestimated the
low-energy flux, while allowing only Py anisotropic
elastic scattering overestimated the flux near the source
and uwnderestimated it far from the source., Scattered
neutron fluxes at the interface of black ground and air,
which is a useful limiting case, were also calculated.

217. Re. Aronson, Neutron Penetration in Hydrogen, NDA 15C-39 (June 11,
1954). Availability: Dep.; $4.00 (ph), $2.26 (mf) OTS.

Results for doses and buildup factors are given for
the penetration of neutrons through hydrogen as computed
by the moment method. Comparisons are made with a Monte
Carlo calculation, and a calculation by a method due to
Welton. A discussion of an anomalous flux at zero energy
is included.

218. E. S. Troubetzkoy, Continuum Theory of Gamma-Ray Spectra Following
Inelastic Scattering, NDA 2111-3, Vol. B (November 1, 1959). Avail-
ability: $2.3%0 (fs), $2.40 (mf) 0TS as PB-1L6778.

A theory predicting gamma-ray spectra following
inelastic scattering of fast neutrons is derived on the
basis of the continuum model. The problem is reduced to
integrals over the solution of a fourth-order differential
equation,
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H. Goldstein and A. D. Krumbein, Moments Method Calculation of the
Penetration of Neutrons from a Point Fission Source Through Be and
BeO, NDA Memo 2124-1 (May 27, 1960). (Nuclear Development Corpora-

tion of America.) Not for sale to public.

The results of moments method calculations (using
the RENUPAK code) of fission neutron penetration in Be
and BeO are presented. The energy range is from 18 MeV
to 1.2% eV. The results supercede the results in NDA-
2002-9. The resulting age to Indium of fission neutrons
(71.5 cm?) is in good agreement with Monte Carlo calcu=-
lations, but is lower than the experimental value.

W. R. Burrus, Radiation Transmission Through Boral and Similar
Heterogenous Materials Consisting of Randomly Distributed Ab-

sorbing Chunks, ORNL-2528 (January 5, 1960). Availability: Dep.;
$2.60 (fs), $1.10 (mf) OTS.

Shields that consist of randomly distributed absorbing
chunks in a relatively transparent matrix must contain a
greater mass of absorber than homogeneous shields which
provide the same attenuation. This 1s the result of radi-
ation "channeling" between the absorbing chunks. Channel-
ing is particularly important for heterogeneous materials
when the mean free path for absorption is comparable to
the chunk size. A newly developed method for calculating
the transmission of radiation through such heterogeneous
shields i1s described. The numerical results of a calcula-
tion of the transmission of thermal neutrons by boral (a
B,C-Al mixture) are given, including the effects of energy
and angular distributions on the predicted attenuation.
The calculated results are in reasonable agreement with
available experimental results.

J. Spanier, "A Unified Approach to Monte Carlo Methods and an
Application to a Multigroup Calculation of Absorption Rates, "
Siam Review L4, 2, 115-134 (April 1962).

The processes involved in the application of Monte
Carlo methods to the transport of particles are described
in highly mathematical terms and a specific application,
namely that of calculating the spatial distribution of
thermal absorption rates in a two-dimensional cell, is
shown.
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222. W. B. Lane and M. J. Nuckolls, An Improved Zinc Bromide Shielding
Window, USNRDL-TR-594% (October 2, 1962). Availability: $1.10 OTS.

An improved zinc bromide-filled shielding window for
hot cell use was designed, constructed, and performance-
tested.

Bare steel surfaces under an argon atmosphere satis-
factorily contained zinc bromide solution. No corrosion
or deterioration of optical propertlies appear in a window
which was installed in May 1961. This system is an
improvement over the previously used painted surfaces
in an air atmosphere.

22%. J. Certaine, A Solution of the Neutron Transport Equation. Part II.
NDA-Univac Moments Calculations, NYO-6268 (May 31, 1955). Availabi-
1ity: Dep.; $10.80 (ph), $3.90 (mf) OTS.

The techniques used in the UNIVAC phase of the NDA
Fundamental Neutron Penetration Program are described.
As in Part I (SEAC calculations) the procedure entails
the calculation of the (spatial and angular) moments of
the angular number flux. The assumption made in this
treatment of the degradation process is that (for each
element) the product of the scattering cross-section
times a given moment is approximable by a sectionally
linear function of lethargy. With the existing UNIVAC
code one can calculate the moments of the total angular
number flux at equally spaced polints in lethargy for a
point isotropic continuous energy source.

A detailed exposition of the various mathematical
steps 1s included, together with some numerical results
illustrative of the accuracy obtained in the calculations.
Other applications of the method are also given.

224k, J. Certalne, A Solution of the Neutron Transport Equation. Part III.
Reconstruction of a Function from Its Moments, NYO-6270 (NDA 15C-6)
(July 31, 1956). Availability: Dep.; $9.%0 (ph), $3.60 (mf) OTS.

Parts I and II of this report describe methods of
calculating the moments of the angular number flux. This
part contains methods which have been found useful in the
reconstruction of the components of the expansion of
the angular flux in a Legendre polynomial expansion.
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225. G. R. Keepin, T. F. Wimett, and R. K. Zeigler, "Delayed Neutrons from
Fissionable Isotopes of Uranium, Plutonium, and Thorium," Phys. Rev.
107, 4, 1044-1049 (August 15, 1957).

The periods, relative abundances, and absolute
yields of delayed neutrons from "fast" fission of six
nuclides (U235, U233, U238, Pu?39, PuP40, and Th232)
and thermal fission of three nuclides (Uess, UP38, and
Pu®3%) have been measured. "Godiva', the bare U‘Qés
metal assembly at Los Alamos, was the neutron source.
Six exponential periods were found necessary and suffi-
cient for optimum least-squares fit to the data. Despite
evident perturbetions, general agreement among delayed-
neutron periods was obtained for all nuclides. The
absolute total delayed-neutron yield for each nuclide
has been measured for fast and thermal fissionj a spec-
tral effect was not observed. Representative of general
delayed-neutron periods (half lives) and abundances are
the U35 fast fission data:

Half-life (sec) Relative Abundance
54,51 + 0,94 0,038 + 0.003
21.84 T 0.5k 0.213 ¥ 0.005
6.00 + 0.17 0.188 + 0.016
2,23 + 0.06 0.407 + 0.007
0.496 + 0.029 0.128 + 0.008
0.179 + 0,017 0.026 + 0.00%

These data have been corroborated in detail by independent
period-vs-reactivity measurements on the bare U35 as-
sembly. A comparison of the present results with a
prhenomenological theory of delayed-neutron emlission has
been made, Thils treatment has led to the prediction of
several new short-period delayed-neutron precursors.
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226, J. A. DeJuren and R. K. Paschall, Thermal Neutron Transmission
Through Cadmium-Covered Foils, NAA-SR-T7770 (March 15, 1963). Avail-
ability: Dep.; $0.50 OTS.

The transmission of thermal neutrons through cadmium
covers as a function of cadmium thickness was measured in
a graphite stack at various heights above the thermal
column of the AE-6 reactor. An aluminum disk containing
slots for the foils was rotated in the center graphite
stringer position. Folls of MO% indiuwm and 60% tin,
0.005 in., thick, were used as detecting folls and were
beta~counted. As the thermal flux incident on a cadmium
cover 1s depressed relative to the flux incident on a bare
foil, a foil with a thick cadmium cover on one side only
was used for the zero thickness measurement and its
activity was doubled. The resultant thermal activities
as a function of cadmium thickness were consistent with
the exponential integral 2E3(Zad), where

-TX
Es(1) = b/\ < ax
x3

and a value of 2514 barns was used for the absorption
cross section of cadmium., For 7= O, 2Bz(t) = 1.

227. C. R. Hatcher and C. P. Jupiter, Measurement of High-Intensity Gamms
Radiation, UCRL-7223 (January 31, 1963). Availability: Dep.;

$0.50 OTS.

The use of Victoreen ionization chambers to monitor
high~intensity pulsed gamma radiation is discussed. It is
shown that the type 154 thimble chanmber gives valid read-
ings in pulsed bremsstrahlung fields having peak intensities
as high as 5 x 10% r/sec@ The Victoreen chambers may then
be used to calibrate a plastic fluor-photodiocde detector
whose saturation level is of the order of 10'© r/sec or
greater. It 1is demonstrated that the sensitivity of the
plastic fluor detector is comnstant for a total received
dose of < 2 x 10° r.
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228, A. T. Nelms, Graphs of the Compton Energy-Angle Relationship and the
Klein-Nishine Formula from 10 keV to 500 MeV, NBS Circular 542

(August 28, 1953). Availability: $0.55 GPO.

The Compton energy versus angle relationship and the
differential integral Klein-Nishina cross sections are
presented graphically as functions of the energy and
direction of the scattered photon and of the recoil elec-
tron. These graphs sre intended to serve the purpose of
tables. Unpolarized primary gamma rays in an energy range
from 10 KeV to 500 MeV are considered. The accuracy of all
curves is estimated at 1 percent. The advantage of this
form of presentation is the ccnvenience and accuracy of
two~way interpclation. In general, interpolated values may
be obtained with an accuracy of 2 percent.

229. L. Re Day and M. L. Mullender, Shielding Problems Assoclated with a
Cockroft-Walton Accelerator, AWRE NR-1/6% (January 1963). (Great
Britain Atomic Weapons Research Establishment.)

Measurements have been made to determine the efficlency
of a thick concrete shield subjected to 14-MeV neutrons
produced by the HmB(d,n)He—M reaction, and the results
have been used to check the validity of multi-group shield~
ing caleculations for 1L4-MeV neutron attenuation in concrete.

The fast-neutron relaxation length in the shield was
found to be 15.0 + 0.5 cm.

2%0. Sigma Center, Angular Distributions in Neutrons - Induced Reactions,
BNL-400, Sec. Ed. (Two Volumes) (October 1962). Availability: Dep.;
$16.80 (ph) $5.70 (mf) OTS.

This is a compilation of the most significant experi-
mental observations available in October 1962 on the angular
distributions of scattered neutrons and of cther products
of the reactions of fast neutrons with nuclei. The primary
angular distribution data are plotted on linear grids for
ease in reading off the differential cross-sectlon values.
The auxiliary and bibliographic information associated with
each graph appears on the page of text opposite the graph.
Volume I covers elements 1 thrcugh 22. Volume II covers
elements 2% through 94.
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231. D. C. Anderson, "On the Tempersture Dependence of the Thermal-Neutron
Flux Kernel," Nucl. Sci. Eng., 7, 5, 468-471 (May 1960).

The thermal-neutron flux kernel for a point fission
source in g hydrogenous medium is obtained analytically by
representing the epithermal slowing down source in a con-
venient functional form. WNormalization is achieved by invok-
ing an appropriate conservation condition. The temperature
dependence is then assessed from experimentally determined
variation in the diffusion length and appropriate variation
in the fitting parameters for the slowing down source. It
is concluded that the kernel for water is rather insensitive
to change in the diffusion length, and in fact, the 2 -flux
varies to a good approximation as f(pr), p being the
temperature-dependent specific gravity.

2%2. D. C. Anderson and K. Shure, "Thermal-Neutron Distributions in Metal-
Hydrogenous Shields," Nucl. Sci. Eng., 8, 3, 260-269 (September, 1960).

A calculational technique is presented for predicting
thermalsneutron fluxes in the primary shields of reactor
systems which eliminates reliance on mockup experimental
data. A multigroup Py approach is employed with the spatial
dependence of the neutron attenuation adjusted through use
of a point source attenuation kernel for a homogeneous
hydrogenous medium. Compariscn of calculation with experi-
ment is presented.

2%5. F. J. Allen, A. T. Futterer, and W. Wright, Neutron Reflection and
Flux Versus Depth for Nevada Test Site Soil, BRL-1190 (January 1963).
Availability: $16.50 OTS.

Detailled calculated results on neutron reflection and
flux versus depth for Nevada Test Site soil are given in the
form of machine printouts. The angular and energy distri-
butions of the reflected neutrons along with the energy-
dependent and total flux at variocus depths are contained
in tabular form on the printouts. Neutron number current,
number flux, and dose transmission as functions of thickness
are also given in tabular form on the printouts.

Tables of summary information on reflection are pre-
sented. These contain number current, number flux, dose and
energy reflection factors as functions of incident energy
and angle.

A few Tigures are presented to illustrate graphically
the meaning of the various tabular results.
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234. F. J. Allen, A. T. Futterer, and W. Wright, Neutron Reflection and
Flux Versus Depth for Iron, BRL-1199 (March 1965). (Ballistic
Research Laboratory) Not for sale to public.

Detailed calculated results on neutron reflection
and flux versus depth for iron are given in the form of
machine printouts. The angular and energy distributions
of the reflected neutrons along with the energy-dependent
and total flux at various depths are contained in tabular
form on the printouts. Neutron number current, number flux
and dose transmission as functions of thickness are also
given in tabular form on the printouts.

A table of summary information on reflection is pre-
sented. This contains number current, number flux, dose
and energy reflection factors as functions of incident
energy and angle.

A few figures are presented to illustrate graphically
the meaning of the various tabular results.

255. J. M. Chapman, Gamma-Ray Dose Rates and Energy Spectra in & 3-Foot-
Square Duct, USNCEL R325 (October 196L4) Availability: U. S. Naval
Engineering lLaboratory, Port Hyeneme, California.

Dosimeter measurements and gamma-ray spectra were
taken in a 3-foot-square concrete duct, using cobalt-60 and
cesium-137 sources. The dosimeter measurements are com-
pared with computer-calculated dose rates, with very good
agreement. The spectra show prominent peaks for single
scatter and a large amount of lower-energy gamma rays.
The spectra are used to determine the dose-rate contri-
butions of individual scattering areas. These dose-rate
contributions are compared to calculated values with fair
results. The percentage of the dose-rate contribution
from one scattering area due to gamma rays that have been
previously scattered in the first leg was determined
experimentally to be about 40 per cent.
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23%6. W. L. Bunch, Attenuation Properties of High Density Portland Cement
Concrete as a Function of Temperature, HW-5465% (January 22, 1958),
Availability: Dep.; $5.60 (fs), $1.35 (mf) OTS.

The elevated temperatures used 1in the test appreciably
impaired the neutron and gamma attenustion properties of
the two high density concretes. Nonetheless, the concretes
would serve as satisfactory shield material if the reduced
attenuvation efficiency at the elevated temperatures were
taken into account in the original reactor design. The
two concretes used in the test were: (1) iron limonite,
which consists of an aggregate of iron punchings and a
grout of limonite, an iron ore containing water of hydra-
tion, and (2) magnetite limonite in which the non-hydrated
iron ore magnetite is used as an aggregate and the limonite
again i1s the grout material. Significant changes in at-
tenuation effectiveness were found as the concretes were
heated to 100 C and 175 C, but very little change was ef-
Tected in the final heating to %20 C. The density of the
concretes was similarly affected, indicating that the bulk
of the water had been evolved at 175 C and that the water
which remained was more tightly bound. Because of this
apparent saturation effect it should be possible to
extrapolate the attenuation properties to slightly higher
temperatures than those used if future laboratory tests
were to show that no significant change in density and
water content took place at the proposed temperature.

257. K. Shure and P. A. Roys, "Spatial Distribution of Thermal Neutrons
from an N-17 Source in Water,"Nucl. Sci. Eng. 2, 2, 170-180 (April

1957) .

The thermal-neutron flux in a water medium from a
source disk containing water irradiated in the Materials
Testing Reactor has been measured using a BFs detector.
Neutrons from N'7 and photoneutrons from e gamma, rays
have been observed. The radial distribution of thermal
neutrons from an isotropic point source of N'7 neutrons in
a water medium out to 35 cm has been deduced, and has been
compared with a theoretical calculation of the distribution
based on Holte's values of the collision density at 1 eV
Trom a point isotropic source of 1-MeV neutrons. From
the results of this experiment and Holte's distribution,
the square of the diffusion length plus the age from 1 eV
to thermal energies, has been calculated to be 8.2 cm®.
This value 1s in reascnable agreement with previously
reported measured values.
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P. A. Roys, K. Shure, and J. J. Taylor, "Penetration of 6-MeV Gamma

Rays in Water," Phys. Rev. 95, L, 911-912 (August 15, 1954).

The penetration of 6-MeV gamma rays has been studied
out to 190 cm in water. The dose rate has beenh measured
with an anthracene scintillation detector as a function
of the distance from the N*® source. The results agree
closely out to 160 cm with the distribution calculated
according to the theory of gamma-ray penetration as
developed by Spencer and Fano.

C. M. Huddleston, Z. G. Burson, R. M. Kinkaid et al., Ground Rough-

ness Effects on the Energy and Angular Distribution of Gamma Radi-

ation from Fallout, CEX-62.81 (May 22, 1963). (Division of Biology

and Medicine, Civil Effects Test Operaticns, AEC.) ©Not for sale
to public.

The effect of ground roughness on the radiation
field above ground that has been contaminated with fallout
from the explosicn of a nuclear device was investigated on
three types of Nevada terrain: (1) a flat dry-lake bed,
(2) semirough terrain or land that has a known and control-
led degree of roughness, and (3) typical wild desert. A
modified Navy 5-ton six-wheel-drive truck was used as a
mobile laboratory. A collimator and a scintillation crystal
wlth a 512-channel analyzer were used to measure gamma-ray
spectra at various polar angles. Dose-vs-helght measure-
ments were also made up to a height of L0 ft.

The project was undertaken to determine the importance
of ground roughness as a factor in radiation shielding.

M. H. Kalos, "On the Estimation of Flux at a Point by Monte Carlo,”

Nucl. Sci. Eng. 16, 1, 111-117 (May 1963).

In estimating flux at a point in a Monte Carlo cal-
culation one estimator uses the uncollided flux at a
detector from each sampled collision point. This method
is shown to have infinite variance. The average value
converges to the expected value but the error decreases
asymptotically as the inverse cube root of the number of
histories. By using the once-collided flux and by proper
choice of the intermediate collision point the variance
may be made finite. Results of numerical experiments show
the finite variance methods to be preferable.
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241, G. C. Pomraning end M. Clark, Jr., "The Variational Method Applied to
the Monoenergetic Boltzmann Equations, Parts I and II," Nucl. Sci. Eng.

16, 2, 1L7-164 (June 1963).

The variational method as applied to the monoenergetic
integro-differential Boltzmann equation 1s investigated. It
is shown that rendering the ILagrangian stationary with
raspect to small changes in the directional flux and adjoint
directionali flux is equivalent to solving the Boltzmann
and adjoint Boltzmann equations. Toplcs discussed include
the use of variational weight functions, the inclusion of
boundary terms in the functioral, the interpretation of a
variational optimum for a nonself-adjoint operator, and the
gsecond variation. It i1s shown that, for the general trial
function ensemble and within a special restricted trial
function ensemble, the variational method is a saddle point
principle. The formalism developed is applied to the
angular expansion in polynomials of the directional flux.

2k2. M. H. Kalos, "Importance Sampling in Monte Carlo Shielding Calcula-
tions. I. Neutron Penetrations Through Thick Hydrogen Slabs,"
Nucl. Sci. Eng. 16, 2, 227-234 {June 1963).

It is proposed that importance sampling may be car-
ried out using an approximate analytic form for the importance
function. An altered Boltzmann kernel may then be computed.
Choosing from this altered kernel is facilitated, in part,
by particle splitting. The method is carried out in detail
for neutron penetration in hydrogen slabs. Results are
given for dose buildup and energy spectrum for slab depths
up to 179 mean free paths for 8.1-MeV neutrons.

2k3, F. H. Helm, "Numerical Determination of Flux Perturbation by Foils,"
Nucl. Sci. Eng., 16, 2, 235-23%8 (June 1963).

The method for evaluating thermal-neutron flux mea-
surements by foils, which was developed by Ritchie and
Eldridge, has proven to be a valuable tool for the experi-
menter. However, there is some difficulty in obtaining
the proper definitions and numerical quantities essential
for its application. Especially, there developed a need
for an easy way to find the function g(y,w). Therefore, a
compilation was made of all important definitions, exact
and approximate relations, and numerical values pertain-
ing to this problemn.
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2kL, S. Depken, On the Solution of the Neutron Transport Eguation, AE-89
(December 1962). Availability: Dep. (mc).

The neutron transport equation has occupied the atten-
tion of many authors since Placzek, Wick, and others made
their first attempts to solve 1t. Even in the simple case
of energy independent cross sections, and disregarding the
motion of the scattering nucleons, it is difficult to find
a solution in an analytical form which is easily surveyable
and fitted for numerical calculations. In Part I of this
paper some new viewpolnts will be introduced which enable
the solution to be presented in its simplest possible Torm.
Part II is devoted to an investigation of some functions
introduced in Part I. In Part III the results are applied
to the case of large energy lethargy, and the validity of
derived formulas is discussed.

2h5. L. 0. Ricks and D. R. Thomas, Development of Shielding for CVTR,
CVNA-160 (January 1962). Availability: Dep. (mc); $6.60 (Ts),
$2.09 (mf) OTS.

This report describes the shielding developed by
the Carolinas-Virginia Tube Reactor (CVIR) with special
attention to the following two areas of shield design
introduced by the use of heavy water as the moderator and
coolant in this plant.

1. Development of the reactor top neutron shield as an
integral part of the moderator system, complicated
by, the poor slowing-down power of the heavy water
moderator.

2. Development of the paraffin enclosed lead shield cask
Tor the refueling machine to shield against the neutrons
generated by the photoneutron reaction in heavy water.

2L6. D, F. Luse, Shielding Analysis of the Core and Plenum Viewing Plugs -
Experimental Gas Cooled Reactor, TID-18104 (October 7, 1960). Avail-
bility: Dep. (mc); $3.60 (fs), $1.37 (mf) OTS.

The details of the shielding analysis of this
practical problem are shown including many tables of
values needed in the calculation.



111

247. M. B. Wells, Gamma Dose Rates Resulting from Neutron Capture in Air
and Concrete, NARF-59-31T (MR-N-238) (September 1959). (Convair,
Fort Worth.) Not for sale to public.

This report describes a Monte Carlo method of ob-
taining the angular distribution of the gamma dose rate
resulting from capture of slow and thermal neutrons in air
and concrete. The results of some air-capture calculations
are compared with analytic solutions of the Boltzmann
transport eguation and similar Monte Carlo calculations
made at the Oak Ridge National Iaboratory. The results of
a parameter study of the capture dose rate for thermal-
neutron line-beam sources are given for source-detector
separation distances of 38.81, 64.00, and 98.42 feet, and
a source-~detector height of 12.5 feet above a concrete
surface. The calculations show the significance of the
component of the capture gamma dose rate resulting from
neutrons that undergo their first n collisions 1n one
medium and then diffuse into the other medium.

2k8. R. E. Beissner, The Angular Distribution of Gamma Rays Resulting from
Neutron Capture in Air, NARF-61-4T (FzZK-9-151) (April 1k, 1961).
Availability: $9.6C 0TS as AD-255185.

An analytic procedure 1s presented for calculating
the angular distribution of gamma rays resulting from
neutron capture in air. Numerical results are tabulated
for four source~detector separation distances, elght angles
of emission at the source, and fifteen initial neutron-
energy groups. Agreement with Monte Carlo calculations is
within the estimated accuracy of the Monte Carlo data.

2k9. J. R. Stokes and B. S. Burton, Jr., Alr Scattering of Gamma Radiation
From Co~60, NARF-57-3%1T (MR-N-156) (July 16, 1957). (Convair, Fort
Worth.) Not for sale to public.

Air scattering of gamma radiation from a CofC source
has been investigated experimentally. Measurements were
made at 40 feet with a collimated gamma spectrometer which
allowed various regions of space to be examined for scat-
tered radiation. The energy spectira were obtained to permit
separation of the singly and multiply scattered components
of radiation. Additional measurements are required to ob-
tain a complete separation of these components.
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250. B. S. Burton, Jr., Spectral and Angular Distribution of Air-Scattered
Co-60 Gamma Rays, NARF-57-L2T (MR-N-168) (September 18, 1957). Avail-
ability: $6.30 (ph), $3.00 (mi) IC as PB-13%9022.

Angular and spectral distributions of air-scattered
gamma radiation from an isotropic Co®° source have been
measured with a total-absorption gamma-ray spectrometer.
The observed spectra exhibit structure which may be as-
sociated with singly and multiply scattered gamma rays.
The upper energy cutoffs of the spectra agree well with
those« calculated from the theory of Compton scattering.

The measured intensities at 40- and 89-foot source-
detector distances are consistent with an inverse-distance
law, i.e., the intensity is proportional to r ©'87 where
r denotes the distance from the source.

251. J. W. Keller and G. Gonzalez, Analysis of Air Scattering of Co-60
Gamma Radiation, NARF-57-61T (MR-N-18%) (December 28, 1957). Avail-
ability: $4.80 (ph), $2.70 (mil) ILC as PB-139021.

The energy distribution of the singly scattered
component of air-scattered radiation from a point
isotropic source of monoenergetic gamma rays was
calculated for comparison with measured spectral data
for a Co®® source. The calculations were performed
for a collimated detector.

Comparison of measured and calculated spectra for
collimator orientations of 10°, 90°, and 135° from the
source-detector axis indicates that in general the ob-
served spectra cannot be predicted satisfactorily in
terms of the singly scattered component only.



113

252. L. D. Gates, Jr.and C. Eisenhauer, Spectral Distribution of Gamma
Rays Propagated in Air, AFSWP 502-A (January 1954). (Armed Forces
Special Weapons Project, Washington, D.C.) Not for sale to public.

Theoretical calculations are presented for the spec-
tral distribution of gamma rays in an infinite homogeneocus
medium emanating from geometrically idealized sources.

The sources considered here are isotropic sources uni-
formly filling all space (epproximation to conditions at
the center of a large radicactive cloud), isotropic sources
uniformly distributed on an infinite plane (approximating
conditions due to ground contamination), and an 1sotropic
point source (approximating initial radiation from an
atomic detonation). In the latter two cases, distributions
are given at various distances from the source or source
plane. Graphical material is presented in the form of
differential energy gpectra for monocenergetic sources of
various energies. These spectra give the energy density of
scattered radiation per unit energy range of the Individual
photons. Derived from these spectra are integral energy
and integral dose curves, which give the fraction of energy
(or dose) carried by gamma rays whose energy is at most a
given value. Also presented are curves which can be used
to calculate integral dose spectra for sources composed of
several energies. The calculations were based on the so-
called "method of moments," and the mathematical explana-
tion underlying this method is presented in some detail.

25%. M. B. Wells, Air and Concrete Scattering of Gamma Rays, NARF-59-11T
(MR-N-229) (March 20, 1959). Availability: $1.25 0TS,

This report describes a Monte Carlo method of
computing the angular distribution and energy spectrum of
gamma rays scattered in alr and ground. The development
of the integrals representing the contribution of each
order of scattering to the total scattered flux, and the
application of random sampling methods to the evaluation
of these integrals, are outlined in detail. Calculation
of the flux arising from pair-production interactions is
also described. Results obtained in a parameter study for
a source-~detector height of 12.5 feet above a concrete
slab are presented in both graphical and tabular form Tor
various source energies and separation distances.



25k, T, E, Fessler and M. L. Wohl, Monte Carlo Studies of Gamma-Ray and

Neutron Transport in Infinite Homogeneous Media, NASA TN D-850
(November, 1961). Availability: $1.25 OTS.

Two Monte Carlo codes were written for the IBM 7O
computer. One simulates gamma-ray transport from a mono-
energetic point source in an infinite medium; the second
is a similar code for neutron transport.

Statistical variance reducticn techniques designed
for use in the codes allowed the calculation of more ac-
curate values of gamma-ray and neutron deep-penetration
number and energy spectra than would have been possible in
a straightforward Monte Carlo calculation. A form of
exponential importance sampling was used to emphasize long
particle transit distances and small polar scattering angles,
thus favoring deeply penetrating particles.

otudies were made of gamma-ray energy spectra and
buildup factors for 1-MeV source gamma rays in water and
6-MeV source gamma rays in tin at various penetration
depths, These calculations were done both with and without
inclusion of the importance sampling mentioned above.
Comparisons were made with moments method solutions for the
same problems; the agreement was good at shallow penetra-
tions in both cases. In addition, deep penetration results -
at 7 and 10 source energy relaxation lengths - obtained by
importance sampling also agreed well with moments method
solutions. A low-energy spectral peak was observed in the
Monte Carlo calculation for the case of 6-MeV gamma rays
in tin; this is due to gamma rays from pair-production
positron annihilation and is not present in the moments
method results, which do not include the effects of pair
production.

Calculations of neutron number spectra for 6-MeV
source neutrons at various penetration depths in water
show good agreement with moments method results. Importance
sampling becomes necessary to produce reasonable agreement
at penetration distances greater than 30 centimeters.
Monte Carlo results were reliable to as deep a penetration
as 90 centimeters, or 12 source energy mean free paths.
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D. F. Luse, Shielding Analysis - Control Rod Plug - Experimental

Gas

Cooled Reactor, TID-18105 (October 3%, 1960). Availability: Dep.

$5.60 (fs), $1.79 (mf) OTS.

The details of the shielding analysis of this practical
problem are shown including many tables of values needed
in the calculaticon.

J. J. Begley, Plastic Materials in Lightweight Neutron Shields -
General Theory and Practice, PA-TR-3009 (August 1962).

$3,60 OTS.

The advent of thermonuclear weapons requires that
armor provide radioclogical as well as ballistic protection.
It has been determined that materials with a high hydrogen
content are necessary for neutron shielding if the neutrons
are above the thermal energy range. Polyolefins and other
organic polymers are considered superior for radiological
protection not only because of their high hydrogen content,
but also because they are light in weight and relatively
inexpensive. These characteristics are especially
important for mobile units where restrictive limits are
placed on weight and dimensional geometry.

This paper provides a quick, simplified review of
the neutron shielding process and describes general
criteria for determining the relative effectiveness of
various shielding materials. Among these criteria are
hydrogen density, the presence of neutron-absorbing
materials, and secondary gamma emitters. A graph is
presented whereby the hydrogen density of a material can
be rapidly determined.

Various shielding materials and fabrication techni-
ques are reviewed, with particular attention to the
highly promising cast-in-place method. A list of the
major resins and other plastic materials and their
relative shielding values is presented. Inspection tech-
niques are discussed as a quallty control measure to
ensure void-free sections.

(me);

Availability:
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257. R. L. French, "Some Convenient Representations for Fission-Neutron
Distribution in Air," Health Phys. 8, 35, 299-30L (June 1962).

An analysis of Monte Carlo results for fission-neutron
scattering in alr has revealed that, for slant ranges of
from 500 to 2000 yd, the angular distribution (dose per
unit solid angle as a function of angle B measured from
the source-receiver axis) of the scattéred neutron dose
from a point isotropic source may be approximated by

dap -ef
28 _
o - a + be

This expression, coupled with an exponential expression for
the total scattered dose as a function of range, permits

a simple and convenlent approach to many dosimetry and
shielding problems which require detailed angular and spatial
distribution data. The validity of the Monte Carlo data
considered in the analysis has been demonstrated by compari-
son with measured data from weapons tests.

258, L. V. Spencer and J. C. Lamkin, Slant Penetration of Gamma Rays in
Ho0, NBS Report 594k (July 17, 1958). (National Bureau of Standards.
Not for sale to public.

Tabulations are presented of the gamma-ray dose at
various distances from monoenergetic plane slant sources
in an infinite water medium. The source energies range
from 10.22 MeV to 0.34 MeV in an approximately logarithmic
sequence, Source obliquities from emission perpendicular
to the source plane to emission parallel to the source
plane are treated. The calculations were accomplished with
the moment methed, using an 1BM 704 digital computer.

259. L. V. Spencer and J. C, Lemkin, Siant Penetration of Gamma Rays -
Mixed Radiation Sources, NBS Report 6322 (February 27, 1959).
(National Bureau of Standards.) Not for sale to public.

Tabulations are presented of the gamma-ray dose at
various distances from plane slant sources in an infinite
water medium. Various mixed gamma-ray sources are consider-
ed, including fission products at various times after fis-
sion, Cobalt-60, Cesium-137, and the gamma rays emitted by
nitrogen after neutron capture. Source obliquities range
from cosfg = 1.0 (perpendicular incidence) to cosfg = O
(grazing incidence). These calculations were accomplished
by an extension of previous work for monoenergetic sources,
reported in NBS Report 594k.
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260. D. K Trubey, Tabulated Values of Scattered Gamma-Ray Fluxes in
Water Interpolated from Momenis Method Calculations, ORNL-3L66
(July 15, 1963). Availability: Dep.; $2.00 OTS.

Tables of scattered gamma-ray fluxes in water that are
suitable for integration over source spectra have been
generated on the IBM-7090 computer by Lagrangian interpola-
tion of moments method results for point isotropic gamma-
ray sources, Values of the fluxes were obtained fcor a
consistent set of scattered gamma-ray energles taken in steps
of 0.1 MeV from 0.1 to 1.0 MeV and in steps of 0.25 MeV
from 0.25 to 10 MeV. One table was obtained for each scat-
tered energy for various values of the source energy and of
the distance from the source in mean free paths. Tables
were then generated in which the distance from the source
was converted from mean free paths to centimeters. The
latter set may be integrated over any source spectrum to
obtain the flux cof scattered gamma rays in water, and, with
small error, in any material in which the cross section is
dominated by the Compton scattering cross section. This
includes the low-Z materials such as aluminum and air.

261. J. M. Pictet, Bulk Shielding Studies at the Reactor Saphir, EIR-
Bericht NR. 27 (July 1962). Available without charge from CERN
European Organization for Nuclear Research, Geneva 23, Switzerland.

The results of measurements of the attenuation of
neutrons and gamma rays in water, iron, ordinary concrete,
and barytes concrete are presented. The experimental setup
at the shielding facility at the reactor SAPHIR is described
for these measurements.

262. T. R. Strayhorn, Heat Deposition of Reactor Nuclear Radiation in
Aerospace-Vehicle Materials, NARF-62-12T (MR-N-289) (September 10,
1962). Availability: $5.6o (fs) OTS.

IIn order to determine the importance of radiation
heating in nuclear-propelled aserospace~vehicle materials,
& series of calculations was performed. The temperatures
of the materials as a function of reactor power, dlistance
from the reactor, and time were calculated. The re-
sults clearly indicate that the radiation heat input to
materials in the vehicle must be determined and, where
sufficiently great, be considered in the design cal-
culations.
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263, R. J. Holl and D. W. Stephen, Pathfinder Atomic Power Plant Shield-
ing Analysis, ACNP-62016 {July 15, 1962). Availability: Dep. (mc),
$10.50 (fs), $4.13 (mf) OTS.

Shielding for the Pathfinder Atomic Power Plant, which
incorporates a direct-cycle controlled-recirculation boiling-
water reactor with an integral nuclear superheater, has been
designed. This report includes the shield design, dose
levels for all areas of the plant, and methods of calcula-
tion.

Major sources are the reactor complex in the reactor
building, the main steam line, turbine, condenser, and
feedwater system in the turbine bullding, and the waste
disposal system and spent fuel in the fuel handling build-
ing. Biological shield for the reactor consists of concrete
with earth fill on one side and 18 ft of shielding water
over the reactor. The turbine foundation, condenser
water box, the operating floor, and concrete walls serve
as shielding for the unrestricted areas of the turbine
building. A pool is provided for shielding spent fuel in
the fuel handling building, with additional shielding
provided for components of the waste disposal and reactor-
water purfication system.
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P. 5. Brown, T. J. Thompson, I. Kaplan, and A. E. Profio, Measurements
of the Spatial and Energy Distribution of Thermal Neutrons in Uranium,
Heavy Water Lattices, MITNE-17 (August 20, 1962). Availability: Dep.
(mc), $15.00 (fs), $6.92 OTS.

Intracell activity distributions were measured in three
natural uranium, heavy water lattices of 1.010 inch diameter,
aluminum clad rods on triangular spacings of h.5 inches, 5.0
inches, and 5.75 inches, respectively, and in a uranlum,
heavy water lattice of O 25 inch diameter, 1. 05% 5, alumi-
num-clad rods on a triangular spacing of 1.25 inches. The
distributions were measured with bare and cadmiuvm-covered
foils of gold, lutetium, and europium. The gold was used as
a l/v absorber to measure the thermal-neutron density dis-
tribution., Because the activation cross sections of lute-
tium and europium depart considerably from 1/v behavior,
their activation depends strongly on the themmal-neutron
energy spectrum. Hence, they were used to make integral.
measurements of the change in the neutron energy spectrum
with position in the lattice cell. A method was developed
for treating the partial absorption, by cadmium covers, of
neutrons at the 0.46 eV europium resonance, and it was found
possible to correct the europium activations to energy cut-
offs just above and just below the resonance,

The measured activity distributions were compared with
those computed with the THERMOS code. 1In the natural uranium
lattices, THERMOS gave excellent agreement with the measured
gold activity distributions and very good agreement with the
lutetium and europium distributions, indicating that THERMOS
gives a very good estimate of the spatial and energy distri-
bution of thermal neutrons in these lattices. In the en-
riched lattice, THERMOS gave a large overestimate of the
activity dip in the fuel for all three detectors. The dis-
crepancy was attributed to a breakdown in the Wigner-Seitz
cylindrical cell approximation at small cell radii. However,
the measured ratios of lutetium and europium activity to gold
activity were in good agreement with the THERMOS values,
indicating that THERMOS still gave a good estimate of the
degree of spectral hardening.

Neutron temperature calculations were made from the
data by using Westcott effective cross sections., The
temperature changes so calculated agreed well with those
predicted by THERMOS.

Disadvantage factors calculated by the Amouyal-Benoist-
Horowitz (ABH) method were in excellent agreement with the
measured values in the natural uranium lattices. The
agreement was not as good in the enriched lattice.
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265. R. Nilsson and J. Braun, Absorption and Flux Density Measurements in
an Iron Plug in R-1, AE-13 (November 1958). Availability: Dep. (mc);
Sw. Cr. 4, AB ATOMENEGI, Stockholm, Sweden.

Thermal, epithermal and fast-neutron fluxes have
been measured in a 60-cm long, "sliced" iron plug, which
has been placed in the lower iron 1id of the Swedish
reactor R 1., Au foils, Cu foils, Mn foils, P packets,
Cu wires and small Fe cylinders have been used. The
gamma flux has been determined with film dosimeters.

The measurements have shown that only in the first
centimeters of the iron is the activation determined by
the thermal flux, which decreases with a relaxation length
A= (1.51 + 0,02) cm. The epithermal flux is entirely
predominant already after 10 cm (A = 16 cm), The epi-
thermal neutron flux decreases even more slowly than the
fast flux (A = 6.2 cm).

266. H. Aceto, Jr.,M. A. Pick, and L. D, Stephens, Neutron Tissue Dose
at Large Distances from an Elevated Unshielded Reactor, UCRL-10559
(March 11, 1963). Availability: Dep.; $0.50 OTS.

The neutron tissue dose at large distances from a
fission source was studied by using a water-filled
phantom and four different detectors: a BFg counter, a
polyethylene~lined ethylene-filled proportional counter,
indium foils, and nuclear emulsions. The source of fission
neutrons wag the ORNL Health Physics Research Reactor which
wag attached to a hoist which was in turn installed cn a
1530-foot tower. The reactor could be operated at any
elevation from 27 to 1500 feet. The phantom studies
were made at horizontal distances from 250 to 1500 yards
from the tower. Dose contributions from recoil protons,
HY(n,7)D? and N**(n,p)C'* reactions are considered.
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S. Block and F. J. Shon, "Neutron Dose Measurements by an Attenuation
Technique," Health Phys. 8, 5, 533%-541 (October 1962).

A technique has been developed for finding the RBE
dose rate and average energy of stray neutron radiation.
Neutron energies can be measured by applylng the fact that
the spatial variation of a thermal flux formed in a moderat-
ing material is a function of the fast flux energy distribu-
tion. An attenuation curve 1s plotted using polyethylene
disks as neutron absorbers and a BFs; counter as the detector.
Several curves are presented, including relaxation length
vs. energy, relaxation length vs. dose rate per unit neu-
tron flux, and the calibration curve of relaxation length
vs. dose rate per count per min. The system is compared
to the double moderator dosimeter of DePangher.

R. Fraki, M. Leimdorfer, and S. Maimskog, The Energy Variation of the
Sensitivity of a Polyethylene Moderated BFg Proportional Counter AE-
91 (November 1962). Availability: Dep. (mc).

The variation with neutron energy of the sensitivity
of a polyethylene moderated boron counter has been investi-
gated experimentally at 2.3 MeV, 550 keV, 210 KeV, 110 keV,
340 eV, and 5 eV, and theoretically by the multigroup dif-
fusion method in the same range. Different moderator
thicknesses up to 10 cm were considered.

Results show good agreement between experimental and
theoretical sensitivities for the keV and MeV energies,
while a discrepancy of the order of a factor 2 at the
most 1s obtained in the eV regiomn.

L. V. Spencer and J. C. Lamkin, Slant Penetration of Gamma Rays in
Concrete, NBS Report 6591 (November 10, 1959). (National Burcau of
Standards ) Not for salé to public.

Tabulations are presented of the gamma-ray dose at vari-
ous distances from monoenergetic plane slant sources in an
infinite concrete medium. The source energies range from
10.22 MeV to 0.043 MeV in an approximately logarithmic
sequence. Source obliquities from emission perpendicular
to the source plane to emission parallel to the source
plane are treated. The calculations were accomplished
with the moment method using an IBM 7Ok digital computer,
as described in the similar NBS Report 5944k for water.
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R. L. Tomlinson, SNAP Shield Test Experiment - Fission Plate Power
alibration, NAA-SR-T432 (August 15, 1962). Availability: Dep.;
$0.75 OTS.

The SNAP Shield Test Experiment (STE) was constructed
for the radiation evaluation of shield materials and
geometries for the SNAP reactor development program. A
detailed description of the facility is given in other
reports; also the physics tests that were performed on the
reactor system are presented.

The facility consists of: a 50-kw water-cooled
zirconium-hydride uranium reactor; a neutron thermal column;
a fTission-source plate; and associated equipment. The
uranium fission-source plate 1s normally located on a wall
of the underground shield test room where all the shield
measurements are performed, It is driven by the reactor
through a graphite thermal column. A shield test carriage
is used in conjunction with the fission-source plate to
support the shields while undergoing radiation evaluation.
Both the fission-source plate and the carriage can be
remotely positioned with the aid of a closed-circuit TV
system. The fission plate can be driven into a lead
shielding cask and the test shields can be retracted from
the thermal column thereby allowing operating personnel to
assemble the shield experiments in a low-radiation back-
ground. Since thé fission-source plate serves as the
radiation source for many shielding and radiation measure-
ments, an accurate determination of its fission rate is
required in order for accurate radiation measurements to
be made. This report describes the techniques that were
employed in obtaining these calibrationrmeasurements.

R, L. Tomlinson, R. P. Johnson, and S. G. Wogulis, SNAP Shield Test

Experiment - Reactor Physics Tests, NAA-SR-7368 (July 12, 1962).

Availability: $0.75 OTS.

The initial physics tests on the Shield Test Experi-
ment reactor and the precriticality rod-drop test data
are presented herein.

1
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272. REIC, The Effect of Nuclear Radiation on Transducers, REIC Report
No. 25 (April 19, 1963). (Battelle Memorial Institute, Radiation
Effects Information Center.) Not for sale to public.

This report presents information relative to the
state of the art on the effects of nuclear radiation on
various types of transducers that are becoming extremely
important in present-day applications. The report con-
sists of two sections. The first section contains informa-
tion dealing with concepts and characteristics of
conventional transducers with estimation of values of
radiation thresholds. The approach used in the estimation
involves contact with users and manufacturers for their
opinions and knowledge on the subject, use of known
experimental data for materials used in the fabrication
of transducers, and some empirical data from experiments
with similar uwnits. Information 1s also included on
research and development programs currently in progress or
completed. The section portion of the report deals with
information from reports available at the Radiation Effects
Information Center (REIC) on irradiation of various trans-
ducers and sensing elements. The information presented can
serve s useful purpose to designers and electronic-
component users as a guide for developing a better under-
standing of the problems that must be solved prior to final
selection of transducers to be used in nuclear environments.

27%3. M. M. Wasson, The Fast-Neutron Dose Response of Two Organic
Phosphors and Their Possible Use for Dosimetry, AERE-R L2Lh
(April 196%). Aveilability: Dep.; $0.77 (BIS), 5s 6D. (HMSO).

Using the results of Monte Carlo calculations on
the response of two organic phosphors to fast neutrons
the report examines the possibility of using them for
fast-neutron dosimetry. It also examines experimentally
the effect, on their response of decay time discrimina-
tion against gemma rays.
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P. K. Lee, F. M. Cox, and W. H. Schweitzer, Test Cell A - Shielding
Study - KIWI B-LA, LAMS-2904 (June 26, 1963). Availability: Dep.;
$0.75 OTS.

Gamma doses produced by the Kiwl B-LA reactor test
were measured at 49 stations in the Test Cell A area. Most
of the stations were located in permanent structures or at
locations at which structures served as shadow shields.

The study was conducted to determine the reduction in
gamma doses caused by the shielding structures.

It was found that the gamma doses in the test cell
were reduced by factors ranging from % x 10 4 to 3 x 10 3
and the dose reductions for the J-8 Bunker and the test
cell access tunnel were of the order of 2 x 10 2 and
2 x 10_4, respectively. Doses were reduced at positions
in which the test cell served as shadow shield by factors
ranging from 10°! to 5 x 10 2.

V. As Dulin, Yu. A. Kazanskii, V. P. Mashkovich et al., "Investiga-
tion of Attenuation Functions in Water for Neutrons from Isotropic

and One-Directional Fission Sources," Soviet J. At. Energy (English
Transl.) 9, 4, 858-861 (September 1961)

The spatial distributions of neutrons from a BR-5
reactor were measured and the results are presented. The
source of neutrons was collimated through a concrete
channel.,

L. N. Zaitsev, M. M. Komochkov, and B. S. Sychev, "High Energy Neu-
tron Attenuation in Concrete," Soviet J. At. Energy (English Transl.)
12, 6, 558-561 (January 1963).

The attenuation of neutrons of energies greater than
20 MeV was measured in concrete with densities of 2.35,
3.2, and L.l g/cm . The neutrons were produced by protons
from a synchrocyclotron impinging on beryllium. The
concrete density was increased by using iron ore and steel.
The attenuation curves are shown.
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277 E. E. Kovalev and D. P. Osanov, "Radiation from a Volume-Distributed
Gas-Filled Source Placed Behind Plane Shielding," Soviet J. At. Energy
(English Transl.) 13, 1, 657-658 (March 1963).

A formula is given for the gamma-ray dose rate
arising from a cylindrical source consisting of a
radiocactive gas shielded by a plane barrier at the
base.

278. D. P. Osanov and E. E. Kovalev, "Dose Adsorption Factor for a
Cylindrical Source in the Presence of Shielding," Soviet J. At.
Energy (English Transl.) 12, 6, 561-562 (January 1963).

A simple formula is given for predicting the dose
rate from a gamma-ray source on the surface of an
absorbing cylinder and penetrating a planar shield.

279. S. G. Tsypin, "The Use of Monodirectional Neutron Sources for the
Investigation of Shielding (B-2 Apparatus in a BR-5 Reactor),"
Soviet J. At. Energy (English Transl.) 12, 4, 318-323 (September

1962).

The report describes the B-2 apparatus, installed in
a BR-5 fast reactor, for investigating the passage of
neutrons through various shielding materials. It is
shown that the monodirectional neutron disc source used
in this apparatus makes it possible to obtain detailed
information on the spatial-energy and angular distribu-
tions of the neutrongs in the shielding. The effect of
the angular distribution of the radiation leaving the
source on the attenuation factor of this radiation in
shielding was also investigated.

280. V. A. Dulin, V. P. Mashkovich, E. A. Panov et al., "Energy Distribu-
tion in Water of Fast Neutroms," Soviet J. At. Energy (English
Transl.) 9, 4, 861-863 (September 1961).

The energy spectra of neutrons in water was
measured and the results are presented. The radiation
source was a BR-5 reactor. The distances in water were
%0 and 60 cm. The results are compared with moments
method calculations of Aronson (1954).
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Yu. I. Bregadze, B, M. Isaev, and V. A. Kvasov, "Determination of
Energy Absorption in a Mixed Flux of Fast Neutrons and Gamma Rays
by an Ionization Method," Soviet J. At. Energy (English Transl.)

9, 2, 630-63%6 (August 19615

The possibility of separate determinations of the
energy absorption of fast neutrons and gamma rays in the
mixed radiation flux from a reactor has been studied with
ionization chambers. Three chambers with different hydro-
genous fillers were used: polyethylene with an ethylene
filler; graphite with a COz filler and a chamber made
from aerion, a conducting plastic, which was filled with a
mixture of ethylene and COn. Calculations have been
carried out to ascertain the sensitivity of these chambers
to neutrons with energies ranging from 0.2-8 MeV, Vari-
ation of the neutron spectrum over wide limits has no
effect on the accuracy in the determination of the absorbed
dose in the hydrogenous substrates. A calculation shows
that the error in the determination of the absorbed energy
for fast neutrons 1s approximately 15% and is a weak func-
tion of the relative doses of neutrons and gamme rays.

G. V. Gorshkov and V. M. Kodyukov, "Attenuation of Gamma Radiation
from Volume Sources in Iron and Lead," Soviet Je. At. Energy (English
Transl.) 9, 2, 649-650 (August 1961).

The results of measurements of the attenuation of
gamma rays in lead and iron are presented. The volume
source had a shape of a truncated cone and the sources
used were colloidial Au'®® and Na®* in a salt solution.

V. M. Kodyukov, "Attenuation of Gamma Radiation from Point Sources
in Various Medla,” Soviet J. At. Energy (English Transl.) 9, 2

651-652 (August 1961).

The results of a measurement of the attenuation of
gamma rays through slabs of water, iron, and lead are
presented. The sources were small radicnuclide
sources -- Au*®®, Zn®5, and Na®*. The results were
compared with Moments Method calculations of Fano (1953).
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284, A. T. Bakov, S. P. Velov, Yu. A. Kazanskii et al., "Gamma-Ray Yield
from Radiative Capture 1n Iron," Soviet J. At~ “Energy (English

Transl.) 13, 1, 619-624 (March 1963).

A technique is described for measuring the yield of
capture gamma radiation from iron by the use of a single
crystal scintillation gamma spectrometer. Results are
reported for the yield of capture gamma radiation from
iron, normalized to the number of neutrons either enter-
ing shielding or escaping from 1t. Measurements were
made for the neutron spectrum from a Po-Be source. The
dependence of capture gamma radiation yield on shielding
thickness 1s given. The effect of boron-containing
impurities on the yileld of capture gamma radiation was
investigated.

285, A. V. Larichev, D. P. Osanov, and V. I. Popov, "Spectrum of Gamma
Radiation from a Homogeneous Cylindrical Source," Soviet J. At.

Energy (English Transl.) 13, 2, 7ik-749 (March 1963).

Results are given for an experimental investigation
of the gamms radiation spectrum emitted from large
¢ylindrical sources filled with cobalt sulfate solution
containing Co®%. The changes in the spectra after passage
through various shielding layers were also studied. The
results of this work were compared with the data of others.
Measurements were made with a scintillation spectrometer
having a NaI(T¢) crystal.

286. V. I. Kukhtevich, Yu. A. Kazanskii et al., "The Passage of Gamma Rays
Through Water," g Nucl. Energy (English Transl.) 9, 128-134 (1959).

The dosage attenuvation in water of gamma rays from
198 pu, ©9%Co, and ®4Na has been measured as a function
of the source-detector distance over a range from some
3-4 to about 8-12 scattering mean free paths. The primary
radliation was collimated in such a direction that none
fell on the detector, down to an angle which was varied
between 30° and 80°., Theoretical intensities have been
calculated by an approximate procedure that replaces
the direct solution of the kinetic equation by the reduc-
tion of a triple integral and are in satisfactory agree-
ment with observation.
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Yu. V. Sivintsev, "Ratio Between the Radiation Dose and the Absorbed
Dose," Soviet J. At. Energy (English Transl.) 9, 7, 534-543 (July
1961).

The article indicates the differerice between the
concepts "radiation dose'" and "absorbed dose;" specific
formulas are given for calculating an absorbed dose
from the results of absolute measurements of a radiation
dose, and the conditions of electron equilibrium during
dosimetric measurements of x-rays and gamme radiations
of various energies within the 200 keV - 32 MeV range are
stated.

D. E. Hankins, New Methods of Neutron Dose Rate Evaluation, LADC-
5427 (1962). Availability: Dep. (mc); $2.60 (fs), $0.89 (mf) OTS.

A multisphere unit, utilizing cadmium-covered poly-
ethylene spheres of 2, 3, and 8 in. diameters, and a
single 10-in. sphere of polyethylene placed over g IiT
thermal-neutron detector have been developed for evaluat-
ing neutron dose rates, and simplified spectra including
neutrons in the intermediate energy region. A compari-
son of the total dose rate determined by both technigues
and the Hurst type absolute fast-neutron detector is given
for the various types of sources and for reactor leakage
neutrons.

M. J. Schumchyk and H. J. Tiller, Ground Penetration Radiation (Lip
Contribution) in a Foxhole from a Fallout Field Simulated By Cobalt-
60, NDL-TR-3 (December 1960). (Army Chemical Corps Nuclear Defense
Lab, Army Chemical Center, Maryland.) Not for sale to public.

The lip contribution to the total radiation in a
cylindrical foxhole (4 ft in diameter and 4 ft deep)
from a fallout field simulated by Co®© has been measured
and calculated. The lip contribution averaged 68% of
the total dose rate received at different depth levels
in the hole. Of the ground penetrating radiation 99%
stems from a 2-ft-wide annulus around the foxhole, the
inner circle of which 1s the rim of the hole.
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M. A. Schmoke and R. E. Rexroad, Attenuation of Simulated Fallout
Radiation by the Roof of a Concrete Blockhouse, NDL-TR-6 (August
1961). Availability: $7.6C OIS as AD-272871.

An experiment was carried out to verify theoretical
calculations of the effect of roof thickness on the radia-
tion level inside a concrete blockhouse from a plane of
gamma, radiation on the roocf.

F. Ce V. Worman, P. K. Lee, and R. W. Henderson, Integral Neutron
and Gamma Dose Measurements on the KIWL B-1 Reactors. Part L.
KIWI B-1A. Part II. KIWL B-1B, LA-2858 (April 19, 1963). Avail-
ability: Dep.; $2.00 OTS.

This report is an evaluation of the direct radia-
tions from the Kiwi B-l reactors. Included in this report
are integral measurements of gamma dose, neutron flux and
neutron dose, made on Ixperimental Plans L, 5, 5A, and
6 + 6A of Kiwl B-1A, and Experimental Plans 2, 3, and
4 of Kiwi B-1B. Results were obtained from almost every
instrumented station.

Gamma doses, in air, on Experimental Plan 6 + OA
ranged from 1.80 x 10% rads at 62 feet to < 10 rads at
1,500 feet. Neutron doses, in air, varied from
5.51 x 10° rads on the privy roof to 2.30 rads at 1,500
feet. Thermal-neutron fluxes dropped from 165 percent
of the total fast-neutron flux, at close proximity to the
reactor, to 80 percent at 300 feet and 60 percent at
600 feet.

Documentation of the radiation fileld, in close
proximity to the Kiwi B-1A reactor, was accomplished for
several studies including an experiment in cooperation
with Brookhaven National Laboratory, a meridian ring
experiment, and a determination of the shielding qualities
of the privy roof.

For Experimental Plen 4, Kiwi B-1B, gamma doses, in
air, ranged from 4.85 x 10% rads at 62 feet to 7.50 x 10%
rads at 900 feet. Fast-neutron doses, in alr, ranged
from 1.37 x 10% at 62 feet to 1.2 x 107 at 600 feet.
Thermal-neutron fluxes dropped from 192 percent of the
total fast-neutron flux at 62 feet to 49 percent at
600 feet.
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292. J. J. Schmidt, Neutron Cross Sections for Fast Reactor Materials,
KFK 120 (EANDC-E-35 U) (December 1962). Availability: Dep. {(mec).

Neutron cross sections and neutron nuclear data
tabulated as functions of the neutron incident energy
and of the corresponding lethargy in the energy range of
0.01 to 10 MeV are given for H, He, C, O, Na, Cr, Fe, Ni,
Mo, U235, 1”38 and Pu®3®. Data on fission are pre-
sented along with cross sections for neutron scattering,
reactions, capture, etc.

29%. J. A. Grundl, Study of Fission Neutron Spectra with High-Energy Acti-
vation Detector, LAMS-288% (May 20, 196%). Availability: Dep.;
$2.75 OTS.

The energy spectra of neutrons from the fission of
U235, U233, and Pu®3® have been studied with seven high-
energy activation detectors covering the range 0.6 *o
16 MeV. Interpretation is in terms of the Maxwellian
spectral function E'/2 exp(-E/T). By means of a unique
cavity arrangement within a moderator to obtain pure
thermal-neutron-induced fission neutrons, the average
energies of the three spectra are found to be in the
ratios

UP35: #33: pPUP3® - (1): (1.016 + 0.003): (1.039 + 0.00%).

Differences between the normalized spectra are most pro-
nounced at high energies as exemplified by the relative

PuP3%2:U235 frlux ratios 1.17 + 0.013 for 6 < E < 11 MeV,

and 1.35 + 0.03 for E > 11 MeV.

Comparable detector responses within unreflected
critical assemblies of U®35, P33, and Pu®>®° metal are
consistent with an increase of at least 2% in the average
energy of the fission spectrum component of each assembly
relative to the corresponding thermal-fission spectrum.
This may be associated with the approximately 1.5 MeV
average energy of the assembly neutrons inducing fission.

294, REIC, Radiation Effects State of the Art 1962-1963, REIC Report No.
28 (June 30, 1963). Available from the Radiation Effects Informa-
tion Center.

No abstract needed.
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295. K. Shure, The 0%(n,p)N'® Reaction Cross Section, WAPD-BT-25, 27-35
(May 1962). Availability: Dep.; $8.10 (fs), $2.87 (mf) OTS.

A review has been made of the availeble information
concerning the cross section of the Ole(n,p)N18 reaction
with regard to application to water-cooled resctors.
Recent measurements of the excitation function for this
reaction, with good precision; have covered a wlder energy
range then heretofore. This excitation function; when
averaged over the fission neutron spectrum, agrees to
within experimental wncertainties with the result of an
integral activation measurement of 21 + 4 yb for N6
production with & yield of O.74 high-energy gamma rays
per dlsintegration.

296. K. Shure, Experimental Verification of Neutron Attenuation Kernels,
WAPD-BT-17, 19-22 (February 1960). Avallability: Dep.; $8.10 (fs)
$2.87 (mf) OTS.

Eleven papers are presented on developments in
reactor physics and mathematics at Bettis Laboratory.
Toples covered include resonance escape probabllity,
fast-neutron conversion factors, neutron attenuation
kernels, three-dimensional flux distributions, xenon
transients, homogeneous blankets, surface to volume
activation by resonance neutrons, multigroup cross sec-
tions, Boltzmann equation, slowing down of neutromns,
and transient response of spatial fiux distribution to
changes in materials properties. Separate abstracts
were prepared for the eleven papers.

297. D. C. Anderson, Calculation of Buildup Factors for Infinite Plane
and Line Sources, WAPD-BT-8, 19-21 (June 1958). Availability:
Dep.; $24.30 (ph), $7.50 (mf) OTS.

Although in a typlcal shield design the radiation
sources are finite in extent, avallable tabulated build-
up data are provided only for ideal source geometries
such as point isotropic and plane monodirectional. This
article provides tabulations of the buildup factors in
infinite homogeneous media for infinite isotropic plane
and line sources. Ready information is made available
to the designer as to the effect of source geometry
on the magnitude of the buiidup factor.
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D. C. Anderson, Comparison of Peebles Buildup Data to Experiment and

Moments Method Results, WAPD-BT-8, 22-25 (June 1058). Availability:
Dep.; $2L.30 (ph), $7.50 (mf) OTS.

Estimates of slant penetration effects are of
importance in a detailed shield design. This article
examines the application of Peebles' data in obtaining
slant penetration estimates and compares the results with
experimental data. Results indicate that the use of
Peebles' calculations is preferable for problems in
which slant penetration for angles greater than u45°
becomes important.

K. Shure, Fission Product Decay Energy, WAPD-BT—2H, 1-17 (December
1961). Availability: Dep.; $2.25 OTS.

Knowledge of the energy released from fission products
in the form of beta and gamma radiation is necessary in
such aspects of reactor design as the calculation of heat
generation and refueling shielding requirements. Experi-
mental data has been accumulated which is applicable
over different ranges of times after fissiocon, and addi-
tional studies based on these data have been made. The
information currently available is reviewed, and what is
considered to be most reliable is presented in a manner
suited for calculation.

D. C. Anderson, L. O. Herwig, and W. I. Vogelsang, Comparison of
Measured and Calculated Thermal Neutron Distributions in High-
Temperature Water Shielding, WAPD-BT-24, 19-25 (December 1961).
Availability: Dep.; $2.25 OTS.

Measurements made at 460 F of the thermal-neutrorn
Tflux distributions in the water shielding surrounding a
nuclear reactor core are compared with calculations
based on a previously derived analytical kernel. This
comparison verifies the applicability of the temperature-
dependent kernel in shielding calculations. Additional
data at 68 F are also presented.
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301. J. M. Perguson, Ground Roughness Effects for Fallout-Contaminated
Terrain Comparison of Measurements and Calculations, USNRNL-TR-645
(May 7, 1963). Availability: $2.60 OIS as AD-L20L13.

The effect of ground roughness on the radiation
field above fallout-contaminated ground 1s studied. At
past weapons tests, the dose rate over fallout-contami-
nated ground has been measured as a function of height
and angle. These measurements are compared with
calculations of the same quantities for 1.12-hr fission
products wnmiformly distributed on a smooth plane. None
of the experiments is detailed enough to lead to firm
conclusions about the ground roughness effect. However,
the data indicate that the ground roughness effect can be
simulated by assuming that the fallout i1s buried under a
thin layer of material. For desert terrain this thick-
ness of material is equivalent to about 25 + 10 ft of
air., At % ft above the ground this corresponds to a
reduction in dose rate by a factor of 0.6 to 0.7,
compared to what would be received over a smooth plane.

502. J. Certain, A Solution of the Neutron Transport Eguation, NYO-3081
(July 25, 1954). Availability: Dep. (mc).

The neutron transport equation for plane sources
is given and transformed by the moments method. In
Part I, two methods are described for the treatment of
the scattering term by expanding it in powers of M_l,
where M is the atomic mass of the scatterer. Applica-
tions are made to plane and point isotropic source and
to a uniform plane source emitting neutrons in a fixed
direction with the normal (the plane conical source).
A description is given of the calculations for the moments
of the scattered flux (in the case of monoenergetic o-
function sources) and the moments of the total flux (in
the case of continuous energy sources) as carried out on
SEAC (Standards Eastern Automatic Computer) .
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303. W. D. Lanning, A Fortran Program to Solve the P-% Gamma-Ray Equations
in Slab Geometry, WAPD-TM-356 (April 196%). Availability: Dep.;
$1.00 oOTS.

A program has been developed to solve the P-3 gamma-
ray equations in slab geometry. The formulation which is
utilized to compute the spatial distribution of the gamma
energy flux is described. The program was written speci-
fically as a shield design tool for performing gamms
energy deposition calculations and for other potential
design applications.

20k. M. Grotenhuis, Lecture Notes on Reactor Shielding, ANL-6000 (March
1959). Availability: Dep.; $5.00 OTS.

These lectures on Reactor Shielding include the
basic information necessary to enable one to compute neu-
tron and gamma-ray flux distributions in an unperturbed
shield. The object of the series is to impart the informa-
tion necessary to design shielding for stationary reactors
by hand methods. The lectures have been gradually developed
over a period of four years at the International School
of Nuclear Science and Engineering at Argonne National
Laboratory for the Argonne employees, Two-Year Appointees,
as well as the International participants. Prior to
that time these notes existed in shorter form as the basis
of a two to three-hour lecture series for Laboratory
employees and for specific Laboratory training commitments.
The lectures now constitute a cne-semester hour course, but
could be extended to a two-semester hour course by addi~
tional emphasis on the problems involving coolant activity,
heat generation, voids, irregularities, etc., as they
arise in later design and construction stages. Pre-
requisites for this course are Physics through Applied
Nuclear Physics and Mathematics through Mathematics for
Engineers and Physicists.



305. K. Shure and G, L. Strobel, Effective Neutron Capture Gamma-Ray
Spectra, WAPD-BT-22, 19-%0 (March 1961). Availability: Dep.;

$2.00 OTS.

The fairly complex energy distribution of the gamma
rays arising from the capture of neutrons in several
materials has been reduced to simple spectra conslsting
of two (and in one case, three) energy groups. These
results will significantly reduce the computational
effort entalled over that required for the more complex
spectral descriptions while retaining the adeguacy of the
information generated. These spectra are sufficiently
accurate to be applied in practical problems for the
prediction of biological dose rates and of heat genera-
tion rates in structural materials.

306. B. I. Sinitsyn and S. G. Tsypin, "The Use of Empirical Constants in
Shielding Design," Soviet J. At. Energy (English Transl.) 12, L,
722l -322 (September 1962).

The article contains a generalization of the results
of experimental and theoretical investigations relating
to the determination and use of removal cross sections.
It also considers the questions of the possibility of
extending the region of applicability of empirical
constants for the design of various kinds of neutron
shielding. A table gives the values of empirical con-
stants for calculating the penetration of fast neutrons.

507. J. M. Holmes, H. Pfohl, and E. D. Arnold, Shielding Calculaticns -
POT Calculation Demonstration at Hanford, ORNL-TM-595 (June 21, 1963%) .
Availability: Dep. (mc); $1.60 (fs), $0.80 (mf) OTS.

The results of shielding calculations are presented
for the Pot Calcination Demonstration at Hanford. Stored
pots containing Consolidated Edison waste cooled 180
days produced the highest dose rate of 18 mrem/hr through
a 6bl~in. concrete shield. Purex waste (180-day cooled)
in 8-in.-diameter pots gave 4.2 mrem/hr through the same
shield. Purex waste source activities and fission pro-
duct heating data are also presented.
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308. D. H. Day, W. N. Fox, and H. R. Hyder, Measurement and Calculation
of Fast-Neutron Flux in a Zero-Energy Reactor, AEEW-R 85 (May 1963).
Availability: Dep.; $0.63 (BIS); LS. 6d. (HMSO).

An activation technique for measuring relative fast-
neutron fluxes is described which has some advantages
over the normal method using U?3® rfission. The techni-
gue is based on the formation of Rh'9® gfter inelastic
scattering of neutrons above 100 keV in energy. This
isomer decays with a 57.4 minute half-life giving an
easily measurable gamma activity. The energy dependence
of the inelastic scattering cross section of Rn'®® is
similar to that of the fission cross section of P38
thus making the results of direct relevance to reactor
calculations.

Using the Rh'©® activation technique, measurements
have been made of the fast-neutron flux distribution in
a typical pressure tube heavy water lattice and are
compared 1in this report with theoretical calculations
using the Monte Carlo method.

509. D. A. Holme and K. Stewart, The Gamma Dose Rate Above an Infinite
Plane Source, AWRE E 6/6% (May 1963). Availability: Dep. (mc).

The calculations summarised in this report give
the relationships between the exposure radiation dose
rate and the energy of the emitted gamma radiation at
selected heights above a plane area of contamination.
The dose rates above finite plane circular and plume-
type sources are also examined.



310. J. N. Anno, Jr., "Fission Plate Power Measurement by a Transient-
Temperature Method," Nucl. Sci. Eng. 16, 4, 357-362 (August 1963).

Transient-temperature behavior following a step
change in internal heat generation has been analyzed to
determine the power generation in the Batelle Shielding
Facility fission plate. The fission plate i1s employed
for shielding studies as a radiation source with a fission
energy distribution. The plate is a 28-in. diam, 0.0199-
in. thick uranium disk containing 3741 g of uranium en-
riched to 93.14% in P35 isotope. It is plated with
0.0007 in. of nickel and clad with 0.025 in. of aluminum
on each side and is in intimate contact with a 0.25-in.
thick aluminum plate on one side. Ceramic spacers pro-
vide airgap insulation of the fission-aluminum plate
combination from the surrounding media.

Resistance thermometers were employed to observe
the transient-temperature behavior following a step change
in the internal heat generation in the plate for fission
heating and for cooling tests. The cooling curve data
were strictly exponential and rendered a decay constant
of 0.0517 min t which was utilized, along with the physi-
cal constants of the assembly, to render a solution to
the transient-heating equation and an estimated power
of 25.0 + 0.6 watts.

511. W. R. Morgan, H. M. Epstein, J. N. Anno, Jr., et al., Shielding-
Research Area at Battelle, BMI-1291 (September 18, 1958). Availability:
Dep.; $2.60 (fs), $1.10 (mf) OTS.

The deslgn and coastruction of the shielding
Tacllity at Battelle i1s described in this report. This
facility consists of an open pool with a fission plate,
an instrument bridge and tower, a control room, and
radiation-detection instruments. The shielding pool is
located at the end of the thermal column of the Battelle
Research Reactor (BRR).

The fission plate is 28 in., in diameter and contains
approximately %.5 kg cf U3, The plate was fabricated
from three pieces of highly enriched uranium and clad
with about 25 mils of 25 aluminum. It generates about
2h w during steady-state reactor operation.

The fission spectra of neutrons and gamma rays
broduced by the fission plate are free from gppreciable
background radiations. The ratio of thermal to epi-
thermal neutrons impinging upon the fissicn plate is ap-
proximately 67, indicating a low fast-neutron background.
Assuming an average :znergy of 2 MeV for background gamma
rays results in & ratic of thermal-neutron flux to gamma
flux of 16.
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312, I. O. Andersson and J. Braun, A Neutron Rem Counter with Uniform

Sensitivity from .025 eV to 10 MeV, RFA-100 (SSI-1L) (Novembar 26,
1962). ©Not available generally to public.

A neutron monitor has been developed for measurement
of the neutron dose rate in rem per hour independently of
the energy of the neutrons from 0.025 eV to 10 MeV. The
detector consists of a cylindrical BFs proportional counter
surrounded by two polyethylene layers separated by a 5-mm
thick boron plastic layer. This screen provides the appro-
priate moderation and attenuation to the ircident neutrons
to give a correct dose response. A simplified theory
utilizing a multigroup diffusion program is used to obtain
the response in the region between thermal and 35 keV
energies where experimental evidence is insufficient. A
counter suitable for use in a portable radiation protec-
tion survey instrument has been manufactured. The sensi-
tivity i1s 5 cps per 2.5 mrem/hr and there is no sensitivity
to gamma radiation dose rates up to 50 r/hr.

515, J. J. Thompson, Theory and Application of the Double PN Method in
Slab Geometry for Isotropic Neutron Sources and Scattering, AAE57E107
(April 196%). Availability: Dep. (mc).

A simple matrix formalism is developed to facilitate
the application of the double Py method of spherical
harmonics to multiple slab configurations, representative
of some of the basic neutron transport problems in the
theory of nuclear reactors. ©Special attention is given
to the double Pp and Ps approximations, and the results
of numerical computations are compared with known accurate
results.

314, W. M. Veroeven and J. W. McGarvey, Castable Materials for Neutron
Shields (Part g), Rock Island Arsenal Laboratory Technical Report
No., 62-65L (February 20, 1962). Not for sale to public.

This is the second report concerned with the develop-
ment of elastomeric materials for neutron shields.
Numerous liquid natural, butyl and polybutadiene rubbers,
together with a specially synthesized boron modified,
acrylic acid terpolymer were evaluated to determine their
curing characteristics and properties pertaining to neu-
tron shields. 1t was determined that a polybutene extended
butyl rubber filled with polyethylene and vulcanized using
a quinoid type cure-offers the most promise as a room
temperature pumpable and curable, high hydrogen density
neutron shield matrix.
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%315. T. E. Northrup, High Density Slag Concrete, ORNL-3L73 (July 26,
196%)., Availability: Dep.; $2.0C OTS.

Test results are presented that show that a strong
concrete weighing approximately 185 lb/ft3 can be made
using water, waste lead slag, and Ciment Fondu. Fea-
sibility, materials, mortar tests, concrete tests, and
Ciment Fondu concretes are discussed. A 24-in.-thick
concrete shield wall would have to be increased in thick-
ness by 5 in. 1f slag concrete 1s used in place of barytes
or magnetite concrete. On a pound-for-pound basis, the
waste lead slal concrete materials were 50% cheaper than
barytes and magnetite concrete materials.

316. W. B. Doe, Zinc Bromide Solution for Use in Shielding Windows, ANL-
4879 (September 1952). Availability: Dep.; $4.80 (ph), $2.70
(mf) OTS.

Chemical, radiation, and low-temperature stability,
optical transmission as influenced by metallic ions and
contamination by container materials, and corrosive
effects of Zn bromide solutions were studied. It was ob-
served that the solution is useful as a transparent shield-
ing material because 1ts transmission for light is superior
to nonbrowning lime glass. It has freedom from optical
inhomogeneities, shielding power for gamma radiation
equal to nonbrowning glass or concrete, capabllity of
withstanding nearly the same total dose of radiation as
nonbrowning glass, and no observable deterioration.

5lfe C. F. Deganahl, Reactor and Shield Welghts for the CFRMR, PWAC-89
(December 31, 1953). Availability: Dep. (mc); $2.60 (fs), $0.8% (mf)
oTsS.

Pratt and Whitney has been requested to make a
study of propulsion systems using the Circulating Fuel
Reflector Moderated Reactor, CFRMR. This report pre-
sents shield weights for the CPFRMR, together with a
brief summary of the assumptions and methods of
estimation used.
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R. B. Theus and L. A. Beach, Pseudorandom Numbers and Collision
Parameters for Monte Carlo Shielding Calculations, NRL Report 4695
(February 1956). Availability: $0.50 OTS.

Since the Monte Carlo method involves random sampling
under probability distribution functions which describe
the phenomencn being studied, a modified "midsguare"
method of generating pseudo-random numbers feor Monte Carlo
calculations has been developed. The numbers have been
generated and analyzed for uniformity of population by the
NAREC. Distribution functions used in radiation shield-
ing problems were obtained from these numbers and they
compare favorably with the theoretical expectations.

L. A. Beach, R. B. Theus, J. D. Plawchan et al., Stochastic Estimates
of X-Ray Spectral Tntensities for Shallow and Deep Penetration, NRL
Report 4412 (August 3, 1954). Avallability: $2.75 (ph), $2.00 (mf)
oTsS.

The applicability of several random sampling techni-
ques to gamma-ray diffusion problems has been investigated.
Use of the exact physical analogue to estimate the penetra-
tion through slab and semi-infinite shields was found to
vield estimates of the spectral distributions in agree-
ment with moment calculation for penetration distances up
to U mean free paths. For deep penetration, several
methods of biasing were studied and compared. The expon-
ential transformation exhibited certain advantages over
other bias methods and allowed estimation of spectral
intensities for penetration dlstances as great as 18 mean
free paths of the primary radiation.

N. Edmonson, J. J. Henrick, and T. A, Moss, Application of the Carl-
son SN-Method to Calculation of Neutron Angular and Total Flux Dis-
tributions in a Spherlcally Symmetrlc Shield, NARF-60-11T (MR-N-253)
(May 16, 1960). (Convair, Fort Worth.) Not fcr sale to public.

The Sp-method for calculating numerical approximations
to solutions of the Boltzmann transport equation. is devel-
oped for a spherically symmetric shield system. Anisotropic
elastic scattering is assumed. Energy-group transfer coef-
ficients are developed by using the Dirac &~function and by
a mapping procedure. Formulae for transforming cross-
section data from the center-of-mass coordinate system to
the laboratory coordinate system are given. A general
matrix formulation for the anisotropic case is constructed.
These procedures are applied to the computation of angular
neutron distributions and total neutron distributions in
water shields 80 cm and 120 cm in radius for Watt fission
sources uniformly distributed in a small sphere concentric
with the water shields.
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321, N. Edmonson and L. M. Bostick, Angular Segmentation Method, NARF-
61-43T (FZK-9-172) (February 28, 1562). Availability: $9.10 0TS
as AD-272918.

The angular segmentation method for calculating
numerical approximations to solutions of the Boltzmann
transport equation is develcoped for a spherically sym-
metric shield system. Anisotropic elastic scattering is
assumed. Energy-group transfer coefficients are develocped
by using the Dirac d-function. A general matrix formula-
tion for the aniscotropic case is constructed. These pro-
cedures are applied to the computation of angular neutron
distributions and total neutron distributions.

22. R. L. Kloster, Flux Calculations by the Spherical Harmonics Method,
NARF-59-4T (MR-N-219) (February 20, 1959). (Convair, Fort Worth.)
Not for sale to public.

The spherical harmonics method of obtaining approxi-
mate solutions of the Boltzmann transport equation for
neutrons 1s used to obtain the total flux and angular
distribution of neutrons from an isotropic monoenergetic
infinite plane source. Plane symmetry is assured by as-
suming all interfaces to be parallel to the source plane.

Problems involving from two to four regions are
considered and the general solutions and boundary condi-
tions derived are applied to these problems.

Results include the flux and angular distribution
of neutrons in an infinite hydrogenous medium, and the
effect of a slab of heavy material, placed in this medium
at various distances from the source, on the flux and
angular distributions. Calculation of the flux Yo(x)
the angular distribution ¥(x,p) of neutrons from the
first four successive odd apprcximations, P1, P3, Ps,
and Pz, indicates that for the geometrical arrangements
consildered a Pz approximation is sufficient for predic-
tion of the neutron flux. However, the neutron angular
distribution shows a highly fluctuant behavior as the
degree of the approximation changes, indicating the need
for approximations of higher order.

2

Application of the method in an investigation of
effective removal cross-section calculations is discussed.
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323, C. D. Zerby, Transmission of Obliguely Incident Gamma Radiation
Through Stratified Slab Barriers, ORNL-222L (November 29, 1956).

Vol. I. Availability: Dep.; $8.60 (fs), $3.02 (mf) OTS.

Results are presented from an investigation of the
penetration of gamma radiation through stratified slabs
using a Monte Carlo method of computation. Since this
method provides a bulk of information not generally
avallable as a result of the use of other methods of
computation, a considerable effort was made to make
available all the data obtained without restriction be-
cause of its usefulness in many applications. The data
are presented in the form of tables and graphs. A detailled
discussicn of all methods and techniques used throughout
the investigation, along with much of the data in the form
of tables and graphs for ease of comparison of results of
cases with slightly different boundary conditions are
included.

Vol. IT. Availability: Dep.; $8.60 (fs), $3.11 (mf) OTS.

Results of a Monte Carlo computation of the pene-
tration of gamma radiation through stratified slabs are
given. The detailed angular and degraded energy spec-
trum of penetrating gamma radiation and the energy spectrum
of the radiation reflected from many of the slabs are
presented.

324, J. J. Taylor, Application of Gamma Ray Buildup Data to Shield Design,
WAPD-RM-217 (January 25, 1954). Availability: Dep.; $0.20 OTS.

A method is demonstrated for calculating gamma-ray
penetration in infinite homogeneous media by the NBS-NDA
procedure, using microscopic cross sections and scat-
tering functions. Required integrations are solved by a
reduction to the problem where the attenuation kernel is
a simple exponential. Dose and energy buildup factors
are calculated in Ho0, Fe, and Pb for point isotropic
energy sources in the range 0.5 to 10 MeV.
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325, D. D. Babb, J. W. Keller, and E. McCray, Curve Fits of Gamma-Ray
Differential-Energy Spectra, NARF-59-3%6T (MR-N-251) (November 1,
1959). Availability; $3.60 0TS As AD-229401 (PB-15993%).

The results of the Nuclear Development Association
(NDA) moments method calculations of the penetration of
gamma rays through various media from point-isotropic
sources have been interpolated and extrapolated to give
differential energy spectra for a larger set of initial
and final energies. For each of the new pairs of energies
the data have been fitted analytically and tabulated as
a function of penetration distance and atomic number. The
function used for the fit 1s:

pn L )2 + aalnor) + aaluor)? + a2
O

= a1(uor

+ as?? + ag

where f(t) is the function tabulated by NDA. The range
of Z was divided into three sections and the fit made
independently for each section. Thus, 18 coefficients
were required for each of 104 energy pairs.

326. E. Amaldi, "The Production and Slowing Down of Neutrons,'"Handbuch Der
Physik (Encyclopedia of Physics), Vol. 38/2, 1-659 (1959).

A comprehensive survey is presented of the methods
of compting the slowing down of neutrons which includes
some historical interest. WNecessarily the mechanisms
of neutron slowing down are fully described.

327+ U. Fano, L. V. Spencer, and M. J. Berger, "Penetration and Diffusion
of X-Rays," Handbuch Der Physik (Encyclopedia of Physics), Vol. 38/2,
660-817 (1959). ‘

A comprehensive survey of the method of computing
the attenuation of gamma rays is presented. The inter-
actions of gamma rays with matter are fully described.
Many results of calculations are displayed.
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328. D. C. Piercy and D. E. Bendall, The Transmission of Fast Neutrons
Along Air-Filled Ducts in Water, AEEW-R 69 (June 1962). Availability:
Dep.; $0.77 (BIS), 5S 64 (HMSO).

Measurements of fast flux, by means of the S2(n,p)P>2

reaction, have been made along air-filled ducts in the
water of the LIDO Panel C facility. Using results ob-
tained by the Method of Moments, a technique has been
devised for predicting the absolute sulphur reaction
rate to better than a factor of 2 for ducts of up to
200 duct radii in length.

329. D. C. Piercy, The Transmission of Thermal Neutrons Along Air-Filled
Ducts in Water, AEEW-R 70 (Jone 1962). Availability: Dep.; $0.77
(BIS), 58 64 (HMSO).

Predictions and measurements of thermal-neutron
transmission: along air-filled ducts in water have been
made. To aid the analysis, the ducts were shielded in
various ways using cadmium sheet.

The predictions were, in general, in agreement to
better than a factor 4 for ducts up to 200 duct radii
in length.

%50. J. M. Miller and C. L. Storrs, Neutron Streaming Through Air Ducts,
ORNL CF 54~2-9% (February 15, 1954). Availability: Dep. (mc);
$6.30 (ph), $%:00 (mf) OTS.

Studies of neutron streaming through air ducts
were continued. Fast-neutron dose-rate measurements
and thermal-neutron flux measurements were also made.
The Tfast-neutron data were used to check the Simon-
Clifford formula for neutron attenuation through ducts.
Data are presented graphically and in tabular form.
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%331, R. B. Benenson and A. N. Fasano, The Transmission of Fission Neutrons
Having Energy Above S-22(N,P)P-32 Threshold by Straight Cylindrieal
Ducts in Water, WADC Technical Report 57-89 (February 1957). Avail-
ability: $6.30 (ph), $%,00 (mf) OTS as PB-13%3190.

A ray analysis, employing an experimentally derived
point attenuation function in water, has been carried out
for straight cylindrical air ducts with diameters ranging
from 2 inches to 18 inches. An extended fission source
and 5%2(n,p)P32 threshold detectors have been used
throughout the corresponding experimental determination.
The results of the experimental determination of the
transmission and the ray analysis agree to within 15%
and indicate a significant contribution to the transmis-
sion from portions of the source not "seen" directly by
the duct.

5%2. A. Prince, The Scattering of Neutrons by Air Ducts in Shields, XDC
59-7-119 (July 17, 1959). Not for sale to public.

The soluticn of an integral equation is employed in
expressing the scattered neutron flux distribution in
cylindrical or annular ducts. Using the "albedo"
concept, reasonably simple expressions are derived for
cylindrical and annular ducts having any dimensions and
composed of any kind of material.

A comparison of this method with experimental data
is also given.

337« Re Le Mather, "Gamma-Ray Collimator Penetration and Scattering Ef-
fects,"” J. Appl. Phys. 28, 10, 1200-1207 (October 1957).

Expressions are developed which give the amount of
unidirectional radiatlon from a distant radiation source
passing through a cylindrical hole in a slab of material,
including the amount of radiation which penetrates the
edges of the hole, as a function of angle between the radi-
ation direction and the axis of the hole. The modifica-
tions necessary for sources at finite distances are indi-
cated. These functions are integrated over appropriate
angles for distant line sources, and for extended sources.
It is shown that, to a first approximation, the results
are the same as the geometrical aperture for a like diameter
hole in a similar slab with one mean free path of material
removed from each side. The effects due to scattering
from the walls of the collimator are discussed and an ap-
proximate method of calculation is presented with results
for a specific collimator.



146

334, F. J. Allen, A. T. Futterer, and W. Wright, Neutron Reflection and
Flux Versus Depth for Water, BRL-1204 (June 1963). Not for sale
to Public.

Detailed calculated results on neutron reflection
and flux versus depth for water are given in the form
of’ machine printouts. The angular and energy distribu-
tions of the reflected neutrons along with the energy-
dependent and total flux at various depths are contained
in tabular form on the printouts. Neutron number cur-
rent, number flux and dose transmission as functions of
thickness are also given in tabular form on the
printouts.

A table of summary information on reflection is pre-
sented. This contalns number current, number flux, dose
and energy reflection factors as functions of incident
energy and angle.

A few figures are presented to i1llustrate graphi-
cally the meaning of the various tabular results.

Some comparisons are made with results obtained by
the National Bureau of Standards.

3%5. E. S. Troubetzkoy, Minimum Weight Shield Synthesis, UNC-5017 (Part A)
(October 15, 1962). Availability: Dep. {(mc); $5.60 (fs), $1.79 (mf)
oTs.

A simple model for radiation production and at-
tenuation in a spherical multilayer reactor-shield
assembly is introduced. Variational methods are applied
to this model to minimize the weight subject to given
speclfications on the dose at the outside of the shield
and on the properties of shielding materials. The method
provides guidance in the choice of the sequence of mater-
ials in the multilayer optimum shield, and gives equa-
tions which have to be satisfied by the radii at the
boundaries of these layers.
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336, F. J. Allen, A. T. Futterer, W. Wright, and A. Budka, The Trans-
mission of Monoenergetic Neutrons Through Polyethylene - Machine
Calculations, BRL-1130 (April 1961). Availsbility: $14.00 OTS
as AD-261065. ’

Detailed results of calculations of the transport
of monoenergetic neutrons through plane, laterally
infinite, slabs of polyethylene containing eight percent
boron carbide by weight are given. The results consist
of machine printouts and are in tabular form. Less
extensive results are given for pure polyethylene. The
calculations were made by the Monte Carlo method.

Sufficient descriptive material is presented so that
the printouts can be understood. However, a description
of the machine program along with graphs and discussion
of the principal results extracted from the machine
printouts have been published in a separate report,

BRL 1129. This arrangement was selected because of the
great bulk of the machine results.

3%7. C. F. Deganahl, H. Woodsum, and H. V. Garabedian, Supercritical
Water Reactor Shield Design Procedure, PWAC-100 (June 1, 1954).
Availability: Dep. (mc); $5.60 {fs), $1.97 (mf) OTS.

This report presents the assumptions, data, and
methods used to estimate the SCWR shield weights of
PWAC-88 and has been prepared as a final report on
shielding for that reactor system. The report covers
divided shields, representative of what might be used
for bomber aireraft, and quasi-unit shields designed for
a specific configuration of logistics carrier. Sections
IT and IV of the report are numerical "recipes" for the
two types of shield from which the calculations can be
precisely duplicated, while Sections IIT and V are
explanatory in nabure and define the reasoning behind
the computing "recipes.” In order to save time, since
the SCWR program has been discontinued, the report has
been written for the reader who is thoroughly familiar
with the previous SCWR shield work, and only those
points which invoive recent changes are given detailed
explanation.
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R. B. Theus and L. A. Beach, Gamma-Ray Albedo from Iron, NRIL 4701
(February 8, 1956). Avallablllty. $1.10 OTS as PB- 155858

A major problem in designing the radiation shield
for a power reactor results from the radioactivity induced
in the primary coolant. Since the operating personnel
must be protected from the radiation emanating from this
circulating coolant as well as from the reactor proper,
the Monte Carlo methods have been used to calculate the
gama-ray albedo for the 6.13-MeV photon incident on iron.
The spectral and directional distributions of the emerg-
ing radiation are given as a function of the angle of
incidence.

Otis, The Lid Tenk Shielding Facility at Oak Ridge National

Laboratory. Part IT. Determination of the Fission Rate of the

Source Plate, ORNL- 2550 (July T, 19597_ Avallgbility: Dep.,

$h.60 (fs), $1 70 (mf) OTS.

Following the installation of the second Lid Tank
Shielding Facility source plate, a thin uranium disk
identified as SP-2, a series of experiments were per-
formed to determine its fission rate. Three independent
methods were used, one based on the rate of absorption
of the thermal neutrons incident on the plate, another
based on the rate of fast-neutron production within the
plate, and a third one based on the power dissipation
within the plate. Discussions of the methods, all of
which yielded consistent results, are presented, along
with a description of the source plate. A welghted aver-
age of the fission rates determined by the three methods
gave a result of 1.66 x 10! fissions/sec + 5% for the
standard incident thermal-neutron flux. With an assumed
energy dissipation of 200 MeV/fission, a typical reactor
having this fission rate would release 5.22 watts of heat
power. The calibration of the SP-2 allowed a re-
evaluation of the power of the first LTSF source plate,
the SP-1. The revised "effective" neutron power for
SP-1 is 1.7 watts +11%.
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340. D. W. Cady, The Lid Tank Shielding Facility at Oak Ridge National
Laboratory. Part III. Instrumentation, ORWL-2587 (January L, 1960).
Availability: Dep.; $6.60 (fs), $2.09 (mf) OTS.

The instrumentation at the Lid Tank Shielding Facility
(LTSF) is described. Drawings or photographs of the
gamma-~ray, thermal-neutron, and fast-neutron detectors
are included, and these detectors are discussed. The
methods of detector application at the LTSF are also de-
scribed, as well as the calibration techniques. The
electronics assoclated with each detector is presented
with appropriate references. The range of sensitivity of
each detector is also given, along with estimates of the
reliability of data from the detection system.

341, J. A. Belcher and L. K. Zoller, The Outside Test Tank and Associated
Hardware, XDC 59-11-15k (November 6, 1959). Not for sale to public.

This document describes the General Electric Outside
Test Tank {OTT) and the hardwaré associated with shield
testing operation. It is primarily intended to replace
the introductory descriptions which accompany each data
report and analysis of OTT shielding experiments. A
secondary purpose of this report is to serve as an orienta-
tion guide for persons planning to utilize the OTT.

342, A, W. Casper, Data Report and Analysis of Battelle Pool Mapping,
XDC 59-8-228 (August 25, 1959). Not for sale to public.

This report presents the fast-neutron dose rates,
the gammea dose rates, and the thermal-neutron flux mea-
surements made in the GE-ANPD Source Plate Facility at
Battelle Memorial Institute. Measurements were made at
points on the source plate centerline and at points on
lines parallel to the source plate centerline in the
pool. Point kernel programs were used to compute the
Tast-neutron and gamma dose rates and these values are
compared with the measurements. The thermal flux mea-
surecments are compared with values obtained by using a
G-2 program,
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F. J. Muckenthaler, T. V. Blosser, J. M. Miller et al., Measurements

at Beam Hole HB-2 of the 0Oak Ridge Research Reactor for South

Facility Movable Shield Design Study, ORNL-3069 (August 31, 1961).

Availability: Dep.; $1.00 OTS.

A series of measurements have been completed at
Beam Hole HB-2 of the ORR, for use in designing a movable
personnel and instrument shield for the ORR South
Facility. They include thermal and fast-neutron spectra,
both unattenuated and behind selected shield configura-
tions, and fast-neutron and gamms dose rates behind
about 38 configurations. Materials used for the shield
mockups included lead, iron, borated polyethylene, poly-
ethylene and concrete. An attempt was also made to
measure the intensity of the scattered radiation from
these configurations. Despite experimental complica-
tions, some general conclusions have been drawn from the
latter experiments.

A. D. MacKellar, L. Jung, D. R. Mathews, et al., Lid Tank Shielding
Facility Measurements Behind the ML-1 Mockup, ORNL-3178 (September 6,

1061). Availaebility: Dep.; $1.25 OTS.

An experimental evaluation of the shield design for
the ML-1 mobile reactor was made at the Lid Tank Shielding
Facility. Thermal-neutron fluxes, fast-neutron dose
rates, and ganma-ray dose rates were measured behind slab
mockups of the basic shield design and a number of possi-
ble variations. The designs embodied various combina-
tions of lead, Hevimet, stainless steel, boral, water, and
aqueous solutions of ammonlum pentaborate at two
concentrations. The after~-shutdown decay characteristics
of the basic design were determined, and data were ob-
tained from a fairly accurate mockup of the stainless
steel plenum and gas duct typical of the top and bottom
regions of the ML-1 shield. Analysis of results and
application to the final shield design are not
reported.
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R. W. Peelle, F. C. Maienschein, and T. A. Love, Energy and Angular
Distribution of Gemma Radiation from a Co-60 Source After Diffusion

Through Many Mean Free Paths of Water, ORNL-2196 (August 12, 1957).

Availability: Dep.; $5.60 (fs), $0.98 (mf) OTS.

Measurements have been made of the energy and
angle spectrum of the photon energy flux resulting from
1.17- and 1.33-MeV gamma rays from a point source after
diffusion in an infinite water medium. Energy flux
spectra were measured for penetration distances cor-
responding to approximately six and nine mean free paths
for the uncollided source photons and for angles of
gamma-ray emission varying from O to 90 deg. Spectral
measurements were made with a Compton spectrometer having
a peak-to-total ratio of 0.7 and & resolution of 14%
(full width at half maximum) for 1.12-MeV photons. The
resulting energy and angle spectra of the energy flux
are compared, after integration over angle, with
calculated results which have been obtained by the
"moments method." The results are also compared with the
avallable calculated differential results.

RPCC, Shielding Constants, ANL-5800, Second Edition, 629-666 (July
196%). Availability: Dep.; $7.00 OTS.

Effort has been made to supply a concise selection
of data on standard shielding materials for the use of
the shield designer. The collection of data on the typi-
cal concrete mixes is expected to provide a basis for
thelr comparison as well as some constants for use in
determining nominal values for shielding calculations.

Geometry, multilayer effects, and considerations of
the general shielding problem are not included since
detailed discussions of these subjects are readily avail-
able in the open literature.
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F. L. Xeller and O. S. Merrill, Analysis of the Recent TSF Secondary

Gamma-Ray Experiment, ORNL-2586 (August 25, 1958). Availability:

4,60 (fs), $1.58 (mf) OTS.

Since the existing experimental data on gamma rays
produced by the inelastic scattering of neutrons with
oxygen and nitrogen is rather sparce, it is necessary to
rely upon theoretical cross sections to predict the spec-
tra of inelastic scattering gamma rays produced by an
ordinary neutron flux distribution. Because of the model
used in the cross-section calculation a considerable amount
of uncertainty existed in regard to the accuracy of these
results. In order to provide a check on the results of
such calculations an experiment was performed at the
ORNL Tower Shielding Facility to directly measure the
spectra of capture and inelastic scattering gamma rays
produced in alr by a reactor neutron spectrum. Un=
fortunately, it was necessary to make these gamma-ray
measurements behind a thick shield through which a long
water collimator was inserted. Hence, before a direct
comparison could be made between the calculations and
the experiment it was necessary to first calculate the
spectra of capture and inelastic scattering gamms rays
produced in air, then to determine the effect of attenua-
tion and buildup in the water collimator, and, finally,
to include the detector response functions. When the
calculated and measured pulse-height distributions were
compared the shapes were found to be in excellent
agreement. This Indicates that considerably more confi-
dence may be placed in calculations which use spectra of
inelastic scattering gamma rays determined from the
existing theoretical cross section.

A. D. MacKellar, Prediction of Thermal-Neutron Fluxes in the Bulk
Shielding Facility from Lid Tank Shielding Facility Data, ORNL CF-

59-1-2L (January 12, 1959). Availability: Dep. (mc), $6.30 (ph),
$3.00 (mf) OTS.

Predictions of the thermal-neutron fluxes to be
expected near the Bulk Shielding Reactor were made on the
basis of Lid Tank Shielding Facllity experimental data
transformed to the BSR geometry. The predicted fluxes are
higher than the measured Tluxes by 12 to 22% for distances
closer than 60 cm from the reactor, but they are es-
sentially in agreement for larger distances.

Dep. ;
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349, D. R. Otis, Neutron and Gamma-Ray Attenuation for a Fission Source in
Water - Comparison of Theory with LTSF Measurements, ORNL CF 57—5-&8—
(Merch 12, 1057). Availability: Dep.; (mc), $4.80 (ph), $2.70 (mf)
0TS,

Calculations are presented of the fast-neutron dose
rate, the gamma-ray dose rate, and the thermal-neutron flux
along the source plate axls in the Lid Tank with the tank
filled entirely with water. These calculations are
compared with experimental measurements. The calculations
are absolute and are compared with absolute measurements.

350. BSF Staff, Attenuation in Water of Radiation from the Bulk Shielding
Reactor - Measurements of the Gamma-Ray Dose Rate, Fast-Neutron Dose
Rate and Thermal-Neutron Flux, ORNL-2518 (Chart) (1958). Availability:
Dep. $0.50 OTS.

This is a large chart on which is shown measured
gamma-ray docse rate, fast-neutron dose rate, and thermal-
neutron flux in the water of the ORNL Bulk Shielding
Facility.

551. R. A, Mann and L. S. Burns, Jr., Comparison of a Calculated and a
Measured Direct-Beam Gamma-Ray Energy Spectrum Through the Side of a
Reactor Shield, XDC 60-5-99 (May L, 1960). Not for sale to public.

The direct beam gamma-ray energy spectrum was
calculated for a position at the side of one of the
two-pl reactor shields used in experiments at the ORNL
Tower Shielding Facility. A comparison of the calculated
and measured spectra shows fair agreement. Uncertainties
in the calculation of the distribution of secondary
gamma-ray sources in the reactor shield possibly caused
greater error in the calculated spectrum than did uncer-
tainties in the spectrum calculations.
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352. L. M. Bostick, ASTR Source Terms, NARF-60-2T (FZK-9-14k) (April 30,
1960) . Not for sale to public.

Source terms [neutrons (photons)/steradian-sec-MeV-
watt] for Aircraft Shield Test Reactor (ASTR) Configura-
tions 3, h, 5, and 15 were calculated by a penetration
method which employs moments method solutions of the
Boltzmann transport equation. Both primary and secondary
gamma rays were considered.

Comparisons are made with direct-beam dose rates ’
measured in the horizontal midplane of the ASTR by the
direct-beam-shield technique. The gamma and neutron
spectra, calculated at discrete energy levels, are com-
pared with available experimental data. On the average,
the calculated total leakage dose rates are within 25% ‘
of those measured. The largest discrepancy is for ASTR

Configuration 4 where the calculated neutron leakage is .
52% high.
In this analysis it is assumed that the ASTR leakage -

is symmetrical about the cylindrical axis of the ASTR and
may be represented by measurements made in the horizontal
midplane. It is shown that the effect of the measured
irregularities in the leakage outside the horizontal mid-
plane does not alter the conclusions of the analysis
seriously.

353. E. P. Blizard, "Nuclear Radiation Shielding," Nuclear Engineering
Hendbook (Editor - H. Etherington), McGraw-Hill Book Co., Chapter 7,

60-116 (1958).

This article is of a general nature but is slanted
toward the shield designer. Many useful tables of values
and simple formulae are given. -

354, 5. Glasstone and A. Sesonske, "Shielding of Nuclear Reactor Systems,"
Nuclear Reactor Engineering, D. Van Nostrand, 553-627 (1963).

This article 1s of a general nature but is slanted
toward informing the novice. Actual examples of shielding
calculations are shown. -



355, L. A. Bowman, W. W. Dunn, R. H. Lessig, and D. K. Trubey, A Calcula-
tion of the Energy Spectrum and Angular Distribution of Gamma Rays

5t the Surface of the BOF Reactor, ORNL CF 58-k-75 (April 15, 1958).
Availability: Dep. (mc); $3.30 (ph), $2.40 (mf) OTS.

The energy and angular distribution of the gamma
rays leaking from the BSF reactor were computed by
integrating the sources over the entire reactor and
applying an attenuation kernel. The primary gamma-ray
spectrum was grouped into six initial energy groups, Eg,
of 0.5, 1, 2, 4, 6, and 8 MeV. The uncollided flux
in each energy group at a point on the center of the
north face was computed as a function of direction given
by € and ¢.: The collided flux was determined for each
initial energy group by including the term [B(uR) - 1],
where B(uR) is the energy buildup factor, in the initial
integrand and was divided into contributions to that
particular energy group and each lower energy group
by assuming that the collided flux had a differential
energy spectrum of the type computed by NDA for a point
source after passage through 1 mfp of water. The total
gamma-ray spectrum compared favorably with previously
calculated spectrum, but was in the usual disagreement
with experimental resulis. The angular distribution
was determined by assuming the collided and uncollided
flux had the same angular distribution.
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%56, R. L. Ashley and D. S. Duncan, The Theoretical Calculation of the
Attenuation of Gamma Radiation from a Swimming-Pool Type Reactor,
NAA-SR-1921 (1957). Avallability: $1.25 CTS.

Tn order to determine the adequacy of the calcula-
tional methods employed by Atomics International to solve
shielding problems on such reactor systems as the SRE and
OMRE, it is required that the results obtained by using
these methods be compared with accurate experimental
information. Since the only reactor on which such
experimental data is available is the Oak Ridge Bulk
Shielding Reactor, the theoretical attenuation of gamma
radiation in the BSR shileld was evaluated. The results
were compared with the measurements of the gamma-ray at-
tenuation from this reactor out to a distance of 700 cm
from the core. The analysis performed indicates that it
is possible to reproduce the measured data quite accurately
over the entire range of water thickness for which mea-
surements have been made, the average value of the cal-
culated to measured dose rates being 1.25 with the maximum
deviation from this value being less than 19%. The
formulation and assumptions necessary in the analysis
are discussed. It is concluded that the spectra and
method used will yileld results which are more than adequate
when dealing with shielding analyses, per se, and are
probably adequate for heat generation problems as well.

357. G. deSaussure, A Calculation of the Gamma-Ray Spectrum of the Bulk
Shielding Reactor, ORNL CF 57-7-105 (July 31, 1957). Availability:
Dep. (mc); $5.30 (ph), $2.40 (mf) OTS.

A calculation was performed to determine the high-
energy portion of the gamma-ray flux at the surface of
the uranium-aluminum BSF reactor. The Ilux was con-
sidered to consist entirely of the uncollided flux plus
the Compton-scattered flux. The four sources of primary
gamma rays included in the calculatlion were prompt
fission gamma rays, capture gamma rays from aluminum,
capture gamma rays from uranium, and fission-product
decay gamma rays. These sources were divided into four
energy groups. Although the assumptions used to
calculate the Compton-scattered flux tended to over-
estimate the actual spectrum, the calculated results
were considerably lower than a previously measured
spectrum.
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F. N. Watson, Gamma-Ray and Fast-Neutron Dose Rates in Air as a Func-
tion of Distance from the TSF Reactor, ORNL CF 58-L-6 (April 15, 1958).

Availability: Dep. (mc); $3.30 (ph), $2.40 (mf) OTS.

Measurements of the gamma-ray and fast=-neutron
dose rates in air were made at the Tower Shielding
Facility for distances out to 4000 Tt from the reactor.
The reactor was shielded with 6 in. of water and was sus-
pended at an altitude of 190 ft. Plots of the results
are presented along with analytical expressions fitted
to the curves.

C. E. Clifford (USA), F. N. Watson et al., Preliminary Study of Fast

Neutron Ground and Air Scattering at the Tower Shielding Facility,

ORNL CF 5L-8-95 (August 23, 1054)., Availability: Dep. (mc);
$9.30 (ph), $%.60 (mf) OTS.

Measurements of scattered fast neutrons made at the
Tower Shielding Facility as a function of the reactor-
detector altitude show a peak in intensity at an alti-
tude of 15 to 20 ft for a reactor-detector separation
distance of 64 f+. At this altitude the intensity is a
factor of 2 larger than that observed at 200 ft. Within
the experimental error of i?%, the intensity observed at
150 ft was the same as that observed at 200 ft, indicat-
ing that for a separation distance of 64 ft the ground-
scattered contribution was small at these altitudes.
Preliminary analysis of the data estimated this contri-
bution to be between 2 and 5% of the total scattered
neutrons,

With the reactor radiating at an angle of 30 deg
with respect to the reactor-detector axis, the attenua-
tion in water of the neutrons scattered into the sides
of the detector tank was approximately exponential with
a relaxation length of 5.6 + 0.2 cm in the direction
normal to the shield surface.

H. Soodak, "Theory of Neutron Transport,"” Reactor Handbook, Sec. Ed.,

Vol. 3, Part A (Physics), Interscience Publishers, Chapt. 5 (1962).

A collection of a brief description of nearly all
extenct methods of solving the Boltzmann transport
equation are displayed in this chapter.
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361. F. J. Muckenthaler, L. B. Holland, and R. E. Maerker, In-Air Measure-
ments in the Vicinity of the Tower Shielding Reactor II, ORNL-3283
(March 25, 1963%). Availability: $2.00 QTS.

During the course of an extensive test program at
the Tower Shielding Facility for the Army Tank Automotive
Center (ATAC), a large number of measurements were made
of the thermal-neutron fluxes and fast-neutron and gamma-
ray dose rates in alr due to radiation emitted by the
TSR-II. These measurements, called "free-field" mea-
surements because of a minimum of structural inter-
ference in the field, were performed for reactor-detector
separation distances up to 1100 ft, reactor heights up
to 175 ft, and detector heights up to 145 ft. In
addition, the reactor was encased in two different
shields, identified as COOL-I and COOL-II, respectively,
which were designed to give a fast-neutron to gamma-ray
physical dose-rate ratio of 1.5 at large distances from
the reactor and a thermal-neutron flux leakage that would
cause -~ BO% of the gamma-ray dose rates in the field to
be due to neutron captures by nitrogen. The significant
difference between the two shields was in the hardness
of the gamma-ray and fast-neutron leakage spectra,
especially the latter., Thils report describes the condi-
tions under which the measurements were made and reports
the data.

362. R. H. Clark, J. G. Carver, R. F. Brenton et al., Test Data from the
Two-P1 Solid-Angle Shield-Cover Experiment, APEX-43%9 (December 19,
1958). Availability: Dep.; $16.00 (fs), $7.58 (mf) OTS.

The experimental data presented in this report are
the results of tests conducted at the Oak Ridge Tower
Shielding Facility in which 2x solid-angle covers were
used on both the reactor shield and crew shield.

These tests were conducted to provide baslc air- and
ground=-scattering data, as well as to determine the
minimum requirements for facilities needed to develop
a nuclear alrcraft shield. The data are presented as
recorded. ©Some of the more important data have been
selected and grouped in the text to show the effects
of the 2x covers.



26%. H. C. Claiborne, C. M. Copenhaver, H. W. Bertini et al., "Calculating
Gemma Heating in Reactor Structures,’ Nucleonics 15, 10, 11h-121
(October 1957).

The gamma-ray heating in aluminum, iron, and lead
due to gamma rays at the surface of the Bulk Shielding
Reactor was calculated and compared with experiment.
The calculation was done using energy-absorption build-
up factors as calculated by the Moments Method.

36Lk. G. S. Hurst and R. H. Ritchie, "A Count-Rate Method of Measuring Fast-
Neutron Tissue Dose," Rev. Sci. Instr. 22: 981 - 986 (1951).

The problem considered is that of measuring the
fast-neutron tissue dose. A special proportional counter
has been designed whose response to collimated neutrons
is such that the number of counts produced is approxi-
mately proportional to dose, when the neutron energy is
between 0.2 MeV and 10 MeV. The response has been
tested experimentally with monoenergetic neutrons of
various energies between 365 kev and 5.2 MeV and at
14 MeV and is in good agreement with the dose curve.

265. J. F. Batter and E. T. Clarke, Shielding Effectiveness of the USNRDL
Underground Fallout Shelter, TO-B 62-37 (June 20, 1962).
Not for sale to public.

Data on the transmission of cobalt-60 radiation into
the interior of the NRDIL underground shelter are analyzed
to determine the shelter protection factor against
infinitely-extended fields of l-hr fallout. Far-field
dose rates are calculated, and the conversion from
cobalt-60 to 1l-hr fallout radiation is made. Results
show that the shelter floor offers a maximum protection
factor of 100,000 over most of its area and factors of
at least 10,000 everywhere except within 6 ft of a 2-ft
diameter vent.
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G. J. Hine and G. L. Brownell, Radiation Dosimetry, Academic Press,

Inc. (1956).

The problems of radiation dosimetry are presented
as three main parts. First presented are the fundamental
principles of dosimetry and some of the basic blological
and medical effects of radiation. The second part de-
scribes the various instruments available per dosage
measurements and their uses for different types of radi-
ation. The third part presents the problems of dosimetry
of various radiation fields.

J. M. Ruddy, "How to Select Gamma Shielding Doors," Nucleonics 20,
6, 94-95 (June 1962).

This report serves as an introduction to the problem
of shielding doors for hot cells, gamma-radiation cells,
X=-ray machines and accelerators. Considerations for the
doors include the mounts and methods to be employed for
movement, size, materials - concrete, steel, or lead,
space, drives, auxiliary shielding, and cost.

V. R. Cain, C. R. Fink, F. N. Greene et al., Penetration of a Fast-
Neutron Air-Scattered Dose Rate from the TSR Through the Sides of
a Cylindrical Crew Compartment, ORNL CF 57-12-26 (April 29, 1958).

Not for sale to public.

The neutron shield design procedure has been refined
by the availability of more weliable air-scattering prob-
abilities which have been obtained in recent TSF experi-
ments with the so-called "Boeing" crew compartment. Since
the side shield on the crew comparement could be varied
from O to 8 in. in 2-in. increments, the probabilities
could be determined as a .function of the thickness,
whereas heretofore the attenuation had to be calculated.
Also the new probabilities are for scattering to the
center of the crew compartment rather than to the inside
surface, which eliminates the necessity of using a rather
uncertain focusing factor to determine the dose at the
center.
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369. A. E. Spaller, Study Report - Shielded Viewing Windows and Alpha Seal
Window Assemblies for TUFCDF, ORNL CF 63-8-37 (August 19, 1963).
Not for sale to public.

Several window designs were studied in order to
provide recommendations for the type and size of
shielded viewlng windows to be used in TUFCDF hot cells.
Maximum viewing angles, light transmittance, and estimated
cost were determined for each window design. Main-
tenance, radiation damage, and hazards involved for the
various types of construction and shielding media were
studied. A conceptual design for an alpha seal window
assembly was developed. Conclusions and recommendations
are included in the body of this report.

Preliminary copies of this report were issued as
Plant and Equipment Division Engineering Document No.
10017-N-100R.

370« Go N. Whyte, Principles of Radiation Dosimetry, John Wiley and Sons,
Inc. (1959).

The concepts of radiation dosimetry are presented
and their relationships to some basic parameters of the
radiation field. The emphasis is on the physical prin-
ciples of radiation measurements with no attempt made
to give a systematic or detailed description of radiation
detectors. Topics discussed include: the radiation
field; the interaction of radiation with matter; the
determination of X-ray spectral distributions; measure-
ments of X-ray intensity; measurements of exposure dose;
measurements of absorbed dose per X-ray:dosimetry:of
charged particles; neutron dosimetry; and the design of
secondary radiation detection instruments.

57l. J. B. Trice, "Miniature Fission Chamber," Nucleonics 16, 7, &4-87
(July 1958).

To exploit nuclear threshold reactions for neutron=-
spectrum measurements, miniature fission chambers have
been designed and built for use in high-intensity
radiation fields, Some measurements made with these
chambers and with activation asnalysis are described.
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372. F. C. Hume, "Spray Technique Applies Shielding Concrete," Nucleonics

18, 10, 102-104 (October 1960).

Spraying i1s an economical way of placing the dense
magnetite concrete needed in shielding against intense
radiation. This new method sprays rather than pours the
concrete. The process was used for the first time with
magnetite in the High Level Radiochemistry Facility at
Hanford. The spray method has numerous advantages of
cost and quality over conventional technigues of concrete
placement for high-density applications.

573. R. L. Ashley, "Effective~Energy Method for Spent-Fuel Shielding,"
Nucleonics 16, 10, 78-81 (October 1958).

Suitable graphs permit substitution of a single
photon energy for a fission-product spectrum. Shield-
ing problems reduce to finding the penetration of
photons of this energy.

37h. D. G. Chappell, "Gamma-Ray Attenuation with Buildup in Water,"
Nucleonics 16, 7, 80 (July 1958).

This nomogram gives the attenuation factor for
a water shielding slab used with a point source of
gamma radiation.

575. J. B. Trice, "Measuring Reactor Spectra with Thresholds and
Resonances, " Nucleonics 16, 7, 81-8% (July 1958).

Neutron spectra in reactors can be measured by
making use of resonance and threshold reactors. A
miniature fission probe has been employed along with
activation detectors to measure spectra in four re-~
actors: The Bulk Shielding Reactor (BSR), the Low
Intensity Test Reactor (LITR), and the Graphite Re-
actor (X-10) at the Oak Ridge National Laboratory and
the Materials Testing Reactor (MTR) at the National
Reactor Testing Station in Idaho. The method is sensitive
to cross-section data, and as these data improve, it can
undoubtedly become an incisive gpproach to knowledge of
reactor neutron spectra.

T

i
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376. S. S. Pawlicki, "Shielding CVIR - A Heavy-Water Pressure-Tube Reactor,"
Nucleonics 20, 12, Thk-82 (December 1962).

Design considerations of the radiation shields for
the CVIR, a heavy-water pressure-tube reactor, are
discussed. The problems encountered include streaming
of radiation around the numerous shield penetrations for
the pressure tubes. Precautions to prevent degrading
of D20 with HoO, the choice and positioning of the
thermal shield, and the radiation shields. The
methods used to solve these problems are shown.

377. M. G. Chasanov and M. Shatzkes, "Attenuation of Gamma Rays from an
Infinite Plane," Nucleonics 16, 6, 63 (June 1958).

A nomogram 1s given which solves the equation
% [e™® + E1(b)]. This equation is an approximation
to the attenuation function of gammea rays from an
infinite plane source in light Z materials.

378. J. W. Lindner, "Shielding-Glass Buildup Factors," Nucleonics 16, 10,
77 (October 1958).

Gamma-ray buildup factors for three shielding
glasses are presented. This data was computed on the
basis of comparing attenuation coefficients which yields
an equivalent material whose buildup has been computed.

379. R. W. Brisbane and L. B. Silverman, Photographic Dosimetry - An
Annotated Bibliography, UCLA-LL6 (September 15, 1959). Availability:
Dep. (mc), $3.50 OTS.

Amnctated references to unclassified report, book,
and journal literature, both domestic and foreign, con-
cerning the quantitative evaluation of radiation dosage
by means of photographic films and nuclear emulsions is
Presented. Reports in the field of nuclear physics which
contain information of use in the field of dosimetry are
included, as are those concerning quantitative auto-
radiography.
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380. R. W. Brisbane and L. B. Silverman, Photographic Dosimetry - An
Annotated Bibliography (Supplement), UCLA-516 (August 1963).
Availsbility: $3.50 OTS.

This report, which is intended as a supplement to
UCLA-L46, Photographic Dosimetry: An Annotated Bibli-
ography, is a list of 500 annotated references to un-
classified report, book and journal literature, both
domestic and foreign, concerning the gquantitative
evaluation of radiation dosage by means of photographic
materials. It contains references from 1959 to date,
plus older references not included in the earlier
report. Reports in the field of nuclear physics which
contain information in the field of dosimetry are included,
as are those concerning quantitative autoradiography.
Cross references to the reports listed in UCLA-LLE are
included.

281, I. E., Lawb and R. R. Tsukimura, Standardization of Fabrication
Techniques (Threshold Foils), WADC-TR-59-607 (May 1960).
Availability: OTIS.

The techniques used to develop and standardize a
series of neutron detection foils for measurement of neu-
tron spectra are described. The series includes gold and
cobalt foils, and plutonium-23%9, uranium-238, and sulfur
threshold folls. A method of calibrating the foils with
a low-flux research reactor is discussed. The instru-
mentation required to obtain data from the foils is
presented, together with the neutron intensities that
may be explored with these detectors.

382. E. B. Wagner and G. S. Hurst, "Advances in the Standard Propor-
tional Counter Method of Fast-Neutron Dosimetry,” Rev. Sci. Instr.
29, 2, 153-158 (February 1958).

The proportional counter method for measuring fast-
neutron dose in the presence of gamma radiation has been
considerably improved through (1) redesign of the propor-
tional counter, (2) a study of the behavior of the counter
for various filling gases, and (3) development of a more
convenient form of the electronics necessary for pulse
integration and dose indication. The instrument is suit-
able for radioblological research, neutron physics, and
shielding research, as well as radiation protection. It
will be shown that the response of the instrument is
within i5% of tissue absorbed dose over the energy range
of 0,5 MeV to 14 MeV.
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38%. F. J. Allen and A. T. Futterer, "Neutron Transmission Data,"
Nucleonics 21, 8, 120-121 (August 1963).

The results of Monte Carlo calculations of neutron
transmission through laterally infinite slabs of concrete,
water, polyethylene, and Nevada Test Site soil are
presented for incident neutron energies from 0.5 to 1h
MeV., Splitting was employed in the Monte Carlo calcula-
tion.

384. R. L. Lynn and V. L. Dagragnano, Energy Response of Landsverk Toniza-
tion Chambers to Monoenergetic Gamma Rays, USNRDL-TR-580 (May T
1062). Availability: $2.60 (fs) OTS.

An energy response calibration of Landsverk L-65,
L-81, and L-8% pocket chambers was carried out using mono-
energetic gamma-emitting radioisotopes. Since the
intensity of the sources was low, the pocket chambers
were used as ratemeters and the lonization current was
read on a vibrating-reed electrometer.

The dose rate of each isotope (Co®0, Cs'®7, HgO03,
and Cel4l) was calibrated with a scintillaticn spectrometer.

The angular response of the chambers for the energies
of 1.25 MeV, 662 MeV, 279 keV, and 145 keV, respectively,
was measured in one quadrant. The effect of wall thick-
ness on the energy response was also investigated.

385. G. S. Hurst, Fast-Neutron Count-Rate Dosimetry, ORNL-589 (February
1950). Availability: Dep.

Calculations have Indicated that fast-neutron
doses can be measured by simply taking counting rates.
The principle used 1s that of designing a proportional
counter such that its sensitivity relates to energy as
does the reciprocal of the flux required to produce a
tolerance deose. Although the calculations apply
specifically *to the case where the neutrons have
energies between 0.2 and 10 MeV, it is possible that
the same principle may be used for higher energy
spectra.
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386. J. H. Hubbell, "Dose Fields from Plane Sources Using Point-Source
Data," Nucleonics 21(8), 1L4-148 (August 1963).

Analytic point-source buildup-factor equations that
lead to analytic solutions for a variety of distributed
source problems with rotational symmetry about a source-
detector axis are summarized. Extension of these formulae
to include other distributed source problems by expanding
the point source buildup factors as a power series is illus-

trated by calculating dose rates from a disk and a rectangular
source.

%387. D. J. Raso, Monte Carlo Calculations on the Reflection and Trans-
mission of Scattered Gamma Radiation, TO-B-61-39 (Rev.), (AD-277115),

(NP-11819), (May 1962). Availability: Technical Operations,
Burlington, Massachusetts.

Monte Carlo calculations were performed to determine
the backscattering and the transmission of gamma rays
having energies between 0.02 MeV and 10.0 MeV from concrete.
The radiation was assumed to be incident on a semi-infinite
medium and on various slab thicknesses of 0.5, 1.0, 2.0,
and 4.0 mfp at angles of costé = 1.0, 0.75, 0.50, 0.25, and
0.10. The case histories of 8000 photons were followed on
the IBM 704 digital computer. The information obtained
included: (1) The characteristics of emergent photons, which
were stored on magnetic tape; (2) A routine that processes
these characteristics to give polar and azimuthal angular
dose distribution; (3) Detailed results from application of
the processing routine to the parameters investigated. The
computer program, the processing routine, and the results
are appended.



%88. J. B. Moore and G. E. DeVore, Thermal-Neutron Capture in the Anthra-
cene Scintillation Dosimeter, NARF-58-33T ( MR N-217) (July 29, 1958).
Not for sale to public.

The gamma dose rate resulting from thermal-neutron
capture in various components of the anthracene scintilla-
tion dosimeter (ASD) has been calculated. The calculated
gamms, dose rate, in terms of the incident thermal-neutron
flux, is 4.00(107%) mrem/hr per thermal neutrons/cm® sec.

To augment the analytical results, one component,
that from the mumetal shield was determined experi-
mentally. The measured value was 20% lower than the
calculated value for the mumetal shield.

It is concluded that gamma dose rates measured with
an ASD shculd be corrected for thermal-neutron capture
gammas when measurements are made in a radiation field
which has a thermal-reutron flux-to-gamma dose rate
ratio greater than 250.

389. E. T. Clarke and J. F. Batter, "Camma-Ray Scattering by Concrete
Surfaces,"”" Nucl. Sci. Eng. 17, 1, 125-130 (September 1963).

Gamms, radiation from point sources of cobalt-60
(1.25 MeV) and iridium-192 (0.4 MeV) was scattered from
a concrete surface. Dose rates were measured at heights
equal to source heights, as a function of the ratio of
height to separation distance. The percent of scat-
tered to direct radiation rises to a maximum of 12%
at h/d = 0.10 for cobalt-60, and a maximum of 20% at
h/d = 0,15 for iridium-192. These results are shown %o
agree with other work and with Monte Carlo calcula-
tions.
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390. H. Aceto, Jr. and B. W. Churchill, Neutron Depth Dose from (a,n) and
(7,n) Sources in a Tissue-Egquivalent Phantom, UCRL-10267 (March L
1963). Availability: Dep.; $0.75 OTS.

Neutron depth-dose behavior in tissue-equivalent phan-
tom exposed to SbBe, PoLi, Po mock fission, and PuBe point
sources has been examined with respect to existing theo-
retical and experimental calculations. Dose from exposure
to a point source of complex energy spectrai can be esti-
mated by applying a l/’r2 geometric correction to the
ineident neutron flux and comparing the result with the
known monoenergetic behavior of neutrons equivalent to the
average energy of the point source neutrons.

391. K. Shure, P. A. Roys, and J. J. Taylor, Penetration of 6-MeV Garma
Rays in Lead and Iron, WAPD-T-170 (Marcnh 1954). Availability: Dep.
(me).

The broad beam attenuation characteristics of plane
slabs of lead and iron for high energy ( ~ 6 MeV) gamma
rays have been determined experimentally. Measurements of
the relative dose rate have been taken in air and in water
through lead thicknesses varying in one inch steps from
zero to eight inches and through iron thicknesses from zero
to twelve inches, The results permit comparison with recent
theoretical calculations of gamma-ray penetration. This
comparison is of particular interest for a source energy
above or near the minimum in the gamma attenuation
coefficient.

%292. K. R, Spearman, Jr., "Neutron Sensitivity of Anthracene Dosimeters,"
NARF-55-6TT, Nucleonics 1y 11, 84-6 (1956).

The response to fast neutrons of a gamma-ray dosi-
meter, which has a l-in. by l%—in. anthracene crystal as
the detector, was determined by bombarding the dosimeter
with monoenergetic neutrons with energies in the interval
of 0.5 to 3.5 MeV. A theoretical curve, derived from
published values of the scintillation response of anthra-
cene to protons, fitted the experimental data well over the
range of energies used. The dosimeter shows conslderable
response to fast neutrons. The percentage of neutron
dose which appears as gamma dose increases with energy
from zero a4t zero neutron energy to a broad maximum of
50% at 11 MeV. When the neutron spectrum and flux are
known, the pseudo-gamma dose rate can be computed from
the included graphs.
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A. C. Rand, Jr., Mechanical Features of the Brookhaven Facllity,
BNL-139 (T-26) (December 1, 1951). Availability: Dep.; $4.80 (ph),
$2.70 (mf) OTS.

The mechanical design of the shielding facility at
the Brockhaven National Teboratory reactor is reported.
The facility is brcken up into several major components
and the design, special problems, and testing of each is
described.

REIC, Survey of Irradiation Facilities, REIC Report No. 31 (Part I)
(September 15, 1963)., Radiation Effects Information Center, Columbus,
Chio.

This report presents a survey of irradiation Tfacilities
generally available to U.3. Government Agencies and their
contractors. Reactors operated at steady-state and pulsed
conditions and gamme facilities have been included in
Part I of this report. Wherever possible, the information
has been tabulated. Part I supersedes REIC Reports 7,

7 (First Addendum), 11, and 16. Part II of this report
surveys particle accelerator machines. Included in Part IT
are betatrons, fixed-frequency cyclotrons, linear ac-
celerators, potential-drop machines, and synchrotrons.

REIC, Radiation at Crycgenic Temperatures on Semiconductor Material,
REIC Report No. 30 (September 30, 1963). Radiation Effects Informa-
tion Center, Batelle Memorial Institute, Columbus, Ohio.

The radiation-effects literature received by the
REIC prior to 1963 concerning the combined effects of
nuclear radiation and cryogenic temperatures on semi-
conductor materials has been reviewed. The materials
covered include germanium, silicon, tellurium, indium
antimonide, indium arsenide, and bismuth telluride.
Changes in electrical properties and results of annealing
studies are summarized. The bombarding particles con-
sidered include electrons, neutrons, alpha particles,
deuterons, and gamma rays. The temperatures covered
range from 4.2 K to 27% K. The need for more low-tempera-
ture irrsdiation studies is demonstrated.
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396, E. P. Blizard and T. A. Welton, The Shielding of Mobile Reactors -
II, ORNL-1133, Part 2 (June 30, 1952). Availability: Dep. (mc),
.30 (ph), $3.60 (mf) OTS.

The methods of applying results of bulk shielding
measurements to the design of reactor shields is out-
lined. Geometrical transformations for the more common
shapes are derived, as are approximate means of calculat-
ing leakage of radiation.

As an 1llustration of the methods, the ORNL Lid
Tank and Bulk Shielding Facility data are transformed
to a standard geometry and compared. Two direct cal-
culations of water attenuation, using cross sections
described in the previous article, are finally compared
with the experimental data.

297. R. G. Cochran and H. E. Hungerford, Fast-Neutron Dosimeter Measure-
ments for Experiment 2, ORNL CF 51-5-7% (May 11, 1951). Avail-
ability: Dep. (mc), Ei 80 (ph), $1.80 (mf) oS,

Measurements of fast-neutron dosage were made behind
a 17-in. Pe shield at the Bulk Shielding Facility. The
results are tabulated and compared graphically with those
obtained previously with a 100% HoO shield.

398+ Go T. Chapman and J. D. Flynn, A Comparison of the Shielding Prop-
erties of Iron and Stainless Steel in the ORNL Lid Tank (Exper. 28),
ORNL CF 53-6-187 (June 30, 1953). Availability: Dep. (mc), $4.80
(ph), $2.70 (mf) OTS.

Thermal-neutron flux, fast-neutron dose, and gamma
dose measurements were made behind several Be-stainless
steel and Be-Fe configurations. Also measurements were
taken behind various thicknesses of stainless steel alone.



171

399, F. J. Allen, A, T. Futterer, and W. Wright, Neutron Reflection and
Flux Versus Depth for Concrete, BRL-1189 (January 1963). Avallability:
$9.10 OTS as AD-403802.

Detailed calculated results on neutron reflection and
flux versus depth for concrete are given in the form of
machine printouts. The angular and energy distributions
of the reflected neutrons along with the energy-dependent
and total flux at various depths are contained in tabular
form on the printouts. Neutron number current, number
flux, and dose transmission as functions of thickness
are also given in tabular form on the printouts.

A table of summary information on reflection is
presented. This contains number current, number flux, dose
and energy reflection factors as functions of incident
energy and angle.

A few figures are presented to 1llustrate graphically
the meaning of the various tabular results.

Loo. A. W. Casper, Data Report and Postanalysis of Battelle Source Plate
Plug Tests, XDC 59-5-220 (Mey 8, 1959). Not for sale to public.

This report presents the fast-neutron dose rates
measured behind plugs of gadolinium, iron, lead, aluminum,
and titanium in the GE-ANPD Source Plate Facllity at
Battelle Memorial Institute. Measurements made in water
along the fission plate centerline are also reported.
The attenuating properties of gadolinium are compared
with those of the cther materials. The distribution of
power in the fission plate was measured and used in the
point kernel calculations, which are then compared with
the measured fast-neutron dose rates. A macroscopic re-
moval cross section of 0.108 cm * for gadolinium (of
density 7.87 gms/cu®), provides the most consistent fit
to the data.
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J. L. Meem, L. B. Holland, and G. M. McCammon, Determination of the
Power of the Bulk Shielding Reactor. Part III. Measurement of the
Energy Released Per Fission, ORNL-1537 (February 15, 195k). Avail-
ability: Dep.; $13.80 (ph), $4.80 (mf) OTS.

The energy released per fission was measured in the
Bulk Shielding Reactor using a specially constructed fuel
element. The special element had a removable center fuel
plate from which discs were punched to facilitate mea-
surement of their activation by exposure in the reactor.
A similar uranium-bearing disc was activated by exposure
in a known neutron flux. By compariscn, the actual fis-
sion rate in the special fuel element was determined.

The special element was equipped with water tubes at
top and bottom through which water was pumped at a known
rate. Thermocouples were used to measure the temperature
rise across the fuel element, special precautions being
taken to prevent heat leakage. The power, or rate of
energy production, was determined from the water flow and
temperature rise, and a comparison with the fission rate
gave the heat released per fission in the special element.
The net amount of radiation leaking out of the fuel
element (less than 0.2%) was calculated as a correction
to this figure.

The energy per fission in the reactor was 193 + 5
MeV. The parasitic capture in the Bulk Shielding Reactor
is calculated to be 2.7 MeV. Accordingly, the energy
released per fission (exclusive of neutrino energy) is
190 + 5 MeV.

M. P. Haydon, E. B. Johuson, and J. L. Meem, Measurement of the Fast-
Neutron Spectrum of the Bulk Shielding Reactor Using Nuclear Plates,
ORNL CF 53-8-1L6 (August 31, 1953). Availapbility: Dep. (mc); $3.30
(ph), $2.40 (mf) OTS.

A nuclear plate camera has been developed at the
Bulk Shielding Facility to measure the fast-neutron
spectrum of the reactor. A proton-recoil type fast-:
neutron spectrometer has been used to measure the reactor
spectra as attenuated by the beryllium oxide reflector and
various amounts of water, and, since data can be obtained
much more quickly with the spectrometer, no extensive use
of nuclear plates is contemplated. However, the nuclear
plate method is of established reliability, and it was
considered desirable to check the spectrometer at at
least one point. It was found that the total integrated
flux as measured by the two methods differs by approxi-
mately 11.5%, which i1s within the statistical accuracy of
the two instruments.
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403, A. W. Casper and J. G. Carver, Dose Rates Computed for Shielding
Arrays at the Battelle Source Facility, XDC 58-11-123 (November 5,
1958) . Not for sale to public.

A shield fixture is described which will be used at
the Battelle Source Plate Facllity; 1t consists of a slab
of iron with a cylindrical hole into which plugs of vari-
ous materials will be inserted. Computations made to
determine the effect of source plate size on centerline
dose rates are described. The incremental dose contribu-
tions from various annular sections of the source plate
are also presented. Plugs of iron, aluminum, and lead
will be used in the experiments, so computations were
made for these materials.

Lok, D, D. Babb,and R. E. Dewames, An Experiment to Test the Extension of
the Moments Method of Calculation to Finite Media, NARF-59-9T (MR-IN-228)
(March 1%, 1959). DNot for sale to public.

An experiment was performed at Convalr~-Fort Worth to
determine the applicability of radiation penetration data
calculated by the moments method (which assumes a single,
infinite medium) to problems involving more than one
mediume

In the experiment, fast-neutron and gamma dose rates
and thermal-neutron fluxes were measured in the vicinity
of an alr-water interface, as functions of the distance
from the detector to the water surface, with the source-
detector separation and the height of the source-detector
axls relative to the water surface as parameters. The
use of artificial sources, detectors of small sensitive
volume, and minimum framework resulted in the geometry
approaching that of a point source and detector.

Under the assumption of an infinite water medium, dose
rates were calculated from moments method data for compari-
son with the experimental values. The calculations involved
dividing the line segment between the source and detector
into a part in water and a part in air {considered a void)
and determining the attenuation by the water.

For a Co®® gamma source, the use of moments method
data was found to be completely valid for degraded energies
greater than 0.52 MeV. Validity below 0.52 MeV was not
explored because of the limited response of the detectors.
For the most reallstic geometry, namely source in water
and detectors in alr, the presence of a boundary caused
a 7% decrease in the measured fast-neutron dose rate.
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4L05. F. W. Smith, GTR Dose Rate Distribution in Air, NARF-55-13T (MR-N-56)
(March 31, 1955). Not for sale to public.

This experiment consisted of a determination of
the dose-rate distribution in air about the GTR in a
cylindrical shield tank with an elliptical cross section.
Fast-neutron and gamma dose rates were obtained along
the reactor centerline to a maximum distance of 90 feet.
Measurements were also made over one octant at a radius
of %32 feet., Checks were made in the horizontal plane to
ascertain the symmetry of the reactor shield.

406. H. J. Kouts end W. W. Pratt, Calibration of the Brookhaven Shield-
ing Studies Fission Source, BNL-2796 (November 29, 1951), Avail-
ability: Dep. (mc), $%.30 (ph), $2.40 (mf) OTS.

We have devised and tested a method of calibration
of the large (40-in. square)fission source used in
conjunction with the Brookhaven shielding studies water
tank. The result of such a calibration is an accurate
knowledge of the wattage generated by fissions in the
plate when it is operating at a given level. There are
now two other shielding studies facilities (the Oak
Ridge Lid Tank and the Oak Ridge Swimming Pool), both
of which have known power generations for thelr fission
sources., This calibration therefore makes possible
direct intercorrelation of results of shielding measure-
ments made at Brookhaven with those made at Oak Ridge.
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407. P. M. Uthe, Jr., Attainment of Neutron Flux-Spectra from Foil Activa-

tions, (Thesis) USAFIT-TR-57-3 (March 1957). Not for sale to public.

Several analytical methods are described for ob-
taining neutron flux-spectra knowledge from foil data.
The response functions used are the nuclear reaction
characteristics of threshold, fast fission, and resonance
type foils.

Two previously used methods and two new methods
are discussed. The previously used methods are the Trice
Method and the Cadmium Difference Method. The Trice Method,
applicable in the fast-neutron energy region, uses s
"step function" cross-section representation. The step
function energy threshold is determined by assuming a dif-
ferential flux function. The Cadmium Difference Method,
applicable in the l/E energy region, uses the resonance
activation integrals of resonance type folls as cross-
section parameters. Although consideration is given to
these methods, major interest i1s focused on two new
methods. These methods are called the Polygonal Method
and the Polynomial Method.

The Polygonal Method uses the cross sections in
their true form and represents the flux-energy spectrum
by a combination of linear functions of energy. 1In
performing the necessary calculations, difficulty in
selecting certaln energy parameters is experienced,

The Polynomial Method uses the cross sections in
thelr true form and represents the flux-energy spectrum
by a welghting function.
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J. B. Trice, F. J. Muckenthaler, F. W. Smith et al., Two Neutron
Energy Measurements in the Bulk Shielding Facility Using Radio-

activants, ORNL CF 53%-5-139 (October 29, 1953). Availability: Dep.

(mc) ; $I.80 (ph), $2.70 (mf) OTS.

A series of measurements was made in the BSF in
order to compare results from proton-recoil measurements,
at a reactor operating power of 100 kw. Threshold measure-
ments were obtained in the 1- to 8-MeV range by the use of
(n,p) and (n,a) reactions with A127, Mg2%4, 5128, g%2, pS1)
and C1°%, The spectral form in this case is similar to
a fission spectrum as given by Watt's experimental data.
Similar measurements using (n,y) reactions with Mn®>,
CuB3, Na®3, €137, and V®! in the energy range 0.0001 to
0.05 MeV are in good agreement with a l/E spectral func-
tion. Whereas spectral structure was discernible only
by proton-recoll measurements, the absolute magnitudes
from the two methods are comparable. In a second series
of tests to measure (n,p) cross sections in 0 and 017,
neutron flux traverses in the BSF are reported, using
Al, Mg, S, Co, and Au radiocactivants, placed along a
special fuel element through which a controlled quantity
of HoO flowed.

D. G. Collins.and L. W. Mc€leary, A Systemization and Penetration
Study for Straight Cylindrical Ducts, NARF-63-3T (FzK-9-182) (May

%1, 1963). Availability: $4.60 OTS.

A study was conducted to determine the effect that
varying the length and diameter of a stralght cylindrical
duct has on the neutron radiation streaming through the
duct. An experiment was set up in which a polonium-
beryllium source was located on centerline in the mouth
of an aluminum duct penetrating a water slab. The re-
sulting data were analyzed by use of two Monte Carlo
procedures developed to analyze radiation streaming through
cylindrical ducts. Results of additional calculations are
shown to indicate the possibility of extending the experi-
mental findings to duct problems involving different
source energy and angular distributions and different
shielding materials.,
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4b10. K. M. Campe, Geometrical Attenuation Factors for Gamma Radiation from
Cylindrical and Spherical Surface Sources, PWAC-397 (September 15,
196%). Availability: Dep.; $0.75 OTS.

This report formulates a method for deriving geometri-
cal attenuation factors of distributed surface sources,
and presents them in the form of curves for cylindrical
and concave spherical geometries. The factors are plotted
versus the ratic, d/R, of the detector-source separation
to the radius of the source, A wide range of cylinder
slzes 1s covered by a family of curves with ratios of
length-to-radius ranging from 0.5 to infinity. Curves are
presented for concave spherical surfaces of various polar
angles, between 10 and 90 degrees. The detector-source
separation distance ranges from 0.5 to 100 cylinder radiil
for the cylindrical geometry, and from 0.1 to 10.0 radii
for the concave spherical geometry. Beyond these de-
tector distances, the analytical expressions representing
the geometrical attenuvation are approximated by simpler
asymptotic forms in which the cylindrical and spherical
sources can be effectively treated as line and point
sources, respectively.

L11, ¢. E. Clifford (Can,), Differential Dose Albedo Measurements for
0.66-MeV Gammas Incident on Concrete, Iron, and Lead, DRCL Report
No. 112 (August 1963). Not for sale to public.

The angular dependence of the scattered dose produced
by 0.06-MeV gammas incident on concrete, iron, and lead
was measured Tfor angles of incidence of 0°, 30°, and 60°.
A Monte Carlo program was used to study the distribution
of distances between the point of incidence and the point
at which a backscattered gamma emerged as well as the depth
of the point at which a backscattered gamms had its last
scattering interaction. The effect of the thickness of
the scatterer on the angular distribution of the scat-
tered dose was measured for iron exposed at normal
incldence,

The angular distributions of the scattered radiation
from the three materials studied were found to be dependent
both on the angle of incidence and on the angle of scabtter
to a detector and could not be related to each other by
simple multipiicative factors. As the angle of incidence
increased the scattering in the forward directions became
increasingly anisotropic.
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Li12. J. G. Carver, W. E. Edwards, and J. E. MacDonald, GE-ANPD Methods of
Shield Design, APEX-230 (December 30, 1955). Availability: Dep. ZZ&)
$11.00 (fs), $4.67 (mf) OTS.

A detailed description is presented of the methods of
shield analysis and design used by the GE-ANPD shielding
group as of November, 1955. Complete sets of working equa-
tions are included, together with derivations of the more
important relationships. Basic assumptions and limitations
of current methods are discussed, as are contemplated
changes and improvements now under development. Tables
and graphs of useful nuclear data are presented in the
appendices.

413, A. J. Breslin, P. Laysen, and M. S. Weinstein, Protection Against
Fallout Radiation in a Simple Structure, WI-1462 (August 1963).
Availability: Dep.; $1.50 OTS.

A reinforced Butler building was exposed tc fallout
from Shots Diablo and Shasta, and the resulting dose rates
and fallout deposition inside and outside the structure
were measured with various instruments and technigques.

Protection factors and roof and ground contributions
to the total dose rates at points within the structure were
determined from the measurements. Comparisons were made
with the results of theoretical and other experimental studies.

Information obtained from this experiment should be of
value as basic experimental data for fallout protection work,
although it is recommended that additional substantiative
data be obtained under more controlled conditioms.

L1k, R. E. Beissner, An Analysis of Fast-Neutron Energy-Angle Distribution,
NARF-6%-5T (FZK-9-186) (August 15, 1963). Availability: $6.60 OIS.

The energy-angle distributions of fast neutrons trans-
mitted through slab shields are analyzed. Comparisons of
calculated and measured angle distributions show that a
six-energy group, double Po approximation is adequate for
polyethylene-slab calculations. Phenomenological argu-
ments are presented which show that the transmitted energy-
angle distribution can be described in terms of a simple
asymptotic model. Suggestions for improving the asymptotic
theory are included. ‘
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415. H. M. Stainer, X-Ray Mass Abscrption Coefficients - A Literature Sur-
vey, Bureau of Mines Information Circular IC-8166 (1963). Availability:
free from Mines Bureau, Plttsburgh, Pa.

Published X-ray mass absorption coefficlents were
compiled and tabulated. These coefficlents are required
for various X-ray analytical techniques. Values obtained
from 28 authors are listed for 87 elements with both ex-
perimental and calculated points included; the wave-lengths
range from ~ C.Cl to 68 A. Representative graphs are
presented for six elemen%s {lithium, nitrogen, iron, silver,
holmium, and urarniumj. A 37-item supplementary biblic-
graphy is also included.

416. J. Bourgeois, P. LaFore, J. P. Millot et al., "Methods and Experl-
mental Coefficients Jsed in the (omputatlon of Reactor Shielding,"
Second U.N, International Confe*ence on the Peaceful Use of Atomic

Energy, A/Conf. 15/P/1190 (May 16, 1958).

Some methods are described which relate to the computa-
tion of reactor shields. The methods are generally age
theory and diffusion. The definition is given and use of
removal cross sections is described. Removal cross sec-
tions for a large number of materials included many
concretes are presented.

417. R. L. Bernick, Application of the Method of Steepest Descent to Lami-
nated Shield Weﬂgh+ timization, NAA-SR-MEMC-8181 (April 17,7 1963) .
Not for sale to public.

An iterative procedure is described whereby the method
of steepest descent may be applied to the problem of lami-
nated shield weight optimizaticn. The treatment is general
with no reference made to any particular materials or
geometries.

418. Sigma Center, Optical Model Analysis of Inelastic Scattering of Neu-
trons by Heavy Nuclei, BNL-818 (T-317) (August 1963). Availability:
Dep.; $1.25 OTS.

Ditfferential inelastlic scatbering cross sections for
Tat®t, W=t Aul®7) 222 and 138 yere calculated by
using HausaT—Fesaba v theory in the neutron energy range
from C.1 to 2 MeV. The transmission coefficients were
detemined from optical model analysis of the elastic
differential cross sections. The elastic differential
cross sections are also presented.
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W19, J. W. Harris, W. P. Kunkel, and W. J. Trautvetter, Penetration of
Scattered Co«60 Gammas Through the Engineered Crew Shield, NARF-55-
22T (April 27, 1955). Not for sale to public.

This experiment was conducted to determine the dose
rate inside the thin crew shield due to scattered Cof°
gamma, radiation. Curves are included to present data
obtained as a function of the detector position rela-
tive to the crew shield for different shadow shield
angles,

420. L. V. Woodruff and E. W. Hessee, Air and Ground Scattering of Gamma
Rays and Neutrons from the GTR, NARF-55-19T (April 28, 195577
Not for sale to public.

The purpose of this experiment was to obtain mea-
surements of fast-neutron and gamma dose rates due to air
and ground scattered reactor radiations. Tor this test,
the Ground Test Reactor was centered in a small water-
filled aluminum cylinder of elliptical cross section
to provide a nearly isotropic radiation source.

Both total and scattered (air and ground) dose-rate
measurements were made for reactor-detector separation
distances from %0 to 100 feet for elevations ranging from
12.5 to T71l.% feet. The scattered measurements were
made by shielding dosimeters from the reactor direct
beam; variation of scattered dose rate with direct beam
shield angle was determined.

Results of the total dose-rate measurements verify
previous preliminary studies; the dose rates for both
neutrons and gammas vary roughly as the inverse square
of the distance.

The functional dependence of the scattered dose
rate on separation distance a changes with height above
the ground. At the larger separation distances, for
scattered gamma radiation, the dose rate 1is proportional
to 1/at*% and 1/a'*2 at 12.5 and 71.3 feet above the
ground; the scattered fast-neutron dose rate varies as
approximately l/al'5 and l/a at the 12.5 and T7l.3-foot
heights.



L21. R. Aronson, C. N. Klahr, H. A. Steinberg, and K. Held, Effect of
Shield Splitting and Placement in Nuclear Propelled Space Vehlcles
TRG-136-FR (March 1, 1961). Not for sale to public.

The effect of splitting and placement of various
idealized shadow shield configurations appropriate to
manned nuclear rockets has been investigated. The ef-
fect on neutron dose in both hydrogenous and nonhy-
drogenous shield situations was considered, as well as
the effect on gamma dose. The results indicate that in
some circumstances proper placement or multiple split-
ting of the shield can affect the dose by a factor of
three or more, over and above any r® effect due to dif-
ferences in the relative sizes of reactor and payload.

L22. J. R. Streetman and G. A. Graves, A Monte Carlo Calculation of
Neutron Heating in a Nuclear Rocket Propellent Tank, LA- 2909
(September 16, 1963). Avaiiapility: Dep.; $2.00 ors.

The calculation described here was undertaken to
establish the principal features of neutron energy
deposition, newutron migration, and neutron absorption
within liquid hydrcgen contained in the propellant tank
of a nuclear rocket. Though the geometry was simplified
in comparison to the probable complexity of any opera-
tional system, the resuits are readily generalizable and
should assist considerably in understanding such systems.

The bulk of this report is concerned with the presen-
tation and discussion of the neutron study, but the heat-
ing values found are compared, both in magnitude and in
variation with propellant depth, tc those expected from
the scattering of gamme rays produced from neutron
captures in liquid hydrogen and to those expected from
the scattering of gamma rays coming from the reactor
itself. An unshielded 1000-Mw reactor system 1s
presumed.
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L2%. C. E. Clifford (Can.), Use of Models for Gamma Shielding Structures,
DRCL Report No. %64 (February 1962). Availability: Dep. (mc).

The use of models for shielding studies of build-
ings exposed to gamma radiation has been evaluated by
comparing the dose distributions produced in a block-
house with movable inside walls exposed to 0.66-MeV
gamma radiation with corresponding distributions in an
iron 1 to 10 scale model. The effects of air and ground
scaling on the readings in the model were also investi-
gated. Iron appeared to be a suitable model material
for simple closed buildings but for more complex struc-
tures it appeared that the use of iron models would,
progressively overestimate the gamma shielding protec-
tion as the complexity increased.

42k, L. A. Beach, R. B. Theus, and W. R. Faust, Penetration of Na-2k
Radiation Through Water and Mercury, NRL Report 4581 (July 26,
1955). Nod% for sale to public.

The dose rate as a function of penetration distance
was measured for a point isotropic Na®4 gamma-ray source
in water and in mercury. The experimental results agreed
with dose rates predicted by the moment method calcula-

tions of NDA Report No. 15C-41,

425, H. 0. Wyckoff, A. Allisy, J. W. Boag, H. Franz et al., Radiation
Quantities and Units - International Commission 55 ﬁgdiological Units
and Measurements (ICRU) Report 10A, NBS Handbook &4 (November 1k,
1062). Availability: $0.20 GPO.

The recommendations of the International Commission
on Radiological Units and Measurements (ICRU) are pre-
sented. The scope and policy of the ICRU is explained.
The recommendations are accompanied by the reasons for
presenting them.
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L26. T. V. Blosser and R. M. Freestone, Jr., A Study of the Shield of the
University of Virginia Nuclear Research Reactor, ORNL TM-662 (November

25, 196%). Availsbility: $1.60 0TS, $0.80 (mf).

Detailed measurements were made of the fast-neutron
and gamma-ray dose rates and the thermal-neutrcn fluxes
existing at the face of the biological shield of the pool-
type University of Virginia Nuclear Research Reactor.
Similar data were also cobtained at the surface of the
pool. The study was made with the ORNL Mobile Radiation
Measurement Laboratory. Dose rates and fluxes were
generally low, although some streaming around thermal
column and access facility closures was observed. Other
data obtained included measurements of dose rates at
various points in the vicinity of the reactor ccolant
water heat exchanger, a controlled area during reactor
operation.

L7, @, T. Chapmen and J. D. Flynn, The Effect of Iron Behind Beryllium
in the ORNL Lid Tank (Expt. 38), ORNL CF 53%-6-185 (June 30, 1953).
Availability: $C.15 OTS.

The configurations for the experiment consisted of a
28.5-cm Be slab followed by various thicknesses of Fe.
The Be slab (average density 1.23% g/cc) was made of pel=-
lets in a steel container (0.3%2-cm walls), and the Fe was
in the form of 2.22-cm thick slabs. Because the Fe slabs
were warped some water was distributed in each configura-
tion. In order tc determine the effect of this water,
measurements made on 15 PFe slabs in water were compared
with measurements where the slabs were in a steel dry ftank
(0.%3=cm walls). The thermal-neutron flux fast-neutron
dose and gamma dose were measured behind each configuration,
and the date are presented. The detectors used for the
measurements were: 3-in. fission chember and 12 l/2uin.
BFg counter for thermal neutrons; fast-neutron dosimeter
for fast neutrons: and anthracene scintillation counter
for gamma rays.
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428, F. D. Flynn and G. T. Chapman, Attenuation by Lead of Fast Neutrons
from a Fission Source, ORNL CF-5%-%-166 (March 10, 1953). Avail-
ability: $0.10 OTS.

An experiment was carried out in the Lid Tank to
determine the effect of a thick hemisphere of Pb on the
actual fast-neutron dose. A 15-in. wide dry tank was
inserted in the Lid Tank next to the source, giving ef-
fectively an infinite slab of air with the 28-in. diameter
fission source on one side and water on the other. The
dose was then measured in the water next to this tank.
A hemispherical Pb shield T7-in..thick was inserted in
the dry tank centered on the source axis, and the dose
was remeasured in the same position. The ratio of the
two readings indicated the effect of the Pb on fast
neutrons arriving from the outside. The gamma dose was
also measured in the same position with and without
the Pb shield.

L2g, C. E. Clifford (USA), Westinghouse Control Plug Mockup Measurements
- Neutron and Gamma Distribution in Water Contalning Lead, Steel, and
Air, ORNL CF 52-5-18% (May 26, 1952)., Availability: Dep. (mc), $1.80
Zﬁf, $1.80 (mf) OTS.

Measurements were completed in the Lid Tank on
the short experiment to aid in the design of control-
instrument plugs. The plug was designed to lncrease
the thermal-neutron flux locally in the water beyond the
pressure shell. This was accomplished by penetrating
the water reflector and the steel and water thermal shield
with an 8-in.-diemeter steel pipe filled with lead, steel,
or air. The measurements are compared with those of
the unperforated shield. Neutron measurements were taken
in water along the axis of the plug and also along the
line perpendicular to and intersecting the plug axis.
Gamma measurements were taken beyond the air-filled plug
only. Neutron-induced secondary rays are predominant in
detemining the attenuation rate of the pressure shell.




430, H. H. Van Tuyl, E .P . Roverts, and E. J. Wheelwright, Shielding Re-
guirements for Promethium Sources, HW-77575 (April 19655a Availability:
Dep.; $1.00 OTS.

A theoretical analysis of the shielding required for
large amounts of promethium was made, including an
analysis of the radiation contributions from Pm*4€ and
Pmt4® gt different times after reactor discharge. The
results are compared with experimental determinations on
samples of promethium at different ages, and promethium
1s compared with other radionuclides which may be used in
power sources. As a first approximation, shielding re-
quirements for promethium aged less than 2 years.from
reactor discharge are comparable to those for sr9° or
cs*37, For promethium aged over 2 years, shielding re-
quirements are comparable to those for Pu®S8.

L31. L. Burris, Jr. and I. G. Dillon, Estimation of Fission Product Spec-
tra in Discharged Fuel from Fast Reactors, ANL-5742 (July 1957).
AvaiTlability: Dep.; $5.60 (fs), $1.91 (mf) OTS.

The fission=-product spectra in discharged fuel from
Tast fission power reactors have been calculated over a
wide range of operating conditions (reactor operating
times from 10 to 10,000 days and cooling times from zero
to infinity). These calculations are based on recent
yield data for fission of urarium and plutonium. From
these calcuwlated data are presented derived values of
total curies and energy dissipation rates as functions of
operating time and cooling time.

b%2., W. R. Smith and M. A. Turner, Nuclear Merchant Ship Reactor Shield
Design Summary Report, BAW-1141-1 (August 1, 1959). Availability:
Dep. $2.50 OTS.

Most of the Nuclesr Merchant Ship Reactor (NMSR)

Company (B-W) is summarized. rimary and secondary shield
results are presented, consistent with contactural require-
ments and desigrated design criteria. Methods of calcula-
tion and basic paremeters are shown.
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A. Foderaro and F. Obenshain, Fluxes from Regular Geometric Sources,
WAPD-TN-508 (June 1955). Availability: Dep. (mc); $16.80 (ph),
$5.70 (mf) OTS.

Graphs and equations are given for computing the flux
from various geometric source arrays. Most of this data
has been reproduced in Reactor Shielding Design Manual
(edited by Rockwell).

A. Tattegrain and H. Satge, Shielding Measurements on the Ulysse
Reactor During Startup, AEC-tr-6010 (CEA Note No. 41k) (1963).
Availability: Dep. (mc); $1.60 (fs), $0.80 (mf) JCL or OTS.

These measurements were made in order to verify
the calculations of shielding for the ULYSSEE reactor.
We measured the thermal and epithermal fluxes and the
fast flux when the latter was high enough to be mea-
sured. The gamma flux was only measured in the HO:
thermal column. We made measurements in the horizontal
channel of the North side and in the channel of the
thermal column on the West side.
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L4235, E. D. Callshan, L. Rosenblum, and J. R. Coombe, Shelter from Fallout,
TO-B-60-30 (November 18, 1960). Availability: $9.10 0TS, as
AD-276%92.

This report sumarizes the results of a survey it
presented of the existing fallout shelter potential in
basements and mines in the United States, and in boats
on bodies of water of sufficient size and depth. Also
presented is an analysis of the design, construction, and
habitebility of a minimum-type, improvised home basement
family fallout shelter, and the shelter potential in an
actual suburban community in the Northeast.

The survey shows that about 60% of the population
in the U,S. would have access to basement shelter, with
the figures ranging from better than 80% in OCIM Regions
1, 2, and 4 to less than 20% in Regions 3, 5, and 7.
Mine shelter could be an important shelter resource for
two to four million people in some 16 states, including
West Virginia, Illinois, Michigan, Missouri, Kansas,
Oklahoma, and New Mexico. Shelter in covered boats on
lakes, rivers, and ocean is likely to provide the best
avallable means of protection for several million
people, particularly in the states of New York, Delaware,
Maryland, Virginia, Florida, Loulslana, California,
Oregon, and Washington.

A family-size, sand-bag fallout shelter can be
readily constructed in the basement corner by one person
for a materials' cost of about $60. The shelter, which
offers a protection factor of 100 against outside radi-
ation levels, can be assembled in an hour if the materials
are suitably stored along the basement walls, and
realistic excursion schedules appear possible after two
days even in the heaviest fallout areas. A survey of
public and private bulldings in a typical northeastern
suburban city of 25,000 population indicated that the
basements of schools, churches, and other large buildings
do not offer significantly better protection than that
of the average home basement (i.ea, about a factor of 20).

In terms of the number of people per state who do
not have even remote access to any fallout shelter
(including home basements), the four most needy states
are Callifornia, Texas, Florida, and Georgia.
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426. V. R. Cain, F. J. Muckenthaler, and C. E. Clifford (USA), Study of
Gamma Ray Produced by Neutron InterautLon in Air, ORNL CF 58-&—77
(May 29, 1958). Availability: Dep. (mc); $4.80 (ph $2.70 (mf) OTS.

An experiment was performed at the Tower Shielding
Facility to study the production of secondary gamma rays
in alr by thermal-neutron capture in nitrogen and by the
inelastic scattering of fast neutrons. A beam of neu-
trons from the TSF reactor irradiated a cone of air, and
the gamma rays resulting from neutron interactions within
the cone were observed by a gamma-ray spectrometer several
feet away. The ratio of the nitrogen capture gamma rays
observed to the other gamma rays observed was varied by
covering the reactor neutron beam with boron-impregnated
plexiglas for some of the measurements. The difference
between the measurements was then used to separate the
pulse~height spectrum associated with nitrogen capture
gamma rays from the spectrum assoclated with other
sources. In this Investigation, the spectrum which re-
mained after the subtraction of the capture gamma-ray
spectrum was presumed to be due to inelastically scattered
fast neutrons; however, contributions from other sources
must be considered. The results of the experiment are
to be compared with theoretical calculations of the pulse-
height spectra to be expected from various sources.

437, C. E. Clifford (USA), Gamma Dose Behind Iron-Water Thermal Shield of
Various Thicknesses as a Function of Water Reflector Thickness (In—
vestigation for NDA), ORNL CF 52-5-Lk0 (May 7, 1952). Availability:
Dep. (mc); $3.30 (ph), $2.40 (mf) OTS.

Gamma-ray dose-rate measurements were taken in water
behind various lron-water configurations in the ORNL Lid
Tank Shielding Facility. Up to six 2.2-cm-thick iron
slabs, separated by 1.5 cm of water, were placed at
various distances from the source.

L38. €. E. Clifford (USA), Gamma Dose Behind Iron-Borated Water Thermal
Shield w1th 18-, 20-, and 3%0-cm Water, ORNL CF 52-5-4 {May 7, 1952).
Vot Tor sale To publlc

Gamma-ray dose-rate measurements were taken in borated
water behind various iron-borated water (1% boron solution)
configurations in the ORNL Lid Tank Shielding Facility.

Up to eight 2.2-cm-thick iron slabs, separated by 1.3 cm
of water, were placed at various distances from the source.
With a 20 cm-thick water reflector and four ircn slabs,

the dose rate at 80 em is reduced by boration to 70% of
the pure water value.
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439. D. R. Smith, R. E. Beissner, J. E. Ward, and C. F. Malone, Analysis
of ASTR Centerline Dose Rate Measurements, NARF-57-8T (FZK-9—lO7i
(April L, 1957). Not for sale to public.

This report presents an analysis of the results of
a ground-level experimen®t in whizh the gamma and fast-
neutron dose rates along the Aircraft Shield Test Re-
actor (ASTR) centerline were measured in air for several
direct-beam shieid angles. Predictions were made of the
dose rates to be expected due tc single scattering,
multiple scattering, and neutron-induced gamma radia-
tion.

A comparison of the predicted gamma dose rates with
experimental data shows reasonably good agreement in
magnitude except for ASTR Configurations 1 and 5. The
predicted values for these two configurations are about
one-half the experimental values. Inasmuch as these
configurations have the highest neutron-to-gamma ratios,
a need for further investigation of neutron-induced gamma
radiation is indicated.

In general, the prediction of fast-neutron dose rates
agreed well with the experimental data. The slopes of
the predicted and experimental curves agreed quite well.
Agreement in magnitude was best for 0° direct-beam shield
angles, which was expected since the method of calculating
the multiply scattered dose rates was most accurate in this
case.

4L0. E. A. Burrill, Neutron Production and Protection, High Voltage
Engineering Corpcration, Burlington, Massachusetts (1963).

A brief survey of neutron sources is given with
emphasis on those associated with accelerators. The
yield for many reactlions is given in graphical for
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Iron Slebs, TO-B-59-13 (October 9, 1959).

and Oxygen, NARF-62-17T (MR-N-298) (May 31, 1963).
$8.10 oTs.
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D. J. Raso, Transmission of Scattered Gamma Rays Through Concrete

and

The penetration of gamma rays undergoing one or more
scatterings in concrete and iron of various slab thick-
nesses (3.75 to 60.0 g/cm®) has been investigated by the
Monte Carlo technique. Radiation with energy of 350,
660, and 1250 keV and also the gamma-ray spectra pro-
duced by the products (omitting volatile materials) of
U-235 fission at 1.12 and 2%.8 hours after fission were
assumed to be incildent on the medium at angles of
cosbo= 0, 0.25, 0.50, 0,75, and 1.0. The case histories
of 5000 photons were followed on the IBM 704 digital
computer at the National Bureau of Standards, Washington,
D.C. The information obtained included:

1. number and energy transmitted,

2. the energy distribution of the transmitted radi-
ation integrated over all directions,

5. the angular distribution integrated over all
energies,

Lhs  the angular distribution of the transmitted energy,
and

5. the angular distribution of the transmitted "dose".

These computed gquantities refer to transmitted cur-
rent and an approximation is given for determining flux
density. Comparisons are made with other theories and
an experiment performed at USNRDL.

R. L. Kloster and M. B. Wells, Neutron Cross Sections for Nitrogen

Not for sale to public.

Neutron cross sections for nitrogen and oxygen
that are of primary interest in shielding and trans-
port calculations are compiled in this report.

Cross sections for the following processes are
compiled for both oxygen and nitrogen: total, elastic
scattering, nonelastic collisions, inelastic scattering,
differential elastic scattering, (n,o) reactions, (n,p)
reaction, and (n,d) reaction.

The following cross sectlons are compilled for
nitrogen only: gamma-ray production, (n,t) reaction,
(n,2n) reaction, and (n,2x) reaction. Cross sections of
nitrogen for excitation of the various levels of the
residual nucleus in the (n,0j), and (n,n'j) reactions
are also compiled.

Availability:
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L4z, J. P. Nichois, E. D. Arnold, and D. K. Trubey, "Evaluation of Shield-
ing and Hazards on the Transuranium Processing Plant,' Nucl. Sci. Eng.

17, 3, 486-L91 (November 1963).

The shielding and containmert criteria for the Trans-
uranium Processing Plant obtained by calculations and
experiments are giver., The shield evaluation studies
(for cell walls, cell windows, and fission source car-
riers) utilized experiments at the ORNL Lid Tank Shielding
Facility and IBM-7090 computer calculations for determina-
tion of neutron transport, neutron activation, and gamma
penetration. These studies also included an evaluvation
of the effects of credible accidents occurring in the
facility.

Lil, A, B. Chilton and C. M. Huddleston, "A Semiempirical Formuls for
Differential Dose Alvedo for Gamma Rays on Concrete,” Nucl. Sci. Eng.
17, 3, 419-Lok (November 196%).

A semiempirical formula is developed which yilelds
values for the differential dose albedo of gamma rays
on concrete. Garma rays of incident energies 0.2, 0.5,
1.0, 2.0, 4.0, 6.0, and 10.0 MeV are considered. Re-
sults of the semiempirical formula are compared with
values derived from Monte Carlo calculations for the back-
scattering of gamma rays from a semi-infinite slab of
concrete.

Results show that the two-parameter formula gives
satisfactory agreement with the Monte Carlo calculations.

The principal assumption involved in the theoretical
analysis is that the actual reflection process can be ap-
proximated by two terms, one involving a single Compton
scattering event and the other involving isotropic
Processes. The two parameters used involve the contribu-
tions of the two terms.
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L4y5, D. J. Raso, "Monte Carlo Calculations on the Reflection and Transmis-
sion of Scattered Gamma Rays,"Nucl. Sci. Eng. 17, 3, 411-418 (November

196%).,

Monte Carlo calculations were performed to determine
the backscattering from and transmission through concrete
of 0.2, 0.5, 1.0, 2.0, 4.0, 6.0, and 10.0 MeV gamma rays.
The radiation was assumed to be 1lncident on a semi-
infinite medium and on slab thicknesses of 0.5, 1.0, 2.0,
and 4.0 mfp at angles of cosfp = 1.0, 0.75, 0.50, 0.25,
and 0.10. The case histories of 5000 photons were fol-
lowed on the IBM 704 digital computer for each of the
175 geometries (874,000 histories). The information ob=-
tained included: (1) The characteristics of emergent
photons, which were stored on magnetic tape; (2) a
routine that processes these characteristics to give
polar and azimuthal angular dose distribution; and (3)
detailed results from the application ¢f the processing
routine to the parameters investigated. The computer
program, the processing routine, and the detailed results
are given in Ref, 1.

Lo, J. J. McInerney, "Some Aspects of Neutron Slowing-Down Distributions
in Hydrogeneous Media," Nucl. Sci. Eng. 17, 3, 392-397 (November

196%).

Some aspects of the relation between the energy
dependence of the scattering cross section and the
spatial distribution of neutrons slowing down in & hy-
drogeneous moderator are discussed. The neutron popula-
tion in an infinite medium i1s analyzed using the mean
square slowing down distance, T (E), as a measure of its
spatial extent. It is shown that, contrary to what is
perhaps expected, the neutron population in many cases
is distributed closer to its source with decreasing
energy. In the analysis of this behavior it is found that
diffusion theory may in some cases be expected to give
good results close to the spatizl position of the source.
A correction term is also found for the "first fight"
transport kernel often used in practical calculations.



Lh7. M. J. Berger and J. Doggett, "Reflection and Transmission of Gamma
Radiation by Barriers - Semianalytic Monte Carlo Calculation,' J. Res.
Nat. Bur. Std., 56, 2, 89-98 (February 1956).

The transport equation for photons which have been
Compton-scattered repeatedly with a specified sequence
of energy losses and deflections wag solved analytically,
by an "orders of scattering" approach, to obtain condi-
tional reflection and transmission probabilities.

These probabilities were then averaged over all possible
intermediate angular and energy configurations in a Monte
Carlo calculation carried out on the NBS automatic
computer (SEAC). The efficiency of the Monte Carlo
calculation was increased by taking advantage of the
close correlation between the transmission of radiation
through thick barriers and the corresponding penetration
problem in an infinite homogeneous medium for which an
exact solution was available. The reflected and trans-
mitted energy flux (integrated over all spectral energies
and directions) has been calculated for 0.66=-, 1-, and
L-MeV radiation incident on water barriers, and 1-,

L, and 10-MeV radiation incident on iron, tin, and

lead barriers. Angular and energy spectra were obtained
for water at 0.66 MeV. The ratio of the scattered
energy Tlux, transmitted through a barrier to the scat-
tered flux at equal depth in an infinite medium, was
found to be constant for distances from the source
greater than four mean free paths of the source radia-

tion.,
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S. Tomoeda, A. L. Frank. and M. B. Hastings, The Effect of Source
Distance on Bulldup Factor for Gamma Rays Penetrating into a Compart-
mented Structure, USNRDL-TR-681 (October 8, 1963). Availability:
$3.60 0TS as AD-42L880.

In order to correlate some basic measurements of
radiation attenuation made on an aircraft carrier to other
situations and geometries, experiments were carried out
to study the effects of source distance on the dose dis-
tribution inside a model-sized compartmented structure
intended to simulate the carrier.

Data are presented in the form of buildup factors
(By) as a function of source=-to-detector distance for two
configurations of the compartmented structure. Buildup
factors are also presented as a function of the slant
path through the interposing steel plates for the case
where the source is considered far from the structure.

Comparisons of the bulldup factors within our complex
structure with the more basic single-slab dose-buildup
factors obtained by other investigators are also pre-
sented.

In every case, the buildup factor for the compart-
mented structure was found to be consistently and signi-
Tficantly lower than the single-slab data. The greatest
differences in buildup (Bp~-l) amounted to 30 percent.

Starting with the source irradiation point against
the center of the structure front face and moving away
along the perpendicular to the front face, the buildup
Tactor at the detector position of the center compart-
ment nearest the source increased smoothly while the
buildup factors at the detector positions of the two
further center compartments remained approximately con-
stant. The buildup factors of all the detector positions
in the noncenter compartments decreases smoothly. At a
distance of about 20 in., or roughly twice the largest
dimension of a compartment, the bulildup factors for all
detector positions had become nearly constant so that
doubling or tripling the source-to-detector separation
distance produced practically no change in By.

Among the several effects that contribute to the
buildup, the slant path of the primary radiation and the
effects due to the geometry of the detector and slab
appear most important.

om
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H. J. Kopp, "Synthetic Method Solution of the Transport Equation,'
Nucl. Sci. Eng. 17, 1, 65-7h (September 1963).

A general residue iteration method {the synthetic
method) is described and applied to the solution of the
neutron transport equation. For example, a possible
solution is the synthesis of a sequence of solutions to
diffusion equations, each having a residue source. Only
time independent systems consisting of isotropic scat-
tering material of arbitrary geometry are considered
herein. Exact solutions, approximate solutions, and
the refinement of existing approximate methods can be
accomplished within the framework of the synthetic
method.

G. C. Pomraning and M. Clark, Jr., "Orthogonal Polynomial Angular
Expansion of the Boltzmann Equation," Nucl. Sei. Eng. 17, 1, 8-17
(September 196%).

The angular dependence of the solution of the mono-
energetic Boltzmann equation in slab geometry with
isotropic scattering is expanded classically in the set
of Jacobi polynomials which are orthogonal in the interval
-1 to +1 with respect to the weight function wlp) =
(1 - u)a.(l + )P, The low-order solution obtained by
retaining only the first two terms in the expansion is
investigated in detail. In this low order it is shown
that a proper choice of @ and B leads to the exact
asymptotic transvort eigenvalue. With this choice of
¢ and P a significant improvement in the linear extrapo-
latlon distance and the critical size of a bare slab
over the usual {P - 1) diffusion theory is obtained.
However, 1t is shown that, in general, the truncated
set of classical Jacohi equaticns does not conserve
neutrons. A modification in the truncation procedure
is made in order to obtain neubron conservation while
retaining the advantages of the Jacobi expansion. The
cholces O = P = =l/2 and O = P = -1 are discussed 1in some
detail and shown to have advantages over the corresponding
Legendre (0 = B = 0) expansion.

1
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451. T. V. Blosser and R. M. Freestone, Jr., A Radiation Study of the
Westinghouse Testing Reactor, ORNL TM-332 (December 11, 1963%).
Availability: $2.60 0TS, $0.98 (mf).

Gamma-ray, fast-neutron, and thermal-neutron dose-
rate measurements utilizing instruments of high sensi-
tivity have been made over a major portion of the bio-
logical shield of the Westinghouse Testing Reactor
(W.T.R.) at Waltz Mill, Pennsylvania. Observed rates
were well below the rate of 1 mr/hr predicted for the
shield for a reactor power of 60 Mw. Selected regions
of the area within the W.T.R. security fence were
examined to determine radiation levels due to gamma-ray
"shine" from the elevated primary =oolant tank. Dose
rates ranging from 0.08 mr/hr to 10 mr/hr were observed.
The existence of a considerable fast-neutron flux in
the reactor coolant exit stream at distances as great
as ~ 245 £t from the core was esiablished, but the
source for these neutrons was not definitely determined.

52, T, V. Blosser and R. M. Freestone, Jr., A Study of the Shield of the
Virginia Polytechnic Institute UIR-10 Reactor, ORNL TM-290 (December
12, 1963). DNot for sale to public.

A study of the radiation leakage from the shield of
the Virginia Polytechnic Institute UTR-10 nuclear reactor
was completed in February cf 1962. Fast-neutron, thermal-
neutron, and gamma-ray dosimeters of high sensitivity
were employed to obtalin a detailed network of data over
all surfaces of the shield. Supplemertary experiments
evaluated gamma-ray dose rates in a corridor and in a
classroom adjoining the reactor room and also determined
a rough value for argon dispersal through the reactor
room ventilating system.

The results of the detailed survey showed generally
satisfactory performance of the shield for fast- and
thermal-neutron radiations, but a number of regions were
identified in which the gamma-ray dose rate was higher
than that predicted by the shield design.



197

453, A. B. Chilton, Gamma-Ray Reflection Factors from Concrete, CONF-39-9
(June 1963%). Availability: AED-CONF-63%-060-42, Gmelin Iustitute,
L0-L2 Varrentrappstrasse, Frankfurt (Main), West Germany.

The field from a radiocactive point source near a
concrete-air interface was mapped using the differential
dose albedo formula devised by Chilton and Huddleston.
The conditions for the validity of the results are that
the distances involved are larger than a mean free path
in concrete, but substantially smaller than a mean free
path in sir.

Lsh, K. Sehested, A. Brynjolfsson, and N. W. Holm, Determination of the
Absorption Curve in Water of Co- 60 Gamma, Rays and Determination of
the Strength of a "Six Curie Co-60 Source by Means of Ferr ous-Sulphate
Dosimetry, RISO Report No. 62 (May 1963). Availability: Dep. (mc),
Riso, Roskilde, Denmark.

The gamma-ray dose rate in water from a Co-60 source
was measured with a Fricke chemical dosimeter. The experi-
mental results were compared with a calculation using
the moments method results reported by Goldstein and
Wilkins.

455, D. I. West, Data Report and Analysis of Fast-Neutron Attenustion in
L XDC 60 1-17 {December 20, 1959). Not for sale to public.

Lm‘-

Fast-neutron dose-rate measurements were taken
within a 36-inch slab array of LiH at the GE-ANPD
Source Plale Facility operated by the Battelle Memorial
Institute. Analysis of these data indicates that the
Tast-neutror removal cross section of the Li in LiH is
of the order of .07 cm T for a density of 5.6k x 10P2
lithium dtoms/hm which represents a microscopic
removal cross seut“on of 1.24 barns.
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456. R. H. Chesworth, Army Gas Cooled Reactor Systems Program - ML-1
Shielding Design Report, ID0-28609 (UC-80) (October 1963). Avail-
ability: $2.75 OTS.

The ML-1 is a closed cycle, gas-cooled nuclear
power plant developed under the Army Gas-Cooled Reactor
Systems Program (AGCRSP) to demonstrate the feasibility
of such a plant for military field use. The shielding
was designed to comply with the ML-1 performance specifi-
cations which stipulated that the bilclogical shield
should attenuate the radiation to certain specified levels
within 24 hours after the reactor was shut down from
full-power operation. Additional shielding was to be
provided as possible within the size and weight limita-
tions to reduce levels associated with reactor operation.

Preliminary designs, final design, analysis, and
experiments which resulted in the final design for the
ML-1 shield, as well as prelimirary evaluations of
shield performance, are described.

The work reported herein was performed by Aerojet-
General Nucleonics under Contract AT(10-1)-880 between
Aerojet-General Corporation and the U.S. Atomic Energy
Commission.

hs7. L. J. Cannon, L. A. Schmittroth, Computer Generation and Testing of
Random Numbers, ID0O-16921 (August 1963). Availability: $1.00 OTS.

This report discusses the need for random numbers
particularly in regard to Monte Carlo applications and
the two methods most commonly used to obtain random num-
bers. These methods are the multiplicative congruential
method and the mixed congruential method, and both methods
involve somewhat arbitrary parameters. Proofs for the
lengths of period for both methods and a derivation of an
expression for the serial correlation coefficient in
terms of the parameters of the mixed congruential method
are presented. The results of a series of statistical
tests made to determine satisfactory parameters are
listed. The length of run test was found to be the most
powerful test in that 1t rejected the largest number of
parameters as unsatisfactory. The multiplicative method
(for the parameters tested) was found superior to the
mixed congruential method. The multiplicative method
multiplier A = 2% 4+ 3 gatisfactorily passed all tests
and has a short multply time.
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458. D. W. Green, Attenuation of Gemma Radiation in a Two-Legged ll-Inch
Rectangular Duct, USNCEL Technical Report R-195 (NP-11657) (May 2,
1962). Not for sale to public.

Results are presented of experiments carried out with
an 11 x 11l-in. duct in cohcrete with one right-angle bend,
using Co®0 as & gamma~-ray source. FExperiments cover the
effects of moving the source and detector off the center-
line position, of replacing the inside concrete corner
lip with one of lead, and of removing various scattering
areas in the corner. Measured values c¢f attenuation
factors for the corner and second leg are compared with
calculated values, using the LeDoux-Chilton analysis.

The comparisons suggest that the analysis provides an
adequate treatment of the single-scatter effect in the
duct. Multiple-scatter effects, however, which are not
taken into account by the analysis, apparently are
responsible for approximately half of the radiation
reaching the detector. An empirical expression is ob-
tained which adequately represents most of the experi-
mental results of duct measurements available at the
present time.

459. V. R. Cain, Calcylations of Thermal-Neutron Flux Distributions in
Concrete-Walled Ducts Using an Albedo Model with Monte Carlo Techni-
ques, ORNL-3507 (January 21, 196L).  Availablity: Dep.; $2.75 OIS.

Wher. radiatior shields are penetrated by ducts, the
gamma, rays resulting from the radiative capture of low-
energy reutrons in the duct walls can be princ¢ipal con-
tributors to the total dose along the duct. TIn oxder to
calculate the effect of these capture gamma rays, the dis-
tribution of low-energy meutrons in the ducts must be
known. This report presents calculations of low=-energy
neutron distributions in concrete-walled ducts by a method
in which an albedo model and a Monte Carlo technique were
used. One series of calculations was performed for straight
ducts so that comparisons could be made with the Simon-
Clifford analytic epproximetion. Arother series was for
three-legged rectanguiar ducts similar to those used in a
Tower Shielding Facility experiment. When an albedo similar
to that to be expected for a pure thermal-neutron source
was used, the results agreed very closely with the TSF
data. A digital compuber code was written to perform the
calculations.
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J. Certaine, H. Goldstein, M. H. Kalcs, and P. 5. Mittelman,
Penetration of Neutrons from a Point Fission Source Through Carbon
and Hydrocarbong, NDA 12-18 (June 30, 1956). Availability: Dep.
(me); $%.30 (ph), $2.40 (mf) 0TS.

Moment calculations have been performed to study
the penetration of fission spectrum neutrons through
carbon and hydrocarbons. For pure carbon, the neutron
spectrum as a function of penetration depth and the
"age" to 1.4L4 eV have been determined. For hydrocarbons
having the formulae CH, CHi.g, CHs.g, and CHs.: the
fast-neutron dose has been determined as a function of
penetration depth and an effective removal cross section
of carbon has been evalusated.

R. G. Cochran, J. D. Flynn, K. M. Henry et al., Reactor Radiations
Through Slabs of Graphite, ORNL CF 5L.7-105 (July 20, 1954). Avail-
ability: Dep.; $4.80 (ph), $2.7C (mf) OTS.

Measurements have been completed to determine the
attenuvation of large thicknesses of graphite next to a
reactor. These measurements are of interest for evalua-
ting a graphite reflector as a shield component, and they
also provide a direct comparison with LTSF determina-
tions of the carbon removal cross section. Graphite
thicknesses of 1, 2, and 3 ft were used, and the usual
gamma-ray, thermal-neutron, and fast-neutron dose mea-
surements were made behind each slab thickness. In
addition, the fast-neutron spectrum (above 1.% MeV)
through 1 £t of graphite was measured.
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L62. J. I. Marcum, Monte Carlo Calculations of the Transport of 1 -MeV
Neutrons in the Atmosphere, RM-3531-FR (April 1963). Availability:
$10.50 0TS as AD-405L01L,

This report presents new results for the transport
of 14-MeV neutrons in the atmosphere. Two corrections
have been made to the RAND neutron Monte Carlo transport
code, and curves from several previous reports are
presented along with the new results given by the cor-
rected code so that comparisons can be made and the
previous incorrect resulis can be changed.

For the first time, results are given for the trans-
port of 1L-MeV neutrons near an air-ground interface and
also in an infinite homogeneous air medium.

An auxiliary smoothing and graphing code has been
developed for use in conjunction with the Monte Carlo
transport code. This code is described and sample
results are shown.

L63. J. Certaine and R. Aronson, Distribution of Fission Neutrons in
Water at the Indium Resonance Energy, NDA-15C-40 (June 15, 195L).
Availability: Dep.; $2.60 (ph), $2.00 (mf) OTS.

Calculations have been made by the moment method
of the neutron flux distribution at 2.0% eV from a
point isotrecpic fission scurce in water. Comparison
has been made with fiux measurements by Hill, Roberts,
and Fitch at the indium resonance energy ( ~ 1l.hh eV).
The shapes of the two flux curves agreed beyond 10 cm.
However, the maximum of the theoretical flux curve is
~ 5 cm from the origin while the experimental maximum
is ~ 7.5 cm away. The age, defined herein as 2/16
(r being the distance from the origin), is calculated

to be 26 cm?, compared to a measured value of 31 cm®,
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h6Lk. J. F. Scoles, Calculated Gamma-Ray Spectra from UP°> Fission Products,
NARF-58-37T (FZK-9-132) (August 29, 1958). Availability: $2L.30
(fs), $7.50 (mf) OIS as PB-1L42179.

The gamma rays from fission products remaining in
a reactor after operation are usually the most important
contributors to the dose from ~a shutdown reactor or
spent fuel assembly. To improve the accuracy of shield-
ing calculations, the spectra of these gamma rays were
calculated for various combinations of reactor operation
time and time after shutdown. A literature survey was
performed to obtain UP>® thermal fission yields and
decay information. These data were used in a digital
computer program to obtain the gamma-ray energy in each
of 28 energy groups. The results obtained are sub-
stantially more accurate than previous calculations of
the same type. The improvement was obtained primarily
by using more recently available nuclear data, by extend-
ing the length of the decay chains considered, and by a
finer division of energy groups.
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L65. D. H. Jansen, E. E. Hoffmen, and D. M. Shepherd, "Iead-Lithium
Shielding Alloy - Metallurgical Studies," J. Nucl. Mater. 1, 3,
249-258 (1959) .

Alloying and casting studies conducted on a lead-
0.69 wt% lithium alloy, & proposed shielding material,
are presented. The information obtalned during this
investigation was used in connection with the making
of an experimental, laminated slab, 90 cm square and
10 cm thick, of the lead-lithium alloy. This slab was
used to determine the neutron and gamma-ray shielding
characteristics of the material. Shielding tests have
demonstrated the effectiveness of the alloy in suppres-
sing secondary ganma-ray production.

Mechanical property tests were conducted on the
lead=lithium alloy and the results compared to those for
a lead- 0.06 wt% copper alloy, also being considered for
shielding applications. It was found that the lead-
lithium alloy has superior strength at room temperature,
butothe lead~copper alloy has superior creep strength at
110%¢C.

Tests at 110°C in air indicate that the lead-0.69
wt$h lithium alloy oxidizes more rapidly than pure lead.
The lead-lithium alloy is attacked by water with an ac-
companying volume increase and cracking. Corrosion was
much more severe in bolling water than in room-tempera-
ture water.

The lead-lithium alloy has good rolling charac-
teristics. No cracks or surface defects were observed on
a piece which was rolled to 92.5% reduction.



20k

466. C. M. Park, C. B. Agnihotri, and J. Silverman, Interim Report on
Scattering of Gemmas Through Ducts, TID-17014 (UMNE-2) (June 1,
1962). Availability: Dep. (mc); $5.60 (fs), $1.97 (mf) OTS.

An area-wise dose-rate calculation method using
differential angular dose albedos 1s presented for
application in radiation shielding design. A FORTRAN
program employing differential dose albedos was set
up to calculate the dose rate resulting from singly
reflected photons in a straight rectangular duct and an
L-shaped two-legged rectangular duct. A sample calcula-
tion is included.

467, V. R. Cain, A Study of the Radiation Shielding Characteristics of
Basic Concrete Structures at the Tower Shielding Facility, ORNL-3L6k
(January 21, 196L). Availability: Dep.; $1.75 OIS as AD-428230.

In the first of a series of experiments performed for
the Department of Defense to investigate the protection
afforded by variouns typical structures against prompt
weapons radiation, radiation-intensity measurements were
made at the Tower Shielding Facility in two concrete-
shielded bunkers and in an intercomnecting tunnel. Prompt
weapons radilation was simulated by the Tower Shielding
Reactor IT (TSR-II), which was operated 100 ft above the
ground. The distance between the reactor and the bunkers
was approximately 700 ft. The bunkers were each 12-ft
cubes and were constructed so that the shield thickness
on the front face of one and on the top face of the other
could be varied in 4-in. steps from O to 20 in. The thick-
ness of concrete and dirt surrounding all other faces was
sufficient to make them black to incident radiation.

The immediate goals of the experiment were to study
(1) the attenuation of radiations by various thicknesses
of ordinary concrete slabs, (2) the buildup of radiation
intensities within the cavities by scattering of radiation
in the walls, and (3) the transmission of radiation down a
tunnel with two right-angle bends. The gamma-ray and
fast-neutron dose rates and thermal-neutron fluxes mea-
sured at various positions within the bunkers and in the
tunnel and the pulse-height spectra from a 3-in. sodium
iodide crystal determined at one position in the top
bunker and one position in the tunnel are reported.
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468. W. L. Bunch, Radiation Shielding Progrem at Hanford, HW-7827h
(April 27, 1963). Availability: Dep.; $0.75 OTS.

The experimental shielding program carried on at
Henford has been bullt around two reactor facllities
which can be used as sources of reactor radiation. A
cross-secticnal drawing is shown of one of two wells
located in the top shield of the DR reactor. A graphite
reflector and cast iron thermal shield are located
permanently between the reactor and these wells. The
wells are dry. Slabs of the material under investigation
are removed and replaced only while the reactor is not
cperating. Sultable detectors are placed between the
slabs to measure *the neutron or gamma distribution.

The 36-inch shield plug facility is located on the
side shield of the C reactor. This i1s a dry facility,
similar to the two DR wells, and differs primarily in
the fact that only a graphite reflector remaing
permanently between the facility and the reactor. The
slabs of material under investigation are loaded verti-
cally 1into a crate which is moved into and out of the
shield opening by a hydraulic piston.

Calculations performed at Hanford are briefly
described.

L69. Z. Haider, M. K. Husain, and F. Shaikh, "Marbolite - A New Synthetic
Material. Part II. Gamma-Ray Shielding Measurements on Marbolite
and Other Materials,” Pakistan J. Sci. Ind. Res. 6, 2, 90-92 (April
1964). -

Gamma-ray shielding (absorption and scattering)
properties of a unew synthetic material, "Marbolite,"
have been studied and ccmpared with other shielding
materials, especially lead and natural marble. For
temporary shielding, Marbolite turns out to be much
cheaper than lead aud marble for the same percentage
absorption. Ease of hardling and fabrication in any
desired size ard shape coupled with acid and alkali
reslstant property, makes it an excellent shielding
material for radiochemical laboratories.
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470. A. G. Pieper and L. A. Beach, Stochastic Estimates of the Penetration
of Gamma Rays Through Slab Shields, NRL Report 5981_TSeptember 26,
1963). Availability: $3.60 OTS.

The energy penetration and dose-rate buildup factors
have been calculated by Monte Carlo techniques on a digital
computer for a plane, monodirectional source of gamma rays
of 1.0, 2.5, and 6.0 MeV incident at various angles upon
finite slab shields of lead, iron, ordinary concrete, and
water. The exponential transformation and equivalent inte-
gration over the spaticl variable were utilized to obtain
results for slabs up to 18 mean-free-path lengths in
thickness. A simple expression was derived which
relates a given buildup factor at any incident angle to
the corresponding buildup factor at normal incidence.

471. M. L. Randolph, "First Collision Doses Produced by Fast-Neutron
Fluxes of Wide Energy Distributions,”" Radiation Res. 19, 3, L492-511
(July 1963).

Analytic methods for evaluation of the ratios of
first-collision dose to fast-neutron flux for five
classes of neutron spectra have been developed. Results
in terms of rads in tissue and bone have been calculated
for examples of each distribution and in terms of rems
for all but one distribution. Doses for several other
hydrogenous materials may be obtained by multiplying tissue
doses by stated factors. The neutron distributions de-
scribe fission spectra, evaporation spectra, multigroup
spectra, and spectra resulting from cosmic rays. Vagaries
in this method of dosimetry are discussed briefly. The
ratio of dose 1n bone to that in tissue 1s found to be
0.44 in every case examined. A fast-neutron dose rate
of 10 to 20 millirems/day in The upper atmosphere is
estimated.
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L72. E. P. Blizard, T. B. Cook, Jr., P. S. Harris, et al., Nuclear Radla-

tion Criteria for Hardened ICBM Systems, STL/TR-59-OOOO—OO?55
(December 1959). (SECRET)

L73. K. Parker, Neutron Cross Sections of Carbon in the Energy Range .025
eV _to 15 MeV, AWRE Repcrt lNo. 0-71/60 (August 1961). Availability:
Dep. (mc).

Recommended values are given for the neutron total
and partial cross sections of carbon in the energy range
0.025 eV - 15 MeV based on avallable experimental and
theoretical evidence. Details of energy and angular
distritutions are given so that the data are complete for
the purpose of neutronics calculations.

The values given in this note are available on
punched cards as part of the AWRE Punched Card Library
of Neutron Cross Sections.
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L7k, M. A. Schmoke, Attenuation of Fallout Radiation as a Function of
Concrete Blockhouse Wall Thickness, NDL-TR-I3 (October 1063).
Availability: $9.10 OTS as AD-431063.

This experiment was conducted to verify theoretical
calculations of wall thickness effect on the shielding
characteristics of a concrete blockhouse in a wniformly
contaminated fallout field.

Two gamma emitters, cobalt 60 and cesium 157, were
used to simulate uwniform planes of contamination. The
dose rates at varlous locatlons within blockhouses with
wall thickness of 48 psf, 93.7 psf, and 139 psf were mea-
sured with lonization-chamber dosimeters. Reduction
factors were calculated from the data taken at the center
detector positions and compared with reduction factors
computed from the theoretical calculations of Dr. L. V.
Spencer, National Bureau of Standards.

1. Experimental and theoretical reduction factors 3 feet
and 6 feet above the center of the concrete block-
house agreed within +15 percent for a uniformly
contaminated plane of cobalt 60, and within +20
percent for cesium 137. -

2. Cobalt 60 and cesium 137 radiation show approxi-
mately exponential attenuation of dose rate as a
function of wall thickness ranging from 48 to
139 psf for detector heights of O (ground level),
3, and 6 feet.

475. L. Degelman, A. Foderaro, and G. Kowal, Evaluation of the Shielding
Characteristics of Structures for Slmulated Residual | Radiation,
Pennsylvania State University NUC E 15 (November 1963). Availebility:
$4.60 0TS as AD-L422876.

A semiempirical expression has been developed for
the gamma-ray dose rate at any point within a concrete
structure resulting from a point isotropic source lying
anywhere on the ground outside the structure. This
point-to-point kernel has been integrated over an
infinite area to check existing theories of fallout
protection and to determine the variation of dose
rate as a function of position within the structure.
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G. D. Joanou and H. Fenech, "Fast Neutron Cross Sections and
Legendre Expansion Coefficients Tor Oxygen-16," J. Nucl. Energy
Parts A, B 17, 10 (December 1953).

The fast-neutron cross section for oxygen-16, as well
as thne Legendre expansicn coefficients for the angular dis-
tribution of elastically scattered neutrons, has been re-
ported by Joanou et al. (1961). Since the publication of
that report, new experimental data on the (n,o) and (n,p)
cross sections have been reported (Harvey, 1959; Bettis
Atomic Power ILaboratory Repert, 1962) and have motivated
the present paper. The recent results obtained by Phillips
(1962) on differential elastic scattering were used in the
determination of the Legendre expansion coefficients. The
total cross gecticn has been revised to include the three
resonances at the laboratory neutron energies of 1.651,
1.8%30, and 1.903 MeV. No data are as yet available on the
differential elastic scattering cross sectilon for neutrons
in the energy range 1.75 to 2.00 MeV, but since this energy
region is of importance in reactor physics, an analysis using
the Blatt-Biedenharn (1952) formalism was made to determine
the angular distribution of elastically scattered neutrons
and the corresponding legendre expansion coefficients in this
range.

The procedure adopted to obtain the Legendre expansion
coefficients from the available experimental data was the
same as previously reported by Joanou et al. (1961)-

C. S. Pemberton, Scavenging Action of Rain on Non-Wettable Parti-
culate Matter Suspended in the Atwmosphere, FWE-233 (AWRE 0-53/58)
(February 1959). Availability: Urnited Kingdom Atomic Energy
Authority. (CONFIDENTIAL)

E. W. Beale, Computation of Fallout Pattern. Part I. General
Theory, FWE-219 (AWRE E1/58) (August 1958). Availability: United
Kingdom Atomic Energy Authority (CONFIDENTLAL)

C. L. Storrs and J. M. Miller, Shielding Properties of Uranium,
ORNL CF 53-9-96 (September 30, 1953). Availability: Dep. (mc);
$4.80 (ph), $2.70 (mf) OTS.

A basic study of the shield properties of uranium was
made. A slab 3 in. thick by 3 ft square was placed in the
water of the ORNL ILid Tank at various distances from the
source plate. Gamma-ray and thermal-neutron measurements
at each positicn with (a) no thermal neutron on the slab,
(b) a 3/16 in. slab of plexibor cn the source side, and
(c) the plexibor on both sides. Thus, the contribution to
the measurements from fissions in the slab were determined.
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L80. T. V. Blosser, R. M. Freestone, Jr., and J. M. Miller, Study of the
Shield of the University of Tllinois TRIGA Mark II Research Reactor,
ORNL TM-178 (April 23, 1962). Not for sale to public.

Detailed measurements have been made of the fast-
neutron and gamma-ray dese rates and the thermal-neutron
fluxes existing at the surfaces of the biological shield
of the Unlversity of Illinois TRIGA Mark II Research
Reactor. Dose rates and fluxes were found to be extremely
low. A comparison was made by means of threshold foil
techniques between the fast-neutron flux in a beam hole
of the reactor during steady-state operation at 1 kw and
during a nominal 250 Mw, 30 msec pulse produced by rapid
insertion of ~ two dollars of excess reactivity. The
flux over the duration of the pulse was approximately
four times that for steady-state operation for 1 hr at
1 kw. Fast-neutron dose rates and thermal-neutron Tluxes
were measured at each of the four beam ports of the reactor
at operating powers of zero, one and five watts. Some
gamma-ray dose-rate data was also obtained at zero and
1 watt. An appéndix briefly describes the threshold foil
technique used.

481. M. X. Hullings, The Effect of Some Liquid Metal Ducts on Reactor
Shields, ORNL CF 53-11-53 (February 12, 195L). Availability:
Dep. (me); $10.80 (ph), $3.90 (mf) OTS.

A series of neutron attenuation experiments designed
to test engineering mockups of ligquid-metal ducts have
been completed. The primary purpose of the test was to
facllitate calculations of additional shielding required
by loss in efficiency of a reactor shield when perforated
with liquid-metal ducts.

The test was performed at the Thermal Colum Facility
located on the ORNL Graphite Reactor (X-10 Pile) with ducts
having one or two 90~-deg bernds.
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L82. N. F. Shoemeker and C. M. Huddleston, "Economy of Experiment in
Dose Albedo, " Nucl. Sci. Eng. 18, 1, 113-115 (January 1964).

Treatments of the differential dose albedo of gamma
rays on concrete have supposed that the albedo value is
a Tunction of the energy of the incident gamma radiation,
the polar angle of incidence, the polar angle of reflec-
tion, and the azimuthal angle of reflection. It is
demonstrated here that, if certain assumptions (which
appear reasonable) are made regarding the mechanism of
reflection, it is not necessary to investigate varia-
tions 1n albedo with azimuthal angle of reflection.

Once differential dose albedc has been determined for a
complete set of incident and reflected polar angles
with zero azimuth, albedo at any azimuth can be derived
by a sultable transformation.
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483, W. K. Talley, Analytic Expressions for Calculating Neutron Distribu-
tion Functions by Monte Carlo, NP-T2117 (1962). Availability: (Thesis)
University Microfilm,Inc., Ann Arbor, Mich., $2.75 (mf), $5.00 xerox,
Order No. 64-9098.

In Monte Carlo calculations, the successive direc-
tions and energies of a particular history of a neutron
slowing down in a homogeneous medium can be determined
without reference to the locations of the collisions.

For each set of such discrete directions, the analytic
form of the spatial distribution of any particular colli=-
sion 1s developed by integrating over that of the previous
collisions. Not only is the statistical error of such a
method less than that of ordinary Monte Carlo, but an
analytic expression for the energy distribution of the
last collision enables one to calculate a sample of the
vector flux density at chosen positions and energies.

Previously, the use of analytic spatial distribu-
tions has provided scattering probebility densities for
Plane source neutrons in an infinite homogeneous medium
and for a plane source on the boundary of a finite slab.
The solution to the more general problem of a plane source
anywhere within the finite slab is presented here; however
the main portion of this thesis treate the more compli-
cated three-dimensional problems involving point sources.

)

The scattering probability distribution functions
for a point source in an infinite and semi-infinite
medium are developed, and the spatial moments of the
former are given. The results for the plane source are
shown to follow those from the point source. The ex-
tension of this method to finite bodies is discussed.

The problem of round-off error (due to machine truncation)
is examined, and a method to circumvent it is set forth.
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4L8Lk. C. L. Bennett, Shielding Properties of As-Cured Barite Concrete,
HW-7111% (September 20, 1961). Availability: Dep. (mc); $2.60
(fs), $1.04 (mf) OTS.

This preliminary report contalns experimental data
on neutron and gamma attenuation by barite concrete in
the as=-cured condition. The program was designed to
test barlte concrete in the as-cured condition: and
heated to 300°C as part of Hanford's continuing shield-
ing studies of high-deusity concretes.

The mean density of the barite concrete tested was
3.51 g/cm>.

The fast-neutron attenuation was found to be approxi-
mately exponential. The measured relaxation lengths for
Tests 1, 2, and 35 of barite concrete in the as-cured
condition are respectively 10.55 cm, 10.65 cm, and 11.69
cm. This difference in relaxation lengths was attributed
to the water loss (0.07 g/em®) that occurred while the
barite concrete was in the test wells, the water being
driven off by heat absorbed from the thermal shield.

In the first test a measured fast-neutron removal
cross section of 0.0692 cm * was obtained for a concrete
density of %.55 g/cm?. This value agrees within about
T percent with the calculated removal cross section of
0.0831 em *. 1In the last test the variation between ex-
prerimental and calculated values was about 6 percent.
These variations can be attributed largely to uncer-
tainties in the composition of the corcrete.

h85. N. M. Newmark, Design of Openings for Buried Shelters. Chapter.5.
Effects Input Data. Chapter éo Radiation Shielding Design
Parameters, NP-13087 (July 1963). Not for sale to public.

The shield design section is a very simple intro-
duction to shelter shield design problems for the
engineer new to the field,
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486. J. P. Perkins, Decay of U®3® Fission Products, RR-TR-6%-11 (AD-
415052) (July 25, 1963). Availability: $1.60 OTS.

Decay properties of mixed fission products from
thermal fission of UP3® have been calculated by a method
employed earlier but with revised input data describing
decay of individual nuclides. Input data and calculated
decay rates and rates of beta and gamma energy release are
presented.

L87. W. C. Ingold, Some Applications of a Semiempirical Formula for
Differential Dose Albedo for Gamma Rays on Concrete, USNCEL TN
L69 (November 30, 1962). Availability: $2.60 OTS as AD-291133.

This theoretical study illustrates the usefulness and
versatility of a semiempirical formula through its appli-
cation to three specific problems:

1. In generating a table of albedo values for various
combinations of angles of scatter.

2. In a study of first reflection contribution to dose
rate in a round duct compared to that in a square
duct.

3. In the development of a relatively simple and un-
sophisticated program for multiple scatter contribu-
tions.

L88. T. R. Fowler and C. H. Dorn, Gamma-Ray Attenuation in a 12-Inch
Dismeter Round Concrete Duct, USNCEL TN-L65 (November 5, 1962).
Availability: $3.60 as AD-289349.

Dosimeter and Geiger tube measurements were made along
the centerline of a 12-inch diameter cilrcular concrete duct
with two right-angle bends. Measurements showed that the
buildup factor in the first leg was the same as that found
in earlier work for the square duct. As with the square
duct, the dosage received down one leg of the duct follows
closely the functional form Kx™ where x is the distance
along the axis of the duct, and K and m are empirical con-
stants. The value of m for a round duct has been found to
be about 10 percent smaller than that found for square ducts
of similar size. The attenuation of the corner, however,
is greater for a round duct than for a square one. A
theoretical treatment of the first leg using single-
scattering theory is included in the appendix.
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H. Mochizuki, Y. Tanaka, Y. Higashihara et al., Experimental Research
on the Penetration of Co-60 Gamma Ray Through Flnlte Homogeneous and
Heterogeneous Media, NP-tr-11%9 (August 1962). Availability: Dep.;
$4.60, $1.61 (mf) JCL.
Dose~rate buildup factors were obtained from the re-

sults of measuremernt of Co-60 gamma-ray transmission through

multilayers of water, iron, and lead. An empirical formula

for the buildup factor for multilayered shields was obtained

on the basis of the experimental results obtained and by a

generalization of the formula derived by Kalos for two

layers. The experimental and calculated results agree

well for thickness less than six mean free paths.

Z. G. Burson, Experimental Radiation Measurements in Conventional
Structures. Part II. Comparison of Measurements in Above-Ground
and Below-Ground Structures from ... Fallout Radiation, CEX-59.'(B
(February 196%). Availability: Dep.; $1.50 OTS.

An experimental study designed to provide a basis for
estimating protection against fallout radiation was made on
two types of structures at the Nevada Test Site. This study
was sponsored by the Civil Effects Test Operations, Division
of Biology and Mecidine, U.S. Atomic Energy Commission. The
two bulldings studied were a lightly constructed building
with a basement, and an underground group shelter.

An idealized fallout radiation field was simulated by
the use of the Mobile Radiological Measuring Unit (MRMU).
The unit employed a sealed radioactive Co®® source that was
pumped at a wnlform speed through a long length of flexible
tublng evenly distributed over the area of interest. Radi-
ation levels at selected points inside the structures were
measured with sensitive ionization-chamber detectors.

These measurements were compared with measurements
taken under actual fallout conditions at an earlier time
and were also compared with the theoretical calculations.

Protectlion factors from fallout data and MRMU dats
at the basement s sure compared roughly within a factor
of 2. This was good, considering the limitations of the
two sets of data and other factors affecting the differences.
Comparisons between protection factors from fallout data and
MEMU data at the underground group shelter were excellent.
MBEMU data and theoretical calculations also compared
satisfactorily.

[SEERY
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F. J. Shore, R. D. Schamberger, and H. P. Sleeper, Jr., The Stream-
ing of Neutrons in Carbon Steel, Including the Geometrical Dependence,

BNL-265 (December 1, 1953). Availability: Dep. (mc); 9k.60 (ph),
$2.70 (mf) OTS.

A study has been made of the streaming of neutrons
through rectangular carbon steel slabs which were placed
near the bottom of the water tank. The principal aim of
the investigation was to find an empirical relationship
correlating the streaming in the steel with the dimensions
of the steel. Such a relation was found and is discussed.
The validity of the empirical law, however, might conceiv-
ably be limited to a particular kind of energy spectrum.
Experimental evidence for its independence of the incident
energy spectrum 1s presented. For the purpose of building
patches to shield against the stireaming neutrous, the
shapes of the flux distributions around the end of the
slabs are important. Information useful in this connection
is given. The data obtained for right circular cylinders
are discussed. The connection with the empirical law for
rectangular slabs is indicated. A brief study is made of
the decreased streaming noted when thin water gaps are
included between slabs. Finally, experiments which were
done to determine the energy and origin of the streaming
component are described. In the discussion, an effort is
made to correlate the results of the previous sections.

R. L. Kloster, Analysis of Lead Shadow Shield Equipment, NARF-57-9T
(FZK-9-113) (February 27, 1957). Not for sale to public.

Gamma, dose rates behind lead shadcw shields in water
were calculated and compared with experimental measurements.
The Ground Test Reactor served as the source for these mea-
surements. The results are shown as functions of three

variables: source-shield separation distance, shield thick-

ness, and source-detector separation distance.

The dose rates are analyzed in relation to the
geometrical arrangement of the lead shield, detector, and
source. Interrelationships of the dose rate components
(primary source gammas, water-capture gammas, lead capture
gammas, and gammas scattered around the shadow shield) are
discussed.

The analysis showed that primary and water-capture
gamma rays are the important contributors to the total dose
rates for most realistic shadow shield designs. However,
under certain circumstances, lead capture and scattering
around the shield become important.

L3
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J. M. Chapman, Computer Calculation of Dose Rates in Two-Legged
Ducts Using the Albedo Concept, USNCEL R-264 (October 2L, 1963).
Not for sale to public.

This report gives the results of calculations of
gamma~-ray dcse rates in two-legged rectangular concrete
ducts. The calculations were performed on an IBM-1620.
They are based on the differential dose albedo and include
multiple scattering effects. The results of the calcula-
tions are compared with expevimental data for ducts whose
widths vary from 11 in. to & ft, using Co-60, Cs-137,
Au-198, and Na-2& gemma-ray scurces. The calculated dose
rates agree to within +30" percent for all ducts and all
sources, except for small ducts w1+h Cs=-137 sources,
ducts with very short first legs (Li/W < 1.33) and for
Au-198 sources.

N. R. York, R. L. MacNeil, and R. J. Brodeur, The Effect of Limited

Strips of Contamlﬁatlon on the Dose Rate in a Multistory Windowless

Bulldlng Vol. IV. 20 PSF Wall and 80 PSF Floor Thickness, TO-B
62-L9 (July 31, 1962). Not for sale to public.

The effects of ilimited field of contamination on the
dose rate within a multistory structure are investigated
using the modeling technique in this fourth volume of re-
ports on Contract 00S-0S-62-14. The model structure
represents a six-story bullding similar to an apartment or
office bullding. It has a wall mass thickness of 20 psf
and a floor mass thickness of 80 psf. Otherwise, it is the
same structure descrived in Vol. II of this series.

The results are presented as fractions of infinite
Tield dose for different areas of simulated contamination.
The results of this study verify the conclusion of Vol. II:
presentation of finite-field correction factors as a func-
tion solely by the ratic Wc/h is incorrect for structures
with thick filoors. Allowance must be made for the shadow
effect of the thick floovr on direct radistion. The
finite-field correction factor presently used in the
National Shelter Survey Computer Program overestimates the
actual dose receivad cn upper stories from finite fields
of contamination located on the growd.
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D. Spielberg, Shielding Characteristics of Alr, Soil, Water, Wood,
and Other Common Materials. Vol. I. Air Scattering of Gamma Rays

and Neutrons. Vol. II. Attenuation of Gamms Reys and Neutrons,
WKNL-89 (February 28, 1957).. Availability: Vol. I, $3.00 OTS as
PB-15116k4; Vol. II, $%.00 OIS as PB-151165.

A large amount of data is given for alr scattering
and attenuvation in soil, sand, granite, limestone, sand-
stone, wood, water, and ice. Neutron and gamma-ray air
scattering, based on single scattering with no attenuation,
was calculated for three types of source-shielded geometries
for many energies. The results are given in Vol. I. The
attenuation data is presented in Vol. II for isotropic
plane sources. The gamma-ray data was based on published
moments method results. The neutron data was generated
using Age Theory and Bethe-Tonks-Hurwitz theory for non=-
hydrogeneous materials and a multigroup procedure for
hydrogeneous materials. Secondary gemma-ray results are
also given.
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496, R. A. Cameron, Jr. and P. H. Huff, Radiation Shielding and Response
Studies of AEC Test Structures, WI-1723 (December 10, 1963). Avail-
ability: Dep.; $1.25 OTS.

The two primary objectives of Project 34.2 were to
determine the variation of the radiation dose in different
positions inside four smalil shallow-buried reinforced-
concrete test structures and to compare the accelerations
inside two of these structures with the accelerations in
the adjacent free field. Film badges, chemical dosimeters,
and energy-dependent film badges were placed throughout
all four of the structures. In addition, in two of the
structures, a self-recording Ballistic Research Labora-
tories accelerometer was located in a corner on the
floor. Two more accelerometers of the same type were
located in the ground abcut 20 ft from the two stations.

Even forthe small structures considered in this test,
conslderable variation was observed in the radiation dose
for the various locations in the structures. The average
radiation readings in the structures were higher by a
factor of about 3 than those predicted. The energy-
dependent film badges, which also were strongly direction
dependent, indicated that the radiation near the bottom
of the structures was approximately isotropically dis-
tributed. However, calculated doses at individual badge
locations based on the isotropic distribution did not
agree well with observed doses.

In all cases the peak accelerations recorded inside
the shelters were higher than the corresponding free-
Tield peaks. Consequently 1t is recommended that until
further information is available, the predicted free-
field peak motions (acceleration, velocity, and displace-
ment) be multipiied by 1.5 to predict the corresponding
peaks inside structures similar to those observed in
this test.
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C. R. Mehl, A Monte Cario Calculation of the Neutron Flux from g

Monoenergetic Point Source in Air, SC-ET?4 (TR) (April 1950).
Availability: Dep. (mc); $19.80 (ph), $6.3C (mf) OTS.

A Monte Carlo calculation of the penetration of 6,
5, 3.5, 2.5, 1.5, 0.7, 0.4, C.1 MeV point isotropic sources
in air has been carried out. Anisotropic elastic scat-
tering and inelastic scattering were accounted for in
the calculation. Splitting was utilized to increase the

collision density at the deeper penetrations. Flux informa-

tion was determined from crossings cf detector spheres.
Angular and energy distribution data is given. The
results agree fairly well with moments method data of
Holland and Richards.

W. E. Thompson, J. M. Ferguson, and R. L. Mather, Neutron Distri-

butions Near an Air-Soil Boundary, USNRDL-TR-478 (November 18,
1960). Availability: $8.10 OTS as AD-2L47598 or PB-158319.

Given an air burst of a nuclear weapon at height x,
then for horizontal distances from ground zero greater than
X the vertical spatial distribution of neutrons is assumed
to remain essentially invariant. A method applicable in
such regions, using discrete space-energy '"bins" and a
number of assumptions, is described by which energy and
spatial distributions of neutrons above and below an air-
soil boundary can be predicted. A number of results
derivable from the theoretical treatment are compared
with experimental results obtained in the field.

The method found involves the iterative "multiplica-
tion" of matrices representing spatial and energic scat-
tering probabilities. The method is restricted to
distances from ground zero greater than the burst height.
A machine computation was performed using the composition
of Nevada Test Site soil as parameters. This solution
compares favorably with experimental results obtained at

NTS.
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499. F. M. Tomnovec and P. A. Read, The Effect of Collimation on the
Resolution and Peak-to-Total Ratlo of a Na_TTL Crystal USNRDL-
TR-5L4% (January 31, 1962). Not for sale to public.

Restricting <he incident radiation to a small area
of a NaI(Tl) scintillation crystal improves the resolu-
tion and peak-to-total ratio of the spectrometer. This
effect was studled with a series of tapered lead colli-
mators, all with the same apex but with differing
apertures, in front of a 4 in. by 4 in. diameter NaI(Tl)
scintillation crystal. Sources of gamma rays with
energies from 0.28 to 2.76 MeV were located at the apex
of the taper. Optimum resolution of about 25 percent
greater than broad-beam resolution was obtained with a
0.25-in. diameter sperture. Anomalcus effects were ob-
served with a smaller opening.

500. R. Aromson, J. Certaine, H. Goldstein, and S. Preiser, Penetration
of Neutrons from a POLnt Isotropic Fission Source in Water, NYO- 6267
(NDA 15C-L2) (September 22, 1954). Availability: Dep.; $M 80
(ph), $2.70 (mf) OTS.

The method of moments has been used to compute fast-
neutron doses and differential number spectra in the
energy range 0.3%-18 MeV out to 120 cm of water for
point isotrcpic fission neutron sources. Four problems,
which differ in the mesh width used in the numerical
integration and in +the treatment of the term describing
scattering by oxygen, have been done. It is concluded
that for hydrides of clements heavier than oxygen the
heavy compcorent can be taken as having infinite mass.
The attenuation length in the 60-120 cm range 1is10 cm.
A short discussion of the general shape of the spectra
and of the effect of the details of the oxygen cross
section is included.
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R. Aronson, J. Certaine, and H. Goldstein, Penetration of Neutrons

from Point Isotropic Monoenergetic Sources in Water, NYO-6269 (NDA
15C-60 (December 15, 195L). Availability: Dep.; $9.30 (ph),
$3.60 (mf) OTS.

Doses and differential number spectra at distances of
up to 120 cm are presented for neutrons in water from several
point isotropic sources. For most of the problems the
sources emitted nearly monoenergetic neutrons, in narrow
energy bands centered respectively at 2, L, 6, 8, 10 and
14 MeV. Energy degradation on scattering by oxygen was
ignored in all but two 14-MeV source problems. One of these
used the nearly monoenergetic type of source, and the results
showed the effect of degradation to be small. The other had
a monoenergetic delta-function scurce. However, the numeri-
cal procedure proved inadequate to handle the problem
because of the strongly forward scattering by oxygen at
14 MeV.

For the low-energy porticn of the spectra (from 300
keV down to 50 keV for some problems) it was found that
spatial equilibrium is established quite close to the
source. The same was observed for a fission source at
energies as low as 2 eV. It is shown that in the 2 eV
- 300 keV region the energy dependence can be given by a
simple formula in terms of the hydrogen cross section. At
distances of 30 cm and more from the source the spatial
dependence of the spectrum closely parallels that of the
Tast-neutron dose curve.

F. G. Moote, "Dose Rates from Rectangular Plaques,"” Nucleonics 19,
7, 102-10% (July 1961).

The analytical procedure for calculating the dose
rate from rectangular sources is given. The linear form
of the buildup factor for a Co®0 source in a water medium
was found to give the best empirical fit. Curves of solid
angle fraction and attenuation factors are given.

o
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50%. J. H. Smith and M. L. Storm, "Generalized Off-Axis Distributions
from Disk Sources of Radiation,” J. Applied Physics 25, L, 519-527
(April 195L4).

In the field of shielding it is frequently necessary
to calculate biological radiation doses at any point in
space due to disk sources of radiation. Such a source is
the leakage radiaticn from an end of a cylindrical reactor.
If G(R) is the dose at distance R from a unit point source
(e.g., G ~ e""R/R?) then the dose due to a disk source of
radius "a" with source strength S(p) is given by

a ?ﬁ y
D(z,a,e) = /\ k/ Gl(z% + p® + €2 - 2¢p cosBF] S(p) pd pdo,
J
0 0]

where (z,p,e) are the usuval cylindrical coordinates, z = O
is the source plane, and (Z,e,O) locates the dose point.

This integral is quite general, arising in many phy-
sical problems. In counter measurements, use of
G = z/(4sR%) 8 = 1 yields the solid angle subtended by
the counter. In neutron physics the slowing down density
of neutrons from a circular source of finite radius can be
calculated in the age approximation with G ~ exp(—Rz/T).

Since for most §'s the integral cannot be evaluated
in closed form, there are derived three alternative
series for D(z;a,e) each of which has a direct physical
interpretation and a different region of convergence.
The results are cttained for a class of analytic func-
tions G(R), the possible singularities of which occur only
at R = 0 for firnite R; and for S(p) of the form
z ,Sppzp. The appreoach 1in each case is to expand either
tﬁe double integral or one of the two repeated integrals
in a power series in cos8, €, or p Pricr to perform-
ing the detailed integrations. Numerical results are
given for the case of a typical shielding function.
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504, D. P. Osanov and E. E. Kovalev, "A Shield for Sources of Rectangular-
Form Gamma Radiation," Soviet J. At. Energy (Engl. Transl.) 6, 503-
506 (1960) .

The integral

f f _dmexp[-ud ﬁz‘:?/bj

+ b°

which is the attenuation function for a detector located a
distance d from a plane source has been evaluated for vari-
ous rectangular sources and shield thicknesses. The shield
thickness is ud mean free paths. Graphs of the results are
given for four detector distance ratios and five source
dimension ratios far pnd between C and 7. Comparisons with
line and point source attenuation functilons are also

glven.

505. D. R. Doty, Dose Measurements for Neutron Streaming in Ducts, USNCEL
R 282 (March 26, 1964). Availability: $3.60 OIS as AD- h56185
(DASA 11026).

The purpose of this report 1s to describe an operat-
ing facility and present some preliminary findings con-
cerning the streaming of neutrons in ducts of protective
shelters. The experimental results are compared to a
simplified theoretical treatment using the aibedo ap-
proach. Dose measurements were obtained in a 3 x 3 £t
concrete duct for thermal, 2.5-MeV, and 1k.T7-MeV neutrons
using a 12-in. spherical energy-independent dosimeter. In
the second leg, for all energies, the dose was found to
have a higher drop-off than the theory predicted. Reasons
for the discrepancy are examined and a comparison of ef-
Tective albedos is made for various energies.

506. W. Zobel, Experimental Determination of Corrections to the Neutron
Actlvatlon 9£ Gold Foils Exposed in water ORNL- 5&07—TMarch 21, 1963) .
Availsoility: Dep.; $.60 (fs), 32.12 (mf) OTS.

The corrections required to deduce unperturbed neu-
tron fluxes from measurements with folil absorbers have
been determined experimentally for the case of gold foils
exposed in a light-water medium. The results are in good
agreement with the theoretical predictions of Dalton and
Osborn and of Ritchie and Eldridge.
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R. J. Engelmann, Rain Scavenging of Particulates, HW-79382 (December
1, 1963). Availability: $3.00 OTS.

The process of collection of particles by falling rain-
drops is discussed in detail, and related to the flow field
of alr about a raindrop, as inferred from the literature.
An extensive literature review treats the theoretical pre-
dictions of collection efficiencies, and the contributions
to collection by both the wake of the drops and by electri-
cal charges. The present state of knowledge of scavenging
by impaction is then summarized. Several experiments are
conducted using artificial rain in the outdoors with zinc
sulfide tracer particles. Comparisons are made to the
theoretical predictions of Langmuir, and to the measure-
ments with freely falling drops made by Kinzer and Cobb,
Walton and Woolecock, and McCulley et al.

V. R. Cain, C. E. Clifford (USA), and L. B. Holland, Measurements of
Radiation Intensities in Vertical Concrete-Lined Holes and an Adjoin-
ing Tunnel at the Tower Shielding Facility, ORNL-3513 (March 196L).
Avallability: Not for sale to public.

Fast-neutron and gamma-ray dose rates within L-ft-
diam, 20-ft-deep, concrete-lined holes have been measured
at the ORNL Tower Shielding Facility. The radiation source
was the Tower Shielding Reactor II (TSR-II) enclosed in a
shield which modifiled the neutron to gamma-ray ratio of the
reactor leakage spectrum to more closely resemble that of a
wegpon spectrum. The holes were located at horizontal
distances of 100, 228, and 450 ft from the reactor. From
the hole at 100 ft extended a reinforced concrete-lined
tunnel, 6 £t high, 2 1/2 ft wide, and 20 ft long, with its
celiling 10 ft below ground level. The experimental mea-
suremernts consisted of vertical traverses in the three
holes and horizontal traverses in the tunnel. The
parameters varied ircluded distance from the reactor, the
angle of elevation of the reactor with respect to the
horizontal at the hole, and the material and thickness of
the shield over the hoie. Reactor elevation angles ranged
from 15 to 90°. The shields over the holes were concrete,
iron, and laminated ircn and concrete slabs.
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C. M. Huddleston and W. L. Wilcoxson, Gamma-Ray Streaming Through
Ducts, USNCEL R 289 (February 6, 1964). Availability: $4.60 OTS
as AD-43060% (DASA-11026) .

A survey is presented of the current status of ex-
perimental and theoretical investigations of the problem
of gamma-ray streaming through alr ducts in concrete.

Data are tabulated and plotted for a wvarilety of experi-
ments. Comparisons are made between theory and experiment,
inconsistences are pointed out, and areas needing further
investigation are indicated.

J. R. Askew and R. J. Brissenden, Some Improvements in the Discrete
Ordinate Method of B. G. Carlson for Solving the Neutron Transport
Equation, AEEW-R 161 (August 1963). Available from Her Majesty's
Stationery Office, London, ENGLAND.

This report gives an account of the DSN method for
simulating neutron transport, together with methods of
solution developed to deal with problems in the physics
of thermal reactors, for which previously avallable
computer programmes were unsatisfactory. The methods de-
scribed are those incorporated in the programmes WINFRITH
DSN written. in FORTRAN language for the IBM 7090 and
STRETCH computers.

K. T. Spinney, Neutron Attenustion in Concrete, AERE T/R 2507 (1958).
Availability: From Her Majesty's Stationery Office, London,
ENGLAND.

The observed behavior of the penetrating neutrons
in a concrete shield is accounted for by a simple theory
making use of a calculated 'transport’ cross section for
fast neutrons. This method is then linked with conven-
tional age theory in an empirical manner so that a good
fit is obtained to the observed neutron attenuation at
all distances in the shield.



227

512. A. Langsderf, Jr., R. O. Lane, and J. E. Monahan, Neutron Scattering
Angular Distribution, ANL-5567 (Rev.) (Cctober 1961). Availability:
dep. (mec); 313.00 (fs), $5.87 (mf) OTS.

The accompanying 41 graphs present the results of a
survey of the angular distribution of neutrons scattered
from 36 elements, two compounds, and one alloy. The data
are presented in the form of an expansion in a series of
Lengendre polynomials,

i
o)
t
= {o
O’(Q) = EJ_‘E- Zwﬂ Pﬁ\bOSQ) 3
£=0

in the laboratory coordinate system. The graphs give Ot,
Wy, Wo, Wz, and wy as a function of neutron energy.

Since the detector system used BFg proportiocnal counters
immersed in an olil moderator so arranged as to have constant
(within 10%) counting efficiency for neutrons of all
energies from 100 keV to 150C keV, o(6) is the total
differential scattering cross section.

The actual scattering detectors were positioned at
five scattering angles: 22°, 5L4°  92° (on the transmission
side of the plate scatterer), 112° and 144° (on the reflec-
tion side). Therefore o(6), as given by the above expansion,
will be correct at these angles even if the value thus
extrapolated to other angles 1s slightly erroneous.

The angular distribution is measured usually at about
80-keV intervals for each element; the resolution was
~ 100 keV at the lower energies, decreasing to ~ 60 keV
at the higher iuncident energies. TFor the transmission
angles the angular resolution is ~ 5°, while for the
reflection angles it is ~ 3°.

A statistical aralysis of part of the data, as well
as an observation of the general consistency, indicated
standard deviations of ~ +0.05 feor wy; and +0.10 for wy,
with the accuracy of ws and wg being intermediate between
these values. These deviatious are roughly independent of
the values of the wy. Tn most cases, the total cross
section, oy, is probably accurate to better than 10%
statistically.
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513. J. J. Griffin, Beta Decays and Delayed Gammas from Fission Fragments,
LADC-6002 (1961). Not for sale to public.

A theoretical study 1s made of the gross behavior of
beta decays following nuclear fission in times from 10 2
to 10 seconds. PFirst a simple model is formulated to de-
scribe the situation in terms of a few parameters. Then
the most uncertain of these parameters are chosen to fit
the observed rate of delayed gamma emission (assumed pro-
portional to the beta-decay rate) for the UF®S (n,r)
process. The description is extended to other isotopes
by assuming that they differ only by small shifts of their
initial fragment distributions away from that appropriate
to neutron-induced fission of U®3®., The result is a theore-
tical summary of the presently available data which can be
used 1n predictive extrapolation of that data to situa-
tions not yet studied experimentally.

51k. J. T. Lence, R. R. Liguori, and A. Lowery, Hand Calculation of
Neutron Flux, APEX-652 (August 1961). Availability: Dep. (mc);
$2.60 (fs), $1.19 (mf) OTS.

Empirical fits of neutron flux distributions were
obtailned for a large number of shielding configurations
(LiH, BeO, and stainless steel). 1In shield tests, foils
were exposed so that fluxes might be separated into a
subcadmium flux, an epi-cadmium flux, and one or two fast
fluxes. The objective was to develop simplified hand
calculations to approximate these experimental results.
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515. D. Spielberg and A. G. Duneer, Jr., Dose Attenuation by Soils and
Concrete for Broad, Parallel-Beam,Neutron Sources, AN-108 (May 1,
1958). Availability: $12.00 (fs), $5.18 (mf) OTS.

This report presents the theory and results of certain
neutron shielding studies performed to supply information
primarily for underground bomb shelter design. Speci-
fically, for neutron scurce energies of 0,025 eV, 0.5 MeV,
2.5 MeV, 7.5 MeV, 10 MeV, and 14 MeV, and various angles
of incidence upon the ground, results are presented that
show the total neutron plus secondary gamma dose rates
which would be received by individuals located in shelters
at various distances below ground. To cover the entire
range of possibilities, four basically different soil
types were analyzed with water contents ranging from zero
to saturation. This range also includes concrete. Also,
dose rates were calculated for depths ranging from 30 to
1,000 grams/cm?,

The information presented is considered to be
"engineering-type" data of sufficient accuracy for the
intended use. The multigroup theory which was utilized
has obvious deficiencies in that certain nuclear scat-
tering characteristics are simplified or ignored.
Therefore, the results should not be construed as
"scientific-type" data where comparison with experiment
can result in gaining some insight regarding the primary
nuclear scattering processes.
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W. A. Biggers, L. J. Brown, and K. C. Kohr, Space, Energy, and Time

Distribution of Neutrons at the Ground-Alr Interface, LA-2390
(January 29, 1960). Availability: Dep.; $7.60 (fs), $5.51 (mf)
0TS.

The work described in this report is the result of
attempts to correlate neutron data obtained during several
years by Los Alamos Scientific Laboratory.

A calculation, named NHM for Neutron, Hydrodynamic,
Monte Carlo code, has been done on the IBM TOL with the
following objectives, the results of which are included
in this report.

1. To determine if such a method is sufficient, with
present cross-section knowledge, to give neutron
fTuxes and spectra from nuclear devices as a func-
tion of distance and time.

2. To ascertain the validity of assumptions of the
location of the source of gamma rays from neutron
capture in nitrogen.

%. To record the number and energy of neutrons entering
and leaving the ground as a functlion of distance and
time.

A1l of the above were calculated for the case of a 10
to 15 kt fission device detonated 300 feet above Nevada
soil.

The degree of agreement with experimental data is
shown.

-
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517. C. F. Ksanda, A. Moskin, and E. 8. Shapiro, Gamma Radiations from a

Rough Infinite Plane, USNRDL-TR-108 (January 18, 1956). Availability:
$1.60 0TS as PB-159458 (AD-113%588).

Varlous calculations have been made relating the gamma
radiation intensity above a land area to the activity con-
centration on the ground. These calculations have generally
assumed the ground to be a smooth infinite plane. It has
been recognized that the natural roughness of any real
surface will reduce the radiation intensity from the ideal
smooth-plane value, and various correction factors have
been proposed to account for this effect. In this report
it is suggested that the assumption of a uniform mixture
of radioactivity through a thin top layer of the ground
surface, whose effective thickness depends on the degree
of roughness, offers a good approximation to the actual
case.

For a given uniform activity concentration on the
ground, this assumption results in computed radiation in-
tensities which may differ markedly, at certain heights,
from those computed for the smooth-plane case. If a radi-
ation detector is moved upward from the surface, its
distance from all the radiocactive sources is increased.
Where these sources are on a smooth plane, the path lengths
in the attenuating medium (air) are also increased. Con-
sequently, the radiation intensity above a smooth plane
always decreases with increasing height. For the mixture
case, the path lengths in air also increase with increas-
ing height, but the path lengths through the ground
decrease. As a result, the intensity also decreases with
increasing height if the measurement is made over a region
from which no radioactivity has been removed. However, if
measurements are made over a small ares from which the
radiocactivity has been removed, the intensity first increases
rapldly with increasing helght, reaches a maximum value,
and then decreases.

A practical application where this behavior is of im-
portance is 1n %ke determination of the radiation intensity
in buildings resulting from radiocactive contamination of
the surrounding terrain. In this case the area covered
by the building iteelf corresponds to the cleared area.
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518. M. B. Wells, "A Comparison of Some Recent Calculations of Neutron
Transport, " Health Physics, 8, 543-5L49 (1962).

Monte Carlo computations performed by the Rand
Corporation, the Los Alsmos National ILaboratory, the Sandia
Corporation, and General Dynamics/Fort Worth to determine
the transport of 3 and 14 MeV neutrons in air and air-
ground geometries are compared, and the differences between
these computations are discussed.

Air-transport calculations for a %-MeV neutron source
were performed at GD/FW, with the neutron cross sections
used in the Sandia and Los Alamos calculations serving as
cross-section input data. The GD/FW results were found to
be in good agreement with the Los Alamos air-ground
calculations, but to disagree with the Sandia calculations
for air only.

Monte Carlo calculations of the transport of neutrons
from a point isotropic fission source in air, as made at
GD/FW, are compared with results obtained from a moments-
method calculation performed at the Nuclear Development
Corporation of America. The differences between these
calculations are discussed.

519. M. B. Wells, A Monte Carlo Calculation of Gamma-Ray and Fast-Neutron
Scattering, FZM-2027 (October 27, 1960). DNot for sale to public.

The results of a Monte Carlo calculation of the
scattering of gamma rays and fast neutrons from a point
isotropic source in an infinite homogeneous medium of air
are presented in terms of energy spectra, angular distri-
butions, and tissue dose rates at source-detector
separations of 180 to 1500 yards. The calculations were
made for gamma-ray source energies of 0.5, 1, 2, M, and
6 MeV, and neutron source energies of 0.75, 2, 4, 6, 8§,
10, and 14 MeV as well as for a fission-neutron source.
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520. M. B. Wells, Monte Carloc Calculations of Fast-Neutron Energy Spectra
in Air, FZM-1867 (October 1L, 1959). Not for sale to public.

Results are presented of Monte Carlo air-scattering
calculations for source-neutron energies above the
threshold energy of inelastic scattering. Energy and
anguiar distributions of the scattered neutron flux and
angular distributions of the scattered dose rate are given
for point isotrcpic monocenergetic sources at source-
detector separation distances of up to 200 feet. The re-
sults of this study are compared with other calculations
made by Holland and Richards and by Zerby in order to
evaluate the effect of inelastic scattering on the scat-
tered energy spectrum.

521. M. B. Wells, Monte Cario Analysis of Air and Ground Scattering of
Gamma Rays, FZM-1046 {November 19, 1957). Not for sale to
public.

Results are presented of a Monte Carlo analysis of
alr and ground scattered gamma flux from a point isotropic
source. The results are based on a program, coded for the
IBM 70h, that allows for multiple scattering, arbitrary
separation distances of source and detector, and arbitrary
helghts of the source-detector system. For purposes of
this program, the ground is assumed to be concrete.

Results are in good agreement with measured dose rates
made with & nondirectional anthracene scintillation counter
from a 70-curie CofC scurce.
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G. H. Peebles, Gamma-Ray Transmission Through Finite Slabs, R-240
(December 1, 1952). Availability: Rand Corp., Santa Monica, Calif.

The quantity which is considered in this report to be of
first importance is the buildup factor for a monoenergetic,
monoangular beam of photons incident on a slab of finite thick-
ness but infinite extent. This quantity is obtained for a
set of discrete values of slab thickness, of incident energy,
and of incident angle. Slab thickness, in mean free paths,
spans the interval (0,20); incident energy, in units of mc?,
the interval (1,20); and the incident angle, in degrees,
the interval (0,90). Two materials are used for the slab --
lead and iron.

The processes used to obtain the set of "buildup"
factors and to establish their accuracy within reasonable
limits are such that a considerable amount of supplementary
information is produced. This Information is also presented.
The supplementary results consist in the probabilities and
expected energies corresponding to the transmission of photons
with exactly one, two, or three scatterings; distributions
of the transmitted photons over energy and angle; some
results for slabs of air and of the pure Compton scatterer;
some buildup factors in an energy range just below that
stated above; photon and energy densities for three source
configurations; and other quantities which on occasion might
prove interesting or useful. Also, a discussion of the
effect of variation of the total absorption coefficient on
transmission probabilities is given which leads to estimates
of buildup factors for a material of arbitrary atomic number
Z.

F. H. Gregory, Calculation of Radiation Dose Levels for the Army
Pulse Experimental Reactor Assembly, BRL Memorandum Report No.

1138 (November 1962). Availability: OTS $2.60 as AD LO21k47.

Calculations are made to estimate, as a function of dis-
tance, the radiation dose levels which would occur during
full capacity operation of the Army Pulse Reactor Assembly
(APRA) scheduled for construction at Aberdeen Proving Ground,
Maryland. Calculations of the neutron dose are made by two
methods. The first calculation (Method A) is made by utiliz-
ing an experimentally determined effective dose mean free
path, which probably includes the effect of ground scatter-
ing. The second calculation (Method B) is made by utilizing
the result of a Monte Carlo calculation of neutron trans-
mission in air. The results of this celculation indicate
considerably higher dose levels than indicated by Method A.
Experimental data are available which substantiate the result
of Method A. The gamma dose at distances of interest is found
to be unimportant when considered in light of the uncertainty
in the neutron dose.



524. M. J. Bina, The Transmission of Fast Neutronsg Through Iron,
Aluminum, and Lead (Thesig), AD-236498 (March 1960) Availability:
Air Force Institute of Technology, Wright-Patterson AFC, Ohio.

The dose transmission of polonium-beryllium neutrons
through iron, aluminum, and lead was investigated. A Hurst
type, tissue equivalent, neutron detector was used in con-
junction with an eilectronic integrator circuit which gave
directly a number proportional to neutron dose rate. It
was experimentally Jdetermined that the transmissicn number
was a functicn of source-detector distance and a method
was developed whereby the transmission number could be
obtained for an effective infinite source-detector separa-
tion. The absorbing material consisted of concentric hemi-
spherical shells 15/1€ inches thick and three configurations
were possible; the spherical absorber, the hemispherical
absorber, and the hemispherical reflector. Five shells were
used for each configuration with a2 total resulting thickness
of 4 11/16 inches. The dose transmission through iron,
aluminum, and lead was found tc te an exponential function
of thickness for the hemispherical absorber configuration
and, from this data, relaxation lengths were calculated to
be 14.5 cm for iron, 23.€ cm for aluminum, and 20.6 cm for
lead. Data was taken for aluminum in the hemispherical
reflector and spherical absorber configurations. The results
show that approximately four inchess of aluminum constitute
an infinite reflector for fast neutrons and as a consequence,
the relaxation length for the aluminum spherical absorber
changes to that of the hemispherical absorber for thicknesses
greater than four inches.

525. J. Butler, The Status of Thecoretical Methods for Reactor Shield
Design, AEEW-R-361 (1964) Availability: Dep. $1.10 (BIS); 5s.6d.
(AMS0)

The current technigues emplecyed for the design of
shields of power reactors in the U.X. are reviewed. The
general approach is based on the new RASH E removal age-
diffusion code in conjunction with the line of sight
correcticns for streaming. Tae validity of this technique
has been established by comparison with theoretical spectra
computed by transport codes and with integral experimental
data from a wide range of bulk ghield and duct configura-
tions in the LIDO Panel facilities at Harwell. As an
example of its appliication, the theoretical predictions
are compared with measurements made during the commissioning
and operation of ths gas ccoled Magnox reactors at Calder
Hall and Chap=licross.
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526. J. L. Meredith, Method of Evaluation of Experimental Radiation
Measurements Over a Rectangular Source, NDL-TR-11 (April 1961)
Availability: Nuclear Defense Lab., Edgewood Arsenal, Maryland.

Data analysis of field radiological decontamination
tests involves evaluation of detector response over finite
test areas. A method of calculation is derived for the
theoretical detector response over a rectapgular source by
numerical integration of the function dA/r”, where A is
the source area and r is the distance between an element
of the source area and the detector. Numerical results
for a rectangle of dimensions of 20 by 100 feet and a
detector height of 3 feet are presented. Effects of
uneven distribution of the contaminant over the source
area are considered, and a method of statistical analysis
of data is derived.

It was concluded that:

1. The theoretical relative detector response, I/K,
for any position over a rectangular source can be calcu- o
lated by numerical integration of the integral I/K = j’ aa/r".
A
The results agree with computations done by other methods of
integration.

2. Data obtained from this project's field decon-
tamination tests of rectangular areas can be analyzed for
the effectiveness of decontamination by methods developed
in this report.

527. C. Eisenhauer, An Engineering Method for Calculating Protection
Afforded by Structures Against Fallout Radiation, NBS 7810
Availability: National Bureau of Standards, Washington, D. C.

This report is a discussion of the technical assump-
tions underlying the methods currently recommended by the
Office of Civil Defense (OCD) for calculating protection
afforded by structures against fallout radiation. It shows
in detail how each technical chart in the OCD Professional
Manual is derived from basic data on radiation penetration
developed by Dr. L. V. Spencer. Charts from the Engineer-
ing Manual and relevant curves from Spencer's work are
included in this report in order to make it self-contained.



528

529.

257

U. S. Naval Ordnance laboratory Report, The Monte Carlo Method:
Neutron Reflection by Water, AD-220676 (NAVORD Report 6227 )

(January 29, 1959). Availability: U. S. Naval Ordnance Laboratory,
Silver Springs, Maryland.

The Monte Carlo Method with applications of interest to
the physicist i1s discussed. Papers are listed which:

1. Utilize the technique in the solution of
physics problems, and

2. Desribe methods of increasing the efficiency
of the technique.

Comments are made on the general usefulness of the
technique, its limitations and pitfalls. The treatment
is introductory rather than comprehensive.

The Monte Carlo Method is applied to the problem of
estimating the probability of normally impinging monochro-
matic neutrons scattering back from deep circulating pure
water.

G. T. Western, Energy and Angular Distribution Experiment. .Vol. IT.

Angular Distribution of Fast-Neutron and Gamma-Ray Number-Energy

Flux from Slabs,NARF-62-16T (September 30, 1963). Availability:

$6.60 (0TS) as AD-295718.

An experiment in which a narrow-beam slab geometry was
used to project radiation from the Aerospace Shield Test
Reactor onto test materials of 5% borated linear polyethy-
lene and cf lead was performed at the Nuclear Aerospace
Research Facility. Except as noted, measurements for
polyethylene and lead were made of (l) the radiation
source terms; (2) the flux distribution of thermal and
fast neutrons within the test materials; (3) the angular
distribution of thermal- and epithermal-neutron flux,
fast-neutron dose rate, and secondary gamma rays from the
test materials; (4) the reflection of neutrons from 3%
borated polyethylene and from steel; (5) the angular dis-
tribution of fast-neutron number-energy flux; and (6) the
angular distribution of gamma-ray dose rate and number-
energy flux resulting from primary gamma rays scattered
from the test materials.

Data for items 1, 2, 3, and 4 were published in
Volume I of this report; data for items 5 and 6 are pre-
sented in this volume, Volume II.
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5%0. F. J. Allen, A. T. Futterer, and W. P. Wright, Neutron Transmission
Versus Thickness for Some Common Materials, BRL-117LF (September 1062)
Availability: $6.60 (0TS).

Curves of neutron dose transmission versus thickness
are presented for laterally infinite slabs of several com-
mon materials for neutrons incident at several fixed energies
and angles. The materials are: water, polyethylene (vorated),
iron, concrete, Nevada Test Site soil (area 7, dry and 100
percent saturated), laminated slabs containing one inch of
iron on the outside, a variable thickness of iron on the
inside, and 3, 6, 9, or 12 inches of polyethylene sandwiched
between the layers of iron. The neutron source energies
are 0.5, 1, 2, 3, 5, and 14 MeV; the incident angles are
0°, 309, 450, and 70°.

Sufficient additional material is presented for inter-
pretation, evaluation, and use of the results given.

531. C. E. Clifford, Effects of Ground Roughness on the Gamma Dose from
¢s157 Contamination, AD-L08304k (DCRL-LO1) (March 1963). Availability:
Dep. (mc).

The effects of ground roughness on the dose observed
above a contaminated field were measured with cs27 sources
and a concrete ground with a 45° sawtooth profile of 6 in.
depth. The effect of rough ground was to reduce the dose
observed at a height of 1 meter by a factor that varied
markedly with the choice of ground roughness and with dis-
tribution of contamination. The results indicate that failure
to allow for ground roughness could be the main source of
error in the determination of radiation hazards near ground
level from the aerial survey of a contaminated region.
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532. R. W. Henderson, F. C. V. Worman, F. M. Cox, and P. K. Lee, Integral
Garma and Neutron Measurements on KIWI B-4A, LA-2885 (May 29, 1963 ).
Availability: Dep. $1.50 OTS.

This report presents data on integral neutron fluxes
and gamma and neutron rad doseg measured on the experi-
mental plans involving criticality of the KIWI B-L4A reactor.
Studies included a 1,500 foot free-line, two meridian rings,
and an equatorial bar.

Neutron fluxes and gamma and neutron rad doses show
a good approximation to the inverse gquare relationship
with distance, with air attenuation, along the freeline.
The angular distribution of the leakage radiation is highly
influenced by the core configuration. The equatorial bar
shows the experimentally determined flux in the horizontal
plane to be isotropic over the arc of the bar.

Gamma to fast-neutron dose ratios varied from about 1
at 62 feet to 1.8 at 900 feet. The ratio of thermal flux
to total fast flux varied from 0.6 at 62 feet to 0.4 at
1,500 feet.

5335. B. G- Carlson, Numerical Formulation and Solution of Neutron Trans-
port Problems, ILA-2996 (196k). Availability: Dep. $1.25 OTS.

The numerical techniques for solving the neutron trans-
port equation in arbitrary geometry in the case of discrete
treatment of neutron velocity and direction are summarized.
The transport problems considered may be stationary or time-
dependent and may involve isotropic or anisotropic sources
with or without up-scattering. The special case of the
diffusion approximation is also briefly discussed.

534. W. H. Steigelman, Radioisotope Shielding Design Manual, NYO-10721
(July 1963). Availability: Dep., 32.50 (OTS).

A simple and straightforward method for determining
the required thickness of a material to reduce the dose
rate to a specifiled level from a radiocactive source is
presented. Many graphs have been given for use in this
simple calculation. Information is given for concrete,
ordinary concrete, iron, lead, and uranium for many
common radlioisotopes and several mixtures of fission
products.
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535. B. P. Fairand and E. N. Wyler, A Survey of Current Research and
Developments in the Field of Dosimetry, REIC-33 (September 30, 1963)
Availability: Radiation Effects Information Center, Battelle Memorial
Institute, Columbus, Ohio

A survey of development in dosimetry techniques and
devices during the last three to four years is presented.
Three general types of radiation environments are con-
sidered: steady state, pulsed, and space.

Dosimetry procedures for selectively measuring the
neutron or gamma fields in mixed neutron-gamma environ-
ments and procedures for measuring pure gamma environ-
ments are discussed in the steady-state section.

Techniques for measuring the radiation environments
of pulsed reactors, and pulsed gamma and neutron sources
are reviewed in the pulsed-radiation-environment section.

The section on space dosimetry i1s divided into a dis-
cussion of techniques and devices for measuring galactic
cosmic rays, solar-flare radiation, Van Allen radiation
and radiation from secondary sources.

This report complements but does not supersede REIC
Reports Nos. 6 and 6A, "A Survey of Current Research and
Developments in the Field of Dosimetry,' Respectively
dated May 31, 1958, and March 31, 1959.

536. M. B. Wells, A Monte Carlo Study of the Transport of Neutrons Re-
sulting from Proton-Induced Nuclear Evaporation, RRA-M4% (June 12,
196L) Availability: Radlation Research Assoclates, Fort Werth,
Texas.

Monte Carlc methods are being used in performing a
parameter study of the trensport of neutrons through slabs of
aluminum, polyethylene, carbon, and iron for use in further
machine calculations of the neutron dose in space vehicles
which results from proton-induced nuclear evaporation. The
calculations being performed are for plane isotropic mono-
energetic neutron sources located at various depths within
a slab shield. The source plane locations and source ener-
gies were selected so that data for slabs of up to 50-cm
thick and source energies between 0.5 MeV and 14 MeV could
be obtained by interpolation from the Monte Carlo calculations.

The results obtained to date are mainly from aluminum,
and show that the amount by which the boundary effects in-
fluence the dose rate transmitted through slabs is highly
dependent on both the location of the plane isotropic source
within the slab and the slab thickness. Differences of as
much as a factor of 3 in the transmitted dose rate are noted
between the slab results and similar calculations for a plane
isotropic source in an infinite medium.

L]
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R. S. Hubner, Analysis of Neutron Scattering from Small Volumes
of Carbon, Beryllium, Aluminum, Jron, and Polyethylene, NAA-SR-
Ol18 (March 1, 196L) Availability: Dep. (mc); $4.60 (fs), $1.52
(mf) OTS.

The results of the analyses of the ORNL Tower Shield
experiments on neutron scattering from small volumes are
presented and compared to the experimental data. Satisfac-
tory agreement in the scattered dose is noted with both
experiments and ORNL analytic methods. The calculated
scattered spectra and nth collision doses are presented.
The Monte Carlo technigues used in the analysis are de-
scribed in the appendix.

F. J. Allen, A. Futterer, and W. Wright, Dependence of Neutron A
Albedos Upon Hydrogen Content of a Shield, BRL-122L4 (October 1963)

Availabiiity: OTS $4-60.

Curves are presented which enable one to determine the
neutron number current, number flux, energy, and dose
albedos as functions of the hydrogen content of a shield
material. The curves are given for eight incident ener-
gies: 0.1, 0.25, 0.50, 1.0, 2.0, 3.0, 5.0, and 14.0 MeV
and four incident angles: 0, 30, 45, and 70 degrees for
each energy.

A method 1s presented by means of which one can
calculate changes in neutron albedos caused by changes in
cutoff (or effective cutoff) energy.



539. J. C. LeDoux, Nuclear Radiation Shielding Provided by Buried Shel-
ters, AD-2%0086 (Tech. Rept. 025) (October 1959) Availability:
L.C. (mi) $4.50 (ph) $12.30.

The U. 8. Naval Civil Engineering Laboratory is charged
by the Bureau of Yards and Docks with the responsibility of
developing design principles for the construction of atomic
warfare shelters for use by the Naval Shore Establishment.
Part of this problem is the evaluation of the shelter
system as a shield for nuclear radiation from atomic
weapons .

The objective of the present study is to advance
existing knowledge of shielding for nuclear radiation and
to verify theoretical concepts in this field in order to
furnish the shelter designer with a formula for effective
shielding against AW attack.

This report presents methods of calculating the
attenuation of initial gamma, initial neutron, and residual
gamma radiation incident upon buried shelters from fission-
type weapons. Attenuation curves are presented which take
into account variations in the moisture content and density
of the soil cover. The effect of the various energy spec-
tra for each type of radiation has been considered. Three
types of shelter configurations have been investigated:
the rectangular or slab, the hemisphere, and the arch.

Although a simplified model has been assumed, compari-
son with experimental values of attenuation factors for
flexible arch-type structures indicates that the methods
developed in this report will predict doses or attenuations
within a factor of two.
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R. D. Shelton, J. F. Perkins, E. Feinauer, Ground Scattered
Dose Calculations Using a Monte Carlo Albedo, CVAC-200T

R-N-55 (September 10, 1954). Availability: $2.75 (fs),
$2.00 (mf), OTS.

An approximate analytic expression for the multiple
scattering predicted by the Monte Carlo albedo calcula-
tions for CoP¥ has been obtained in a form readily appli-
cable to ground scattering calculations for various source-
detector geometries. It is seen that this expression,
which contains the assumption that the ground scattering
can be described as a surface effect, does not agree with
the albedo assumptions usually made for the purpose of
calculating ground scattering dose.

The dose per unit solid angle per photon, D(@O,91,¢),
was found to be given by a curve of the form

D(@O,@l,¢) = (A + Bﬁg) cost, 1+ CGEO (/2 - ¢)]

where 6_ is the angle of incidence of the photon, 6. is the
angle og scatter, and ¢ is the angle of rotation of the
scattered photon path from the vertical incidence plane.

The expression for the multiply scattered dose, when
added to the known expression for the single scattered dose,
should permit a calculation of the total ground scattered
dose which is more accurate than calculations assuming
single scattering only or single scattering plus the usual
albedo assumptions.
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S541. B. L. Jongg, J. W. Harris, and W. P. Kinkel, Air and Ground Scatter-
ing of Co = Gamma Radiation, CVAC-170T (FZK-9-051) (March 30, 1955)
Availability: Nuclear Aerospace Radiation Facility, General Dynamics,
Fort Worth, Texas

Alr and ground scattering of Cobalt 60 gemma radiation
has been experimentally investigated for source-receiver
separation distances from 7.5 feet to 70 feet for heights
above ground from 9 feet to 57 feet.

The experimental results show that the dose rate at
the detector due to scattered radiation was negligibly
affected by changes in height after a height of about 45
feet had been reached. It was concluded, therefore, that
the data for heights greater than 45 feet was about equal
to that which would result from ailr scattering alone in
the absence of the ground. The raw data for heights
greater than 45 feet and for separation distances greater
than 35 feet closely fit a straight line plet on log-log
paper. The variation of the air-scatfered dose rate thus
fits a straight line correspending to a variation 1/af.
The best value of the expcnent of a was found to be n =
1.02 + 0.02.

542. R. Asley, A. Foderaro, R. Aronson, H. C. Claiborne, K. Shure,
H. Gerardo, and H. Goldstein, Neutron Attenuation in Optically
Thick Shields, ANS-SD-1 (April 23, 106L). Availability: Ameri-
can Nuclear Society, Hinsdale, Illinois, $3.50.

The Shileliding Division of the American Nuclear Society
sponsored the calculation of a group of neutron attenua-
tion problems. These problems ranged from point sources
in homogeneous media to typical, but simplified, reactor
shield designs. The results were presented at the November
1963 meeting of the ANS.

Approximately 90 individual problem solutions were
submitted. The results of each problem are summarized by
individual authors.

543. G. Goertzel and M. H. Kalos, 'Monte Carlo Methods in Transport
Problems," Progress in Nuclear Energy, Series I, Physics and Mathe-
matics, Pergamon Press, New York, Vol. 2, pp. 315-369.

The article is devoted to the discussion of the appli-
cations of the Monte Carlo method in the field of nuclear
energy. An account of the theory is given, including pre-
liminary material on random and pseudorandom numbers and on
choosing from probability distributions. The target game
and the transport game are described in detall, with emphasis
put on generality. The final section deals with specific
applications to some shielding and reactor core calculations.
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E. Ehret, The Determination of Epithermal Neutron Spectra by Means
of Resonance Probes (Sandwich Method), AERE-Trans-906 (June 1962)

Availability: JCL $2.60 (fs), $.83 (mf).

A method of measuring the epithermal neutron flux is
described. A detailed description is given of the fabrica-
tion "sandwich" probe used and the analysis of the measure-
ments made. Some comparison of the measurements made are
made with calculations. The results are generally good.

Tt is pointed out that I155, aul97, wi80, 1139, and Mn?°

are good materials for such detectors and resonance energies
such that measurements may be made in each logarithmic
energy interval of the slowing-down spectrum.

R. W. Klingensmith, R. G. Jung, W. A. Lindgren, H. M. Epstein,
and J. W. Chastain, Jr., Fast-Neutron and Gamma Spectrum and Dose
in Beryllium Oxide, BMI-1493 (January 11, 1961) Availability:
Dep. (mc); $2.60 (fs), $1.10 (mf) OTS.

Neutron and gamma penetrations through and behind
BeO were measured in the Battelle-GE-ANPD Lid Tank Shield-
ing Facility. Neutron-spectra measurements by threshold
foil techniques indicated practically no change in the
fast-neutron spectrum above 2.5 MeV in 13 in. of BeO. Fast-
neutron dose measurements with Hurst dosimeters through 21
in. of BeO were compared with those calculated by the NDA
moments method. The experimental results were within 30
percent of those calculated by GE-ANPD based on the moments
calculations. The removal cross section for BeO was deter-
mined from fast-neutron dose rates measured in the water
behind the slabs to be 2.02 barns. The gamma dose rate
decreased with a relaxation length of about 11 cm near the
source. The relaxation length increases with distance
through BeO indicating spectrum hardening. Gamma spectra
were measured at 4-in. intervals behind BeQ slabs from O
to 21 in. thick with a collimated 8 by 8-in. sodium iodide
crystal. The 6.8- and 3.41-MeV beryllium capture gammas
become dominant as the distance through the BeO increases.
Thermal flux was measured through and behind the BeO with
both a 3/4-in. diameter fission chamber and 1/4 by 1/4-in.
by l-mil-thick gold foils.
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J. W. Haffner, Duct Mockup Experiments at the Convair Reactor,
APEX-36k4 (July 1956) Availability: (mc); $3.60 (fs), $1.13
(mf) OTS.

An analysis of the Convair Ground Test Reactor
experiments on the simplified annular duct mockup has
been carried out. The fast-neutron duct leakage was
found to be estimable to within a factor of 2 for annular
ducts in water. Gamma-ray duct leakage is approximately
one order of magnitude less than the fast-neutron duct
leakage.

P. A. Read, <Calculations and Nomograms for Use in a Neutron-
Induced Activity Prediction System, USNRDL-TR-686 (Oct. 29, 1963)
Availability: U. S. Naval Radiological Defense Laboratory, San
Francisco, California.

A metheod is described for calculating the expected
induced activity gamma dose rate, given a thermal neutron
flux distribution varying only with depth in the ground.
The results of a number of such calculations are dis-
cussed. A set of nomograms incorporating the results of
the calculations is presented, and their construction is
discussed. The nomograms themselves constitute a rapid
and convenient calculating device for use in an induced
activity dose rate prediction system.

Radiation-Effects State of the Art, 1965-1964,REIC Report No. 3L
(June 30, 196L) Availability: Radiation Effects Information
Center, Battelle Memorical Institute, Columbus 1, Ohio.

No abstract needed.

J. Lamberieux, Dosimetry and Spectrometry of Fast Neutrons by
Radioactivation, HW-TR-59 (Translated from GE Report CEA-2251,

1963) Availability: JCL $6.60 (fs), $2.24 (mf).

A complete description, including worked-out examples,
of the use of threshold detectors at CEA, France, is given.
The means of obtaining the fast neutron dose-rate and energy
spectra are derived. A Pu-Be neutron source is used as an
example of spectrum determination. Tables of detector
properties, including cross-sections, are included.
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Harvey J. Amster and Wilson K. Talley, "Spatial Distribution Func-
tions for Calculating Neutron Densities by Monte Carlo, " Nucl.
Sci. and Eng., 20(1), 53-59 (1964).

When describing neutrons interacting with homogeneous
media, Monte Carlo can generate a sequence of energies and
flight directions without locating the positions of the
collisions that produced them. If the spatial distribution
of one of neutron density can conveniently be obtained at
specified positions and energies and at discretely sampled
angles. Previous applications for plane sources in infinite
media with real cross sections are here generalized for
plane sources in slabs and point sources within infinite
half spaces. A modified treatment for heterogeneocus media
is also formulated. These extensions to other geometries
can provide not only additional calculational standards, but
also theoretical results that could disagree with experi-
mental facts only because of the assumed nuclear data.
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551. R. E. Rexrocad, M. A. Schmoke, H. J. Tiller, A. Foderaro, L.
Degelman, and G. Kowal, "Point-to-Point Kernel Analysis of an
Experiment to Determine Wall Penetration of a Squarebased Cone
crete Structure by Gamma Radiation, Nucl. Sci. and Eng. 20(1),

66-79 (1964).

An analysis was made of shielding data obtained from
an experiment designed to determine the wall attenuation
properties against residual gamma radiation of a simple
12 ft x 12 £t x 8 ft concrete blockhouse for.three differ-
ent wall thicknesses (48, 93.7 and 139 1b/ft”). Roof
thickness was chosen so that radiation scattered through
the roof could be considered negligble. A plane source
g 31mulated by successively positioning point isotropic
and Cs137 sources on the ground surrounding the
structure. The experiment was designed to obtain experi-
mental evidence for the validity of certain aspects of
L. V. Spencer's Theory of Structure Shielding against
Fallout Radiation as presented in NBS Monograph 42. From
analysis of a total of 9700 measurements, a point-to-
point kernel was developed which permits calculation of
the dose rate at any point within the structure from a
point isotropic source on the ground outside. Doses cal-
culated from the kernel differ less than 10 to 50 per cent
from the experimental doses, except at extreme angles
of incidence where the error can exceed a factor of 2. A
computer program has been written which integratesasthe point-
to-point kernel over infinite or finite rectangular areas.
The kernel was integrated over an infinite area and results
were compared with those obtained from Spencer's theory.
It was found that the difference in reduction factor D/D,
from 'experimental' point-to-point kernel data and Spencer's
theory did not exceed 40 per cent. Free-field (unshielding
detector) dose rates obgalned from integrating the point-
to-point kernel over Co and Cs12( infinite- plane isotropic
sources have been compared with those obtained experimentally
by Rexroad and Schmoke. The differencg was found to be 9
and 7 per cent respectively for the Co O and the Cs127 source
fields.
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G. D. Joanou, A. J. Goodjohn, and N. F. Wikner, '"Moments Calcula-
tions of the Fermi Age in Moderators and Moderator--Metal Mixtures,"
Nucl. Sci. and Eng. 13(2), 171-189 (1962).

Essentially exact calculations of the Permi age in the
pure moderators and in moderator-metal mixtures have been
performed by computing the first few moments of the slowing-
down distribution. The treatment of energy degradation
takes into account the anisotropy of the elastic scatter-
ing to sixth order in a Legendre expansion, using data
not previously available. Energy degradation through
inelastic and (n,2n) processes is explicitly included.

K. F. Hansen, Techniques for Nuclear Shielding Calculations,
AD-407300 (May 1963) Availability: $3.60 (OTS)

Reviews and critiques of selected methods for nuclear
shielding calculations are presented. Those techniques
considered are numerical integration of the Boltzmann
equation, moments method, Monte Carlo, method of succes-
sive scatterings, and removal cross-section method. An
outline of the advantages and disadvantages of each parti-
cular method is included, along with a new simplified cal-
culation procedure.

L. A. Beach, R. B. Theus, and W. R. Faust, Analysis of Scintilla-
tion Spectrometer Observations of the Penetration of Cs1PY Gamma

Radiation Through Water, NRL Report 4277 (Dec. 1, 1953) Avail-

ability: $1.50 (ph), $1.50 (mf), OTS as PB 111291.

Spectral modifications of csld7 gamma radiations
produced by penetration and diffusion through water
have been observed. A single crystal of NaI(Tl) was
used to observe the pulse height distributions, pro-
duced by radiation from both plane parallel and point
height distribution was carried out by use of an
analogue computer to obtain the spectral distribution
of radiation.
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555. Arthur Reetz, Neutron and Gamma-Ray Heating in Iron Slabs, GAMD-
3690 (October 2k, 1962) Availability: $6.60 (OIS).

Radiation heating in iron slabs 2 to 8 inches thick
is calculated for monoenergetic neutrons and gamma rays
incident normal to the slab. Transmission, reflection,
and absorption of the energy and the number of neutrons
are presented for neutrons of energies from 1.9 ev to 14
Mev. The heat deposition and energy transmission are
presented for gammas of 0.5 to 8 Mev. Monte Carlo techni-
ques are used for the high-energy (> 0.5 Mev) neutron
calculations and the one-dimensional neutron transport
code DSN is used for the low-energy neutron calculations.
Monte Carlo techniques and gamma-ray differential energy
spectra are used in the gamma calculations.

556. D. K. Trubey, Calculation of Fission-Source Thermal-Neutron
Distribution in Water by the Transfusion Method, ORNIL-3487
(August 196k) Availability: $1.25 OTS.

A calculational method which combines transport
theory and diffusion theory, called the "transfusion"
methed, has been used to obtain the thermal-neutron
flux from a point isotropic fission source in water.
The transport theory code RENUPAK, which utilizes the
moments method, was used to calculate the energy-
spatial neutron distribution above 1 keV, and the
multigroup diffusion code MODRIC was used to continue
the calculation down to thermal energies. The result-
ing thermal-neutron fluxes agree Very well with experi-
mental results for distances out to 70 cm from the
source, but the calculated fluxes are as much as 40%
higher for greater distances.
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557. W. E. Bdwards and J. D. Simpson, Reactor and Shield Physics,
APEX-918 (May 31, 1962) (Confidential)

This is one of twenty-one volumes summarizing the
Aircraft Nuclear Propulsion Program of the General
Electric Company. This volume describes the experi-
mental and theoretical work accomplished in the areas of
reactor and shield physics.

The reactor physics technology for all ANP reactor
types is presented in its most advanced stage; i.e., no
attempt is made to present chronologically the develop-
ment of the technology.

The use of automated techniques for power-mapping
critical experiments in the reactor physics program
are discussed, with particular attention to the use of
high speed computer programs employing the IBM 7O4 and
IBM 7090 computing systems.

In the nuclear shielding program, efforts were
concentrated in two main areas: (1) the optimum placement
of shield materials to reduce radiation levels, and (2)
the calculation of specific nuclear data, such as nuclear
heating and activation, which are important to the design
of an efficient, safe power plant.

Methods were developed for determining, at any posi-
tion in the reactor-shield assembly, the total flux and
the angle and energy distribution of neutron and gamma
rays, as well as the response of any detector used to
measure radiation effects.

Important shielding computer codes described are
the point kernel and single scattering codes and the
more recently developed Monte Carlo's codes.
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558. W. Poenitz, Determination of Absolute Thermal Neutron Flux by Gold
Foils, KFK-180 (April 1963) Availability: dep. (mc).

A relation for the activation rate of a gold foil is
discussed, together with the necessary corrections. The
method used for absolute determination of 198Au activity
at Karlsruhe 1s then discussed. The effective beta self
absorption factor was determined by two techniques involv-
ing 4w B-y coincidence counting. The necessary corrections
are established and evaluated. The two methods gave results
in good agreement. Using the self absorption factors, the
198Au activities can be determined by 4n B-measurements
with an accuracy of 0.2 to 0.3%. The absolute thermal neu-
tron flux determination should be accurate to 0.5%. (D.C.W.)

559. D. C. King, Neutron Reaction Data on Aluminum and Oxygen for the
UKAEA Nuclear Data Library, AEEW-M-4L5 (February 196L4) Availability:
H. M. Stationery Office, Seven Shillings

This memo describes the new data files for aluminum and
oxygen which have been prepared in the period July 1963 -
February 1964 for the U.K.A.E.A. Nuclear Data Library.

Data from recent compilations of L. Forsberg, G. D.
Joanou and H. Fenech, and J. J. Schmidt have been used
extensively in the preparation of these new data files
which cover the energy range from 15 MeV down to 0O.0006
eV for aluminum and 0.0001 eV for oxygen.

560. K. Parker, Neutron Cross-Sections of Beryllium in the Energy
Range 0.025 eV - 15 MeV, AWRE 0—27/60. Availability: Dep. (mc)

Recommended values are given for the neutron total
and partial cross-sections of beryllium in the energy
range 0.025 eV - 15 MeV based on available experimental
and theoretical evidence. Detalls of energy and angular
distributions are given so that the data is complete for
the purposes of neutronics calculations.

Whilst every effort has been made to ensure the
general reliability of the data, no responsibility can
be accepted for errors, whether from the interpretation
of the original experimental data or from the trans-
scription of the intended data to the graphs.
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K. Parker, Neutron Cross-Sections of U255 and U258 in the Energy
Range 1 keV - 15 MeV, Part I: Best Cross-Secticns for U=?° Based

on Microscopic Experimental and Theoretical Data Available at

December 1961, AWRE O 79/63 (January 196L) Availability: Dep. (mc).

Recommended values are %iven for neutron total and
partial cross-sections of U2 8 in the energy range 1 keV -
15 MeV. The available experimental evidence is supple-
mented by esvimates based on nuclear theory. Detalls

of energy and angular distributions are given so that the
data are complete for the purposes of neutronics calcula-
tions. Experimental and theoretical data which have
become available since the "best" values were determined
are discussed as far as possible.

The values given in this note have been combined
with older data (l/U258) below 1 keV and written on
punched cards (5/U258 data, nuclide identification number
= 156) as part of the Aldermaston Nuclear Data Library.

Part II [1] of this series describes similar work
for U235. Part III [2] of this series describes the
simultaneous adjustment of the U and U22 data,
within the limits of experimental error where possible,
in order to bring experimental and calculated parameters
for a large number of simple integral systems into agree-
ment.

=g
K. Parker, Neutron Cross Sections of U25/ and U258 in the Energy
Range 1 keV - 15 MeV, Part II: Best Cross Sections for U=’- Based

on Microscopic Experimental and Theoretical Data Available at

March 1962, AWRE O 82/63 (December 1963) Availability: Dep. (mc).

Recommended values are given for neutron total and
partial cross-sections of U255 in the energy range 1 keV -
15 MeV. The available experimental evidence is supple-
mented by estimates based on nuclear theory. Details of
energy and angular distributions are given so that the
data are complete for the purpcses of neutronics calcula-
tions. Experimental and theoretical data which have become
available since the "best" values were determined are dis-
cussed as far as possible.

The values given in the note have been combined with
older data (1/U235) below 1 keV and stored on punched
cards (3/U235 data, nuclide identification number = 155)
as part of the Aldermaston Nuclear Data Library.

Part I [1] of this series describes similar work for
U238, Part IIT [2] of this series describes the simul-
taneous adjustment of the U2D and USPY data, within the
limits of experimental error where possible, so as to bring
experimental and calculated parameters for a large number of
simple integral systems into agreement.
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563. E. D. Pendlebury, Neutron Cross Sections of Li-6 in the Energy
Range 0.001 eV - 15 MeV, AWRE O - 60/6L (July 196L) Availability:
UKAEA, Atomic Weapons Research Establishment, Aldermaston, Berks.

Recommended values are given for neutron total and
partial cross sections of Ii-6 in the energy range 0.001
eV - 15 MeV. The available experimental data are supple-
mented where necessary by estimates based on nuclear
theory. Details of energy and angular distributions are
given so that the data are complete for the purposes of
neutronics calculations.

The recommended data given in this report have been
written on to punched cards (3/1i-6 data, nuclide identi-
fication number (NIN) = 175) as part of tre Aldermaston
Nuclear Data Library. A modified data set 3A/Li-6 (NIN =
181) which is perhaps slightly better than the 5/Li—6
data and which can be used as an alternative to it is
referred to in the Appendix.

IMWRE Report No. 0-61/64 describes similar work for
1i-7.

564. E. D. Pendlebury, Neutron Cross Sections of Li-7 in the Energy
Range 0.001 eV - 15 MeV, AWRE O - 61/6k (July 1964) Availability:
Dep. (mn).

Recommended values are given for neutron total and
partial cross sections of Li-7 in the energy range 0.001
eV - 15 MeV. The available experimental data are supple-
mented where necessary by estimates based on nuclear
theory. Details of energy and angular distributions are
given so that the data are complete for the purposes of
neutronics calculations.

The recommended data given in this report have been
written on to punched cards (5/Li-7 data, nuclide identi-
fication number (NIN) = 176) as part of the Aldermaston
Nuclear Data Library.

AWRE Report No. 0-60/64k describes similar work for
Li-6.
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H. Hurwitz, Jr., J. B. Nims, Jr., G. M. Roe, and M. L. Storm,
"Gamma-Ray and Neutron Heat Generation," Chapter 22, The Physics
of Intermediate Spectrum Reactors (UC-81) Availability: Naval

Reactors Branch, Division of Reactor Development, U. S. Atomic
Energy Commission, Washington, D. C.

In part A the geometries of different regions of a
reactor are idealized by considering plane, spherical, and
cylindrical bodies with various surface and volume sources
of gamma radiation. Tnis idealization permits the analytic
evaluation of most of the integrals arising in the absorp-
tion calculations. In addition, the '"straight-ahead" approx-
imation is assumed at all times:; this assumes that, in all
scattering events, the gamma-rays keep their direction
unchanged. The gamma-ray attenuation is assumed to be
exponential. The validity of these assumptions is dis-
cussed in B, where the selection of effective energy-
absorption coefficients 1s discussed.

The study in Part B investigates the accuracy with which
the absorption may be represented by an exponential approxi-
mation and determines the effective cross-section to be used
in this representation. To consider this question for SIR-
type reactors, a multigroup caiculation was performed to
determine the spectral energy distribution and energy deposi-
tion rate as a function of distance from a point source along
a straight-line path starting in the core and continuing
into the reflector. The "straight-ahead" approximation
(wherein the gamma-ray photons lose the proper amounts
of energy on collisions with electrons but are assumed to
keep their direction of travel unchanged) was used, and
various representatlive path lengths in core and reflector
material were chcsen. Although the treatment of gamma-ray
attenuation by the straight-ahead approximation and the
multigroup method would not be entirely satisfactory in
the case of shielding studies, this approach is considered
to be useful for gamma-ray heating calculations, where the
distances involved are comparatively small.

in Part C of the chapter, we obtain the magnitude and
distribution of the heat generated in an intermediate
reactor by the absorption of gamma radiation, by neutron
degradation, and bty (n,0) reactions in beryllium. Account
is not taken of the kinetic energy of fission products and
fission betas in the core. All values are obtained for
steady-state operation at 1 Mw.
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566« J. A. Rich, and R. E. Slovacek, "Gamma-Ray Heating Measurements
in the PPA," Chapter 23, The Physics of Intermediate Spectrum
Reactors (UC-81) Availability: Naval Reactors Branch, Division
of Reactor Development, U. S. Atomic Energy Commission, Washington,
D. C.

The distribution and magnitude of the heating that "
arises from gamma-ray and neutron interactions in the
reflector and blanket of an intermediate reactor are
of importance in the proper design of the cooling system
for those regions. Calculations of the neutron and gamma-
ray heating in such a reactor are described in Chapter 22, !
this volume. The measurements described here were made in

PPA-20 (an assembly similar to the reactor) to determine *
experimentally the distribution and magnitude of the gamma- "
ray heating.

,

567. F. Allen, W. Wright, and A. Futterer, Angular Distributions
and Energy Spectra of Neutrons Transmitted Through Polyethylene,
BRL-1148 (September 1961) (CONFIDENTIAL)

This report contains angular and energy spectral
distributions calculated by the Monte Carlo method for
neutrons which penetrate various thicknesses of polyethy-
lene. The forms of these distributions are correlated -
with physical ideas. Some generalizations of the com-
puted results are given. It is shown that a quasi-equi-
librium state is reached for any given source energy within
a few inches of the incident face. Methods utilizing the
angular and energy distributions are developed which per-
mit the calculation of number and dose attenuation factors
for deep penetrations. Relaxation lengths are also obtained.

It 1s shown that the reflected neutrons in a thick-
walled enclosure are distributed uniformly and isotropically -
to a good degree of approximation. It follows that the
theory of black body radiation is applicable with the inde-
pendent of the shape of the enclosure. Therefore the
- increase in dose due to internal reflections can be cal-

culated to good approximation in slab geometry. s

Neutron absorption versus depth distribution curves -

are also given for various source energies and angles of .
incidence.

»

.

»



257

568. F. Allen, C. Cialella, A. Futterer, O. Lyman, and W. Wright,
Experimental and Theoretical Determination of the Transmission
of Monoenergetic Neutrons Through Laminated Slabs of Iron and
Borated Polyethylene, BRL-1156 (December 1961) (CONFIDENTIAL)

Experimental 'and thecoretical determinations of
neutron number current transmission factors are pre-
sented for laminated slabs of iron and borated polyethy-
lene. Good agreement between theory and experiment was
obtained. The configurations contained up to 12 inches
of polyethylene and & inches of iron. Incident neutron
energies employed in the experiments were 1, 5 and 16.6
MeV. The theoretical dose transmission factors are presented
for the same configurations and for incident neutron energies
ofOO.5, 1, 2, 3, 5, and 14 MeV and incident angles of OO, BOO,
70",

569. S. Buscaglione and R. Manzini, Build-Up Factors: Coefficients
of the J. J. Taylor Equation, ORNL-TR-80 (Rev.) (February 196L4)
Availability: Dep. (mc); $1.60 (fs), $0.80 (mf) JCL. (Translated
from Comitato Nazionale Energia Nucleare RT/FI(65)7).

The coefficients for the build-up factors expressed
on the basis of the J. J. Taylor equation were determined
for some of the most common materials for the construction
of gamma-radiation shielding.

The materials investigated were H,O, Al, Fe, Pb, Sn,
W, U as well as normal concrete, baryte concrete ferro-
phosphorus concrete and magnetite concrete.

570. M. J. Barrett, W. E. Barch, and R. L. MacNeil, Transmission of
Gamma Radiation Through Thin, Finite Slabs, TO-B-04-4LL (May
1964). Availability: $2.00 (fs), $0.50 (mf) OTS.

The shielding of gamma radiation -- at photon energies
where the Compton scatter process is dominant--resulis in
a transmitted beam that is largely composed of scattered
photons. An approximate formula has been developed through
experiment to calculate the scatlered radiation and there-
fore determine the exact transmission, i.e., dose build-up
Tactor (B), for thin shields in the range of photon energies
from 0.6 to 2 MeV. The results of this experiment also give
rise to a simple method of measuring any microscopic scatter-
ing cross section by an array of detectors without loss of
the definition of the scattering angle.
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M. J. Barrett and R. L. MacNeil, Dose Rate Distribution in a Com-
partmented Structure, TO-B-64-1 (June 196k} Availability: $3.00

0TS as AD 6OL1g2.

Measurements are reported of the gamma radiation-
induced dose in a compartmented steel structure. The
experimental dose profile is compared with predictions
based on computational techniques in the Office of
Civil Defense Engineering Guide, as well as with com-
putations performed by the Monte Carlo technique.
Although agreement (within experimental accuracy)
is reached between the Monte Carlo and the experimental
measurements, the OCD predictions appear to overestimate
the dose because of an incomplete consideration of the
effect of spacing of the structure slabs. The degree of
conservatism does not appear to be serious, however.

Albert W. Starbird and John F. Ratter, Angular Distribution
of Skyshine Radiation at the Surface of =z Plane of Fallout

Contamination, TO-B-6%-L0O (March 196L4) Availability: OTS

$3.60 as AD 436311.

An experimental program was conducted to determine
the angular distribution of the air-scattered component
of gamma radiation (skyshine) at the surface of a plane
of fallout contamination. Measurements were made by
placing a radiation detector in a vertical ccllimator
recessed flush with the ground surface and placing
cobalt-60 sources on the ground along a line extending
from the center of the collimator to a radius of about
40 ft to simulate fallout contamination. Detector depth
in the collimator was varied to measure skyshine within
the cone formed by the collimator cpening and the detector
at given solid angle fractions for source positions extend-
ing from the collimator lip to the 40-ft radius. The
experimentally-determined results of this program and of
other investigators were compared with theoretical calcu-
lations with the following conclusions. Calculated
accumulative angular dose rate distributions of skyshine
from point and plane sources are probably valid. Analyti-
cally-derived curves for total scattered radiation for
cobalt-60 and cesium-137 underestimate dose rates from
close-in sources and slightly underestimate them from
distant sources when an earth or asphalt interface is
substituted for free or compressed air values. The analyti-
cal equation for calculation of total skyshine is reason-
ably accurate.
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57%. A.Schaarschmidt, "Interpolated Energy Dist. of Cg'®7Gammas in Water,"
Nuclear Instr. and Methods, 27, 311 (1964).

Using the moment-method spectra of Goldstein and
Wilkins complete energy distributions of the number
flux of multiple scattered y-rays in water, starting
from a point isctropic source of 08157, are evaluated by
interpolation for por = 1 . . . 20. Also the correspond-
ing energy build-up factors are given. Some remarks
concerning the recent experimental work of Sybesma are
added.

574. R. L. Henry, L. G. Mooney, and R. J. Prevost, Study of Radia-
tion Penetration and Reflection from Shield Materials, FZK-183
(August 31, 196L4) Availability: Not for dale to the public.

Two computer procedures were developed: the Slab
Penetration and Reflection Calculation (SPARC) code and
the Combine code. The SPARC code is a Monte Carlo pro-
cedure used to generate penetration and reflection
probabilities due to radiation incident upon multilayer
slabs. The Combine code is an integration procedure
that combines the environment parameters, the reflection
and transmission probabilities, and the shield geometry to
calculate the dose inside the shield.

An experiment was performed to evaluate the SPARC
calculations. The experiment utilized a collimated
beam of radiation from the ASTR normally incident upon
selected slabs of shielding material. The measurements
were obtained of the radiation reflected from and trans-
mitted through these materials. The measurements compare
very well with the SPARC calculations for neutrons.

The results of the analysis of the neutron data
show that the reflected component of the radiation is a
significant portion of the measured dose. The magnitude
of the reflected component is much greater from the
materials of higher density, such as steel and lead, than
from the low-density 6% borated polyethylene. Also, it
was demonstrated that this reflection component can be
effectively suppressed by placing 6% borated polyethylene
on the beam-incident side of the steel slabs.

The gamma-ray analysis is rather limited because of
the neutron effect on the gamma-ray detector. However,
indications are that the reflections of gamma-rays is not
a significant portion of the measured dose rate.
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575: R. W. Klingensmith, H. M. Epstein, and J. W. Chastain, Shielding
Studies on Salt Slabs, Gadolinium, and Water, BMI-1384 (October 7,
1959) Availability: Dep. (mc); $3.60 (fs), $1.40 (mf) OTS.

A 1lid-tank shielding facility, similar to the one in
operation at Oak Ridge, has been constructed and ig in opera-
tion at Battelle. This facility was described in BMI-1291. )
The fast-neutron and gamma dose rates and thermal-neutron
fluxes were mapped in a symmetry plane of the shielding tank.

Fast-neutron and gamma dose rates were measured behind
a series of shielding plugs along a line in the water perpendi-
cular to the fission-plate center. The plug materials included
aluminum, iron, lead, titanium, and gadolinium. In order to
use small-diameter plugs the effective diameter of the fission
plate was reduced for these experiments by placing an iris
between the thermal column and the fission plate. The purpose »
of the test was to determine the removal cross section of gado-
linium by comparison with other materials, using a small amount
of gadolinium. The removal cross section for gadolinium is
about the same as for lead.

Experiments were conducted on ordinary and enriched LiH
slabs 4 to 32 in. thick. Fast-neutron and gamma dose rates in -
addition to thermal-neutron fluxes were measured on the water
center line behind the slabs.

576. D. E. Evans and D. M. Wheeler, Porous Plug Experiment III, NARF-58-
28R (June 30, 1958) Availability: Not for sale to the public.

With the Greound Test Reactor as the source of radiation,
measurements were made in the Outside Tank Facllity of the dose
rates behind two porous plugs and one slab plug used as a
standard. This report presents the results of these measure-
ments and a description of the Cutside Tank Facility.

Fast neutron results indicate a shielding weakness in the
interior of the two porous plugs (nut not the slab plug) such
that = the fast neutrons are effectively focused at some dis-
tance from the plug surface. These weaknesses cause a signi-
ficant increase in the fast neutron dose rate at angles off the
centerline and at distances of 20 to 100 feet from the reactor
core center.

Where possible, relative comparisons are made between mea~ "
surements taken with these plugs in pool and in the Outside v
Tank Facility. Definite conclusions cannot be reached about
the shielding effectiveness of these plugs until a further o
analysis of the internal construcztion of the plugs is completed. .

Results of previous porous plug experiments are reported -

in FZK-108 and MR-N-187.
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577. W. A. Rhoades, Photon Streaming Around Offset Cylindrical and Square
Access Plugs in Thick Shields, NAA-SR-MEMO-5001 (March 3, 1960)
Availability: (mf) $.83, (fs) $2.60, OTS.

Equations for three separate contributions to the photon
streaming are developed. Streaming from the annulus above
the offset is the dominant streaming source in the case of a
4 inch cylindrical plug in a 42 inch magnetite concrete shield.
Radiation scattered across the offset is found to be unimpor-
tant in this case. For a 1.8 Mev source, optimum location of
the offset would reduce the maximum streaming dose rate to one
half of that obtained with the offset located at the midplane.

578. 8. G. Wogulis and K. L. Rooney, Experimental Studies of Neutron
Attenuation in Natural Lithium Hydride Shields, NAA-SR-936L
(February 12, 196k) Availability: Not for sale to the public.

Results of a program to measure the attenuation of
fission neutrons in lithium hydride at the SNAP Shield
Test Facility are presented, with the methods used.

Experimental and analytical corrections to the data
are given, to allow reduction to the infinite medium case.

579. R. G. Rose, "Gamma-Ray Attenuation Coefficient," Nucleonics,
22(8), 126 (august 196L4)

Attenuation coefficients for a number of chemical
elements have been calculated by Blizard from the data
of Grodstein. It was intended to use these coefficients
to calculate the attenuation of gamma radiation in con-
cretes and in lead glasses, but chemical analysis indi-
cated the presence of chemical elements for which attenua-
tion coefficients are not listed by Blizard. We obtained
the attenuation coefficients of the additional chemical
elements by interpolation and, in a number of cases,
extrapolation of the Grodstein data.
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580. 8. T. Friedman, Shielding Tests Performed in the General Electric
Outside Test Tank in the Period March-June 1958, APEX-581 (February
1961) Availability: General Electric Co., Cincinnati, Ohio.

Dose and flux data were obtained outside the General
Electric Outside Test Tank (OTT) (formerly Outside Tank
Facility) when configurations of realistic shield material
slabs were in the tank. Tables and graphs of these data
are presented. Information is given about secondary
gammas, photoneutron production, radiation falloff rate,
and other shielding variables.

581. E. D. Arnold, Handbook of Shielding Requirements and Radiation
Characteristics of Isotopic Power Sources for Terrestrial, Marine,
and Space Applications, ORNL-3576 {April 196L4) Availabilitiy:$3.00 OTS

Calculations have been made of the radiation intensities
from shielded and unshielded sources fabricated from seven-
teen isotopes that show promise for use in isotopic power or
radiation applications. Source sizes in the range of 100 to
20,000 thermal watts were evaluated. All shielded sources
were assumed to be attenuated by iron, lead, and uranium:
and in those cases where the source also emitted neutrons,
neutron and gamma attenuation through water was determined.

The isgtopes studied and their physical form are as
follows: CoP0 (metal), krO5 (liquefied gas), sr20 (oxide
and titanate), Zr-Wb95 (oxide), RulO® (metal), cs137 (glass),
cellh (oxide), Pml¥7 (oxide), Tml70 and Tml7l (both as oxides),
T120% (metal), Po2l0 (metal matrix with void space for gas
collection), U232 (oxide), Ph228 (oxide matrix with void
space for gas collection), pu38 (oxide), cm2H2 (oxide matrix
with void space for gas collection), and Cme** (oxide).

582. W. G. Miller, B. W. Shumway, S. Tomoeda, G. E. Plummer, and
M. B. Hastings, Gamma-Ray Penetration Experiments for a Destroyer
Exposed to a Distant Source, Data Report, USNRDL-TR-728 (February
1964 ) Availability: Not for sale to the public.

Presented are the gamma-ray dose rates received at
various locations aboard a destroyer exéensively exposed to
a distant collimated point source of Co 0. Part I contains
the dose rates received at twenty-one detectors which were
distributed throughout the ship. Part II contains the dose
rates received at closely spaced detectors which comprised
arrays upon each of four decks in a forward section of the
ship. 1In general, radiation was incident on all detectors
from numerous directions.
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583. ¢. E. Langer and B. W. Shumway, Some Gamma-Ray Shielding Properties
of FPinite Steel Slabs, USNRDL-TR-707 (January 21, 1964) Availability:
$4.60 0OTS.

Some gamma-ray shielding properties of plane steel
slabs placed between a point source and a point detector
have been investigated. The dose buildup (Br—l) resulting
from 8 by 9 ft slabs 0.25, 1.00, and 1.50 in. thick §0.36,
1.45, and 2.17 mean free paths) placed between a cstof point
source and a small hemispherical lonization chamber was
measured. The distance from the source to the detector was
16 ft. Each slab was placed at five selected points between
the source and the detector in order to observe the varia-
tion in B,-1 with slab position. The dose buildup due
solely to singly scattered photons was calculated both for
the 8 by 9 ft slabs and for slabs of infinite extent. The
measured values of dose buildup are compared with the cal-
culations in this report.

A similar set of measurements has been made for 1.25-
Mev photons incident upon steel slabs 0.25 and 0.75 in.
thick (0.26 and 0.78 mean free paths). The distance from
the source to the detector was 25 £t for these measure-
ments.

The effect of interchanging two separated slabs of
different thicknesses was measured for two slab pairs;
one 0.25 and 0.75 in. thick, the other 0.50 and 1.00 in.
thick. Dose buildup due to separated slab pairs was
measured. It was also estimated from single slab data,
and the results were compared.

584. L. K. Zoller, "Fast-Neutron-Removal Cross Sections,' Nucleonics,
22(8), 128 (August 1964).

A complete and consistent set of calculated fast-
neutron-removal cross sections 1s provided in the table
for use in point-kernel and moments-method shielding
calculations.

The cross sections were calculated from empirical
expressions that permit relatively quick and simple deter-
mination of the fast-neutron effective removal cross sec-
tion for any element. These expressions eliminate most
of the inconsistencies that are inherent in the usual
graphical determinations of removal cross sections for
elements that have not been studied experimentally.
Moreover, the expressions are ideally suited for incor-
peration in computer programs wherein self-generation
of the removal-cross-section data is desired.
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585. R. E. Schreiber and R. J. Allio, "Gamma Heating in Reactor Experi-
ments," Nucleonics, 22(8), p. 120 (August 196L4).

The important sources of gamma heating in a material
placed in or near the reactor core are shown. We pre-
sent a hand-calculation method here for making a good
estimate with reasonable effort of the gamma-heat genera-
tion in in-pile experiments.

586. Akira Tsuruo, The Spectrum Matrix Method in Gamma-Ray Transmis-
sion Problems for Multiple Layers, ORNL-TR-241 (196L). Availability:
JCL $1.10 (fs), $0.80 (mf).

An approximate calculation method in y ray trans-
mission problems is shown for multiple layers.

In this method, the differential energy flux of in-
cident y rays is expressed by a vector, and the shield-
ing property of each slab is represented by a matrix.
The matrix is constructed by a relatively simple pro-
cedure, using the data of penetration in infinite media
calculated by the moments method and the data of the
effect of finite slabs calculated by the Monte Carlo
method. The compound shielding property of multiple
layers is also represented by the matrix which is ob-
tained by the multiplication of the matrix correspond-
ing to ¢ach slab. The differential energy flux of
transmitted y rays is given by multiplying the incident
vector by the matrix.

The results of the method are compared with those
of the Monte Carlo calculation for Pb-HoO and HpO-Pb
stratified slabs, and also with those of experiments
for Pb, Fe and Al stratified slabs. The comparison
shows that this method is useful for all combinations
of materials for high incident energy, and when low
energy 7y rays enter the heavy layer followed by a light
or heavy layer.

il
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587. R. E. Rexroad, M. A. Schmoke, and J. L. Meredith, Evaluation of
Internal Radiac Detector Positions for an M60 Tank, NDL-tr-L9
(April 196k) Availebility: Army Nucl. Defense Lab., Edgewocod
Arsenal, Maryland.

The objectives of this work were (1) to determine
the suitability of placing a radiation detector within
an MO0 tank to provide a radiation survey and detection
capability in a residual-gamma-radiation field, (2) to
determine the optimum internal position for such a radia-
tion detector, and (3) to determine the necessary correc-
tion factors pertinent to such an internal detector to
yield the free-field dose rate.

A cobalt 60 point-source-circulation system was
used to simulate a uniformly-contaminated residual-
gamma-radiation area having a radius of 600 feet. The
dose rate was measured with ionization-chamber dosi-
meters at various points within the tank where it would
be possible to mount such a radiac detector. The free-
field dose rate was measured and comparisons were made
to determine the appropriate correction factors. The
applicability of these correction factors for radiation
areas of smaller size, or for areas in which extensive
hot spots might exist, was determined.

588. Haruyuki Fujita, Keishuke Kobayashi and Tomonori Hycdo, "Back-
scattering of Gamma Rays from Iron Slabs,"” Nuclear Science and
Engineering, 19, 437-440 {1964).

Spectra of backscattered radiation from finite thick
slabs of iron were measuggd by means of & scintillation
spectrometer. A point Co gamma. source was placed in
close contact with a scattering slab. Variation of number
and energy albedo values with increasing the slab thick-
nesgs are given as experimental formulas and graphical
representations.



266

589. R. L. French and M. B. Wells, "An Angle-Dependent Albedo for Fast-
Neutron-Reflection Calculations," Nuclear Science and Engineering,

19(4), 441-448 (1964).

An albedo model for calculating the dose due to fast
neutrons reflected from materials of low to moderate
hydrogen content has been developed through analysis of
extensive Monte Carlo data. The model, which was developed
from reflection data for iron, concrete and three types
of soil, is for reflection to a unit non-directional
receiver and is of the form

2/3

a(E )cos™ 70 cosd
o o

where

a(E ) is a coefficient tabulated as a function of

incident energy,

for the various materials,

& 1s the angle of incidence and

8 is the angle of reflection (both measured from
the normal).

The differential albedo, in unit of reflected dose/
steradian per unit dose incident at angle 8 , may be con-
verted to a total albedo by multiplying by %. The total
dose albedo for normally incident fission neutron was
found to be closely approximated by 0.435 (ZT—ZH)/ZT where
>p is the macroscopic total cross section of all elements
of the material, and Zyg i1s the macroscopic cross section
of the hydrogen of the material, both weighted by the
fission spectrum.

590. P. N. Haubenreich, J. R. Engel, et al., MSRE Design and Operations
Report. Part III. Nuclear Analysis, ORNL-TM-730 (February 196L)
Availability: Dep. (mc); $14.00(fs), $6.32 (mf) OTS.

The design of the biological shield for the Molten-
Salt Reactor Experiment is based upon conventional shield
design techniques for shielding a stationery reactor. The
additional sources of induced activity in the molten salt
were taken into account. The shield as designed reduces the
calculated radiation dose rates to permissible levels.
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S. T. Friedman, An Analysis of Late 1957 and Early 1958 Lid Tank
Experiments Pertaining to XMA-1 gnield Design, APEX-524 (June 1958)

Availability: Not for sale to the public.

This report contains an analysis of experiments per-
formed at the ORNL Lid Tank Shield Facility (ORNL-LTSF) dur-
ing the last half of 1957 and the early part of 1958. A
lengthy discussion of secondary gammas and their relevance
to XMA-1 shield design in light of these experiments is
given. Informaticn atout the suppression of secondaries
with boral and about the relative merits of Hevimet,
uranium, and stainless steel as gamma shielding materials
is presented.

H. S. Davis, "Develcpment and Construction of Concrete Biological
Shields for the New Production Reactors at Hanford,'" TID-2507,
Nuclear Science and Technology, Vol. 1A, Issue 2, p. 343-360

(March 1955) (CONFIDENTIAL)

Presented in this article are data and photographs
describing the stezl and concrete biclogical shields con-
structed recently at Hanford. These shielding structures
enclose the two new production reactors, 105-KW and 105-KE,
and are unprecedented in several respects, such as size,
materials used, uwniformity of composition, ease of con-
struction, dimensional accuracy, and quality of workman-
ship.

High-density concrete containing steel aggregate and
limonite was placed in prefabricated steel forms by means
of the prepacked method. 1n those areas where high density
was not required, the steel aggregate was replaced with
magnetite. Type 1 concrete, made with steel aggregate and
limeonite, weighed 270 lb/cu £t, and type 3 concrete, made
with magnetite and limonite, weighed 216 lb/cu ft. Type
1 and type 3 concrete cost $678 and $390 per cubic yard
in place, respectivaly. The two biological shields cost
$942 per cubic yard to construct, or $465 for concrete
and $477 for steel forms, gas seals, and aluminum reflec-
tors. These cost figures include only direct construction
costs for labor, materials, and equipment.

By including indirect costs, it is estimated that a
savings of over $11,000,000 was realized in the total
project cost of these two reactors by using high-density
concrete instead of steel and masonite in the biological
shields. In addition, these steel and concrete shields
provide greater resistancs to deterioration, earthquake,
and blast forces than do the steel and masonite shields
constructed previously at Henford.
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503. P. W. Schreiber, Measured Gamma Spectra Behind Various Thicknesses
of Beryllium, Beryllium Oxide, and Lithium Hydride, APEX-700 (June
T061) (CONFIDENTIAL-RESTRICTED DATA)

Angular gamma spectral data measured behind various
thicknesses of beryllium, beryllium oxide, and lithium
hydride at the GE-ANPD Source Plate Facility located at
Battelle Memorial Institute are reported. Measurements
were made with an 8-inch-high by 8-inch-diameter NaI(T1)
scintillation spectrometer. The contract was terminated
before the collimated spectrometer was calibrated. How-
ever, a tentative method for approximating the response
functions from measured data and available Monte Carlo
calculations is given.

5904. P. W. Schreiber and F. D. Kodras, Measured and Calculated Radia-
tion Levels Within and Behind Beryllium, APEX-701 (July 17, 1961)
(CONFIDENTIAL)

The data obtained from extensive shielding measurements,
using beryllium slabs in the GE-ANPD Source Plate Facility
at Battelle Memorial Institute, are reported. The measure-
ments include fast neutron dose rates, thermal fluxes, gamma
dose rates, resonance foll activations and threshold foil
activations. Dose rale measurements and thermal flux
meaxurements were made within a 32-1/2-inch slab array of
beryllium and in water behind various thicknesses of
beryllium. Resonance foil measurements were made to a
penetration of 16 inches of beryllium, and threshold foil
measurements were made to a penetration of 12 inches of
beryllium.

In addition, a number of the measurements are com-
pared with calculated values determined by the use of
point kernel and diffusion computer programs.

595. C. E. Humphries and P. Tawil, Investigation of the Two-Component
Method, APEX-745 (July 1961) (CONFIDENTIAL)

The two-component method, as outlined as John Moteff,
is used to predict fast-neutron dose rates outside the
(1) OTT General Electric Slab configurations (Series 43,
47, and 62), (2) Configuration I of the General Electric
solid shield, and (3) the Pratt and Whitney reactor shield.
The results are compared with measured dose rates and those
calculated by the Albert-Welton point kernel method and
the moments method. Although the investigation is not con-
clusive, the results indicate that the accuracy of the two-
component method depends completely on the ability to pre-
dict the magnitude and angular distribution of the diffuse
component at the shield surface.
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596. M. Morgenthau, H. B. Maieran, et al., Local Fallout from Nuclear
Test Detonations. Vol. II. Compilation of Fallout Patters and
Related Test Data. Part I. Trinity through Redwing, Part II.
Plumbbob through Hardtack, DADA-1251, Vol. II, Parts I and II
(August 1963) (SECRET).

597. J. M. Ferguson, Neutron-Induced Radiocactivity in Beaches, USNRDL-TR-
Lok (Pebruary 17, 1961) (SECRET).

598. C. Ciallella, O.Lyman, and H. Schuckler, The Transmission of
Monoenergetic Neutrons through Armor, BRIM-1327 (January 1961)
(CONFIDENTIAL).

599. J. M. Ferguson, Early-Time Gamma Radiation from Nuclear Weapons,
USNRDL-TR-600 (June 13, 1961) (SECRET).

600. R. L. Mather, Neutron Energy Effects and Induced Activation, USNRDL-
TR-465 (September 28, 1960) (SECRET).

601. L. A. Webb, F. M. Tomnovec, R. L. Mather, R. F. Johnson, and
C. S. Cook, Analysis of Gamma Radiation from Fallout from Opera-
tion Teapot, USNRDL-TR-106 (August 27, 1956) (CONFIDENTIAL).

602. W. E. Thompson, Spectrometric Analysis of Gamma Radiation from
Fallout from Operation Redwing, USNRDL-TR-146 (April 29, 1957)
(CONFIDENTIAL).

603. C. S. Cook, R. F. Johnson, R. L. Mather, F. M. Tomnovec, and
L. A. Webb, Gamma-Ray Spectral Measurements of Fallout Samples
from Operation Castle, USNRDL-TR-32 (January 26, 1955)
(CONFIDENTIAL).

604. C. 8. Cook and F. M. Tomncvec, Radicactivity in Ship Structural
Material Induced by Neutrons from Nuclear Weapons, USNRDL-TR-274
(October 30, 1958) {CONFIDENTIAL)
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J. M. Ferguson, The Problem of the Calculation of Radioactivity

Induced in Soil by Neutrons, USNRDL-TR-210 (March 12, 1958) (SECRET).

J. M. Ferguson, W. E. Thompson, and F. M. Tomnovec, Gamma-Ray Fall-
out Spectra for Operation PLUMBBOB, USNRDL-TR-286 (December 8, 1958)

(SECRET) -

R. L. French, "A First-Last Collision Model of the Air-Ground
Interface Effects on Fast Neutron Distribution," Nuclear Science
and Engineering, 19(2), 151-157 (196L4).

A method has been developed for predicting the effect
of an air/ground interface on the fast-neutron flux or
dose at large distances from a point isotropic source of
neutrons in air. The method yields numerical values for
functions f(H,) and f(H.) that may be used to express
the fast-neutron intensity as a function of source height
H.,, receiver height , and source receiver separation
distance R, in terms of the corresponding infinite air
intensity I(R). Thus

I(Hg,Hp,R) = £(Hg ) (8 )I(R)

The method is called the "First-Last Collision Model"
because it is based on the influence of the ground upon
the distribution of "first" collisions of neutrons about
the source and of "last" collisions about the receiver.
Generalized numerical results have been computed, and
means have been developed for applying these results to
specific cases. Comparisons of these results with those
déerived from Monte Carlo calculations, and from experi-
ments performed at the ORNL Tower Shielding Facility

and the Nevada Test Site indicate that the first-last
collision model predicts the fraction of the infinite air
intensity within 5 per cent in almost all cases.
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H. Waldinger, J. Agresta, G. Goertzel, "Numerical Integration of
the Spherical Harmonics Equations,

ing, 18(4), 459-467 (April 1964).

" Nuclear Science and Engineer-

A method is formulated for numerical integration of
the spherical-harmonics equations in the case of cylindri-
cal geometry. This method avoids many of the difficulties
of the usual analytical techniques and allows space-vary-
ing sources as well as regions of low neutron cross sec-
tion and large physical size.

The usual spherical-harmonic equations (truncated)
are presented in cylindrical geometry. To obtain a set
of equations which (because they are more intuitive in
form) lead to readily manageable numerical solution, the
equations are converted to the discrete ordinate form in
cylindrical geometry. From the discrete-ordinate equa-
tions, one may readily discuss inward- and outward-going
neutrons. Based on this, reflection matrices are intro-
duced at each radius r, one describing the reflection of
inwardly directed neutrons by the medium inward of r and
the other describing the reflection of outwardly directed
neutrons by the medium outward of r. The complete source-
independent properties of the medium are described by these
reflection matrixes. Furthermore, the matrices can be
obtained by numerical integration in a single pass, one
by integrating from the center out and the other by inte-
grating from the outside in.

The source can be treated by considering at each
radius r the flux that escapes outward due to sources
inward of r and by considering separately the flux that
goes inward due to sources outward of r. The first of
these escape fluxes is obtained by integration outward
from the origin, using the corresponding reflection
matrix, the second by integration inwards.

Once the above quantities have been found, the
fluxes are obtained by solution of simultaneous alge-

braic equaticns (no further integrations).

Numerical results necessary for the use of this
method in the P, approximation are also given.

3
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609. W. H. Martin and D. M. Clare, "Determination of Fast-Neutron Dose
by Nickel Activation,"” Nuclear Science and Engineering, 18(4),

L68-473 (1964).

Fast-neutron dose measurement by the activation of
nickel foils involves a correction for thermal-neutron
burnup of 0058, the daughter product of the (n,g) reaction.
Fast-neutron irradiation of nickel produces Co”° in its
ground and excited isomeric states, and recently the isomer
has been shown to have a high thermal-neutron-absorption
cross section. This paper considers how the determination
of fast-neutron dose by nickel activation should be corrected
for thermal-neutron burnup of both ground and isomeric states
of 0058- Results, which have been fully corrected, are com-
pared with results obtained at low reactor power where the
thermal-neutron burnup of Co58 and Co58m ig negligible. All
the data considered were obtained from folls irradiated in
rigs in hollow fuel elements in reactors of the DIDO type.
The data demonstrate that accurate fast-neutron dose measure-
ments, using nickel activation in high-flux facilities ca§
only be made if the thermal-neutron cross sections of Co?
and CoP8M and the branching ratio of the Ni2® (n,p) reaction
have previously been determined in the neutron spectrum
being utilized.

610. K. shure, "P-3 Multigroup Calculations of Neutron Attenuation,"
Nuclear Science and Engineering, 19(3), 310-320 (1964).

Neutron penetration in water and in iron/water shields
has been calculated using a P-3 multigroup program. The
thermal-neutron flux from a point fission source
in water obtained from calculation and experiment agree
to within 18% in the region between 15 and 140 cm, covering
more than 9 decades of attenuation. The calculated neutron
spectrum compares favorably in shape and magnitude with
moments-method results out to 120 cm of water. The observed
variations of the thermal-neutron flux in an iron/water shield
are predicted by the P-3 program. Some of the differences
between experiment and the predicted thermal flux within a
thick iron region are due to the single-energy-group treat-
ment in the calculations. Uncertainties in the high-energy
cross sections for iron are of sufficient magnitude to
account for differences between calculation and experiment
noted in the water region following iron.
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P. F. Haywood, J. A. Auxier, and E. T. Loy, An Experimental Investi-
gation of the Spatial Distribution of Dose in an Air-Over-Ground

Geometry, CEX-62.14 (October 2, 196L) Availability: $4.00 - Clear-

inghouse for Federal Scientific and Technical Information, NBS, U.S.
Dept. of Commerce, Springfield, Virginia.

An experiment was conducted to determine the effect of
the presence of the air-ground interface on the measurement
of neutron first collision tissue dose and gamma-ray expo-
sure in air above the earth's surface. Measurements of neu-
tron dose were made in radiation fields from the Health
Physics Research Reactor operating at steady-state power
and supported at several heights above the earth's surface
(up to 1500 feet). Measurements of gamma-ray exposure were
made in radiation fields from the HPRR and from a CoP¥
gource supported in a similar geometry.

To substantiate the experimental data, comparisons were
made to data which were collected during nuclear weapons
tests. Values of relaxation length for neutron dose and
gamma-~-ray exposure were compared in both cases with satis-
factory agreement.

Several comparisons of experimental data have been made
with computed data. In comparing experimentally determined
boundary correction factors K(exp), for neutrons, with
values of K computed by Ritchie, + 10 per cent agreement
was obtained from a slant range of 100 meters to a slant
range of 1000 meters. Ritchie and French have computed
the decrease in the infinite medium neutron dose, at
large slant ranges, caused by the presence of the air-ground
interface. A comparison was made between these values and
experimental data, but it was not found to be acceptable.
Experimental values of dose as a function of detector
height were compared to French's computed values indicating
+ 2 per cent agreement from 10 feet to 100 feet above the
interface and + 6 per cent at the interface.

It was experimentally determined that, in general, the
presence of the air-ground interface enhances the measured
radiation at slant ranges close to the source and decreases
the measured radiation at large slant ranges.
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N. E. Scofield, R. L. Lynn, and W. E. Kreger, Penetration of Plane
Normal and Plane Slant Gamma Rays Through Slabs of Aluminum and
Steel. I. Angular and Energy Distributions (Experimental Pulse
Heights), USNRDL-TR-272 (October 31, 1958) Availability: Not for
sale to the public.

Meagurements have been made of the scattered gamma
radiation emerging from slabs of aluminum and steel exposed
to Cof0 and Csl37 gamma radiation with plane normal and
plane slant (only for Co O) incidence. The measurements
were made using a 4-in. diameter by L4-in. long NaI(T1)
scintillation detector unit with a lead shield and collima-
tor. Pulse-height spectra were recorded in a 100-channel
analyzer for detection angles of 59, 100, 20°, 300, 450 and .
60° for the normal incidence case. Slab thicknesses used
were from 1 to 5 mean free paths for the primary source
gamma radiation (1 _to 5 inches of steel and 3 to 15 inches
of aluminum for CoP0, 3/h to % 3/b inches of steel and 2 to
10 inches of aluminum for Cs1?(). Slant angles of radia-
tion incidence were -500, -L4L0O, 200, 30°, 40©. C(Corrections
are discussed and results are plotted as families of pulse-
height distributions for the various materials, source
energies, etc. General conclusions are drawn from the data.

N. E. Scofield and L. G. Haggmark, Penetration of Plane Normal
and Plane Slant Gamma Rays Through Slabs of Aluminum and Steel.
II. Angular and Energy Spectra (Photon Number Flux), USNRDL-TR-
475 (October 25, 1960) Availability: Not for sale to the public.

Experimentally measured differential energy and angle
spectra of the_ scattered gamma-photon number flux are pre-
sented for Cs127 and Co®0 source gamma rays normally inci-
dent upon slabs of aluminum and iron varying in thickness
from cne to five mean free paths. Spectral measurements
for oblique angles of source photon incidence were also
made for CoPC and slabs of iron with slant thicknesses of
two and five mean free paths. Detection angles of 59, 10°,
200, 300, 45° and 60° were used. Spectra are compared to
show the effects of slab material, slab thickness, source
energy, detection and incidence angle as well as the pro-
portion of single and multiple scattering. The results -
have been normalized to a primary incident flux of one
photon em=2 sec-il.
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614. J. T. Serduke and C. V. Smith, Penetration of Plane Normal Gamma
Rays Through Slabs of Aluminum and Steel. III. Processed Numerical
Data, USNRDL-TR-730 (February 17, 1964) Availability: OTS $1.75 as
AD 600392.

This report presents in tabular and graphical form data
from experimental measurements of scattered gamma radiation
from slabs of aluminum and steel_as reported in USNRDL-TR-475.
Monoenergetic gamma rays from cs27 and o0 sources with
plane-normal incidence were used as irradiation sources.
Detection angles used were 5, 10, 20, 30, 45, and 60 deg with
effective thicknesses of one, two, three, four, and five
"mean-free-paths'" of slab material. Since it was desirable
to have spectra for larger angles (75 and 85 deg), a method
of extrapolation was devised. The extrapolated spectra are
presented in the text. Also included in this report are
calculations of dose and build-up factors. There is also
shown (in graphical form) how the over-all dose rate is
affected by the added extrapolated spectra.

615. J. Shapiro and W. D. Welte, An Investigation of Neutron Attenua-
tion by Castable Polyethylene, RAS-33 (December 15, 1960) Avail-
ability: General Dynamics Corp., Groton, Connecticut.

Radiation attenuation measurements were made on unirradi-
ated samples of castable polyethylene and on samples that had
been exposed to 10/ rads of reactor and Cobalt 60 gamma radia-
tion. An investigation was conducted on the effect of voids
on fast neutron dose rates through shields. Gaps in shields
were traversed with varilous detectors and a probing method
utilizing a 5 curie Pu-Be neutron source and neutron scintil-
lation survey meter was found suitable for the detection of
voids in polyethylene shields.

A soil moisture detection method based on the thermali-
zation of neutrons was applied to the measurement of the hy-
drogen content of castable polyethylene samples and results
were encouraging for use of the method in quality control of
manufactured castable polyethylene shields.
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616. R. B. Walton and R. E. Sund, Final Report - Research on Delayed
Gamma Rays from Fission, RTD-TDR-63-3072 (November 1963) Avail-
ability: General Dynamics Corporation, San Diego, California.

Absolute delayed gamma-ray intensities from the photo-
fission of Uzsa’ U°2® and Th®3? were measured as a function
of time after bursts of fissions produced by the bombard-
ment of samples with 20-Mev X rays from an electron linear
accelerator. For all three target nuclei, components of
short-lived gamma rays contributed markedly to the gamma-ray
activity for times up to 800u sec after the beam pulse.
Beyond 800 sec the gamma-ray activity decreased little for
times up to about 10-'! sec. After 0.1 sec the gamma-ray
decay curves have the same shapes as those observed by
other investigators for the fission of the same target
nuclel with neutrons, but the absolute intensity from
photofission 15 approximately a factor of two less than
that from neutron fission.

Techniques were developed to use neutrons produced
by the electron linear accelerator to investigate delayed
gamma rays from neutron fission. Exploratory measurements
on U=2® (n,F) for times between 200u sec and 30 msec after
fission confirmed the existence and spectral composition of
the isomeric component observed in photofission.

617. S. G. Tsypin, V. I. Kukhtevich and Yu. A. Kazansky, "The Penetra-
tion of Gamma Rays through Water, Iron, Lead, and Combinations of
Iron and Lead," Soviet J. of Atomic Energy (English Translation)
1(2), 217 (1956).

The dose rate attenuation of y-rays is measured in
iron, water, and lead for "infinite" geometry. The dose
rate attenuation of y-rays is measured in mixtures of
iron and lead for '"barrier" geometry. The experimental
data obtained is compared with the results of calculations
as presented in reference(l).

618. V. V. Mateev, A. D. Soklov, R. S. Shlyapnikov, "Energy Distribution
of Camma Quanta from & Point Source of Gamma Radiation in an Infinite
Sandy Medium," Soviet J. of Atomic Energy (English Translation) 1(4)

507 (1956)-

Gamma spectra from point sources (Crsl, 2655, Ra and
MsTh) in an infinite sandy medium were studied with the aid
of the scintillation spectrometer. The results obtained indi-
cate that when gamma radiation passes through a thickness of
sand there takes place an accumulation of soft scattered radia-
tion of energy ~ 50 kev independently of the energy of the
initial radiation.
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619. B. P. Bulatov and E. A. Garusov, "Albedo of Co-60 and Au-198 Gamma
Rays from Various Substances," Soviet J. of Atomic Energy (English

Translation), 5(6), 1563-1570 (1958).

Absolute values are obtained in the present investi-
gation for the energy albedo of the y-radiation of Co-60
(1.17, 1.33 MeV) and Au-198 (0.410 MeV) from various
substances, at angles of 0°, 45°, and 60° from the ori-
ginal beam.

The dependence of the magnitude of the albedo on the
effective atomic number and thickness of the scattering
material was investigated; in addition, the angular dis-
tribution of the intensity of the scattered radiation and
its spectra composition were determined.

The energy flux of the primary radiation was deter-
mined by use of an ionization chamber and "Roentgen KH-5"
photogrephic film. The intensity of the scattered radia-
tion was measured with a gas-filled counter with a practi-
cally constant sensitivity to y-quanta of different
energies. The spectral composition of the scattered radia-
tion was determined by the method of absorption in lead.

mn

620. 0. I. Leipunskii, "Gamma Rays in the Atomic Explosion,"” Soviet
J. of Atomic Energy (English Translation), 6(1), 23 (1959).

The gquestion of y-radiation in an atomic explosion is
discussed. The physical factors which are essential for
the appearance of y-radiation are analygzed. The influence
of a shock wave and atmospheric heating on the passage of
y-rays are introduced into the calculation, as is the
presence of capture gamma-rays.

A calculation is made of the y-ray dosage, which,
because of the effect of the shock wave, increases at a
more rapid rate than proportionally to the explosion
energy. It is shown that in the course of time the dosage
rate passes through a minimum and a maximum. A hard com-
ponent is present in the y-radiation and appears at great
distances.
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621. J. H. Hubbell, "A Power-Series Buildup Factor Formulation. Applica-
tion to Rectangular and Off-Axis Disk Source Problems,' J. Res. Nat.
Bur. Std., 67C(L4), 291-306 (October-December, 1963).

The response (e.g., dose-rate of an isotropic detector
to primary radiation from a finite plane source may, for
points less than a mean-free-path distant, be evaluated as
the sum over an infinite series. This series is derived as ex-
panding the exponential dependence exp (--uor) as a power series
in puor and integrating, numerically or analytically,each term over
the source array. If the medium 1s effectively infinite
and homogeneous, the scattering properties of this medium
can be characterized by a point isotropic source buildup
factor. Buildup factor data are often approximated by
formulas having simple analytic dependences on or and
numerical parameters independent of por. Any such set of
parameters can be used to generate a set of weight functions

b, for an infinite series buildup factor representation -
ns -
exp (+ por) z b, * (- por)/n!
n=0

which can be used with the above primary radiation series
solution to give instead, a series solution including both
primary and scattered radiation. Tables of bp's (air-dose
buildup only) derived from coefficients of cubic polynomials
fitted to the Goldstein+Wilkins data (NYO—BO?S) are given
for O < n =< 13 at primary photon energies of 0.5, 0.7, 1.0, -
1.5, 2.0, 3.5, 5.5, 7.5, and 9.5 Mev in water, Al, Fe, Sn,
W, Pb, and U. The method is applied to give: (1) a com-
parison with dose-rates measured by a detector separated
from a Co-60 rectangular plaque food irradiator by a

layer of steel and a layer of water and (2) dose-rate
profiles at constant heights across a cleared circular

area in a Co-60 infinite plane source in air.
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622. D. L. Broder, Yu. P. Kayurin, and A. A. Kutuzov, "Transmission
of Gamma Radiation Through Heterogeneous Media," Soviet J. of
Atomic Energy (English Translation), 12(1), 26-31 (January 1962).

The paper describes an experimental determination of
the buildup factor in heterogeneous media consisting of
different combinations of materials (polyethylene, Al,

Fe, Pb) for an isotropic Co-60 point source (mean radia-
tive energy 1.25 Mev). The experiment showed that the
existing recommendations usually give unsatisfactory
results in calculating dosages for shielding consisting
of two layers of different materials, especially at large
distances from the source. On the basis of the experi-
mental data on empirical formula is deduced, correspond-
ing to physical concepts and permitting rapid and facile
computation of the buildup factors for heterogeneous
mixtures of any number of layers from the known buildup
factors for the homogenecus media comprising the ensemble.
The experimental buildup factors for heterogeneous com-
binations of media -- polyethylene, Al, Fe, Pb -- with
thicknesses of 0.7 to 15 mean free paths for a Co-60 source
differ from those calculated on the basis of the given
formula seldom by more than 10%. It may be assumed on
the basis of the monotonic variation in the buildup factor
with increasing energy to the value E (where E is the
energy for which the absorption of thé given matérial
becomes a minimum), that the derived formula can also be
used for large energies.

623. B. R. Bergel'son, "Calculating the Streaming of Fast Neutrons
Along the Cylindrical Channels in a Biological Shield," Soviet
J. At. Energy (English Translation), 10(4), 378-380 (April 1961).

An embellishment of the Simon-Clifford eguation for
a straight duct is given using some age theory calcula-
tions.
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62k. Ya. Rumyantsev, "Boundary Conditions in the Method of Spherical
Harmonics," Soviet J. of Atomic Energy (English Translation),
10(1), 22-32 (January 1961).

The equations of the method of spherical harmonics
are derived for use with the single-velocity transport
equation. From an analysis of the equations, conditions
are obtained for boundary between two different scatter-
ing media. It is shown that these conditions completely
define a solution in any-order approximation (we are
concerned here with the so-called P_ approximations)
including even-order approximations. The possibility of
using even-order approximations is of major practical
interest. Thus, for example, the relatively simple Ps
approximation may serve as a method for improving the
elementary diffusion theory without introducing exces-
sive complexity.

Even-order approximation, and in particular the P
approximation, have not as yet been used in calculations.

625. Yu. A. Kazanskii, "Angle-Energy Distribution of Gamma Radiation
Scattered in Water and Iron," Soviet J. of Atomic Energy (English
Translation), 8(5), 36L4-370 (May 1960).

In this paper we investigate the detailed character-
istics of multiple scattering of y-rays, in particular the
angle-energy distribution, a knowledge of which allows us
to calculate the attenuation of y-radiation in complex
geometries. Measurements have been made of the angle-
energy distribution of y-rays from a CP° source in water
and iron for a semiinfinite geometry and it has been
established that these distributions have a maximum
close to the energy corresponding to single scattering at
the minimum angle. It is shown that the angular distri-
butions are exponential and that the exponential factor is
a linear function of the atomic number of the medium. The
energy distributions are compared with calculations carried
out by Goldstein and Wilkins.
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D. L. Broder, A. A. Kutuzov, V. V. Orlov, and A. V. Turusova,
"Passage of Fast Neutrons Through Lead and Iron," Soviet J. of
Atomic Energy (English Translation), 7(L4), 797-803 (October 1959).

The present article describes the results obtained in
measuring the spatial distribution of fast neutrons, which
are emitted from sources of monocenergetic neutrons, with
o = 4 Mev and Ey = 14.9 Mev, as well as neutrons from
atomic reactors, in lead and iron.

In order to calculate the space-energy distribution of
fast neutrons at large distances from the source, we have
developed a method of solving the kinetic equation for media
where the neutrons are moderated due to inelastic scattering
on nuclei. The anisotropy of elastic scattering is taken
into account. The energy losses of neutrons in elastic
scattering are neglected.

M. Leimdorfer, "A Monte Carlo Method for Analysis of Gamma Radia~-
tion Transport from Distributed Sources in Laminated Shields,"
Nukleonik, 6(2), 58-65 (March 1964).

A description is given of a method for calculating the
penetration and energy deposition of gamma radiation, based
on Monte Carlo techniques. The essential Feature is the
application of the exponential transformation to promote
the transport of penetrating quanta and to balance the steep
spatial variations of the source distributions which appear
in secondary gamma emission problems. The estimated statis-
tical errors in a number of sample problems, involving con-
crete shields with thicknesses up to 500 cm, are shown to be
gquite favorable, even at relatively short computing times.

A practical reactor shielding problem is also shown and the
predictions compared with measurements.

M. Leimdorfer, "On the Transformation of the Transport Equation
for Solving Deep Penetration Problems by the Monte Carlo Method,"
Transactiong of Chalmers University of Technology, Gothenburg,
Sweden, 196k4.

The present report describes a modification of the
"exponential transformation" of the Boltzmann transport
equation which removes a singularity in the transformed
scattering kernel, discussed by the author in an earlier
paper. The effect is obtained by limiting the tracks of
the particles to the problem boundary, whereby a zero
"virtual" cross-section may be permitted. A sampling
technique for the new inter-ccllision distance is given.
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629. D. J. Raso, "Scattering of Gamma Rays in Laminar Media," Radiation

Research, 19(2), 384-391 (1963).

Energy deposition, transmission, and reflection data
for 0.66 Mev and 1.25 Mev gamma rays normally incident on
water slabs are presented. The results were generated
by a Monte Carlo calculation. The fraction of energy back-
scattered by 1 mfp of water is about 85% of the semi-infinite
case for 1.25 Mev photons and about 75% for 0.66 Mev photons.

630. H. A. Mehlhorn, E. T. Clarke, R. Gold, and R. McMath, Final Report
on Attenuation of Point Source Gamma Radiation in Slabs, TO-B-62-13
(DASA 1318), (September 1962) Availability: OTS $3.60 as AD-436311.

Data are reported for an experimental program providing
measurements of attenuation of gamma rays in steel slabs, to
compare with theoretical work being done at the National
Bureau of Standards. Gamma rays from a cobalt-60 source,
suspended in air, strike a steel slab at three angles of
incidence. Transmitted radiation is detected by five ioniza-
tion dose-rate meters at various distances below the slab.
Information is given for 2-ft square slabs from 1/4 to 2 in.
thick, and detectors from 1 to 6 ft distant. It was found
that slab-scattered radiation was approximately proportional
to the solid angle subtended by the slab, that less radiation
was transmitted at large polar angles of incidence, and that
at least 2 in. of steel 1s needed to produce shielding im-
provement in a slab-covered hole.

631. Herman Kahn, "Random Sampling (Monte Carlo) Techniques in Neutron
Attenuation Problems -- I and II," Nucleonics, 6(6), 60-65 (June
1950).

A basic description of random sampling is given as an
introduction to Monte Carlo. A simple Monte Carlo neutron
penetration calculation is described and improvements to the
analog procedure are suggested. These improvements include
most of the known importance sampling techniques. Warnings
regarding the reliability of Monte Carlo calculations are
also given.
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George A. Bennett, "Nomogram for Calculating Shielding for C°°,"
Nucleonics, 8(4), 55-58 (April 1951).

The cascade decay of cobalt-60 complicates shielding
calculations for this y-emitter. A nomogram for use with
a point source eliminates mathematical analysis in individual
problems.

Engineers of the Service, Handbook for the Calculation of Reactor
Protections, AEC-tr-6349 (1963) Availability: JCL $12.00 (fs),

$5.12 (mf).

This is a general reference but more oriented toward
the design of shielding for graphite moderated reactors.
There are many tables and formulas in the appendices.

S. K. Penny, Derivation of Firsgt- and last-Flight Estimators for
Monte Carlo Computations of Scattered Particle Fluxes in Attenu-
ating Media with Spherical or Plane Symmetry, ORNL-TM-974 (October
196L) Availability: OTS $1.00 (fs)-

Estimators for the first, last, and in-between flights
are derived for use in Monte Carlo computations of scattered
particle fluxes in attenuating media with spherical or plane
symmetry. The derivation is based upon the integral form of
the Boltzmann Equation.

D. L. Broder, A. P. Kondrashob, A. A. Kutuzov, V. A. Naumov, Yu. A.
Sergeev, and A. V. Turusov, '"The Use of Multigroup Methods in
Biological Shielding Calculations,' Soviet J. of Atomic Energy
(English Translation), 12(2), 139-150 (February 1962).

The article describes a seven-group method and a ten-
group method, which are applicable to the design of biological
shielding for nuclear reactors.

The results of the calculations of the space-energy
distribution of neutrons for several variants of the
shielding were checked experimentally.

Good agreement with experimental results was obtained
both for the seven-group method, based on a semi-empirical
determination of the fast-neutron group, and for the ten-
group method.

The results of the calculations and experiments are listed.
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636. V. N. Mironov, "Passage of Radiation Through a Test Hole," Soviet
J. of Atomic Energy (English Translation), 12(3), 220-22k (March
1962).

This paper discusses the passage of monoenergetic radia-
tion through rectangular, cylindrical, and ring-shaped test
holes. It is assumed that the sources are located at the
far  end and on the lateral surface of the test hole. Formulas
are derived for calculating the radiation flux in test holes
passing through both the shield and the core of the reactor.
The results of the theory are compared with experiment.

637. U. I. Kukhtevich and B. P. Shemetenko, "The Spatial Distribution
in Water of Multiply Scattered Gamma Quanta from Unidirectional
Au-198, Co-60, Na-24 Sources," Soviet J. of Atomic Energy (English
Translation), 12(3), 214-217 (March 1962).

We have measured the spatial distribution of the dose
of y-radiation from collimated Au-198, Co-60, and Na-2k
sources, where the radiation has been multiply scattered
in an infinite aqueous medium. To show the use of a uni-
directional source based on the obtained data we have
plotted the attenuation in water of y-rays with energies
of 2.76, 2.07, 1.25, and 0.411 Mev for a point isotropic
source and with an energy of 1.25 Mev for a plane uni-
directional source. The results are in good agreement
with the data of (l) except for y-rays with an energy of
0.411 Mev. We have also given the empirical dependences
of the angular distribution of the dose on the initial
energies of the y-rays and the distance between the source
and the detector.

638. V. A. Dulin, Yu. A. Kazanskii, and I. V. Shugar, "The Energy
Distribution of Scattered Neutrons in Water,'" Soviet J. of
Atomic Energy (English Translation), 14(4), 411-412 (April
1962).

Experimental results are presented for the energy
spectrum of neutrons penetrating water from a 15-Mev source.
These are compared with moments method calculations.
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639. N. G. Gusev, V. P. Mashkovich, and B. V. Verbitskii, "Universal
Tables for Calculating Gamma Attenuation in Thin Filters," Soviet
J. of Atomic Energy (English Translation), 13(5), 1101-1102
(November 1962).

A variety of filters is commonly used to attenuate y-radia-
tion (walls of irradiation capsules and source containers,
cutoff filters and smoothing filters). It is not possible
to calculate beforehand, for all of the different sources,
the emission characteristics to be found after the radiation
has passed through the various filters encountered in
practical work. It is congequently feasible to set up
tables similar to the tabulated arrangements found in (1),
to compute the attenuation of y-radiation in filters made
of different materials and in different sizes.

64L0. B. P. Bulatov, "Some Characteristics of Gamma Ray Scattering at
the Boundary of Two Media," Soviet J. of Atomic Energy (English
Translation), 13(5), 1057-1061 (November 1962)

The characteristics of y-ray scattering (0.33 < E, <
~ 1.25 MeV) at the boundary between two media were experi-
mentally investigated. It was established that the scattered
radiation was produced mainly by a narrow beam of primary
radiation. The effective scattering area was contained
within a region with a radius r < 10H (for h £ z). The
contribution to the total energy from radiation scattered
by the medium increased for angles of incidence of the
primary "narrow' beam up to o =~ 85-88°, and then decreased
monotonically.

An estimate was made of the effective dimensions of
the area from which scattered quanta were emitted into the
backward half-space when an isotropic source was located at
the surface of the scatterer.

The energy flux of the scattered radiation was
measured with a gas counter which had a practically con-
stant sensitivity for y-rays of different energies.

641. M. A. Van Dilla and G. J. Hine, "Gamma-Ray Diffusion Experiments
in Water," Nucleonics, 10(7), 54-58 (July 1952).

The gamma ray dose rate in water from point radio-
active sources .was measured in an infinite medium and
near an air-water interface. The dose rate as a function
of water level is given.
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642. G. J. Hine and R. C. McCall, "Gamma-Ray Backscattering,' Nucleonics,
12(4), 27-30 (April 1954). -

The intensity and energy distribution of backscattered
gamma rays were measured with a Nal (Tl) crystal. Two types
of scattering experiments were performed. First, backscatter-
ing materials of different atomic numbers were placed in
close contact with Hg®°®, C¢'®7, and CFPC sources. In the
second group of experiments, aluminum was. always used
as the scattering material, but the geometry of the scatterer
and its position relative to the source were varied.

643. Fred Maienschein and Temple ILove, "Gamma-Ray Spectrum of the Bulk
Shielding Reactor," Nucleonics, 12(5), 6-8 (May 1954).

Scintillation spectrometerswere used to measure the
gamma ray spectra at various distances in water from the
Bulk Shielding Reactor. At the highest energy, the ex-
perimentally-measured attenuation length agrees with the
value expected from the cross section. At lower energies,
the effect of buildup is reflected in the larger measured
attenuation lengths.

64L. Harold S. Davis, "How To Choose and Place Mixes for High-Density
Concrete Reactor Shields," Nucleonics, 13(6), 60-65 (June 1955).

Selecting the best concrete for shielding means
choosing from among densities of 150-410 1b/ft, at mate-
rial costs from $O.50 - 25.h0/ft. This article tells
how high-density concrete can be designed and placed
at lowest cost. Properties of available heavy aggre-
gates and usable mixes are given, plus construction
techniques.

645. David G. Chappell, "Gamma-Ray Attenuation,"” Nucleonics, 14(1),
40-41 (January 1956).

A nomogram 1s presented to aid in the calculation
of gamma-ray attenuation factors.
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David G. Chappell, "Gamma-Ray Scattering from Thin Scatterers,’
Nucleonics, 14(7), 36-37 (July 1956).

Nomograms are given which permit rapid estimation of
the photon flux reflected from a thin object.

David G. Chappell, "Gamma-Ray Streaming Through an Annulus,”
Nucleonics, 14(11), 87 (November 1956).

A nomogram is presented to aid in calculating gamma
ray streaming through an annulus. Scattering effects are
not accounted for.

David G. Chappell, "Gamma Attenuation with Buildup in Lead and
Iron," Nucleonics, 15(1), 52-53 (January 1957).

Nomograms are presented which give gamma-ray point
source attenuation factors for lead and iron shielding
slabs.

David G. Chappell, "Gamma-Ray Streaming Through a Duct," Nucleonics,
15(7), 65 (July 1957).

A nomogram is presented to calculate geometrical
attenuation of the gamma-ray flux streaming through the
duct from an emitting surface upon which the duct abuts
perpendicularly. Scattered effects are not accounted for.

F. T. Binford, "Gamma-Ray Heating in BSR,'" Nucleonics, 15(3), 93%-97
(March 1957).

To determine the rate of gamma heating in aluminum,
lead, iron, and copper structures near reactor cores,
temperatures of these materials were measured during
heating in the gamma field of the Bulk Shielding Reactor
and during cooling after removal from the field. Heat
generation rates were determined for most of the samples
at distances of up to 4 inches from the reactor face.

In the case of lead, data is obtained at distances up
to 9 inches.
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R. L. French, "Calculating Gamma Spectra from Reactors,'" Nucleonics,
18(3), 114-117 (March 1960). —_—

A method was developed to calculate gamma ray energy
spectra- and dose rate in laminated media from homogeneous
medium data (such as that generated by the moments method).
The moments method data 1s successively applied to each
layer between the source and detector. The results compare
well with experiment.

R. L. French and J. B. Eggen, 'Fast-Neutron and Gamma Spectra for
BSR," Nucleonics, 18(3), 117-120 (March 1960).

Detailed tables of gamma ray and fast neutron spectra
in the water of the ORNL Bulk Shielding Facility are pre-
sented. The data was generated by integrating moments
method data. The results agree well with experiment.

I. 0. Huebsch, The Development of a Water-Surface-Burst Fallout
Model: The Rise and Expansion of the Atomic Cloud, USNRDL-TR-/L1

(April 23, 1964) Availability: AD-L41983 Not for sale to the
public.

A water-surface-burst fallout model is being developed
in three parts: (1) cloud rise and expansion, (2) particle
formation, and (3) particle fall through the atmosphere.
Part (1) is discussed in detail. The cloud is described by
a set of equations for rate of rise, temperature, water
content and other parameters, using an "entraining parcel"
method. The questions allow for variations in atmospheric
temperature, pressure and humidity as well as in initial
cloud height, temperature, and air/water energy partition.
Temperature and volume are calculated by extensions of
standard meteorological equations.

The equations have been programmed for machine com-
putation. Comparison of numerical results with atomic-
cloud observations indicates that a single empirical para-
meter, the entrainment constant A, (which is the propor-
tionality constant in assumption 1) can also be used as a
measure of the rate of generation of turbulence. Correct
predictions are obtained for rate of rise, cloud size,
final cloud height and the later horizontal expansion of
high yield clouds. This last has not been previously
predicted by a cloud model. Numerical results also indi-
cate that for low ylelds, the effect of initial water
content of the cloud is minor compared with that of atmospheric
humidity while for high yields the opposite 1s true.
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654. Emanuele Fumagalli, The Use of Lead Glycerolates for Highly Effec-
tive Biological Shields, AEC-tr-6355 (July 1963) Availability:
JCL $1.60 (fs), $0.80 (mf).

In continuation of the research program already con-
ducted at ISMES on concretes for biological shields of power
reactors, highly effective shielding mixes with organic
binders have been subjected to study, which are particularly
indicated for applications in research reactors and for trans-
port containers.

It appeared that cements on a litharge and glycerine
base chemically designated as lead glycerolates, could be
effectively useful for this purpose.

In a preceding publication, we already had the occasion
to consider the possibility of utilizing heterogeneous mixes
in order to obtain a more equilibrated shielding action.
Moreover, since highly efficient materials are necessary, 1t
was considered suitable to supplement the shielding action
of lead, which always constitutes the base of the mix, by the
addition of iron.

It is not the purpose here to furnish information on the
mixing ratios to be utilized for the two; these will be deter-
mined on the basis of the type of incident radiation and when
necessary subsequent to the verification of the calculation for
the project.

After formulating the mixes, which are applicable in
practical installations, experiments are carried out in order
to determine the physico-mechanical characteristics which are
of interest for appilication purposes.

655. William H. Steigelmann, Jr., "Gamma-Ray Shielding Design Curves,"
Nucleonics, 19(11), 148-150 (November 1961).

Attenuation functions for various radiocactive gamma ray
sources are presented. These curves permit rapid and accurate
determination of the dose rate from a point source with either
a lead or concrete ghield.
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656. F. Allen and A. Futterer, Lightweight, Radiological Shielding
Materials for Armored Vehicles, BRL Memo 1L2k (July 1962)
(CONFIDENTIAL)

The neutron shielding potentialities of several high
hydrogen content materials are studied for possible appli-
cation to an armored vehicle. It is found that for the
type of shielding arrangement presently under consideration,
materials with high hydrogen weight fractions (even though
this implies relatively low physical densities!) are the
best.

657. F. Allen, A. Futterer, W. Wright, and A. Budka, The Transmission
of Monoenergetic Neutrons Through Borated Polyethylene, BRL-1129
(April 1961) (CONFIDENTIAL)

A description of a versatile Monte Carlo neutron
transport code for multilayer, laterally infinite, plane
shields is presented. Curves are given which show the
principal results obtained for the transmission of mono-
energetic neutrons through, and their reflection from,
polyethylene slabs containing 8 per cent boron carbide by
weight. A discussion of the results is also given. Because
of their great bulk, detailed computing machine calculations
are being issued in a companion report, BRL 1130.

658. R. H. Karcher, B. J. Garrick, Design Information for Protection
Against Initial Radiation, HN-179 (May 29, 1964) (SECRET)

This manual summarizes information on shield design
methods for protection against radiation emitted during
the first minute after the detonation of a nuclear ex-
plosion. A large amount of tabulated and graphical data
is presented.
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W. E. Edwards, C. W. Moon, J. M. Crook, L. 8. Burns, Gas-Cooled
High-Temperature Nuclear Reactor Design Technology, Section 7.
Shield Design, APEX-800 (Part E), (June 30, 1962) (CONFIDENTIAL).

The technology developed by General Electric's Air-
craft Nuclear Propulsion Department (GE—ANPD) was sufficiently
accurate and versatile to assure the feasibility of designing
a shield system light enough in weight for aircraft appli-
cation. This section:

1. Describes the procedures used in designing
shields for gas cooled aircraft nuclear power plants

2. Describes the technology developed and used
in these procedures

3. Discusses the treatment of special problems
encountered

k. Buggests development procedures for fulure
shielding tasks of comparable complexity.

W. E. Francis and L. L. Marsden, "Gamma-Ray Dose and Heating from
Spent MTR Fuel Elements," Nucleonics, 15(4), 80-83 (April 1957).

Gamma ray dose rates were measured in water close to
MIR fuel elements which had different histories. The decay
was observed for 120 days. Heating was also measured by
comparison with electric heating.

Eric T. Clarke and James O. Buchanan, "Radiation Shielding
Against Fallout," Nucleonics, 20(8), 143-146 (August 1962).

Data 1s presented for evaluating the protection
offered by variousg structures against gamma radiation
emitted by fallout from nuclear weapons.

F. E. Obenshain, The Theoretical Buildup Factor for Ordinary
Concrete, WAPD-P-646 (March 1955) Availability: Dep. (mc);

$1.80 (ph); $1.80 (mf), OTS.

The build-up factor for ordinary concrete (2.3 gm/cm?)
presented in this note was theoretically determined for
gamma rays having the initial energy between .5 and 10 mev.
The values given were derived from the N.D.A. report 15C-41.
The result was found to be in excellent agreement with ex-
periment at 6.1 mev.
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663. F. J. Allen, A. T. Futterer, W. Wright, Neutron Reflection and
Flux Versus Depth for Aluminum with an Appendix -- Neutron Dose
Transmission Versus Thickness, BRL-1238 (February 196L) = Avail-
ability: OTS $9.10 as AD 439 641 or AD 600 755.

Detailed calculated results of neutron reflection
and flux versus depth for aluminum are given in the
form of machine printouts. The angular and energy dis-
tributions of the reflected neutrons along with the
energy-dependent and total flux at various depths are
contained in tabular form on the printouts. Neutron "
number current, number flux, and dose transmission, as .
functions of thickness, are also given in tabular form

on the printouts. *~
A table of summary information on reflection is .

presented. This contains number current, number flux,

dose, and energy reflection factors as functions of . -

incident energy and angle.

A few figures are presented to illustrate graphi-
cally the various tabular results.

An appendix contains the dose transmission results
as a function of incident angle and slab thickness for
the various incident energies.

66h. D. E. lamkin and V. Keshishian, A Study of the Applicability of
the DTK Code to the Calculation of the Thermal Neutron Flux in
a Reactor Shield, NAA-SR-Memo 9k58 (January 1964) Availability:
0TS $2.60 (fs), $0.83 (mf).

It was found that the DTK code does not compute the
magnitude of the thermal neutron flux accurately at deep
shield penetrations. However, the calculated neutron
spectrum was observed to be fairly accurate. Using this
fact, the thermal neutron flux in two shields was esti-
mated quite accurately by using the DTK spectra in con-
junction with fast removal theory to determine the magni-
tude of the fast flux.
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665. C. R. Greenhow, G. O. Mueller, F. E. Sabian, Use of Diffusion
Theory Codes to Predict Gamma Heating, KAPL-M-DNA-5 (January 1963)
Availability: Dep. (mc); $5.60 (fs), $1.91 (mf) OTS.

A method utilizing diffusion theory and existing
nuclear codes has been developed which eliminates the
necessity of transforming the true geometry and spatial
gamma source distribution into an "equivalent" problem with
one of the standard geometrical sources and & simple ana-
lytical spatial source distribution. This method also
does away with the use of build up factors, which in a
case with finite, complicated geometry; more than one
medium; and slant penetration; can be only crudely
estimated.

A three step process is involved in obtaining gamma
heating values by diffusion theory. First, a standard
neutron diffusion problem is solved for the core or con-
figuration being investigated.

The second step of the calculation is to use "pseudo
fission cross sections" to generate the gamma source from
the converged multigroup fluxes of the neutron diffusion
problem. Spatial and energy variations of the gamma source
may thus be calculated to the same accuracy as the original
neutron diffusion problem.

Az a last step to this gamma diffusion problem the
resulting multigroup gamma fluxes are multiplied by suitable
energy absorption coefficients to obtain the gamma heating.
These energy absorption coefficients are supplied by GAM I.

Calculations using this method have been made for
several cases with simple geometry and source distribution
and the results compare favorably with other, more widely
accepted calculational methods. While these calculations
are for regions near the core where the gradients are not
steep, the use of a transport correct diffusion constant
and a pre-calculated gamma source will give accurate values
for gamma heating even in regions that are several mean
free paths from the reactor core.
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E. G. Peterson, Shielding Calculations for a Power Reactor,
HW-72844 (February 28, 1962) Availability: Dep. (mc); $1.10 (fs),
$0.80 (mf) OTS.

Five types of thermal shielding enclosed by ordinary
concrete were analyzed. Thermal shields include ordinary
water, borated carbon steel, cast iron, a mixture of mag-
netite and water, and borated graphite. For the current
study it is concluded that the use of boron and cast iron
as a thermal shield cannot be justified economically
although they possess excellent shielding properties.

The magnetite-water mixture (light water with magnetite
are added) is the best choice for a thermal shield because
of its relatively low cost, excellent heat transfer prop-
erties, and the fact that cooling pipes are not needed in
the concrete.

The calculations show the thermal neutron flux, total
neutron dose rate, and gamma dose rate distribution through
the various shield assemblies.

Lead Development Association, London, Lead for Radiation Shielding -

No. 2. The Design and Construction of Lead Shielding Containers,

NP-13691 (July 1963) Availability: Dep. (mc).

This discussion of the design and construction of
lead shielded containers is intended for the guidance of
designers so that they can take into account the problems
of manufacture in preparing designs, and thus facilitate
the use of techniques that best overcome these problems.

Types of containers, construction methods and
design requirements of lead and lead-clad-steel containers
are discussed.
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668. A. W. Casper, Modified Fast Neutron Attenuation Functions, .
XDC 60-2-76 (1960) Availability: Dep. (mc); $2.60 (fs), $0.95
(mf') OTS.

New coefficients were determined for the Albert and
Welton fast neutron attenuation funciion by constraining
it to pass through three experimental data points. These
coefficients are suggested for use in making fast neutron
dose rate calculations in hydrogenous materials.

1.596Lh x 10°
0.34921
0.42221
0.69842

Coefficients of the polynomial exponent in the following
hydrogen attenuation function were determined by con-
straining the function to pass through four experimental
data points.

g & K 8
i i Il

1l

b (x) = ,20.525 - .0OUIX + .000014374x® + .0000008443%>

It would be valuable to make the use of this function
optional in the shielding programs. Both functions give
dose rates in mullirep per hour per watt. A careful study
was made of computations using these functions and better
results were obtained in all cases studied.

669. C. E. Johnson and C. A. Goetz, "SNAP-8 Reactor and Shield," Anm.
Inst. Aeron. Astronaut. J., 1(10), 2355-2561 (October 1963).

This paper summarizes the SNAP 8 reactor design and
shielding requirements. It is hoped that the information
will be useful for preliminary design studies of space-
craft employing SNAP 8. SNAP 8 is a 35-kw electrical
power supply for use on spacecraft. It employs a nuclear
reactor heat source to drive a mercury Rankine cycle
turboalternator. The system 1s being developed jointly
by the Atomic Energy Commission and NASA. The system has
been under development for approximately three years.

The major performance o jectiyes of the SNAP 8 reactor are

600 kw of thermal power, 1300 F NaK outlet temperature,
10,000-hr endurance, orbital startup and automatic control,
high reliability, and low weight. To meet these performance
requirements, a 50C-1b reactor has been designed and is
described in this paper. Use of a reactor imposes restric-
tions on the spacecraft design. It is shown that shield
welight can vary from a few hundred pounds to several thousand
pounds, depending on the payload dose tolerance and the space-

craft configuration. Approximation relationships are presented
to facilitate shield weight estimates for preliminary design

studies of unmanned spacecraft using the SNAP-8 reactor.
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670. S. E. Van den Broek, "Lead Radiation Shielding,'" Nucl. Energy,
186-191 (July 1963)

The fabrication and use of lead as a shielding material -
is discussed.

671. Philip G. Berman, Neutron and Gamma Measurements. Mark I and
Mark F Triga Reactors, DOFL-TR-110L4 (HDL) (April 30, 1963)
Availability: AD 444787 not for sale to public.

Integrated neutron-flux (fluence) and neutron-
spectrum data have been obtained on the General Atomic "
Mark I and Mark F reactors. Limited gamma-ray dose data
have also been obtained.

The data are presented graphically to facilitate "
determination of the radiation environment provided at
the various test positions in the above reactors.

Gamma-ray doses were as high as 145,000 r/pulse; and
neutron fluence above sulphur threshold (3 mev) were
greater than 10'* n/cm®.

!

672. Lazuhisa Shirayma, "Properties of Radiation Shielding Concrete,’
J. Am. Conc. Inst. 60(2), 261-279 (February 1963).

Reports on a study of boron-containing aggregates from
the United States and England and of seven heavy aggregates
from Japan. Data are presented and discussed concerning
mix proportions, workability, unit weight, strength, dry-
ing shrinkage, and absorption coefficients for y- and
X-1ays -

Based on data obtained for mix proportions, formulas
for estimating the unit weight of concrete from the specific
gravity of the aggregate are proposed.

The hematite ore used was found to be unsuitable for
concrete aggregate because of an excessive amount of fines
coating its surface. The tests indicated that, of the
boron-containing material, the deleterious effects of
colemanite on concrete strength and setting time is greater
than that of borocalcite. This effect increases with
increased fineness.

The barite concrete provided better shielding against
x-rays than anticipated from density calculations. Barite
or magnetite concretes were more suitable in shielding
against gamma rays.
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673. R. Schamberger, J. Celnik, R. Ross, Shield Small Source Experi-
ments, UNC-5072 (November 8, 1963) Availability: Dep. (mc);

$6.60 (£s), $2.27 (mf) OTS

A shielding experiment has been performed which pro-
vided a proof test of the shield calculation methods used
in the MCR shield design and provides a partial confirma-
tion of cross-section data. Measurements were made with
a gamma ray spectrometer behind a configuration consisting
of a layer of gamma shielding material followed by a neutron
shield, with the configuration exposed to neutrons from a
Po-Be source.

Secondary gamma rays produced in the assembly were
measured with the spectrometer and compared directly with
calculations. Calculations were performed with United
Nuclear's ADONIS three-dimensional rectangular geometry
Monte Carlo code, which is derived from the one-dimensional
Monte Carlo codes used in the basic MCR shield analysis.

Experiments were performed with samples of iron, lead,
and stainless steel, and calculations were completed for
the no-sample configuration and for an iron sample. Com-
parison of experimental and calculated detector response
for these two cases is shown. Agreement is within a factor
of two at all energies, and the calculated energy deposited
in the crystal is within 25% of that observed for the no-
sample case and within 15% for the iron case. This agree-
ment demonstrates the validity of the experiment and of the
basic calculation technigues used, and gives support to the
secondary gamma production cross sections used for iron.
Modifications of the inelastic gamma spectrum used for iron
is suggested by the results.

674. W. E. Edwards, Gamme Ray Production Cross Sections, GEMP-278
(April 7, 196L) Availability: Dep. (mc); $5.60 (fs), $1.28 (mf)

OTS.

Gamma ray production cross sections are presented in
this report as a function of 16 neutron lethargy groups
and 11 photon energy groups for 135 elements and isotopes.
They were computed by Program GAMMA-P and account for
the production of geamme rays by neutron radiative capture,
neutron inelastic scattering, neutron induced fissioning,
and (n,a) reactions. The production cross sections are
available on IBM decimal cards for use with transport
theory Program S-X.
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675. T. Atoda, and Y. Sasa, "Neutron-Shield Materials, (III) Rolling
of Boral-Ingot into Sheet,'" Sci. Papers Inst. Pays. Chem. Res.
(Tokyo) 57(2), 84-89 (June 1963).

Boral-ingots prepared according to the method reported
previously by us are proved to have favourable qualities,
capable of being rolled into sheets. Boral sheets, composed
of a layer of aluminum and boron carbide mixture sandwiched
between aluminum sheets, are produced successfully by rolling
Boral-ingots enclosed in an aluminum frame and sheets. Hot
as well as cold rolling is applicable for the sheet produc-
tion. Small Boral-sheets of the size (400 ~ 800) mm X (65 ~
70) mm X (3 ~ 6) mm, composed of inner layer of thickness
of 2.0 ~ 4.6 mm and top and bottom wrappers of thickness
0.5~ 1.0 mm each, and larger sheets of the sizes, (800 ~
900) mm X (715 ~ 1370) mm X (5.0 ~ 6.0) mm and 230 mm X 2000
x 6.0 mm, composed of inner layer of thickness 2.5 ~ 3.6 mm
and top and bottom wrappers of thickness 1.2 ~ 1.6 mm each,
are produced. Strength of bonding between inner layer and
wrappers is found excellent.

Comparison of boron contents of Boral-ingots and -sheets
determined by analysis with those of ingots and sheets
calculated from the ratios in amount of constituents of the
raw materials provided the successful execution of the series
of studies--the preparation of Boral-melt, production of
Boral-ingot, rolling of ingot into Boral-gheet and measure-
ment of thermal neutron absorption coefficient.

676. E. R. Berry, A Generalized Shielding Study for Nuclear Electric
Space Power Plants, SSD-TDR-63-217 (August 28, 1963) Availability:
5.60 OTS.

This report presents generalized shield weight and
thickness curves suitable for providing rough estimates
of the shield weights required for nuclear-reactor-powered
electrical space powerplants, such as the SNAP series
(Systems for Nuclear Auxiliary Power), over & wide range
of conditions. The curves presented should alsoc be appli-
cable in many cases to nuclear rocket reactors operating
in space. The shields considered are two-layer tungsten-
lithium hydride shadow shields optimized to provide minimum
shield weights.
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677. B. A. Engholm, Shielding Studies for Target Reactor, GAMD-L526
(May 1, 1964) TAvailability: Dep. (mc); $4.60 (fs), $1.61 (mf)
0TS.

Shielding analysis of the TARGET reactor concept
has been limited to those problem areas in which the
feasgibility of the system or key subsystems might be
in question. Areas investigated include the fast-
neutron flux incident upon the vessel liner, nuclear
heating in the side and top regions of the reactor,
neutron activation of the circulator, radiation dosage
to the gas-turbine lube system, and biological dose
rates external to the vessel.

678. W. G. Homeyer, Shadow Shielding of a Nuclear Reactor: Effect
of Reactor Shape on Weight of Shield, GA-1528 (April 2k, 196L)
Availability: Dep. (mc); $1.10 (fs), $0.80 (mf) OTS.

A brief study has been made of the weight of a
shadow shield required for a reactor to be used in
space. Shield weight was calculated as a function
of the diameter of the reactor in order to determine
the reactor configuration that would minimize the weight
of the shield. An approximate general relationship was
derived from which the optimum reactor dimensions can
be calculated for reactors and shields for space appli-
cations.
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679. V. D. Svikis, "Dense Lithium Fluoride for Gamma-Ray-Free Neutron
Shielding," Nucl. Instr. and Methods, 25(1), 93-105 (December 1965).

A simple method of processing powdered LiF into dense
and strong Li¥F, suitable for self-supporting neutron shield-
ing, was developed. The processing was carried out in two
stages. In the first stage, chemically pure LiF powder
was slip-cast and sintered for periods of from 1 to 5 hours
at temperatures ranging from 500° to 840° C, in order to
establish the best conditions for making dense and volume-
stable LiF aggregate. Aggregates were prepared with densi-
ties in the range 52 to 92% of theoretical, depending on
sintering temperature and time. Maximum densgity was
achieved by sintering at 700°C for 3 hours. In the second
stage, dense and stabilized LiF aggregate was graded,
pressed into shapes at 4000, 6000 and 8000 psi, and heated
at 600° and 800°C tc find the best conditions for making
dense compacts. LiF compacts, as large as 8 3/4 by L4 1/2
by 3 in., with densities in the range 78 to 85% of theoreti-
cal, were prepared. Maximum density and good mechanical
strength were attained when the graded aggregate was pressed
into shapes at a pressure of 8000 psi and the shapes were
heated for five hours at 8000C. The material can be cut
and machined to close, dimensional tolerances.

680. F. Cap and J. Mennig,"Analytical Method for Determining n-Group
Neutron Fluxes in Cylindrical Shielding Problems Using Lie Series,"”
Nukleonik, 6(3), 141-147 (May 1964).

Calculation of fluxes in shields of cylindrical reactors
by means of n-group diffusion theory illustrates the useful-
ness of lLie series in reactor theory. While it is possible
to use difference techniques to solve the problem in cylin-
drical geometlry, computing times are relatively long.
Analytical methods are faster, but lead to numerical diffi-
culties for large arguments of the Bessel functions. By
using Lie series, the combined flux and current vector in n-

group theory may be written in the form god 1hder_gplane

_gCorrectlon for arbitrary arguments. Integration of the n-

group diffusion equations by means of ILie series results in an

.. . -correction .
explicit expression for . The vectors are functions
Y D

of §M = 1r - 1.1 denotes the inside radius of the p'th zone.

This eliminates numerical difficulties associated with the
evaluation of Bessel functions depending on r and ry-1 separately
when the arguments become large. Recursion relations permit
calculation of an arbitrary number of terms in the ILie series

and lead to solutions of any desired accuracX within the frame-

work of diffusion theorys Separating out g 7€ yesults in

rapid convergence and essentially reduces the cylindrical prob-
lem to one in plane geometry which can be solved on a relatively
small computer.
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J. 0. Juliano, R. H. Ibarra, O. V. Gabriel, M. G. Natera, E. E.
Reyes, and G. J. Rodriquez, A Study of the Shielding Effectiveness
of the Parc Cobalt-60 Garden, PAEC(D) PH-63L4 (June 1963) Avail-
ability: Dep. (mc).

The shielding effectiveness of a wall around a LO-ft
diameter Cf° garden was evaluated. Experimental dose rates
were obtained with & 6.6 curie source. The skyshine measure-
ments agreed well with calculations.

M. J. Barrett, Gamma Heating Core Structure Metallic Components.
Experimental Gas Cooled Reactor, TID-18095 (April 21, 1960)
Availability: $4.60 (fs) OTS.

The heat production in the steel structures used to
support the EGCR were calculated by kernel integration.
Gamma rays and thermal neutrons were considered.

It was found that 90% of the heat production in the
steel structure is due to capture gamma rays originating
in the structures themselves.

M. J. Barrett, Neutron Streaming from the EGCR Core Experimental
Gas Cooled Reactor, TID-18096 (May 11, 1960) Availability:
$3.60 (01S).

A calculation was made of the neutron current streaming
from the fuel channels in the graphite core of the Experi-
mental Gas Cooled Reactor.

M. J. Barrett, Shielding Analysis of the Service Machine. Experi-
mental Gas Cooled Reactor, TID-18097 (June 1, 1960) Availability:
$7.60. (018).

This study presents (l) an analysis of the normal
operation schedules of the EGCR service machine, (2) data
on the resulting radiation within the service machine, and
(3) a shielding system for the service machine to meet
design specifications.



302

685. R. West, An Isotope Handling Calculator (Mk. III) for Gamma-Ray
Sources with Lead Shielding, RCC-R-165 (July 1963) Availability:
BIS $0.30; HMSO, 1s 6d.

The report describes a circular slide-rule calculator
which at a single setting inter-rolates in direct terms
the following factors for the isotopes Na-24, Co-60,
Radium, Cs-137, Ir-192, I-131 and Au-198:

Source strength
Source distance
Gamma-ray dose-rate
Lead thickness

The calculators are available from the Radiochemical
Centre, Isotope Production Unit, A. E. R. E., Harwell,
Berkshire.

686. J. A. Belcher, Comparison of Methods of Calculating Fast Neutron
Scattering from Beryllium, NAA-SR-Memo-921L4 (November 12, 1963)
Availability: OTS $1.60 (fs), $0.80 (mf).

The flux from fast neutrons (greater than 0.1 Mev)
scattered by the SNAP 10A/2 control drums has been cal-
culated with ray tracing codes 14-0 and SCAR 1. A Monte
Carlo code, ANNEX 2, has been extremely successful in
predicting the results from some recent scattering experi-
ments at Oak Ridge. It was decided to check the accuracy
of the SNAP 1OA and SNAP 2 control drum scattering cal-
culational methods with a devised problem which would be
analyzed with 14-0, SCAR 1, and ANNEX 2. This comparison
indicated that no major error has been made in SNAP 10A
or SNAP 2 control drum scattering calculationsg performed
to date.

687. E. W. Bennett, Energy Deposition in the Atmosphere by Delayed
Gammas from Fission, LAMS-3059 (April 24, 196k4) Availability:
$0.50 OTS.

Calculated source functions are provided for the
determination of energy disposition in the atmosphere
by delayed gammas from fission of UP®® and UP®®. The
gamma spectra and the source strength for debris result-
ing from 1 kt of fission yield in each case are included.
Calculations are done for both "good" geometry and "bad"
geometry. Energy deposition rates are determined from
10-® to 20 seconds after fission and extrapolated as £
for times > 20 seconds.
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J. J. Griffin, Other Details of Post-Fission Beta Decay, LA-2811
(Add.) (October 1, 1963) Availability: $0.75 OTS.

In this report are summarized various detailed nu-
mericel recults obhtained in calculations reported in
LA-2811, but not specifically relevant to the purpose
of that report. These include the time dependence of
average beta disintegration energies, and the average
number of beta decays for various nuclides, as well as
plots of these guantities at certain specific times as
a function of the single parameter 2z, which characterizes
the fissioning nuclide. It is hoped that the latter will
be useful for extending the results to other nuclides
not calculated explicitly.

W. E. Selph, T. C. Hinckson, and W- J. Raianwater, Jr., Experi-
ment and Analysis of Neutron Attenuation in Zirconium Hydride,
Report 2-53010/LR-534 (February 196L) Availability: Ling-Temco-
Vought, Inc., P. 0. Box 5907, Dallas, Texas.

Data are presented on the fast neutron attenuating
properties of zirconium hydride, and comparisons are made
between experimentally and analytically determined values.

The General Atomic ILinear Accelerator (LINAC) was
used to produce neutrons with an energy spectrum approxi-
mating that for a fission source. Energy spectral measure-
ments were made of the neutrons incident on and penetrating
ZTH1_9 slabs of various thicknesses. Spectral measure-
ments were made as a function of exit angle for a slab of
87 g/cm®.

Analysis of the experimental results was performed
at LTV with the ADONIS Monte Carlo program developed by
United Nuclear. In addition, the experimental results
were analyzed at General Atomic with the GAPLSN trans-
port program.

M. H. Kalos, A Monte (arlo Calculation of the Transport of Gamma
Rays, NDA-56-7 (July 1950) Availability: 0TS $7.80 (fs), $5.30 (mf).

A program for the calculation of the transport of gamma
rays by Monte Carlo methods is described. It is concluded
that the "doubling" techrnique and statistical estimation
used in this program are simple and effective methods for
improving the efficiency of the sampling.
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691. J. E. Braley and R. E. Donaldson, Neutron Penetration by the Monte
Carlo Method, ZJ-015 (May 1957). Availability: Convair, San Diego,
California.

A calculation has been made of the penetration of plane
slabs of lead and boron leaded polyethylene by a plane
parallel source of fast neutrons. The neutron energies used
were 14, 10, 6.5, and 3 MeV. The slab thickness ranged up to
6 mean free paths and in one instance to 9 mean free paths.
The spectral distributions of the transmitted and reflected
neutrons were recorded as well as the volume distributed source
of gamma-rays resulting from captures and inelastic scatterings.

692. E. D. Cashwell and C. J. Everett, A Practical Manual on the Monte
Carlo Method for Random Walk Problems (1959), Availability:
Pergamon Press.

This book summarizes the Monte Carlo method as it
applies to problems involving the interactions of neutrons
and photons with bulk matter 1n geometric systems of vary-
ing complexity. Flow charts are given and computer program
subroutine are described in detail.

695. D. A. McKown, Dose Rates, Activity, and Shielding Transmission
Factors for U-235 Fission Products After Short Irradiation,
LAMS-2965 (March 6, 196k). Availability: $0.50 OTS.

The calculated gamma dose rates and shielding dose
transmission factors with buildup for U-235 fission pro-
ducts are tabulated for various times after fission. The
transmission factors are listed for lead, iron, concrete,
aluminum, and water. The calculations are based on the U-235
fission product gamma-ray spectra and activities presented by
Ann T. Nelms and J. W. Cooper in Health Physics, V. 1, No. 4
(March 1959), 427-4L41. Point source geometry is assumed,
and the buildup factors are for infinite media.
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694. C. McDonnell, J. Veiletri, A. W. Starbird, and J. F. Batter,
Description, Experimental Calibration, and Analysis of the
Radiation Test Facility at the Protective Structures Develop-
ment Center, PSDC-TR-1L4 (September 1, 196L) Availability: Pro-
tective Structures Develcopment Center, Fort Belvoir, Virginia.

The initial calibration experiments performed at
the Radiation Test Facility of the Protective Structures
Development Center are described and their results analyzed.
The dose rate above an open field and the attenuation
afforded by the steel frame of the test structure is cal-
culated and found to agree well with experiment when
modified calculational procedures are used. The cumula-
tive angular distribution of direct radiation is found
to be as much as fourteen percent above that predicted
by theory over the range investigated. Several modifi-
cations of presently used calculational techniques are
suggested.

695. R. L. Henry, Multilayer Shield Experiment IV, OTF III, NARF-58-LOR
(October 9, 1958) Availability: Convair, Fort Worth, Texas.

he Adrcraft Nuclear Propulsion Department of General
Electric has sponsored a series of shield tests at the
Nuclear Alrcraft Research Facility at Convair-Fort Worth
to obtain shield design information for nuclear aircraft
reactors. This document contains the experimental results
of one of these tests.

In the experiment, slabs of various shielding mate-
rials were assembled in different arrangements into
shield mock-ups. These assemblies were then placed in
the Outside Tank Facility and subjected to radiation from
the Ground Test Reactor. External measurements were taken
with dosimeters and BFs counters; and internal measurements,
with foils and chemical dosimeters. Results indicate that
zirconium hydride is a good attenuator of gamma rays and
fast and thermal neutrons, that the relaxation lengths for
zirconium hydride in a BeO matrix are the same for fast
neutrons and gammas, thabt fast neutrons and gamma rays
are attenuated expoanentially in zirconium hydride, and
that there is relatively little production of secondary
gamma radiation in zirconium hydride due to thermal neutron
capture and inelastic scattering of fast neutrons. Lead,
especially in large thicknesses, seems to produce a relatively
high secondary gamma dose rate. Although thermal neutron
shielding, when placed forward of uranium in a shield mock-up,
does lower the gamma dose rate, the reduction is not great.
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696. R. S. Hubner, Results of the Analysis of the ORNL Tower Shield .
Experiments, NAA-SR-Memo-9060 (October 1, 1963) Availability:

0TS $1.60 (fs) $0.80 (mf)

The results of the analysis of the ORNL Tower Shield
experiments using Monte Carlo techniques are presented and
compared to the experimental data. Satisfactory agreement
with the experiment is noted. Scattered dose, no collision
dose, and scattered spectra are tabulated.

The experiments were performed using the ORNL Tower
Shield Reactor as a source of neutrons. A collimated
beam of neutrons was incident on a cylinder in a direction
normal to the cylinder axis. The scattered dose was
recorded at angles measured from the direction of the
incident beam in a plane perpendicular to the cylinder .
axis. Dose measurements were made with a Hurst Dosimeter.
The incident beam spectrum and dose intensity distributions -
were measured. The target cylinders were 6 inches high and
1, 2, 4 and 6 inches in diameter; cylinders of Be, C, Al, Fe,
and CH2 were used. Detector angles were 45, 90, and 135
degrees.

697. K. L. Hall, M. W. Tobriner, M. A. Sweeney, J. A. Dubay, R. F.
Klaver, and R. O. Bolt, Dosimetry of Reactor Radiation from
the Shield Test Pool Facility, Report No. 22, TID-19678 (June 30,
1963) Availability: OTS $11.50 (fs), $4.88(mf).

The neutron- and gamma-~dose rates were determined
separately in reactor radiation from the shield Test Pool
Facility (STPF). The separation was achieved by using a
series of calorimeters of varying neutron to gamma responses.
The method of analysis required a knowledge of the neutron
spectra. This was determined both theoretically from
reactor physics and empirically using the foil activation
technique. The results are expressed by an equation inter-
relating the neutron- and gamma-heating rates as a function
of position within each of twc canisters, one for exposures
to fast neutron-rich and the other to gamma-rich radiation.
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698. J. H. Hubbell, "Response of Large Sodium-Iodide Detector to High-
Energy X-rays," Rev. Sci. Instr., 29(1), 65-68 (January 1958).

The response of a four-inch long by five-inch diameter
sodium-iodide crystal to axially incident 0.01 to 8-Mev
x-rays has been expressed as a 28 by 28 matrix. Measured
pulse-height distributions were combined with Monte Carlo
calculated distributions for the input data. The matrix
was inverted on an automatic computer for ease of applica-
tion to spectra. The mesh is uniform in the square root
of energy, each interval including an entire photopeak.
Such a coarse mesh makes the response matrix suitable for
the unscrambling of continuous but not line spectra.

699. P. W. Reinhardt and F. J. Davis, "Improvements in the Threshold
Detector Method of Fast Neutron Dosimetry,'" Health Physics, 1(2),
169-175 (September 1958).

Improvements have been made in the threshold detector
methed for measuring fast neutron spectra and tissue dose.
The sensitivity of the counters used to measure the induced
activity of the detecting elements has been increased by a
factor of 12 to 16 times by improving counting geometry.
Holding the gain of the scintillation counting system con-
stant by an automatic monitoring arrangement reduces the
time required for standardization. The method of P-32
recovery from S-32 by burning out the sulfur has been
shown to be reproducible and to have a recovery efficiency
of 93.5 per cent. The neutron cross-sections for various
detection elements used in the threshold detection system
are reviewed.

700. M. S. El-Nesr and K. A. Mahmoud, "Penetration of Gamma Rays in
Paraffin," Proc. Math. Phys. Soc. (U.A.R.), No. 25, 59-65 (1961).

The spectra of gamma-rays penetrating paraffin have been
studied for Cs(137), Co(60) and Na(24) gamma-ray isotopic
sources. Experiments were performed using a calibrated
single channel gamma-ray spectrometer and the results were
compared satisfactorily with the derived theoretical com-
putations.

These experimental investigationsof paraffin proved to
be of good protectional value against scattered radiation in
its different orders and particularly at energies greater
than 0.5 Mev.
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W. F. Hornyak, "A Fast Neutron Detector," Rev.

264-267 (June 1952).
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G. S. Hurst and R. H. Ritchie, "On Energy Resolution with Propor-
tional Counters," Rev. Sci. Instr., 24(8), 664-668 (August 1953).

The shape of a proportional counter pulse due to an
extended track of ionization is determined, before and
after passing through a linear pulse amplifier, for
various values of track extension and positive ion collec-
tion time. It 1s found that the maximum height of the am-
plifier output pulse is essentially independent of the
length and orientation of the track in the counter, pro-
vided the time of collection of the outermost electrons
is not longer than the amplifier time constant.

A fast neutron detector with an efficiency of a few
percent and the capability of detecting neutrons in the

presence of intense gamma-ray backgrounds has been developed.

The detector consists of a ZndS and Lucite molded cylinder
used in conjunction with a 5819 photomultiplier tube. This
detector is well suited to experiments requiring 'good
geometry' and pulse speeds of the order of 0.1 uysec.

Rosemary T. Berger, 'The X- or Gamma-Ray Energy Absorption or
Transfer Coefficient: Tabulations and Discussion,"Rad. Res.,

15(1), 1-29 (1961).

The quantity known as the X- or y-ray energy absorp-

tion coefficient is defined in various ways in the literature

and has also been given a variety of other names. The pres-
ent paper attempts to clarify this confusing situation by
presenting a careful definition and suggesting a new name,
"energy transfer coefficient,” which is more descriptive
of the definition. The significance of the energy trans-
fer coefficient for the calculation of absorbed dose is
discussed, and a tabulation is given of energy transfer
coefficients for various materials for photon energies
between 3 kev and 10 Mev. This tabulation is a revision
and extension of previous work of G. R. White Grodstein
and takes into account the latest values of the relevant
cross sections. Limitations and uncertainities of the
tabulated values are discussed. Auxiliary data are given
of the parameters (such as cross sections and conversion
factors) which enter into the calculation of the energy
transfer coefficient to enable the reader to construct
energy transfer coefficients with correction terms appro-

priate to a particular applicaticn.

Sci. Instr., 23(6),
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704. Ulf Tveten, A Shielding Analysis for JEEP II. Part I. Computer
Programmes, KIR-E-155 {(March 1962) Availability: Institutt for
Atom Energi, Kjeller Research Establishment--Norway.

The following report is the first part of a shielding
analysis of JEEP II. It contains & description for com-~
putations of the shielding properties of the bulk shield
performed by electronic computer. All shielding constants
utilized are given in the tables at the end of the report.

705. ULf Tveten, A Shielding Analysis for JEEP II. Part II. Stream-
ing Problems, KIR-E-156 (March 1962) Availability: Institutt for
Atom Energi, Kjeller Research Establishment--Norway.

This report is the second one in a series treating
various aspects of the shielding of the reactor "JEEP II."
This part contains a description of the methods used for
calculating the streaming through the reactor shield.

706. ULf Tveten, A Shielding Analysis for JEEP II. Part III. The
Basement, KIR-E-157 (April 1952) Availability: Institutt for
Atom Energi, Kjeller Research Establishment--Norway.

This report, which is the third in a series, contains
calculations for the thicknesses of the walls in the
basement of JEEP II. Directly under the reactor there is
a room into which the tubes for the heat exchanger enters
from above, from the reactor tank, and exists through a
side wall into the heat exchanger room. Through the tubes
from the reactor there is a strong neutron and gamma stream-
ing, and the activaition of the coolant makes the heat
exchanger itself as well as the tubes strong radiation
source.

707. ULf Tveten, A Shielding Analysis for JEEP II. Water Tank,
KIR-E-161 (May 1963) Availability: Institutt for Atom Energi,
Kjeller Research Establishment--Norway.

This report is number four in a series treating
various aspects of the shielding of the reactor "JEEP II."
This part contains description of the methods used for
calculating the fluxes through the intertank, water tank
and the surrounding shields, as well as the fluxes outside
the storage block from stored fuel elements and plugs.

The shielding constants used are tabulated at the end of
the report.
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M. J. Berger and L. V. Spencer, "Some Radiological Applications
of Gamma Ray Transport Theory," Rad. Rés., 10{5), 552-570 (May
1959).

Gamma-ray transport theory is applied to the cal-
culation of energy dissipation in bounded water media under
conditions approximating those found in radiological prob-
lems. A combination of analytical, numerical, and Monte
Carlo techniques is used. Two typical situations are con-
sidered: (1) a medium in which an isotropic source of
radiation is distributed; (2) a medium irradiated by an
external beam of radiation. The spatial pattern of energy
dissipation 1s worked out in detail for a source emitting
1.28-Mev photons. The results of problem 2 are applied to
the calculation of the depth dose produced by the irradia-
tion of medium with Co-60 beams with cross-sectional areas
up to 400 cm®. The calculated depth-dose distributions are
in good agreement with experimental distributions obtained
by Johns and his collaborators.

M. J. Berger, 'Calculation of Energy Dissipating by Gamma Radia-
tion Near the Interface Between Two Media," J. Appl. Phys., 28(12),
1502-1508 (December 1957).

A Monte Carlo calculation was made of the energy
dissipation by gamma radiation in a medium with the
scattering properties of water which consists of two
semi-infinite regions, one of which is much denser than
the other. The calculations are for a 1.28-Mev point-
isotropic source at or near the boundary plane separating
the two regions. The results are presented in terms of
boundary correction factors which express the change of
energy dissipation compared to that prevailing at the same
location in a medium of uniform density. The analysis of
the results leads to the conclusion that the boundary effect
is rather insensitive to the atomic number of the medium,
and is mainly a function of the density change. The Monte
Carlo results are in good agreement with an experiment
of Soole on the propagation of radiation in the air above
the ground, and an experiment by Titus on the dose distri-
bution in iron.
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710. C. E. Clifford, J. A. Carruthers and J. R. Cunningham, "y-Radia-
tion at Air-Ground Interfaces with Distributed Cs-137 Sources,
Can. J. Phys., 38(3), 504-507 (March 1960).

Measurements of gamma-ray dose rate were made in air
over an air-ground interface and compared with Monte Carlo
calculations of Berger. Similar results were also obtained
near a concrete-polyfoam interface and a lead-foam inter-

face.

711. Iwao Umeda, '"Calculation of the Transmission of Singly Scattered
Gamma-Rays Through Finite Thin Slabs," J. Nucl. Sci. Technol.,

1(2), 37-40 (May 1964).

The intensity and number of transmitted singly
scattered photons were calculated for 1.0, 2.0, 4.0, 6.0,
8.0 and 10.0 MeV y-rays normally incident on slabs of lead,
iron, concrete and water varying from 1 to 4 mean free
paths in thickness.

Energy build-up factors were obtained by integrating
them using Simpson's formula. The calculation for compo-
site shields included 1.0, 3.0 and 6.0 MeV y-rays normally
incident on a lead-water shield. The results obtained show
good agreement with the values calculated by the Monte Carlo
method and the moments method.

The approximation can be used for the case of y-rays
above 2.0 MeV incident on slabs less than 3 mean free paths
in thickness. For y-rays under 1.0 MeV, it can be also
used for iron and lead slabs less than 1 mean free path in
thickness.
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F. S. Kirn, R. J. Kennedy and H. 0. Wyckoff, "The Attenuation of
Gamma Rays at Oblique Incidence,'" Radiology, 63(1), 94-104
(July 1954).

Attenuation data have been taken for radiation inci-
dent obliquely upon barriers of lead, concrete, or concrete-
equivalent material. The gamma radiation from cobalt-60,
cesium-137 and gold-198 was used at angles of incidence
0%, 300, 509, 60°, and 70°. The results show that for
oblique angles of incidence the Compton scattered radiation
may have shorter path lengths through the barrier. For the
larger angles of incidence, the obliquity effect must be
considered in designing barrier requirements. For a
diverging cone of radiation, the effect is not too signi-
ficant for attenuations less than 100. It is also shown
that, in the range of energies below 0.7 mev, the addition
of a layer of lead behind a low atomic number barrier can
be effective in reducing the thickness requirements of the
barrier.

A. T. Nelms and J. W. Cooper, 'U-235 Fission Product Decay Spectra
at Various Times after Fission," Health Physics, 1(4), Lo7-L4h1
(March 1959).

Tabulations are given of the B- and y-ray spectra
produced by the total products of U-235 fission at times
after fission from 31.2 min to 119 years. Spectra are
also given which exclude radiation from fission products
that form volatile compounds.

K. W. Morton, "Scaling Neutron Tracks in Monte Carlo Shielding
Calculations," J. Nucl. Energy, 5(3/4), 320-324 (July/August 1957).

A simple technique is given to enable neutron tracks
generated in a Monte Carlo study of a given slab of mate-
rial to be used for slabs of any other thickness. It is
applied to the interpretation of some thick sample scatter-
ing data.



715. K. W. Morton, "A Generalization of the Antithetic Variate Technique

for Evaluating Integrals," J. Math. Pays., 36, 289-293 (1957).

Hammersley and Morton (1956) have introduced a new
Monte Carlo technigue which they have called the antithetic
variate method. In their paper they investigated fully
the application of the technique to the evaluation of single
integrals; and then considered multiple integrals as
repeated integrals tc which this theory could be applied
approximately. Now, it is for integrals of fairly high
dimensionality that Monte Carlo can potentially be of the
most use: this treatment of them is rather unsatisfactory
from both an aesthetic and a practical point of view,
requiring as it may a great deal of judicious guesswork
and complicated approximate reasoning, as the practical
example in Hammersley and Morton's paper shows. The main
result of this note i1g a generalisation of their technique
from single to multiple integrals; this will, in general,
require too much initial computation to be used exactly
in its present form, but it forms a much firmer foundation
on which to base approximation.

716. J. M. Hammersley, "Conditional Monte Carlo," J. Assoc. Compt.
Mach., 3, 73-76 (1956).

Trotter and Tukey have discovered a powerful tech-
nique which they have called conditiornal Monte Carlo.
Although they were aware that this method had generaliza-
tions, they confined themselves to rather special cases.
The following more general specification of conditional
Monte Carlo examines its underlying structure and exhibits
its considerably filexibility.

717. J. G. Wendel, '"CGroups and Conditicnal Monte Carlo,'" Anals of
Math. Statistics, 28, 1048-1052 (1957). —

The conditionai Monte Carlo technique advanced by
Tukey, et al. has been explained in aralytic terms by
Hammersley. This note offers an alternative explana-
tion, wherein the group-theoretic aspect of the problem
plays the dominant role. The method is illustrated on an
example simpler than that treated in (1,2).
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J. M. Hammersley and K. W. Morton,"A New Monte Carlo Technique:
Antithetic Variates," Proc. Cambridge Phil. Soc., 52, 4kLko-475 (1956).

Workers on both sides of the Atlantic have recognized
the possibility of increasing efficiency by using corre-
lated samples; but all work which we have hitherto encountered
is restricted to the use of positive correlations. We shall
utilize negative correlations, for which we propose the name
"antithetic variate method' to distinguish it from the term
'control variate method' already applied by British workers
to the use of positive correlations. The general term
'correlation methods,' hitherto used by American authors
for positive correlations, can then be freed for the
inclusive description of both antithetic and control variate
methods.

S. M. Ermakov, V. G. Zolotukhin, and E. E. Petrov, "Calculation
of the Penetration of Neutrons Through a Plane Layer of Poly-
ethylene," Soviet J. Atomic Energy (English Translation), 15(3),
960-962 (September 1963 ).

The article discusseg the penetration of neutrons
through a plane layer of polyethylene (CHQ)- The solution
of this problem 1s of great practical significance in the
design of shielding for nuclear power plants. The only
method free from considerably simplifications is evidently
the Monte Carlo method, which is essentially effective
for small thicknesses H of the shielding layer. This was
the method used in the present study.

V. 8. Galishev, "Theory of the Passage of y-Ruanta Through Matter,"
Soviet J. of Atomic Energy (English Translation), 14(5), 469-473

(May 196%).

An analytic treatment is given of the problem of the
passage of y~quanta through a plain parallel slab. The
integro-differential equation including boundary conditions
for the problem of the scattered y flux density in the nth
approximation reduces to a system of 2nd integro-differential
equations of the first order for the coefficients in the
Legendre polynomial expansion of the scattered y flux density.
The values of the 2n arbitrary constants are found from the
2nd boundary conditions. The final results are given only
for the case n = 1, which gives the spectral distribution
of the scattered 7 flux density at a fixed distance from
the source.

”"”
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721. G. Vestey, "Production of Lead Bricks for Temporary and Movable
Shields," Lead 62, London, Lead Development Association (1962).

Various techniques for the manufacture of lead Bricks
are described. These include casting, extrusion, machining
and cold pressing.

722. H. Arnold Jenkinson, '"The Manufacture of Special Lead Shields for
Nuclear Shielding," Lead 62, London, Lead Development Association

(1962).

The manufacture of various special lead shields is
described. These shields include bricks, sheets, special
castings and extrusions.

725. H. 8. Davis, F. L. Browne, and H. C. Witter, "Properties of High-
Density Concrete Made with Iron Aggregate,' J. Am. Conc. Inst.,
27(7), 705-726 (March 1956).

Data are presented on the physical properties of
several types of mortar and concrete made with iron-
bearing aggregate for use in radiation shields. Heavy
aggregates used in this investigation included steel
punchings, fine steel shot, ferrophosphorus, magnetite,
and limonite.

Concrete made with natural heavy aggregates had
densities of from 185 to 225 per cu ft. One type of
concrete made with steel punchings and limonite weighed
273 1lb per cu ft. Both the prepacked method and con-
ventional methods were used for fabricating concrete
specimens. The results of tests performed on several
types of heavy mortars made with fine sand are also
reported. Data obtained at elevated temperatures are
presented, as well as data obtained from standard tests
on aggregate, concrete, and mortar.

The data and experience obtained during this investi-
gation demonstrate that concrete suitable for radiation
shields can be made with iron-bearing aggregates by
either the prepacked or conventional methods of construc-
tion.
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724. H. 8. Davis, "High Density Concrete for Shielding Atomic Energy
Plants," J. Am. Conc» Inst., 29(11), 965-977 (May 1958).

Concrete properties required for gamma ray absorp-
tion and neutron attenuation are outlined. "Fixed"
water content and its role in slowing down fast neutrons
are explained. Grouts and mortars, heavy aggregate prop-
erties, and use of boron are also covered. Placement
methods evaluated include: conventional, pumping, pre-
packing, and puddling. Formwork problems including
dimensional tolerances are outlined, and shields made
of high-density concrete block are described. Tabulated
data cover costs of materials as well as finished shield-
ing structures.

725. J. 0. Henrie, "Properties of Nuclear Shielding Concrete,'" J. Am.
Conc. Inst., 31(1), 37-46 (July 1959). -

General shielding requirements are discussed with
particular emphasis on fast neutron shields. Concrete
materials which are effective in meetling the requirements
are outlined and the basic principles involved are
explained. The concrete mix, type and source of materials,
and strength properties of the shield of four similar
nuclear reactors are compared. Effects on concrete setting
time and strength of adding boron in the form of mineral
colemanite and borocalcite and the counter effects of cal-
cium chloride are described.

726. H. 8. Davis and 0. E. Borge, "High Density Concrete Made with
Hydrous-Iron Aggregates," J. Am. Conc. Inst., 30(10), 1141-11L47
(April 1959).

Data are presented on the physical properties of a
high-density concrete tested under standard conditions
and after heating at temperatures of 85, 200, and 350 C.
The concrete has a density of 218 1b per cu £t and a
fixed water content of about 4.3 percent at 85 C, which
makes it a desirable material for biological shields
around atomic power reactors. Computed values of attenua-
tion lengths are included for fast neutrons and gamma
radiation.
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727. J. M. Raphael, "The Structural Properties of Magnetite Concrete,'’
J. Struc. Div. Am. Soc. Civil Engineers, 84, ST1, Paper 1511

(January 1958).

Magnetite concrete for the Engineering Test Reactor
(ETR) biological shield was made from a combination
of crushed magnetite aggregate and a low-alkali Type I
portland cement. Some combinations of cement and aggre-
gate used in concrete are potentially self-destructive
through internal volume changes caused by alkali-aggre-
gate reaction or by thermal growth. Tests proved that
this particular combination was non-reactive and without
deleterious thermal growth. The elongated shape and
high density of the crushed magnetite particles tended
to cause harshness and segregation in mixing the concrete,
but by paying very careful attention to the proportion of
fines and the composition of the cement paste in the mix,
workable concrete mixes were designed having densities
ranging from 225 to 259 psf. It proved important to pre-
vent the cement paste from becoming too fiuid, as this
caused excessive bleeding and segregation. It was found
that up to 4% of the weight of the mix could be lost by
drying of small cylinders of the concrete, but this
molisture loss could be completely controlled by encasing
the shield in steel plate. Concrete of any required
strength could be made, but for concreteshaving compressive
strengths less than 4000 psi at 28 days, extra fines had
to be added to the mix in place of cement to lend support-
ing power and lubricity to the paste. Elasticity and
Poisson's ratio for this dense concrete were about 50%
higher than for normal weight concretes of comparable
compressive strength, varying with the density of the
concrete. At the end of a year, the drying shrinkage
was about 0.06%, and the coefficient of thermal expansion
was 5 x 10° in/in/10F. When tested against narrow and
wide beam radiation, the mass absorption coefficient for
this magnetite concrete was found to be 0.054 cmg/gm, and
the bulld-up factor was 2.57 at an absorbent thickness of
80 gm/cm?.
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728. H. A. Bethe, L. Tonks, and H. Hurwitz, Jr., "Neutron Penetration
and Slowing Down at Intermediate Distances through Medium and
Heavy Nuclei," Phy. Rev., 80(1), 11-19 (October 1950).

This paper reports theoretical results and numerical
calculations of neutron slowing down and penetration to
fairly large distances from the source assuming constant
mean free path and no absorption. The Placzek one-velocity
problem which results from a Laplace transformation of the
Boltzmann equation is solved approximately by keeping only
a finite number of harmonic terms in the Laplace transform
of the scattering function but not restricting the expan-
sion of the neutron density. The Laplace inversion is
carried out by the method of steepest descent. Numerical
results are given for nucleil of mass infinity and 9,
carried out to three orders of approximation, namely
zeroth, first, and second. They show the expected transi-
tion behavior between age theory and the asymptotic exponen-
tial behavior. The accuracy of the method is high, being
greater than that of the numerical work over the useful
range of the calculations. Rough agreement with Wick's
asymptotic results for M = 12 is found.
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729. J. B. Eggen, R. L. French, and A. Reetz, Jr.,'"Fast-Neutron Spectra
and Dose-Rate Calculations, "Health Physics, 5 (3/4), 119-125
(June 1961).

This article describes a method and its application
for calculating fast-neutron spectra and dose rates about
the Lid Tank Facility source plate, the Bulk Shielding
Reactor and the Aircraft Shield Test Reactor. The method
may be applied to any reactor whose shield is composed
largely of hydrogenous materials. Dose rates and spectra
calculated by the method are useful in shield design and
in the analysis of experiments performed in reactor radia-
tion fields.

The method is based upon fast-neutron differential
energy spectra and dose rates calculated by the Nuclear
Development Corporation of America for a point isotropic
fission source in infinite media. These data represent a
moments method sclution of the Boltzmann transport equa-
tion for water and hydrocarbons. By representing a reactor
core as an arry of point isotropic sources and assuming
that any material along the line-of-sight between a point
source and a point detector may be represented by an
equivalent thickness of water or hydrocarbon, the fast-
neutron attenuation through any material may be determined
by use of the results for these reference materials. The
equivalent thickness of non-hydrogenous material 1s deter-
mined from the ratio of the effective removal cross-sections.

Results from dose-rate calculations by this method agree
with measured BSR and LTSF pure water centerline data within
10 per cent. Calculated and measured spectra for the BSR
and the ASTR compare favorably, although the ASTR calculation
involves penetration of considerable amounts of non-hydro-
genous materials.
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730. R. L. French and M. B. Wells, "Calculations of Weapons Radiation
Penetration in Air," Health Physics, 5(3/4), 108-118 (June 1961).

The spatial, angular and energy distributions of the
initial radiation from a nuclear weapon were calculated
on a theoretical basis. The radiation components con-
sidered were fission neutrons and prompt fission, fission
product and alr-capture y-rays. The principal simplifying
assumptions employed in the theoretical model were neglect
of (1) self-attenuation in the nuclear weapon; (2) blast
effect on air density; and, (3) ground effects. Comparisons
were made with measured data which clearly demonstrate that
the spatial, angular and energy distributions of the initial
radiations from a nuclear weapon are calculable.

731. L. Costrell, "Scattered Radiation from Iarge Co-60 Calibrating
Sources," Health Physics, 8(3), 261-272 (June 1962).

Radiation beams from multicircle Co-60 sources are
widely used for instrument calibration and for radiation
treatment. It is often assumed for purposes of analysis
that such beams contain only the 1.17 and 1.3%3 MeV y-rays.
However, it i1s recognized that this assumption is not
strictly valid because of the energy degradation due to
Compton scattering in the source material and the source
collimator. A scintillation spectrometer with a 5-in-dia.
by L4-in-long sodium iodide crystal has been used to deter-
mine the amount and energy of the scattered radiation as
well as its variation with source dimensions and collimator
geomelry. Since the sources currently in common use have
apprecilable mass, source scattering is a far greater con-
tributor of degraded radiation than is the collimator.
Thus for multicurie sources, minimization of scatter
involves primarily an increase in specific activity. The
scattered intensity from the sources investigated ranges
from 3.3 to 14.6 per cent of the intensity in the primary
beam. Quantitative data are presented.



732. R. L. Mather, R. F. Johnson and F. M. Tomnovec, "y-Radiation Field
Above Fallout-Contaminated Ground," Health Physics, 8(3), 2k5-260
(June 1962).

Measurements were made of the energy and directional
distributions of photons at a point 106 cm above fallout-
contaminated level ground 9 days after detonation of a
fission device. The radiation was measured with a NaI (t1)
scintillation spectrometer and the results converted to an
absolute flux of photons/sec-cm®-keV-sterad. The direct
and scattered radiations could be distinguished by their
different angular distributions. The direct radiation was
analyzed, using simple theory, to give a source spectrum
and a thickness of overlying absorber. The results are
shown to conform with other knowledge of the situation. The
observations of scattered radiation show all of the expected
qualitative characteristics.

733. John F. Batter, Jr., "Transport Calculation of the Net Current
of Photons in an Isotropically-Scattered Atmosphere," J. Opt.
Soc. of Am., 48(6), 371-74 (June 1958).

The net photon current is obtained from the exact
transport solution for photon density in an infinite iso-
tropic atmosphere. An analytical-numerical solution for
the photon current is developed and presented graphically
together with the diffusion theory current versus non-
dimensional distance.

734. R. 0. Lane and W. F. Miller, "Energy-Dependent Multiple Scatter-
ing," Nucl. Instr. Meth., 16, 1-16 (June-August 1962).

The Monte Carlo calcuiation described will yield
relative fluxes for first-, second-, and third-order
elastic scattering of neutrons in thin plates. The
method specifically includes the effects due to energy
loss by the neutron following elastic scattering, together
with the corresponding energy dependence of the cross sec-
tions for subsequent collisions. Such effects have not
been included in previous treatments. TIllustrative
examples of some typical cases are presented.
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735. L. Costrell, "Scattered Radiation from Large Cs-137 Sources,' Health
Physics, 8(5), 491-498 (October 1962).

Meagsurements have been made to determine the scattered
radiation to be expected from typical multicurie Cs-1357 in-
stallations. For the cesium pellet sources investigated the
scattered intensity ranged from 12 to 21 per cent of the
total incident radiation intensity. The source capsule is
responsible for scattered intensity of about 8 per cent with
the source material contributing the bulk of the balance.

The source material scatter, for a source diameter of 3.6 cm,
is about 5 per cent per centimeter for source thicknesses of
up to about 1.5 cm.

736. (. Sharp Cook, "The Energy Spectrum of y-Radiation from Fallout,"
Health Physics, 4(1), 42-51 (October 1960).

This report compiles and analyzes the results of fall-
out sample gemma-ray spectral measurements using a Nal (T1)
crystal scintillation spectrometer. The summary of the
information indicates that, for those detonations at which
y-rays spectral characteristics of deposited fallout have
been measured, there appears to be no positive correlation
between spectral characteristics and weapon yield, weapon
type or conditions of detonation. Comparisons have been
made between the experimental results and the calculational
predictions both of Nelms and Cooper, and of Dolan for the
y-radiation from the products of slow neutron fission of
U-235. Although there is considerable scatter in the
experimental data, agreement between experiment and cal-
culations appears relatively good, except for variable
effects produced by neutron-induced radioactivity, such as
Np-239. The mean energy per photon in the time interval
between 10 and 3000 hr after detonation appears to be not
too different from O.7 MeV/photon if some shielding is pro-
vided to screen out low-energy photon radiations.
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737. P. H. Henmings, A Compilation of Nuclear Data for Natural Zirconium,
AHSB(8) R-62 (1963) Availability: Her Majesty's Stationery Office,
2s 9d.

A survey has been made of experimental cross-sections
and other nuclear data for Zirconium. These have been
collected and put on to punched cards for use in neutronics
calculations. In particular, the cards have been prepared
within the schemes of (a) The Aldermaston Punched Card
Library, and (b) The Aldermaston/Winfrith Nuclear Data File.

738. D. J. Raso, "Transmission of Scattered Gamma Rays Through Concrete
and Iron Slabs," Health Physics 5(3/4), 126-141 (June 1960).

The penetration of y-rays undergoing one or more
scatterings in concrete and iron of various slab thick-
nesses (3.75-60.0 g/cn® ) has been investigated by the
Monte Carlo technique. Radiation with energy of 350,
660 and 1250 keV and also the y-ray spectra produced by
the products (omitting volatile materials) of U-235
figssion at 1.12 and 23.8 hr after fission were assumed
to be incident on the medium at angles of cos 6 = 0,
0.25, 0.50, 0.75 and 1.0. The case histories of 5000
photons were followed on the IBM 704 digital computer.
The information obtained included:

(1) Number &énd energy transmitted.

(2) The energy distribution of the transmitted radia-
tion integrated over all directions.

(3) The angular distribution integrated over all
energies.

(4) The angular distribution of the transmitted energy.

(5) The angular distribution of the transmitted "dose."

These computed quantities refer to transmitted current
and an approximation is given for determining flux density.
Comparisons are made with other theories and an experiment
performed at USNRDL.
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Iwao Umedag "Monte Carlo Calculations on the Transmission of Gamma-
Rays from ®°Co and 127 Cs Point Isotropic Sources in Spherical
and Cylindrical Shields," J. Nucl. Sci. Technol., 1(3), 87-92
(June 1964).

For the case of point isotropic source, the number
and energy current build-up factors, number of collisions,
energy current spectra of y-rays transmitted through
spherical and cylindrical shields, and angular distribu-
tion through spherical shields were obtained by Monte
Carlo calculations. Radiation with energy of 1.25 and
0.662 MeV was assumed to be emitted from the center of
an iron and a lead shield varying from 1 to 5 mean free
paths in radius. The case histories of 2,000 photons for
a spherical shield and 4,000 photons for a cylindrical
shield were followed on the IBM 7070 digital computer.
Further, a ®°Co point isotropic source was placed at
the center of a cylindrical plastic scintillator, and
pulse height distribution caused by energy absorption
was measured for comparison with the Monte Carlo values.
The results obtained by the experiment showed goond agree-
ment with the results of the Monte Carlo calculation.

J. P. Jain and M. M. Gupta, "Optimum Shape of Shielding Barrier
for Disc Source," Health Phys., 10(5), 337-40 (May 1964).

In this communication an attempt has been made to
discuss the optimum shape of a shielding barrier for a
disc source. The problem is divided into two parts. 1In
Section A the attenuation of gamma radiation is supposed
to be due to the linear absorption only in the shielding
material. In Section B the effect of build-up factor
on the optimum shape of the shielding barrier is discussed.
For calculations, &a suitably approximated form of build-up
factor for gamma ray is used. One can draw quite a legiti-
mate conclusion that build-up factor plays a paramount
role in optimising the shape of a shielding barrier.

P
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G. During, R. Jansson and N. Starfelt, "Experimental Fast Neutron
Spectra in Al and Fe," Arkiv for Fysik (Stockholm), 26(k4), 293-307
(1964).

Fast neutron spectra was measured using an organic
scintillator and a L.I. {eu) crystal. The source was
either deuterium or tritium bombarded by 250 kev deu-
terons giving 2.95 and 14.9 Mev neutrons. The spectra
after transmission through Fe slabs, Fe spheres, or Al
spheres compared well with Monte Carlo results of
Leimdorfer.

W. H. Ellett, A. B. Callahan, and G. L. Brownell, "Gamma-Ray
Dosimetry of Internal Emitters. Monte Carlo Calculations of
Absorbed Dose from Point Sources,” Brit. J. Radiol., 37(433),
45-52 (January 1964).

Monte Carlo calculations of the absorbed dose
delivered by point source y emitters to tissue equiva-
lent phantoms have been performed and the results tabulated
in tables of A.F.; i.e. that fraction of the emitted energy
absorbed by the phantom. The use of these tables makes 1t
possible to calculate y dose-rate in a manner analogous to
that used for B-ray dosimetry.

R =2X_C (A.F.
Y 14 ( )M; EY

where ¥ is a constant for a particular isotope, C the
averageyisotopic concentration and (A.F.) the A.F.
for a particular phantom mass and y energy:

The effects of changing phantom mass, shape and
source configuration have been considered and the results
compared to analytical freatments of the same problem
performed by others.

Of some clinical interest are the following con-
clusions:

(1) Tables of absorbed fraction afford an accurate
and convenient method of estimating the total
body ¥ dose;

(2) The absorbed fraction is relatively independent
of body height, shape, and the position of radio-
activity within the patient:

(3) A restricted distribution of activity in the trunk
can be treated as a point source;

(4) The use of spheres as patient models and the ICRP
method of 7y dose calculation should be discontinued.
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Nuclear Engineering, "Shielding Material Review -- Emphasis on
Neutrons,'" Nuclear Engineering, 9(98), 2Lk (July 1964).

A large number of unusual shielding materials are
described briefly. In many cases, manufacturers are listed.

W. E. Thompson and F. C. Engesser, Measurements of the Effects
of Compartmentalization on the Gamma-Ray and Neutron Dose Rate
in the Radiation Field of a Reactor, USNRDL-TR-722 (February 17,
196L) Availability: $5.60 OTS.

Data illustrating the effects of various components of
a simply compartmented structure on the dose-rate field
near a reactor were gathered at the Tower Shielding Facility
(TSF) of Oak Ridge National Iaboratory (ORNL) and are pre-
sented in forms allowing convenient comparisons between
gamma-ray and neutron dose rates for given configurations.

These effects were found to be nearly eguivalent to
the additive effects of the sides of the compartment con-
sidered separately, thus adding credence to the agsump-
tion that each slab contributes to the total dose rate
independently. By weighting these contributions according
to solid angle, a method is worked out which consistently
predicts the dose rate for any configurations not involv- .
ing double transmission.

M. J. Barrett and J. Waldman, Experimental Gamma Ray Backscatter-
ing by Various Materials, TO-B-64-68 (July 196L4) Availability:
Not for sale to the public.

The backscattering of €9Co gamma-rays from steel,
concrete, water, and lead was measured. The differential
dose albedoes obtained from analysis of these measurements
were compared with calculations using the Chilton-Huddleston

formula.
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M. J. Barrett, J. L. Jones and E. M. E. Murray, Experimental Evalua-

tion of Fallout Protection Using Modeling Techniques - Final Report,

TO-B-6L-62 (July 196L4) Aveilability: DNot for sale to the public.

Work performed at Technical Operations Research under
Contract OCD-0S-62-14 from 1961 to 1964 is briefly described.
This work consisted of experimental measurements of radia-
tion attenuation through complicated shields such as would
be encountered in the study of the protection afforded by
existing buildings in the event of a nuclear fallout hazard.
A list of the principal parameters involved in the assess-
ment of the fallout protection factor is included, and
reports on the individual parameters noted. Curves required
to relate results obtained with cobalt-60 test sources to
results obtained with the fallout spectrum are appended.

Dominic J. Raso and Stanley Woolf, The Dose Resulting from 1.25
MeV Plane Source Behind Various Arrangements of Iron Barriers

(Final Report), TO-B-64-49 (June 196L) Availability: Not for sale
to thF public.

Calculations were performed by the Monte Carlo method
to determine the dose at various positions behind parallel
barriers (circular or rectangular). Also, calculations
were made for a blockhouse geometry. The results were
obtained for a 1.25 MeV plane monodirectional source (angles
of incidence given by cos 6 = 0.0, 0.25, 0.50, 0.75, 1.0,
and isotropic) incident on 20.5, 41.0, and 61.5 psf of iron.
Comparisons were made with roof reduction factors obtained
by Spencer and with experiments performed at Technical
Operations Research.
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748. J. E. Watson, Jr., An Analysis of Calculated and Measured Fission
Product Activities, BRL-1239 (February 196L) Availability:
Not for sale to the public.

Calculations and measurements of delayed beta and
gamma activities and spectra following nuclear fission
are presented. There is good agreement between various
calculations and measurements of gamma activity and
spectra of U-235 fission products. There is a degree of
agreement in calculated and measured beta activity. U-235
fission product beta and gamma activities are integrated
over time to determine the total number of betas and the
total gamma energy emitted per fission. Analysis of various
information reveals that: (l) Gamma activity and spectra
following fission of U-235 by thermal neutrons coincide with
that of fission of U-235 by fission spectrum neutrons.
(2) Gamma activities of U-235 fission products and Pu-239
fission products are identical within limits of experimental
error. (3) Initial beta and gamma activities of U-23%8
fission products are approximately a factor of 2 higher than
for U-235 fission products.

749. Kaye D. Lathrop, Anisotropic Scattering Approximations in the
Boltzmann Transport Equation, LA-3051 (February 1L, 196L) Avail-
ability: $2.25 OTS.

The effect of anisotropic scattering upon solutions
of two elementary problems of monoenergetic neutron trans-
port 1s examined. Solutions to the infinite homogeneous
medium problem for a medium containing isotropic and
anisotropic scatterers and a fission source, in which
the diffusion length appears as an eigenvalue, are derived
for several scattering approximations. Solutions are also
derived for spatially dependent neutron flux in the problem
of a plane source in an infinite medium. In each problem,
examination of an exact solution for an anisotropic scatterer
with purely forward and backward scattering is illuminating.
The relative effectiveness of the scattering approximations
developed is evaluated numerically, and extensive tables of
solutions for elastic hydrogen scattering are tabulated for
reference. In overall effectiveness, in order of increasing
accuracy, the approximations considered are ranked as follows:
the 1) transport, 2) forward-backward, 3) first-order Legendre,
L) extended transport, and 5) high-order Legendre, scattering
approximations.
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S. Buscaglione and R. Manzini, On the Build-Up of Concrete: Co-
efficients of the Polynomial Representation, ORNL-TR-349 (June

TO6L) Aveilability: JCL $1.60 (fs), $0.80 (mf).

Bivariant polynomial coefficients of the gamma ray
dose for a point isotropic source were derived for ordi-
nary concrete, magnetite concrete, ferrophosphorus con-
crete and barytes concretes.

J. Harrison, "Shielding Materials," Nucl. Eng., 7(75), 305-309
(August 1962).

This is a general survey of shielding principles and
materials which includes a list of manufacturers in Austria,
Belgium, Canada, France, Germany, Italy, Netherlands,
United Kingdom, and United States.

G. T. Chapman, K. M. Henry and J. D. Jarrard, Pulse-Height Spectra
of Ganma Rays Emitted by the Stainless-Steel-Clad Bulk Shielding

Reactor II (BSR-II), ORNL-3609 (November 196L) Availability: $3.00

Clearinghouse for Federal Scientific and Technical Information,
National Bureau of Standards, U. S. Department of Commerce, Spring-
field, Virginia.

Measurements have been made of the pulse-height spectra
of gamma rays emitted from the core of the Bulk Shielding
Reactor II (BSR-II). Preliminary analysis of the data indi-
cates that the gamma rays having energles above 5 MeV origi-
nate primarily from thermal-neutron capture in the stainless
steel reactor structure. Below 5 MeV the spectrum is
apparently composed of the expected continua of prompt-
fission and fission-product gamma rays plus a large contri-
bution from thermal-neutron captures in the hydrogen of the
water that moderates and reflects the core. Except for
raduced intensity, little change was noticed in the struc-
ture of the distribution as the amount of water between the
reactor surface and the spectrometer was increased from 1
to 60 em. Angular-distribution measurements were also made
about two points at 10 and 25 cm from the surface of the
reactor. A simple caliculation of the expected spectra at
the surface of a homogeneous reactor compared favorably
with a measured spectrum.
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755. M. B. Wells, Reflection of Thermal Neutrons and Neutron-Capture
Gamma Rays from Concrete, RRA-MLL (June 12, 196L) Availability:
Trans. Am. Nucl. Soc. 7, 41 (June 1964)

Monte Carlo methods were used to compute thermal-
neutron and thermal-neutron capture-gamma ray differential
albedos for TSF and Portland concretes. The results obtained
for the thermal-neutron differential albedo for Portland con-
crete were fitted by the equation

0.21 cosz/séb cost

where G, and 6 are the angles of incidence and reflection
respectively. The total thermal-neutron flux reflected
per unit incident flux was found to be given by 0.414 xcos 6,

for TSF concrete and 0.42 ncosz/sag for Portland concrete.

The Monte Carlo calculations of the capture-gamma dose
reflected from concrete per unit incident thermal-neutron
flux were fitted by the expression.

1.046 x 10"®cos® /A 6,co0s?/20

for TSF concrete and by the expression
6.986 x 10®cosf, cosb

for Portland concrete. The units of the above albedos are
erg.g *.hrt . steradian™ per unit incident thermal-neutron
flux.

The Monte Carlo calculations of the total thermal-
neutron reflection from both TSF and Portland concretes
were found to be in reasonably good agreement with albedo
expressions derived by both Fermi and Halpern, et al. Cal-
culations of the thermal-neutron capture-gamma dose rates
inside U4-ft.diameter concrete-lined cylindrical holes dug
in the ground at the Oak Ridge National Laboratory's Tower
Shielding Facility show, when compared with measured data,
that the major component of the gamma dose rate in the
holes is that resulting from thermal-neutron capture in
the concrete walls.
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754. D. J. Raso, Monte Carlo Computation of 100,000 1-MeV Gamma Rays
Scattered by Concrete Slabs, TO-B-64-31 (March 196L) Availability:
0TS $7.60 as AD 438 908.

Monte Carlo calculations were performed to determine
the backscattering of 1.0 MeV gamma rays from concrete
and their transmission through slabs of this medium. The
radiation was assumed to be incident at various angles 6o
(cos 6o = 1.0, 0.75, 0.50, 0.25, and 0.10) on a semi-
infinite medium and on slabs with thicknesses of 0.55,
1.1, 2.2, and 4.4 mfp. Case histories of 100,000 on an
IBM 7094 digital computer for each of the six incident
angles. Differential dose and number distributions as a
function of azimuthal and polar angles are reported.

755. R. I. Hildebrand and W. C. Outten, Energy and Angular Distribution
of Gamma Rays, Bremsstrahlung and Annihilation Radiation in a
Lead Cylinder, ER-10485 (November 1958) Availability: Martin
Company, Baltimore, Maryland.

A Monte Carlo Program for the IBM 704 has been
developed for calculating the energy spectrum of gamma
rays reaching a detector at any point inside a finite
open-ended cylindrical shield. The shield may comprise
up tc ten coaxial regions representing different materials.
The energy spectrum and angular distribution of the gamma
rays incident upon the outside of the cylinder are assumed
to be known.



532

756. Alexander E. Anthony, Jr. and Eugene (moda, The Transport of Neu-
trons through the Atmosphere for a Burst Height of 500,000 Feet,
SWC-TDR-62-17 (February 1962) Availability: OTS, $5.60 as
AD 272 5L46.

This report is the sixth in a series of AFSWC tech-
nical reports presenting the results of neutron transport
in a rarefied atmosphere.

A series of curves 1s presented showing the scattered
and direct neutron flux per initial neutron from a burst
height of 500,000 feet and sampling altitudes of 100,000,
200,000, 500,000, and 1,000,000 feet. The scattered flux
data were calculated from a Monte Carlo Code developed at
the RAND Corporation by Dr. Jesse I. Marcum and Dr. Albert
L. Latter. The direct flux data were calculated by the
inverse square method.

These data may be used to determine the following:
(a) the fraction of the flux or dose attributable to the
neutrons of various initial energies and selected energy
bands; (bP) the total flux or dose due to the scattered
neutrons; (c) the total flux or dose due to the unscattered
neutrons; and (d) the total flux or dose arriving at a
designated distance in space from a nuclear detonation at
500,000 feet.

757. Alexander E. Anthony, Jr., The Transport of Neutrons through
the Atmosphere for a Burst Height of 70,000 Feet, AFSWC-TR-61-85
(October 1961) Availability: OTS $5.60 as AD 268 958.

A series of curves is presented depicting the neutron
flux per initial neutron from a burst height of 70,000 feet
and sampling altitudes from 50,000 to 100,000 feet. The
scattered flux data for these curves were calculated from
a Monte Carlo code developed at the RAND Corporation by
Dr. Jesse I. Marcum and Dr. Albert L. Latter. The direct
flux data were calculated by the standard inverse square
method.
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Alexander E. Anthony, The Transport of Neutrons Through the Atmo-
sphere for a Burst Height of 50,000 Feet, AFSWC-TN-01-2 (January
1961) Availability: OTS $3.60 as AD 255 920.

A series of curves is presented showing the scattered
and direct neutron flux per initial neutron from a burst
height of 50,000 feet and sampling altitudes from 30,000
to 100,000 feet. The data for these curves were calculated
from a Monte Carlo Code develcped at the RAND Corporation
by Dr. Jesse I. Marcum and Dr. Albert L. ILatter.

J. I. Marcum, Comparison of Monte Carlo Calculations with Experi-
mental Results for the Precpogation of Gamma Rays Near an Air-
Ground Interface, RM-3399-PR (December 1962) Availability:

0TS $2.60 as AD 293 86kL.

The RAND gamma ray Monte Carlo code is used to predict
dosages from point isotropic monoenergetic sources of 1.28and
0.661 MeV near an air-ground interface. These results are com-
pared with experimental results for identical geometry
obtained by the Nuclear Defense Laboratory. In general
the agreement between the Monte Carlo estimates and the
experimental results is quite good.

m

T. 0. Sanar, A Mcnte Carlo Calculation of Scattering from Collimated
Co-60 Gamma Rays in Air and Comparison with Measurements in Water,

FFIF-F-L43 (October 1963} Availability: Norwegian Defence Research
Establishment Iibrary, P. 0. Box 25, Kjeller, Norway.

The Flux-factor describing the secondary photon flux
around a 1.25 MeV gamma ray from a monodirectional source
in air has been determined by a Monte Carlo method.

Calculations have been performed for penetration depths
up to 1000 meter and discrimination energies from 0.8 - 0.25
MeV.

The results have been applied in predicting the secondary
photon flux around a narrow Co-60 beam in water.

There is good agreement for discrimination energies
0.4 MeV (within 10%), while the measured values are
30% above those calculated at Eq = 0.25 MeV.

Eq
20

Vv
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John R. Stehn, Murrey D. Goldberg, Benjamin A. Magurno, and
Renate Wiener-Chasman, Neutron Cross Sections, Vol. 1, Z = 1, 20,
Suppl. No. 2, BNL-325 (May 1964) Availability: CFSTI $2.50.

This supplement to BNL-325 presents new information
on neutron cross sections accumulated in the four years
since the previous supplement was issued. It super-
cedes previous issues only when there is new information.
This issue covers only the first 20 elements.

The format differs from preceding versions in
several ways. The more normal size, arrangement of
all data by nuclide, and fluid format is likely to
make this supplement more convenient for the user.

J. E. Powell and J. V. Walker, "A Determination of the Cadmium
Absorption of Rescnance Neutrons in Cadmium-Covered Indium Foils,'
Nucl. Sci. Eng., 20(4) 476-480 (December 196L)

Theoretical and experimental determinations of the
cadmium correction factor F have been made for various
thicknesses of indium foils’in an isotroplc epithermal
neutron flux.

It was found that for indium foils with 0.04O-in.
cadmium covers F raried slightly with foil thick-
ness and reached & maximum value of 1.123% for thick-
nesses greater than 90 mg/cm~.

!
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76%. G. R. Dalton and R. K. Osborn, "The Effect of Flux Anisotropy on
Neutron-Detector Foils," Nucl. Sci. Eng. 20(L4), 481 492 (December
196L4) .

An integral form of the one-speed neutron-transport
equation is applied to the case of a neutron-detecting
foil placed in a homogeneous medium with an initially
non-isotropic neutron population. A series of numerical
calculations have been carried out to investigate the
effect on the self-shielding flux-depression factor of
anisotropy in the initial undisturbed flux. The case
of a square Toil of gold placed in a light-water medium
is investigated. It is found that the existence of
anisotropy in the initial flux leaves the flux correctlon
factor essentially unchanged. However, the presence of
anisotropy implies spatial non-imiformity of the scalar
flux. Thus, movement of the center of mass of a foil
in a flux which has a gradient, or frotation of & foll
in a flux which has a second derivative can alter the
undisturbed flux and the disturbed flux to which a
foil 1s exposed, though the flux correction factor
remains unchanged.

764, K. Mather and A. L. Felts, Jr., High Strength, High Density Concrete,
U. S. Army Eng. Waterways Exp. Stat. TR 6-63%6 (November 1963). Availl-
ability: U. S. Army Eng. Waterways Exp. Stat., Vicksburg, Miss.

Any sound concrete, in sections of sufficient thickness,
can be used to construct a satisfactory biological shield.
When space permits, conventional concrete is the most
economical, satisfactory shield against radiation. However,
when space is a consideration, high-density concrete can be
used for shielding. Most high-density concrete for shielding
has been made with naturally occurring iron ores, titani-
ferous iron ores, "hydrous iron ores," and barite. Although
structural strength is an important factor in high-density
concrete, workability and density have been the major fac-
tors previously studied. This investigation showed that
high-strength concrete can be made using materials that
provide high density, and that high-density concrete can be
made using proportions that ensure high strength. When high
strength and high density are both desired, they can be at-
tained by a direct combination of the standard practices
developed for attaining each condition separately. Concrete
made as part of this study using magnetite aggregate or
ilmenite aggregate having a hardened unit weight of approxi-
mately 230 1lb per ft had a compressive strength of 9000 psi
at 7 days and 11,000 psi at 28 days age.
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R. L. French and C. W. Garrett, Gamma-Ray Energy and Angular
Distributions Near the Air/Ground Interface from Plane Fallout
and Point Co®® Sources, RRA-MY2 (June 1, 1964) Availability:
AD-612027, CFSTI $2.00 (fs), $0.50 (mf).

Monte Carlo techniques were applied in a detalled
study of the gamma radiation environment three feet
above the air/ground interface due to two types of
gamma-ray sources: 1) fallout uniformly distributed on
the ground surface, and 2) a Cof° point source also
three feet above the ground at separation distances of
100 to 800 feet. 1In each case, the scattered and
direct-beam fluxes were computed in each of ten receiver
energy intervals between 0.04 and 3.5 Mev and eighteen
equal receiver angle intervals between 0° (nadir) and 180°
(zenith). All results were integrated over azimuthal
angle at the receiver to reflect distribution in polar
angle only. The source energy was used as a parameter
in the fallout calculations and the results thus computed
for each of ten different source energies may be
welghted and combined to obtain data for fallout of
any desired age. Comparisons of the Monte Carlo data
with measured data and with other calculated data, both
for fallout and for Co®® point sources, show favorable
agreement.
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766. R. L. French, Gamma-Ray Energy and Angular Distributions Above an
Infinite Fallout Field, RRA-TL3 (Mey 1, 19€4). Availability:
AD-612030 CFSTI $5.00 (fs), $0.75 (mf).

Monte Carlo techniques were applied in a detailed study
of the gamma radiation environment produced in alr three
feet above fallout uniformly distributed on a smooth ground
surface. The basic computations included the energy and
angular distributions of the scattered photon flux above
monoenergetic plane isotropic gamma-ray sources for ten
different source energies from 0.10 to 3.5 MeV. For each
source energy, the flux arriving at the receiver in each
of ten energy intervals between 0.04 and 3.5 MeV and eighteen
equal receiver angle intervals between 0° (nadir) and 180°
(zenith) was calculated. Separate calculations were performed
for the uncollided fluxes from the infinite plane isotropic
source. In addition to the fluxes, the dose arriving
through each ten degree interval of receiver angle was also
computed. The results of the monoenergetic calculations
were combined to obtaln energy and angular distributions of
the photon flux from fallout of four different ages: 1.12
hours, 2%.8 hours, 4.57 days, and 9.82 days. Comparisons
with measured and previously calculated data, both for actual
fallout fields and for simulated infinite plane sources,
show favorable agreement.
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767. R. L. French, "The Iast~Collision Approach to Calculating the
Angular Distributions of Fast Neutrons Penetrating a Shield," Nucl.
Sci. Eng. 23(1), 28-33 (August 1965).

To perform fast-neutron penetration calculations, a
new method is described which offers some of the advantages
of the Monte Carlo method and other highly sophisticated
methods, yet retains some of the features of the line-of-
sight kermel methods. The method includes the use of
effective flux removal cross sections to predict a distribu-
tion of "last-collision" centers in a shield and uses
statistical estimation to obtain the flux at the receiver
from each last collision. The chief advantage of the method
is that 1t provides an approximate angular distribution of
the neutron flux at the receiver and includes the effects
of boundaries, but is much less costly to apply than Monte
Carlo. The principal limitation to the accuracy of the
method stems from the assumption of no change in neutron
direction and energy prior to the last collision. Detailed
formulations for slab and for cylindrical geometries are
given, along with results of an initial evaluation based on
comparisons with Monte Carlo and with measured data for
lithium hydride shields.

768. M. E. Anderson and W. H. Bond, Jr., The Neutron Spectrum of a
Plutonium-Beryllium Source, MIM-1131 (September 4, 196L). Avail-
ability: $0.75 OTS.

The neutron spectrum was obtained for a plutonium-
beryllium source (containing 80 grams of plutonium) with
the use of nuclear emulsions. Intensity maxima exist at -
less than 1.0 MeV and at 3.2, h.?, T.7, and 9.7 MeV.
Those at 4.7, 7.7, and 9.7 MeV are well accounted for in a
calculated spectrum. Maxima at less than 1.0 and %.2 MeV
are partially explained. Comparison with other published
spectra shows more low energy neutrons for a plutonium-
beryllium source with 80 grams of plutonium than for a
source containing 1% grams of plutonium. The preparation, "
nevtron flux distribution and neutron growth of plutonium-
beryllium neuvutron sources appear in the appendices.



769.

770,

339

A.Bardett, Radiation Measurements through the Biological Shield of
& Calder Hall Reactor, AEEW-R-75 (1961) Availability: Seven

Shil ings Net, H. M. Stationery Office

Measurements of gamma dose rate, thermal neutron flux
and fast neutron flux, through the biological shield of a
Calder Hall reactor are described, and compared with
theoretical predictions made using methods recommended by
A. F.Avery et al. in AERE R-3216.

J. Braun and K. Randen, Neutron Streaming in D 0 Pipes, AE-90
(February 18, 1963) Availability: Dep. (mc)."

An investigation has been carried out concerning the
attenuation of neutrons inside D, 0O-fiiled pipes pene-
trating a concrete shield. As t%e purpose has been
to simulate the conditions around a heavy water power
reactor, pipes surrounded by an annular alr gap have
also been considered.

Thermal, epithermal and fast neutron fluxes have
been measured in three separate pipes (15, 22 and 28 cm
in diameter and 100 cm long) with annulii ranging from
0 to 9.7 cm in width.

The thermal flux distribution has been predicted
theoretically by assuming it to be composed of three
components originating from a Tast exponential volume
source and two surface sources at the origin; a 1/E-
distributed source and a thermal source, of which the
latter proved to be negiigible. The fast flux distri-
bution hag Dbeen approximated by a single exponential
expression for the configuration with no annulus and
with the sum of two exponentials when an annulus is
present.

The agreement between measured and calculated
values for the thermal flux is better than a factor
1.5 after about 10 cm. For deep penetration ( > 4O cm)
the agreement is within 20% and only the fast volume
source contributes appreciably to the thermal flux.
This holds for a 1 cases both with and without annulus.

The agreement in the case of the fast flux is with-
in a factor 1.3 ( > 40 cm) for no annulus geometry and
gbout 2-% with annulus.

Curves are presented for obtaining necessary parame-
ter ('removal' cross section and extrapolated radius) for
other geometries than those covered in this report.
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(1. ICRU, Physical Aspects of Irradiation, Recommendations of the
International Commission on Radiological Units and Measurements,
NBS Handbook 85 (March 31, 1964) Availability: $0.70 GPO.

This report deals broadly with the physical aspects
of irradiation with a considerable amount of new material
added since the 1959 report. It includes an extensive
discussion of the various techniques for the measurement
of absorbed dose as well as exposure. Characteristics of
radiation instrumentation are covered in some detail
including the more sophisticated work on standards. The
section on spectra has been up-dated and a new section
added on neutron measurements and standards. Available
data for stopping power ratios and the average energy (W)
reguired to produce an ion palr in a gas have been re-
viewed. On the basis of this review it has been
necessary to modify the previous ICRU tables for these
factors. This modification amounts to agbout 1 or 2
percent change in stopping power ratios and up to 1
percent in W.

(2. XK. O'Brien, Wayne M. Lowder and Leonard R. Solon, A Semi-
Empirical Method of Calculating the Energy-Absorption Buildup
Factor with an Application to a Uniformly Contaminated Space
Having Spherical Boundaries, HASL-2 (October 14, 1957)
Availability: $0.50 CFSTI.

A form for the point-source gamma-ray energy
absorption build-up function va’id for a material in
the energy range where it is essentially a Compton
scatterer is suggested as a modification of the
asymptotic forms derived by U. Fano. Its parameters
are evaluated by means of an energy equilibrium
condition and a fit to experimental data. The results
are compared with those obtained by other methods,
and an application to the problem of uniformly and
continuously distributed point sources is discussed.
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(3. H. 8. Davis, Use of High Density Prepacked Concrete in Reactor
Construction, HW-36572 (May 1955) Availability: $4.80 (ph),
$2.70 (mf), CFSTI.

The erection of a concrete biological shield at
Hanford, Washington presented several unique con-
struction problems. This shield encloses the radio-
active core of a reactor and is designed to protect
operating personnel from the harmful effects of pile
neutrons and assoclated gamma radiations. Permanent
steel forms were erected to close tolerances around
the reactor and filled with high density concrete
by means of the prepacked method. Prefabricated
sections of the steel forms, or crates, were five
to eight feet deep and welghed up to 13 tons each.
During erection, the process holes through successive
crates were kept within 0.012 in. of their nominal
distances. The left side, top shield, and right side
of this biological shield were constructed integrally
to form a rigid frame. The front and rear crates,
which contain numerous process holes, were keyed
into the side and top shields so as to permit relative
expansions of shield components and to provide for
their lateral support. These massive steel and
concrete walls provide considerable resistance to
blast and earthquake forces, support numerous process
faciiities, contain pile gas, as well as protect
personnel from nuclear radiations.

774, C. E. Clifford, Gemma Shielding Provided by Ducts, DRCL-370
(1962) Availability: AD-282393, Defence Research Chemical
Laboratories, Canada.

Dose distributions have been measured in 8", 12"
and 5 Toot wide ducts exposed to an off-axis source
of 0.66 Mev 7's (CslI7). 1In the main ducts scatbered
radiation from surfaces not exposed to the incident
radiagtion accounted for at least 25% of the total dose.
The variation of the dose due to radiation scattered
from the exposed areas was compared with the calculated
distributions obtained using various assumptions about
the angular differential scatter of radiation. The
additional dose reduction provided by side ducts was
less than the solid angle fraction subtended by the
entrance of the side ducts and varied with their
location along the main duct.
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775, J. A. Auxier, F. F. Haywood, and L. W. Gilley, General Correlative
Studies - Operation BREN, CEX-62.0% (September 1963)
Availability: $1.00, CFSTI.

This report describes the physical facilities used
during Operation BREN with both the ORNL HPRR and a
1.2-kilocurie (o®© gamma, source. Tabular data are
given with appropriate formulas so that corrections
can be made in the data to compensate for the significant
changes in air density during Operation BREN.

As the reactor was raised from 27 ft to 1500 ft, an
apparent increase in neutron flux was measured at 790
and 1000 yards from the tower; the increase was
approximateily 2.5.

The relaxation lengths for neutrons and gamma rays
in air, for a point fission source at 1125 ft above the
ground, are 181 and 245 yards, respectively, when data
are reduced to an alr density of 1.295 g/liter. ghe
relaxation length for gammsa rays in air from a Co O
point source exposed at 300 ft is 180 yards at 1.293
g/liter.

The energy spectrum for HPRR leakage neutrons was
meagsured at a distance of 4L in. from the core by
utilizing threshold detectors.
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776. W. C. Farries, First-Collision Moments Method, NARF-61-12T
(MR-N-27L4), September 30, 1961 Availability: General Dynamics
Division, Fort Worth, Texas.

Dose rates resulting from fast neutrons that penetrate
the walls of a shielded compartment are calculated by a
First-Collision Moments (FCM) Method. The particular
advantage of this method is that it can be applied to
incident neutrons having arbitrary angular and energy
distribution.

A combination of single-gcattering theory and moments-
method data are used in the development of the method.
The results are presented in the form of a ratic of the
transmitted dose rate to the initial dose rate for
initial energies (E ) of 15, 10, &, 5, 4, 2, and 1 Mev
and d incident angl8s (B) of 302, 60°, and 90°.

Calculated fast-neutron dose rates are compared
with avallable measured dose rates.

777. J. W. Neuberger and R. L. Johnston, Spatial Distribution of Neutrons
Beyond a Straight Cylindrical Duct Through a Shield, NARF-57-1T
(MR-W-137) (PR-159%91) (Januvary 15, 1957) Availability: CFSTI
$3.60 (fs).

In the design of experiments using neutrons which
issue from a reactor beam hole, it is important to know
the spatial distribution of these neutrons beyond the
biological shield. 1In this report, a method for obtaining
this distribution suitable for high-speed electronic com-
putation is described together with results obtained from
an TBM-70k.

In this method, the intensity at the field point
is assumed to consist of the unscattered neutron beam
and a scattered component arising from internal
scattering in a straight cylindrical duct through the
shield. The probiem is discussed using a general source
distribution function and then specialized to the case
of a plane cosine source distribution for particular
collimating systems.



178

344

Ce E. Humphries and B. J. Workman, A Comparison Between BSR
Centerline Dose Rates and Dose Rates Calculated by the
Moments Method, NARF-55-23T (March 1956) Availability:
General Dynamics, Fort Worth, Texas

Preliminary calculations have been made for gamma
and fast neutron dose rates from the BSR and the GIR.
The calculations were based on the moments method
described in NYO-3075 for gamma radiation and NYO-6269
for neutron radiation. Gamma production due to
thermal neutron capture in water was included.

The calculations compared favorably with the
centerline gamma and fast neutron dose rates for the
BSR and GTR as functions of distance from the core
face. A normalization factor was applied to the
fast neutron spectral measurements taken at the bare
core of the BSR to force the dose rate then calculated
to agree with the centerline fast neutron dose rate.

Comparison was made between gamma fluxes calculated
by the moments method for the GTR and gamma fluxes as
evaluated by use of an empirical spectrum and experi-
mental data. When converted to dose rates the values
calculated by the moments method were approximately
50% higher than those obtained by use of the
experimental data and the empirical spectrum.
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779. E. P. Blizard, T. V. Blosser, and R. M. Freestone, Jr., The
Radiation Leakage Survey of the Shield of the Nuclear BShip
Savannah, ORNL-3336 (August 15, 1962) Availability: $0.75,
CPSTI

A detailed survey of the radiation from the N.S.
Savannah shield was made over the periocd from May 20
through May 25, 1962. The study was accomplished
with the reactor at its full power of 69 megawabts
during a cruise of 2821 miles in the Atlantic Ocean,
out of Yorktown, Virginia. The data were obtained
with the ORNL Mobile Radiation Shielding laboratory
No. 1 which was designed and built especially for
this survey.

The results of the detailed shield survey show
that the design dose rate of 0.5 rem/yr for passenger
spaces is not exceeded in any region to which passengers
have access. In the areas restricted to crew access
the design dose rate of 5.0 rem/yr is nowhere exceeded
except in a small region on "D'" deck, in a room to
which entry can readily be controlled. Specifications
for cargo-hold dose rates, 0.5 rem/yr at 1/5 full
power, are satisfactorily met.

Additional data obtained include measurements
of special points for comparison with dose rates
predicted in design calculations, and an experiment
examining the result of loss of water from the
Savannah 's subreactor shield tanks. Predicted dose
rates were conservatively higher than the dose rates
measured, and the result of the water-loss experi-
ment showed that even with a total emptying of the
tanks a safe condition exists only a few feet from
the shield.
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J. 5. Rosen, M. O. Burrell, D. L. Cribbs, C. W. Hill, W. B. Ritchie,
and J. C. Whiton, Nuclear Weapons Radiation Doses in Armored
Vehicles, Volume I, NR 82 (NP 9851 Vol. I)(July 1960)

Availability: Lockheed Aircraft Corp., Nuclear Products,

Georgia Division.

This 1s an analytic study for predicting the doses
within the interior of armored vehicles due to the
initial neutron and gamma radiation from any specific
nuclear weapon. Basic data are generated by Monte
Carlo techniques for the penetration of neutrons
and gamma rays through iron slabs, neutron capture,
inelastic scattering of neutrons, and neutron albedos.

A computer program for calculating crew doses
contains independent sections which can accommodate
new vehicle geometry or weapons radiation environments.

L. K. Donovan, Dose Attenuation Factors for Concrete Slab Shields
Covered with Fallout as a Function of Time after Fission,
USNCEL-R-137 (WP-10306)(AD-258246), (June 1961) Availability:
CFSTI, $4.60 (fs).

For radiation shielding, underground or buriled
fallout shelters have an important advantage over
other types of shelters, because the attenuation of
the radiation in such a shelter is primarily a
function of the thickness of the material in the
roof only .

This study was made to investigate the dose
attenuation of fallout gamma radiation by various
thicknesses of concrete roofs of buried fallout
shelters as a function of time after a nuclear
detonation. A spectrum of energies is used for
the fallout source rather than a single average
energy as has been done in previous studies. Dose
attenuation factors are derived and presented as
a function of the above parameters. The Office of
Civil and Defense Mobilization recommends a two-
week shelter-stay time in the event of a nuclear
attack; therefore, also presented 1s an average
dose attenuation factor for any fourteen-day
stay time as a function of time of arrival of
the fallout or of shelter-entry time, for
varioug roof thicknesses.
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782. R. Corcoran, H. C. Crumpacker, and D. M. Leppke, Radiation Shielding

(ph), $3.30 (mf) CFSTI.

This report describes the alternate concepts
studies for the various shielding regquirements in the
Pathfinder Atomic Power Plant.

It concludes that a concrete shield surrounding
the reactor pressure vessel i1s an adequate biological
shield. This shield is made up of two parts; an
outer two foot section which is both shield and
structural support for the various floors in the
reactor building and the inner shield which is
strictly a radiation shield. By segregating these
sections, localized thermal cracking in the inner
shield may be tolerated. Alr cooling of this
shield is feasible. Containment vessel space
requirements are wminimized by an off-center
arrangement for the reactor and utilizing earth
shielding on the outside of the containment shell.

A 26'-0" diameter self-supporting carbon steel
tank with protective coating appears to be the most
economical concept for the shield pool above the
reactor. This tank is surrounded by a two foot
thick concrete wall for radiation protection.

The availability and cost of aggregate for
high density concrete in the Sioux Falls area is
discussed. Except under special and unusual
circumstances, its use 1s not Jjustifiable because
the transportation cost of shipping the aggregate
to the site is too high.
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783. Lead Development Association, London, Lead for Radiation
Shielding, No. 3. Design and FErection of Space Shielding
(March 1964) Lead Development Association, 34 Berkeley
Square, London.

The two previous booklets in this series on
Lead for Radiation Shielding dealt, respectively,
with the material and its properties, and with the
design and construction of lead-shielded containers
for storage or transport purposes.

There are however circumstances, particularly in
hospitals and factories, which require the use of a
collimated beam of radiation or sometimes even an
uncollimated source inside a room or other relatively
large space, and protection will have to be provided
in these cases for those outside. Lead sheet or lead
laminates are often used for this type of shielding,
which is usually referred to as room shielding,
structural shielding, or SPACE SHIEIDING.

784k. Lead Development Association, London, Lead for Radiation
Shielding, No. 4. Local Movable Shields (March 1964).
Lead Development Association, 34 Berkeley Square, London.

Previous booklets in this series on Lead for
Radiation Shielding have dealt, respectively, with
the material and its properties, the design and
construction of lead-shielded containers for
storage and transport purposes, and space shielding.

Local Moveable Shields are required by hospitals
and factories, and by laboratories which handle
radioactive materials for research purposes, process
and package them for sale to the medical establish-
ments and industry, or treat them for safe disposal.
The shields - which must be of a flexible design
that is easy both to erect and dismantle - are
needed to cover the removal of radiocactive materials
from their containers, and subsequent examination,
manipulation or treatment by remote control. A
lead-brick construction meets all these requirements,
and this booklet describes the individual brick
systems, and the advantages to be gained by using
the standard units now availlable.



549

785. J. H. Tait, An Introduction to Neutron Transport Theory
(196k4) ILondon, Tongmans, Green and Co., Ltd.

The purpose of this book is to give an intro-
ductory account of the mathematical methods used in
neutron transport theory. An attempt has been
made to introduce the reader to the practical methods
which are available, and where possible the physical
significance of various steps in the mathematical
arguments has been explained. A number of numerical
methods are described which require the use of
large digital computers. However, the book 1s not
concerned entirely with a description of such
methods, and in the energy independent case several
analytical solutions are described. An appendix
is devoted to an explanation of the variational
method, and examples are given in the text of the
use of this method in the calculation of boundary
conditions for the diffusion approximation, and
in the derivation of the diffusion equation from
the transport equation.
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786. J. W. Leake, and J. W. Smith, Calibration of a Neutron REM Counter,
AERE-R-4524 (July 196k) Availability: Three shillings Net,
H. M. Staticnery Office.

Measurements have been carried out on a neutron
counter assembly built to the general specification
of Andersson and Braun. The assembly comprises a
boron trifluoride proportional counter surrounded by
polyethylene, with an intermediate perforated layer
of high density boron-loaded plastic.

The neutron response of the counter has been
accurately determined at thermal energies and for
the range 7 keV to 16 MeV. The response has been
shown to fit the U.K.A.E.A. code of practice, re-
lating neutron fluence and dose equivalent, within
+ 15% over the neutron energy range 30 keV to 6
MeV. The response per rem for neutrons outside
this energy range does not match the required
curve gquite so well, but it 1s still possible to
achieve a response within + 50% of that required
for a neutron energy range extending from thermal
to 12 MeV.

It is shown that the optimum dimensions, of the
various parts of the moderator system surrounding
the BFs counter, are critical for all neutron energies.
The moderator components were made from solid blocks
of polyethylene, and the optimum dimensions required
for a best fit to the required response characterilstic
were found to differ somewhat from those quoted by
Andersson and Braun, who used a moderator system
built up from thin polyethylene sheet. The dimensions
guoted in this report have been adopted for the
design of the A.E.R.E. Type 1940A neutron rem counter.
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R. Nilsson and E. Aalto, Tests of Neutron Spectrum Calculations
with the Help of Foil Measurements in a D,O- and in an H_,O-
Moderated Reactor and in Reactor Shields of Concrete and Iron,
AE-155 (September 1964) Availability: Aktiebologet Atomenergi,
Library Section, Box 43041, Stockholm L3, Sweden.

Foil medsurements covering the fast, epithermal
and thermal neutron energy regions have been made in
the centre of the Swedish D.O-moderated reactor RI1,
in the pool reactor R2-0, and in different positions
in reactor shields of iron, magnetite concrete and
ordinary concrete. Neutron spectra have also been
calculated for most of these positioms, often with the
help of a numerical integration of the Boltzmann
equation. The measurements and the calculated
spectra are presented.

E. Aalto and R. Nilsson, Measurements of Neutron and Gamma
Attenuation in Massive Laminated Shields of Concrete and a
Study of the Accuracy of Some Methods of Calculations, AE-157
(September 1964) Availability: Aktiebologet Atomenergi,
Library Section, Box 43041, Stockholm 43, Sweden.

Extensive neutron and gamma attenuation measure-
ments have been performed in magnetite and ordinary
concrete up to a depth of 2 meters in order to study
the accuracy attainable by some shield calculation
methods. The effect of thin, heavy layers (Pb) has
also been studied. Experimental facilities and
instrumentation, especially the foil detection methods
used for thermal and epithermal neutrons, are described
in some detail. Great weight is laid upon a thorough
error analysis. The fluxes measured are compared to
those calculated by an earlier vergion of the British
18-group removal method (RASH Bs ), by an improved
removal method (WRN) developed at AB Atomenergi, and
by numerical integration of the Boltzmann equation
(NIOBE). The results show that shielding calculations
with the newer methods give fluxes that are generally
within a factor of 2-3 from the true values. A greater
accuracy seems to be difficult to obtain in practice
in spite of possible improrements in the mathematical
solution of the transport problem. The greatest errors
originate in the translation between the true and
calculation geometries in the uncertainty of material
properties in the case of concrete, and in approximations
and inaccuracies of radiation sources.
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789. H. H. Van Tuyl, BREMRAD--A Computer Code for External and
Internal Bremsstrahlung Calculations, HW-83784 (September 1964)
Availability: $2.00, CFSTI.

A Fortran II program for an IBM 7090 computer was
developed for calculating external bremsstrahlung by
the method of Bethe and Heitler as extended by Elwert,
and internal bremsstrahlung by the method of Knipp and
Uhlenbeck. The thick target cross section for external
bremsstrahlung from monoenergetic electrons was found
to differ significantly at low energies from Wyard's
approximation and from a linear approximation of
bremsstrahlung intensity. Although both approximate
methods have previously been used with reasonable
success for calculating shielding requirements
for beta emitters, much more satisfactory calculations
result from Bethe-Heitler and Knipp-Uhlenbeck methods
for determining the bremsstrahlung spectrum.
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790. A. F. Avery and J. Butler, The Calculation of Fast Neutron
Spectra for Pressure Vessel Damage Studies, AEEW-R-377 (May
196Lk) Availability: Four Shillings Net, H. M. Stationery
Office, also from AEC as NP-14383.

Radiation damage in reactor environments is
principally caused by fast neutrons and a knowledge
of the neutron spectrum between about 0.01 and 9 MeV
is an essential reguirement for predicting damage
rates in steel pressure vessels. At the present
time numerical solutions to the transport egquation
for laminated shields in one dimension can be obtained
by iterative methods and the neutron penetration
problem in more complex geometries can in principle
be tackled by Monte Carlo methods in which special
sampling techniques are employed to reduce the
variance 1n regions remote from the source. For
design calculations the computing time requirements
cof both iterative and Monte Carlo methods is pro-
hibitively large and their accuracy at deep pene-
tration is limited by the fundamental cross section
data. These disadvantages are to some extent over-
come in the multigroup removal source method which
hag proved to be a valuable tool for secondary gamma
source predictions in shields. An attempt has
accordingly been wmade to extend the scope of this
technigue in order to calculate the fast neutron
spectrum in laminated shields for the study of
pressure vessel damage. The new model has been
applied to graphite, water and D,.0 moderated systems:
it compares favourably with the fiore rigorous tech-
nigues and affords a simple and relatively accurate
design method for predicting the neutron spectrum
incident on a reactor vessel in regions which are
not perturbed by ducts and voids.
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791. T. H. Jones, N. E. Scofield, L. G. Haggmark, and W. J. Gurney,
Experimental Determination of the Gamma-Ray Angiular Dose Albedos
of Concrete, Aluminum and Steel, USNRDL-TR-790 (October 6, 196k4)
Availability: AD-452958.

The angular distribution of dose albedo was
measured for "semi-infinite" concrete, aluminum and
steel slabs irradiated by plane-parallel beams of Cc°°
and Cst37 gamma photons. The photons were incident
on the slabs at angles, measured from a normal to the
slab, of arccos 1.00, 0.75 and 0.50. Tor the
necessary sensitivity, the reflected dose rate was
measured by a digital dosimetry system using a
plastic scintillator as the detector.

An empirical formula for angular dose albedo was
derived from the experimental data. Comparisons are
made with the Monte Carlo calculations of D. J. Raso
and the experimental results of C. E. Clifford (DRCL).

792. Charles M. Huddleston, A Simple Method for Calculation of Gamma-
Ray Shielding Properties of Shelter Entranceways, USNCEL TN-651
(October 26, 1964). Availability: U. S. Naval Civil
Engineering Laboratory, Port Hueneme, California.

An empirical equation is described for calculating
the attenuation factor for gamma radiation within a
ducted entranceway into a shelter. Some sample problems
are worked, and a discussion is given of the accuracy
of the formula.
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M. Merrill, W. L. Cowell, Literature Survey of Concretes for
Nuclear Radiation Shielding, USNCEL-TR-08L4 (AD-239871)

(June 1960) Availability: Naval Civil Engineering ILaboratory,
Port Hueneme, California.

A literature suarvey was made to determine the extent
of knowledge about shielding materials used as aggregates
in concrete. Information is presented on (1) mix de-
signs incorporating various fLypes of heavy aggregates,
(2) available cost data relating to construction methods
and aggregates, (5) problems assoclated with heavy
concretes during construction, and (4) nuclear shield-
ing properties for concretes.

The use of heavy aggregates for increasing the
density of concretes has been well explored by
previous investigations. At present there are no
materials that can compete economically with varite
and iron ores. Of the iron ores, magnetite is the
most popular. Of the high cross-section materials
for thermal neutron absorption, boron is generally the
most economical.

A. B. Chilton, D. Holoviak, and L. K. Donovan, Determination of
Parameters in an Empirical Function for Buildup Factors for
Various Photon Energies, USNCEL-TN-389 (AD-249195), (August 1960)
Availability: Naval Civil Engineering lLaboratory, Port Hueneme,
California.

In the computation of gamma-ray attenuaticn, it is
desired to use a simple expression for build-up factors.
In this note a simple analytical expression was used
for Dose Build-up Factors from a radioactive isotropic
point source. The parameters of the expression were
determined by the method of "least squares" to obtain
an optimum it to experimental data for build-up
factors for aluminum at various photon energies.
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R. L. French, M. B. Wells, and N. M. Schaeffer, Penetration
of Neutron and Gamma Radiation through the Openings of
Underground Structures, RRA-T41 (November 30, 196L)
Availability: AD-613591 CFSTI $2.00 (fs) (mf) $0.50.

Calculations were performed of the radiation
intensities in open concrete-lined cylindrical holes
and in open concrete bunkers due to a fission source
located in ailr at distances of 100 to 700 feet. The
calculations are part of an analysis of experiments
performed with the Tower Shielding Reactor II (TSR-II)
at Oak Ridge Nationgl Laboratory which included
numerous radiation measurements in the underground
structures with and without shields over the openings.
The approach followed in the calculations was to
determine, from geometric considerations, the portion
of the incident radiation intensities which could
enter the structures. Methods were developed to
account for effects of the air-ground interface and
albedo models were devised to simplify calculation
of wall-scattering and production of secondary
radiation in the walls. In general the calculated and
measured data agree within approximately 25 per cent.

J. I. Marcum, Neutron and Gamma Ray Dosages from a Source of
14 MeV Neutrons Near an Air-Ground Interface, RM-4190-PR
(August 1964) (SECRET).

This report represents radiation dosage calculations

for sources of 14 MeV neutrons at various altitudes
above an air-ground interface. Several changes in
cross sections have caused these results to differ
substantially from previously obtalned results for
similar calculations. These changes and others are
necessary for making up-to-date predictions of the
radiation effects.
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G. Aude and J. Laverlochere, Gamma Spectra of Radioelements Formed
by Irradiation with 14-MeV Neutrons, ORNL-tr-348 (1903). Availability:

Dep. (mc). (Translated from SAR-G-63-38)

In recent years 14 MeV neutron generators uncovered new
analytical possibilities based on activation. Many radio-
elements formed by radiation in such neutron fluxes are dif-
ferent from those produced in reactors.

The objective of this work was to formulate a catalog
of the 7 spectra of these radiocelements and to measure the
dosage sensitivities that can be expected when this method
is used. In order to do so they radiated about 50 elements
and measured the y ray spectra emitted by the formed radio-
elements. A 150 KV generator with a tritium target was used.
The normalized irradiation and counting conditions thus made
it possible to produce a catalog of the spectra and a com-
parative table of sensitivities. These are published in this
report.

F. W. Kruger, Monte Carlo Calculations of Gamma-Ray Back-scattering
by Air, ORNL-tr-4L0 (June-July 196k4). Availability: Oak Ridge
National Laboratory, Oak Ridge, Tennessee. (Translated from
Kernenergie 7, L06-11 (June-July 196L4)).

A point source of gamma-quanta with an angular dis-
tribution symmetrical to the surface normal on the interface
is located on the absorbing interface of an air half-gpace.
By means of the Monte Carlc method, the dose rate produced by
back-scattering in the air half-space is determined on the
interface for distances between 15 and 500 m from the source,
for energies of the quanta emitted by the source between 0.2
and 1.5 MeV as well as for different zones of the angle of
ref'lection. The results of the Monte Carlo calculations
can be shown with sufficlent accuracy by empirical equations
and are discussed.
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799. T. E. Northrup, "A GAM-NEU Viewing Window Design," Nucl.
Struct. Eng. 1(1), 108-117 (January 1965).

Scientific and engineering experimenters are
increasing their research activities in areas where
equally potent amounts of gamma and neutron radia-
tion occur. ©Shielded viewing windows have offered
the best means for visually observing experiments
being conducted in a single type of radiation
environment. Multiple radiation does nct change the
usefulness of viewing windows, but it does add to
thelr design problems. A discussion 1s presented
on radiation sources, design criteria, neutron and
gamma, shielding equations, effective removal cross
sections, window configuration, standard terminology,
and the construction requirements for a single Gam-
Neu window designed for installation at the Oak Ridge
National ILaboratory. A design approach for a Gam-Neu
window is presented as a guide for the development .
of future shielded viewing window concepts.
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800. ¢. Kunszt, "High Water Content Shielding Concrete with Iron
and Bauxite Aggregates,"” Nuel. Struc. Eng.
1(1), 118-126 (January 1965).

Since limonite ores available in Hungary do
not satisfy the general quality requirements for
reactor shielding concrete aggregates because of
insufficient crystallinic water and low density,
the possibilities of using bauxite instead of
limonite were explored. Though the density of
bauxite is still lower than that of Hungarian
limonites, there are types with more than 259
hydrate water content. Use of bauxite as
concrete aggregate resulted in a hydrate water
content exceeding that of best limonite concretes
of abroad, while sufficient specific density can
be provided by the addition of a due percentage
of scrap iron. This new type of concrete has
adequate mechanical and thermal characteristics,
and a hydration water content to be considered
stable in spite of chemical reactions between the
Ca(OH) set free of the cement on one hand, and
bauxite on the other hand. This research con-
cluded with the establishment of empirical
formulae for the relationship between concrete
compesition and neutron attenuation.
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801. A. B. Chilton, "Backscattering of Gamma Rays from Point
Sources by an Infinite-Plane Concrete Surface,” RNucl.
Sci. Eng. 21(2), 194-200 (February 1965).

Backscattering factors, as fractions of the
direct dose rate, are obtained for point sources
of gamma radiation, specifically cs" 27 and Cc?o,
placed near a plane interface between vacuum and
concrete. The method is based on the application
of albedo principles, using the Chilton-Huddleston
formulation for albedo. The results are con-
sidered practically applicable to air-concrete or
alr-ground interface situations, provided the
source-detector, source-interface, and detector-
interface distances are within certain limits.
The lower limit is in theory the order of a mean
free path of the source radiation in concrete,
although under certain circumstances the present
results are valid for distances even less. The
upper limit appears to be on the order of a few
dozen feet, but further precise experimental work
is needed to establish this.
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M. A. Capo, Polynomial Approximation of Gemma-Ray Buildup Factors
for a Point Isotropic Source, APEX-510 (November 1958). Availability:
$1.50 CFSTI.

Polynomial expressions were derived for approximation
of the gamms ray dose, energy, and energy absorption build-
up factors tabulated for a point isotropic source in
NYO-3075. The expressions represent the buildup factor
as a function of gamma ray energy and the number of
relaxation lengths for a specified material. Bivariant
polynomial coefficients are presented in tabular form
for water, aluminum, iron, tin, lead, tungsten, and
uranium. In addition, coefficients are presented for
approximation of buildup factors as a function of the
number of relaxation lengths at specific energles.

Susan M. Miller and K. Parker, Neutron Cross Sections of Natural
Titanium in the Energy Range 0.001 eV - 18 MeV -- Incorporation
of United Nuclear Corporation Data in the UKAEA Nuclear Data
Library, AWRE O-77/64 (October 196L). Availability: Dep. (mn)
Micro Methods Ltd. E. Ardsley and Wakefield, Yorks, England.

UNC neutron cross section data Tor natural titanium
has been modified as necessary and incorporated in the
UKAEA Nuclear Data Library. Energy and angular distri-
butions of secondary neutrons from elastic scattering
and the (n,n') and (n,2n) processes are given so that
the data are complete for the purposes of neutronics
calculation. The appropriate nuclide identification
number 1s 190.
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8ok. F. J. Davis and P. W. Reinhardt, "Radiation Measurements Over
Simulated Plane Sources,”" Health Physics 8(3) 233-243
(June 1962).

To better interpret aircraft measurements of
fallout, a simulated plane source array was laid
out with positions at 100-ft intervals in the form
of a square each side of which measured 2000 ft.
For ground measurements a smaller square array of
100 positions at 10-ft intervals was placed in the
center of the large array. Two sets of sources
were used in the array. Co-60 and Cs-137 sources
of 4.5 and 15 mc, respectively, were avallable to
be placed in the large array and sources one-
hundredth these values in the smaller array-.
Meagurements 3 £t above ground Indicated 200 ur/hr
for Co-60 and 225 ur/hr for Cs-137. Measurements
were made in aircraft at 100-ft intervals above
the array using scintillation counters and a 256-
channel scintillation spectrometer. Flights for
comparison of point sources were made over Co-60,
Cs-137 and I-151. Relationships of the radiation
intensity above point and plane sources as well
as spectral data are given. For these sources
the tests demonstrate that above certain heights
the effect of build-up cannot be neglected but is
adequately represented by a linear formula.
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C. M. Huddleston and N. F. Shocemaker, A Mathematical
Derivation of Contour Lines for Constant Albedo of Gamma
Rays on Concrete, USNCEL TN-559 (October 31, 1963)
Availability: AD-L422861 $1.60 CFSTI.

The differential dose albedo of gamma rays on
concrete depends on the energy of the incident
gamma, radiation, the polar angle of incidence, and
the polar and azimuthal angles of backscatter. A
mathematical methoed is developed to derive iso-
albedic contours, i.e., contour lines on the
surface of a hemisphere where backscattered
radigtion dose will be constant, when the angle
of incidence is fixed and the point at which
scattering occurs is at the center of the heni-
sphere. Graphs are presented showing iso-albedic
contours for gamma radiation from Co-60 and Cs-137,
incident at polar angles with cosines: 1.00, 0.75,
0.50, 0.25, and 0.10.

R. K. Thatcher, D. J. Hamman, W. E. Chapin, C. L. Hanks,
and E. N. Wyler, The Effect of Nuclear Radiation on
Electronic Components, Including Semiconductors, REIC
Report No. 36 (October 1, 1964). Availability: CFSTI,
$6.00 (cy)-

This report presents information available in
the REIC files that covers the state of the art of
knowledge on the effects of nuclear radiation on
basic electronic parts. It represents a summary
of information accumulated within the past 5 years
plus information previously reported in REIC Reports
Nos. 1, 10, and 18. This report presents component
results that are grouped as to family within each
component class type. The results presented in
the report are intended to provide a basis for
Judging the merits of the parts when they are to
be used in circuilty that will be expesed to a
radiation environment. Some of the data included
in the report can be considered as design oriented
to the extent that they indicate radiation levels
at which the parts would be expected to perform
satisfactorily.
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W. E. Chapin, D. J. Hamman, E. N. Wyler, and D. Jones,
Space-Radiation Damage to Electronic Components and
Materials, REIC Report No. 32 (October 30, 1965)
Availability: Radiation Effects Information Center,
Columbus, Chio.

This report presents the results of research
experiments conducted at various radiation facilities
to determine the effects of proton and electron
radiation on the electrical and physical properties
of electronic components and their materials. Most
of the investigations are concerned with radiation
effects on such semi-conductor devices as golar
cells, solid-state diodes, and transistors. This
arises from the knowledge that these components
will cause most of the problems in space applications.
A limited amount of experimentation has been con-
ducted for other commonly used electronic components
because gamma- and neutron-radiation data indicate
that they do not present problems comparable to
solid-state devices. Metals are also discussed.

Some discussion concerning shielding is
included with the hope that research in directions
of improving devices and their operating condi-
tions will be encouraged.



365

808. Jan Nilsson, "Geometrical Attenuation of Particle Streaming
in Annular and Ordinary Ducts,'" Nukleonik, 6(6), 285-287
(October 196k).

Current annular and ordinary duct formulas have
been generalized with respect to the angular source
distribution function which was put proportional to
an arbitrary non-negative power of cosine of the
emission angle. Each of these generalized formulas
is shown to be a special solution of a generally
derived "attenuation-integral."

The frequently used formula approximating
streaming attenuation in a straight annular duct over-
estimates in general the average flux at the duct
and even at large distances. A more correct and
even slightly simplified expression has been derived
analytically for the average flux and a comparison
has been made between the two expressions.

809. C. E. Clifford, "Effects of the Ground on the Gamma Dose
from Distributed CS8-137 Sources," Can. J. Phys., 42(12),
2373-238% (December 196L4).

The effects on the exposure dose of different
ground materials and of a ground cover similar to
snow were measured for a smooth surface contaminated
with 0.66-MeV 7 sources (*°7Cs). Measurements were
made also of the effect of a rough surface on the
exposure dose. For uniform contamination of a
smooth ground, agreement within lO% was obtalned
with theoretical dose distributions based on infinite-
medium calculations. However, even moderate
ground roughness reduced the dose at a detector
height of 1 meter by a factor of two below its
value for a smooth surface. Failure to specify the
effect of ground roughness on smooth field cal-
culations as a function of the surface roughness
appeared to be the largest source of error in the
calculation of exposure dose.
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810. N. J. Broadway and S. Palinchak, The Effect of Nuclear Radiation
on Elastomeric and Pilastic Components and Materials, REIC Report
No. 21 (Addendum) (August 31, 1964). Availability: AD-45L056,
Radiation Effects Information Center, Battelle Memorial Institute,
Columbus, Ohio.

This report is an addendum to REIC Report No. 21 and
presents the state of the art of the effects of nuclear
radiation on elastomeric and plastic components and
materials from 1961 to the present.

The mechanism of radiation damage and the effects of
radiation in various environments are briefly discussed.
Data summarizing the radiation-effects information on
specific components and on the various types of elas-
tomers and plastics are presented in detail. Areas in
which additional work is needed are indicated. Radia-

tion polymerization or volcanization are not covered
in this report.

The report is intended to be sufficiently inclusive
to make 1t valuable as a reference gulde relative to
radiation effects under varying conditions of temperature
and vacuwn on elastomeric and plastic components and
materials.

8ll. XK. M. Case, "Elementary Solutions of the Transport Equation and
Their Applications," Annals of Phys. 9(1), 1-2% (January 1960).

A new method of treating problems involving the
transport equation is discussed. Starting from Ven Kempen's
observation that it is sufficient that "solutions" be
distributions, the elementary solutions of the homogeneous
equation are considered. These are found to have complete-
ness and, in some cases, orthogonality properties which
lead to the solution of more interesting problems by a
conventional elgenfunction expansion. While the method
is 1llustrated here with the simplest examples of neutron
diffusion, it seems to be generally applicable.
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C. A. Bisselle, R. A. Karm, and J. Wethington, Jr., "An Experi-
mental Study of y-Ray Attenuation in Polyethylene-Lead Shields,”
International Journal of Appl. Rad. and Isotopes 15(9), 529-5%9
(September 196L).

The shielding efficiency of lead and of polyethylene-
lead combinations was studied with Co-60 radiations. Four
types of shields of equal surface density were used: (i)
lead alone, (ii) polyethylene followed by lead, (iii) lead
followed by polyethylene, (iv) lamination of polyethylene
and lead. Pulse-height spectra of the radiations trans-
mitted through these shields were taken and converted into
their respective photon spectra by the inverse matrix
technique. From the photon spectra, dose rates in air
were calculated. It was found that lamination of poly-
ethylene and lead gave the best shield. Energy deposition
ratios in NaI(Tl) obtained directly from the pulse-height
spectra agreed with the dose rates in air obtained from
the photon spectra.

D. L. Broder and K. K. Popkov, "Methods for the Calculation of
the Radiational Thermal Output in the Body and Shielding of a
Nuclear Reactor," Soviet J. At. Energy (English Transl.) 15(5),
111%-1120 (November 1963).

The radiational thermal output in the body and protec-
tive shields of energy-producing reactors is very dangerous,
since 1t can lead to the explosion of these reactors. In
order to lower the amount of heat escaping into the body and
the most strongly stressed structural sections of reactors,
heat screens are usually used.

In the present article we describe methods for the
calculations needed in the desgign of thermal shields.
Expressions are given that can be used for the calculation
of the thermal output due to the penetrating radiation in
various shilelding setups, including those with the most
commonly used geometry.
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81Lk. B. M. Terent'ev, V. A. El'tekov, and D. I. Dolenko, "Calculation of
7-Ray Energy Absorption in Heterogeneous Macro-Systems," Soviet J. At.
Energy (English Transl.) 15(5), 1127-1131 (November 1963).

By means of the Monte-Carlo method, a determination was
made of the fraction of y-ray energy absorbed in the elements
of’ a complex heterogeneous system formed by a cylindrical,
irradiated water-equivalent mass, cylindrical 7y-ray sources
located inside or ocutside the mass, and units of auxiliary
equipment. From the results, various energy efficiencies
(e.e) were determined depending on the 7 radiation from
particular systems which were models of radiochemical
equipment. Results from corresponding experiments were in
good agreement with the calculated data. The program
enabled one to find the e.e. for arbitrary macro-systems
of a similar type.

815. I. B. Keirim-Marjus, V.T. Korneev, V. V. Markelov, and L. N. Uspenskii,
"Measurement of Neutron Tissue Dose Outside Reactor Shielding,”
Soviet J. At. Energy (English Transl.) 15(5), 1132-1139
(November 1963 )

RUS instruments, developed by the authors, are
described that enable one to measure the flux and tissue
dose rate of intermediate neutrons, which make a signifi-
cant contribution to neutron tissue dose outside reactor
shielding. The neutron dose composition was investigated
in experiments at the IRT-1000 reactor, and it was shown
that 1t depends essentially on shielding composition.

It was established that the neutron tissue dose computed
from readings taken with the RPN-1 instrument were
actually too low by a factor amounting to one and one
half outside water shielding to five outside concrete
shielding.

816. (€. P. Altamirano and S. T.Perkins, Angular Distribution Coefficients
for Elastic Scattering of Neutrons, AN-1321 (December 1964)
Availability: TID-21629 CFSTI $5.00 (fs).

This report contains the results of an analysis which
utilized the experimental differential cross section for
elastic scattering of neutrons. The calculated quantities
for all materials were the elastic scattering cross section,
the average logarithmic energy decrement per collision and
the Legendre expansion coefficients. The neutron energy
range was approximately from 0.1 to 14 Mev. These parameters
have been presented graphically as a function of neutron energy
when sufficient data were available. For materials in which
this was not the case, the results are presented in tabular
form.
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817. John L. Abbott and Robert L. Berger, Basic Neutron Transport
Computation for Determining Neutron Effects on Nuclear Weapons
Systems, NAVWEPS Report 8293 (July 31, 1964) Availability:
AD-L4L375, Naval Weapons Bvaluation Facility, Albuquerque, New Mexico.

Based on information from previous studies of neutron
transport, this study develops basic neutron transport
data, expressed as neutrons per square centimeter per
original source neutron. Computation methods were
developed Tor determining direct and scattered neutron
flux which are combined to give the total basic neutron
flux. These data were developed for co-altitude ranges
from 100 to 100,000 feet at altitudes ranging from sea
level to 200,000 feet.

818. E. R. Leach, B. P. Fairand, and L. H. Bettenhausen, The Space-
Radiation Environment and Its Interactions with Matter, REIC
Report No. 37, (January 15, 1965) Availability: AD-L5685k
Radiation Effects Information Center, Columbus, Ohio.

Space-radiation data are summarized and evaluated.
Radiation-measurement techniques are discussed, and the
apparatus used on several American space probed and
satellites 1s described. Particle flux as a function of
type of radiation and energy is summarized in graphic form,
and basic concepts of the interaction of space radiation
with matter are discussed.
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819. R. Bjornerstedt, "Health Hazards from Fission Products and Fallout -
II. Gemma Radiation from Nuclear Weapons Fallout (1)," Arkiv.
for Fysik 16(28), 293-313 (October 1960).

In the evalvation of the health hazards from nuclear
weapons fallout gamma-radiastion as 1t is in general suffi-
clent to consider fallout as equivalent to fission products
formed in thermal neutron fission of U-235 as the total
gamma-decay and the average gamma-energy are closely
comparable most of the time. In the time interval 1.2-6
years an exception to this rule should be made if the
fission modes (Pu-239, ny), (U-238, niyu) and (U-235, ni,)
are considered and an accuracy of better than BO% is
desired.

Gamma-spectra given as number of gamma-quanta per
minute and 0.1 MeV energy interval for 10% fissions
have been calculated for the following times after fis-
sion: hours: 1, 2, 5, 10; days: 1, 2, 5, 10, 30, 100;
years: 1, %, 10, %0, 100. Fifty energy groups have been
used, covering the range 0.0-5.0 MeV. ZEach group has a
width of 100 MeV from e.g. 1.3%00-1.%99 MeV (denoted by
1.% MeV).

The difference between (U-235, nip) and other fis-
sion modes has been analyzed iIn two ways. Firstly, the
sum of gamma-quanta per minute as a function of time
after fission is expressed as percentage deviation from
(U-235, ntp). Secondly, the average gamma-energy
(Z MeV/3 gamma) has been calculated for all six modes.
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820. R. L. Henry, B. C. McCauley and S. C. Doney, Ordnance Corps
Radiologically Protected Pod Test at ORNL-TSF - Interim Report,
F7ZK-155 (August 1962) (SECRET)

At the Tower Shielding Facility of Oak Ridge Natilonal
Laboratory, the shielding effectiveness of the Radiclogically
Protected Pod was tested in two radiation environments.

These environments were provided by the leakage from two
shield systems around the Tower Shielding Reactor. Both
shields simulated a fission-weapon radiation environment,
with the neutron spectrum of one being harder than the
other. Both shields yielded approximately the same
neutron-to-gamma ratio. Extensive free-field mapping
measurements were made of both environments.

The RPP was tested as a function of source-RPP
separation distance, angle of orilentation, source
elevation angle, RPP height above the ground, and auxiliary
shielding. Measurements were also obtained inside
seven geometric shields designed and fabricated by the
Ballistics Research Laboratory.

The measured protection factors afforded by the RPP
for neutrons agreed with predicted values:; however, the
measured protection factors for gammas were lower than
predicted.
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821. W. C. Farries and J. R. Stokes, Postanalysis of Ordnance Corps

Radiologically Protected Pod Test at ORNL-TSF, FZK-145 (December
1962) (Secret).

The Radiologically Protected Pod (RPP) was tested in
two simulated nuclear-wespons-burst environments at the
Ozk Ridge National Laboratory - Tower Shielding Facility
(ORNL-TSF). The RPP was tested both by itself and when
integrated into the tank mockup - i.e., the engine-
compartment and weapons-housing mockup. This latter
configuration has been designated the Radiologically
Protected Tank (RPT). Data from the RPP tests were used
to evaluate the calculational methods, whereas data from
the RPT tests were used to evaluate the overall shielding
effectiveness of radiologically protected vehicle.

Station 4, at a horizontal distance of 840 feet from
the reactor, was the primary location for the RPP and RPT
tests and was also the primary location for which the
analysis was performed. Calculations of the fast-neutron
and gamma dose-rate attenuation by the RPP and RPT were
made as a function of vehicle rotation angle for each
source environment. Neutrons reflected from the interior
walls of the RPP (or RPT) comprise approximately 33 percent
of the total neutron dose inside the RPP (RPT).
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F. C. Engesser, W. E. Thompson, and J. M. Ferguson, Gamma Rays
Resulting from Interactions of 14.7 MeV Neutrons with Carbon,
Nitrogen, Oxygen and Silicon, USNRDL-TR-791 (October 23, 196L4)
Availability: AD-453072, Naval Radiological Defense Laboratory,
San Francisco, California.

The prompt gamme rays resulting from the interaction
of 1.7 MeV neutrons with the nuclel of the elements
carbon, nitrogen, oxygen and silicon, have been investi-
gated. Cross sections for the production of many of these
gamma rays have been measured by observing them with a
carefully shielded detecltor during neutron bombardment
of a given elemental sample. It is found that the n,n'y
process predominates and that gamma rays resulting from
the deexcitation of the lowest energy levels are generally
most prominent. Other processed including n,py, n,ay
and n,n'Qy are also observed. Some of the most important
gamma rays such as the 6.13 MeV gamma ray from O'® the
4.4% MeV gamma ray from C and the 1.78 MeV gamma ray
from Si®® are found to have respective production cross
sections due to the n,n ¥y process of 9.95 % 1.0, 15.15 =+
1.3 and 19.02 + 2.7 mb/sr at 90 deg.

C. K. Menkes, Calibration of High-Intensity CcP® Sources at Camp
Parks and Some Related Field Measurements, USNRDL-TR-7Ok (November
1964) Availability: Uaval Radiological Defense laboratory,

San Francisco as AD-454477.

Five high-intensity (oloie gamma sources alt the outdoor
Irradiation Range in Camp Parks were calibrated and some
measurements made on dose distributions and scattering
contributions to direct dose. These measurements utilized
dosimeters both energy-dependent and independent to give an
indication of the degree of energy degradation of the primary
gamma beam with distance. The vertical dose distribution
to 5 £1 in height off the ground was examined as a function
of horizontal distance from the source. Boundaries of the
inverse square falloff region are delineated and some
limitations set on extrapolating the results.

All five sources were found to be somewhat below their
curie rating though the four track sources were uniform to
within 5 percent of each other. The tower source, however,
proved to have a curie rating of about 1050, or approximately
one third that of the track sources at the time of
calibration.
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S. Pearlstein, Neutron Cross Section Evaluation Group - Analysis of
(n,2n) Cross Sections for Nuclei of Mass A > 30, BNL-897
(December 1964) Availability: $3.00 CFSTI.

The ability of the statistical model of nuclear reactions
to interpret measured (n,2n) cross sections has been tested.
Good agreement was observed for 22 nuclei having mass numbers
greater than 350. The statistical model was then applied to
all nuclei in this mass range to estimate both mono-
energetic and fission spectrum averaged cross sections.

R. W. King, N. J. Broadway and S. Palinchak, The Effect of Nuclear
Radiation on Elastomeric and Plastic Components and Materials,
REIC Report No. 21 (September 1, 1961) Availability: $5.00 CFSTI
as AD-267890.

This report presents the state of the art of the effects
of nuclear radiation on elastomeric and plastic components
and materials from 1947 to the present. As such, it super-
sedes the following REIC documents: Reports 3, 54, 3-2A,

9, and 13, and Memorandums 1, 3, 8, 15, and 17.

The mechanism of radiation damage and the effects of
radlation in various environments are briefly discussed.
Data summarizing the radiation-effects information on
specific components and on the various types of elastomers
and plastics are presented in detail. Areas in which
additional work is needed are indicated. Radiation poly-
merization or vulcanization are included only if the data
have a bearing on radiation effects on the finished
polymer.

This report is intended to be sufficiently inclusive
to make it valuable as a reference guide on the effects
which can be anticipated from nuclear radiation on
elastomeric and plastic components and materials.



826.

375

D. G. Collins, R. L. French, L. G. Mooney, K. W. Tompkins and

M. B. Wells, Simplified Methods for Calculating the Penetration
of Neutron and Gamma Radiation into Underground Concrete
Structures, RRA-M45 (November 25, 1964) Availability: AD-609308
CFSTI (fs) $2.00, (mf) $0.50.

The analysis of two experiments performed at Oak Ridge
National Laboratory's Tower Shielding Facility provides a
basis for the development and evaluation of simplified
methods for predicting the prompt weapons radiation
intensities inside underground concrete structures. Using
the TSR-II in a special shield to simulate a nuclear
weapon radiation environment, one experiment mapped the
radiation inside two concrete bunkers with an inter-
connecting tunnel located in a hillside approximately
700 feet from the source. The other experiment mapped
the radiation in concrete-lined cylindrical holes at
distances of 100, 228 and 450 feet from the reactor. In
both experiments the openings of the underground
structures were shielded with various thicknesses of
concrete. Albedo methods were developed for calculating
neutron and gamma-ray reflection from the concrete walls
of the structures and for calculating gamma dose rates
due to thermal neutrons captured in the walls. Penetration
calculation methods which consider the energy and angular
distributions of the incident and emergent radiations were
also developed. Most of the simplified methods are based
on systematization of Monte Carlo data. Except for the
problem of predicting thermal-neutron fluxes for use in
secondary gamma calculations, the overall calculational
approach appears adequate.
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827. M. B. Wells, A Monte Carlo Study of Neutron Transport Through
Aluminum, Polyethylene, and Carbon Slabs, RRA-Th7, (December 30,
196L4). Availability: Radiation Research Associates, Fort Worth,
Texas.

Monte Carlo methods were used to perform a parameter
study of the transport of fast neutrons through slabs of
aluminum, polyethylene, and carbon. The calculations
were performed for the purpose of providing data which
could be used in further machine calculations of the
neutron dose rate in space vehicles which results from
proton-induced nuclear evaporation. Plane isotropic
monoenergetic neutron sources were used in the calcula-
tions. The source plane locations and source energies
were selected so that data for slabs to 30 cm in thick-
ness and source energies between 0.5 and 14 Mev could
be obtained by interpolation from the Monte Carlo
calculations.

Infinite media data for plane sources in the same
three materials were obtained from additional Monte Carlo
calculations of the spatial distribution of the dose
rate from point-isotropic-monoenergetic neutron sources
in these infinite media. A comparison of the results of
the slab and infinite medium calculations shows that
there are significant boundary effects on the fast-
neutron dose rates transmitted through aluminum and carbon
slabs. Although the magnitude of the boundary effect
depends on the source material, plane location, and slab
thickness, large differences are noted between the trans-
mitted dose rates for slabs and for infinite media.
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Arthur B. Chilton, Backscattering for Gamma Rays from a Polnt
Source Near 2 Concrete Plane Surface, Bulletin 471 (Engineering
Experiment Station, University of Illinois) (1964) Availability:
$1.50, Engineering Publications Office, College of Engineering,
University of Illinois, Urbana, Illinois.

Backscattering factors, as fractions of a direct dose
rate in a vacuum, are obtained for point sources of gamma
radiation, specifically cesium-137 and cobalt-60, placed
near a plane interface between vacuum and concrete. The
method derived is based on application of albedo princi-
ples, using the Chilton-Huddleston formulation for albedo.
Previously published values of parameters for the Chilton-
Huddleston formula are not used: but a new set, believed
to be better, is derived. The results are considered
practically applicable to air-concrete or air-ground
interface situations, provided the distances of source
to detector, source to interface and detector to interface
are greater than a mean-free-path of the source gamma
radiation in the concrete or ground but substantially less
than that in air. The basic methodology relates to in-
finite planes; however, factors for correcting these
values for certain finite plane cases are derived. Limited
experimental data are available and are compared with
these calculations. The techniques for making the calcu-
lations for the specific radioisotopes indicated are
generally applicable to any monoenergetic or mixed
energy source having photons within the energy range from
0.2 MeV to several MeV.

Y. T. Song, Fast Neutron Streaming Through Two-ILegged Concrete
Ducts, USNCEL-R-354 (February 2, 1965) Availability: AD-L57746,
NP-14882, Naval Civil Engineering Laboratory, Port Hueneme,
California.

As a part of the Laboratory's fundamental shielding
studies for personnel shelters, fast neutron dose rates
are calculated in the second leg of an alr duct through
concrete for neutron energies of 14 MeV and 2.5 MeV.
The calculational technique is based on the albedo concept.
Dose rates are also calculated by a Monte Carlo technique,
and the results obtained by the two theoretical methods
are compared with each other and with experimental measure-
ments.

Comparison shows very good agreement among these
three independent determinations.
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National Bureau of Standards, Measurement of Absorbed Dose of
Neutrons, and of Mixtures of Neutrons and Gamms Rays, NBS
Handbook 75 (February 3, 1961) Availability: Superintendent
of Documents, Washington 25, D. C., price 35 cents.

This Handbook presents a summary of currently avail-
able methods for determining energy absorption in matter
as a result of its interaction with neutrons. Since
neutrons are almost invariably accompanied by gamma
radiation, mixtures of gamma radiation and neutrons are
included. Such an endeavor is herein referred to as
mixed radiation dosimetry, although the term absorbed
dose is reserved to refer to only one of the quantities
of interest, namely the specific absorbed energy in a
specified medium (e.g., ergs per gram of water).

Discussions are general wherever possible; i.e., one
is in principle Jjust as interested in the application of
dosimetry to radiation chemistry and materials damage
as in its application to health physics and radiobiology.
It is inevitable, however, that most of the detailed
examples will be drawn from the latter categories since
in these filelds it has long been recognized that
dosimetry plays an essential role. Prior to the discussions
of methods and applications of dosimetry, useful concepts,
units, and a brief survey of the fundamentals of the
interaction of neutrons and gamma rays with matter will
be presented.
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8%31. J. A. Belcher, W. A. Flynn, and R. J. Thomson, SNAP 10A
Radiation Shield Analysis, NAA-SR-9647 (October 15, 196k)
Availability: $0.75 CFSTI.

The final analysis of the SNAP 10A flight system
radiation shield has been completed. This report
summarizes the results.

Preliminary analysis of the shield design in-
dicated that the direct penetration dose at the 5-ft
diameter reference dose plane 17.5 £t from the
lower face of the reactor core would meet the flight
design objectives of 1012 nvt and 10 + for one
yvear of operation. Subsegquent analysis indicated
that due to scattering effects from the edges of
control drums, the NaK piping around the shield, and
the thermoelectric converter system, some regilons of
the dose plane would be exposed to doses beyond the
specified limits. However, through judicious place-
ment and hardening of radiation sensitive instruments
and the somewhat localized nature of the scattering
effects an increase in shield size for the SNAP 10A
flight test was not warranted.

This analysis employed conventional ray-tracing
theory throughout. Technique, theory, computer codes,
parameters, etc. are discussed in the report. 1In
addition to computing radiation levels behind the
shield, internal heat generation was determined.

The results show that for the particular combina-
tion of tolerance (lO7 r), separation distance (17.5 £t),
and reactor power (34 kw) that specific gamma shielding
was not required. LiH was selected as the fast neutron
shield material since for a given neutron attenuation
it provides the lightest weight shield.
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R. E. Maerker and F. J. Muckenthaler, "Calculation and Measurement
of the Fast-Neutron Differential Dose Albedo for Concrete," Nucl.

Sci. Bng. 22(k4), 455-L62 (1965).

Monte Carlo calculations have been carried out in
great detail on the reflection properties of concrete for
fast neutrons. This paper presents the results for +he
differential angular dose albedo as a function of emerg-
ing angle for various incident beam conditions, and touches
upon some of the other distributions calculated. A compari-
son of the angular dose albedo calculations with the
results of a series of experiments at the Tower Shielding
Facility shows excellent agreement. A formula is
presented for the differential angular dose albedo which
reproduces the Monte Carlo results to better than lO%,
and which extends the results to the entire hemispherical

range for both incldent and reflected neutron velocity
vectors.

M. C. Clarke, E. W. Etherington, D. S. Greenaway and W. J. Patter-
son, The Escape of Scattered Gamma Radiation Through a Duct in a
Shield, R and D/P/122/L0% (1962). Availability: Atomic Power
Constructions Ltd., London.

Photon intensity spectra and total photon intensities
above 75 keV have been measured at several positions out-
side a duct in a concrete shield behind which a 16.8
millicurie cobalt-60 source was located. Dose rates
have been calculated from the measured spectra and
these are compared with predictions by two approximate
theoretical methods. In some cases the measured spectra
are compared with spectra predicted by the two theoretical
methods.
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T. W. DeVries, Fallout Radiation Energy Distribution as a Function
of Altitude, FZK-187 (July 17, 196L4). Availability: $6.00, CFSTI

as AD 602L92.

The gamma-ray spectra in the alr above a plane containing
fallout fission products have been calculated as a function of
time and altitude. Similar calculations were made with the
spectra of cobalt-60 and cesium-137 assumed as source terms.

An experiment has been designed to measure the spectra calculated
for cobalt-60 utilizing eleven cobalt-60 sources and a very
sensitive sodium-iodide gamma-ray spectrometer.

The results of the calculations indicate that the relative
spectra are constant above 800 feet for times after fission
greater than one day and, furthermore, that the variation of
the dose rate with altitude is constant for this time interval.

N. Hokkyo and M. Kitazume, Two-Group Calculation of Capture Gamma
Rays from Infinite Slab, AEC-tr-5077 (July 1962). Availability:

$0.50 CFSTI. (Translated from Nippon Genshiryoku Gakkaishi, 2,
L7h-477 (1960)).

The capture gamma rays generated in reactor shield
frequently have primary importance in determining the leakage
radiation level around the reactor. This report deals with
the case in which the fast and thermal neutron currents inci-
dent on a face of infinite slab are given, and gives the
general formulae with which to calculate the canture gamma
currents and fluxes leaking from the said face and the rear
face. The result with regard to the capture gamma currents
is an extension of the well-known formulae of Iliffe to two-
group approximation for the thermal neutron.
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836. L. Albrecht, Tables of Gamma Rsy and Beta Ray Spectra of Fission
Products, ORNL-tr-27 (August 1963). Availability: Oak Ridge National
aboratory, Oak Ridge, Tenn. (Translated from Kernenergie 6, 390-391
(August 1963).

A compilation of beta- and gamma-spectra of the fission
products is presented in tabular form. Fission products with
half-1lives from 15 sec to 100 years are included. The litera-
ture is covered up to about August 1962.

837. Martin Leimdorfer, "The Backscattering of Fast Neutrons from Plane
and Spherical Reflectors,” Transactions of Chalmers University of
Technology, Gothenburg, Sweden, 1964.

The Monte Carlo method has been used for a study of
neutron backscattering from plane and concave spherical
reflectors of hydrogen, water, concrete, aluminum, iron,
and uranium. A calculation technique, which was initially
designed to be efficient for deep penetration calculations,
is applied with only a simple alteration, reversing the
bias to promote the migration of neutrons back toward the
source.

838. Martin Leimdorfer, "On the Use of Monte Carlo Methods for Calculat-
ing the Deep Penetration of Neutrons in Shields," Transactions of
Chalmers University of Technology, Gothenburg, Sweden, 1964,

The exponential transformation, previously applied by
the author to problems concerning deep penetration of
photons in plane geocmetry, is here applied to problems of
deep penetration of neutrons in spherical geometry. The
representation of nuclear data is briefly described and
the extension of the exponential transformation technigue
to spherical geometry is discussed on a quite general
basis, to show the proper way of derivation in other systems
of coordinates. In a sample problem, concerning the dose
rate versus distance (up to 210 cm) from a point fission
source 1in concrete, the present method is compared with the
Moments Method and excellent agreement is shown.
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8%9. J. Nilsson and R. Sandlin, The Transmission of Thermal and Fast
Neutrons in Air Pilled Annular Ducts through Slabs of Iron
and Heavy Water, AE-166 (December 1964). Availability: Dep. (mn)

An investigation has been carried out concerning
the transmission of thermal and fast neutrons in ailr
filled annular ducts through laminated Fe—DEO shields.
Measurements have been made with annular air gaps
of 0.5, 1.0, 1.5 and 2.0 cm, at a duct length of
half a meter. The neutron fluxes were determined
with a foil activation technique.

The thermal flux was theoretically and experi-
mentally divided into three components, a streaming,
a leakage and an albedo component. The fast flux
was similarly divided into a streaming component and
a "leakage" component. A calculational model to
predict the components was then developed and fitted
to the data obtained by experiments.

The model reported here for prediction of
neutron attenuation in ducted configurations may be
applied to straight annular ducts of arbitrary
dimensions and material configurations but is
especially designed for the problems met with in
short ducts.
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G. T. Chapman, Determination of Thermal-Neutron Flux
Distributions in the Bulk Shielding Reactor II by Copper
Wire Activation Techniques, ORNL-3759 (March 1965).
Availability: $3.00 CFSTI.

The thermal-neutron flux distribution within
the ORNL stainless steel Bulk Shielding Reactor IT
has been determined by exposing copper wires at
selected locations in the core during reactor
operation. The gamma-ray activity resulting from
thermal-neutron activation of the copper was
counted as a function of position along the wire,
and the results were converted to estimates of
thermal-neutron flux by the meth