
I SHIELDING INFORMATION C 

OAK RIDGE NATIONAL LABORATORY 

rd OPERATED BY UNION CARBIDE CORPORATION FOR IHE ENERGY RESEARCH AND DEVELOPMENT ADMlNlSTRATlON 

POST OFFICE BOX X l 

OAK RIDGE, TENNESSEE 37830 

No. 151 July 1977 

I find the great thing in fhis world is not so much where we stand as in what 
direction we are moving. . . . Oliver Wendell Holmes 

ANS DIVISION HONORS GOLDSTEIN AND PROFIO 
At its June 1977 meeting in New York City the American Nuclear Society Radiation Protection and 

Shielding Division presented awards for outstanding service to Herbert Goldstein and A. Edward Profio. 
Goldstein, first Vice Chairman (196142) of the original Shielding Division and second Chairman, is 
Professor of Nuclear Engineering at Columbia University. Profio, member of the Executive Committee 
(1969-72) former program Committee Chairman and ANS-6 Benchmark Problem Working Group Leader, 
is Professor of Nuclear Engineering at University of California, Santa Barbara. 

The citations presented by Division Chairman, Fred R. Mynatt, read as follows: 
On behalf of the American Nuclear Society. the Radiation Protection and Shielding Division is pleased to present IO 

HERBERT GOLDSTEIN 

its award for Outstanding Service IO the Division and to the shielding community by virtue of rhefo/lowing special 
contributions: 

His texrbook in reactor shielding, His thorough knowledge of the subject and his clear presentation have made this 
book useful for over ien years to nuclear engineering siudents and shielding specialists. 

His efforts to organize the Shielding Division as a vehicle for promulgating and exchanging technical information, 
and his service as the first Vice-Chairman and second Chairman of the Division. 

His contribution to gamma-ray shielding theory through the calculation and tabulation of buildup factors, This 
concept has been extremely useful and these original tabulations hnve withstood the test of time exceedingly well. 

MS insight into the impact of neutron-cross-section behavior on transport, and his encouragement and participation 
in early attempts to calcufale neutron cross sections. This work was invaluable In bridging the many gaps that existed in 

experimental data. 
His contribution as an outstanding teacher. Many of his students hnve gone on to assume positions of leadership in 

the nuclear engineering community. 

On behalf of the American Nuclear Society, the Radiation Protection and Shielding Division is pleased to present to 

A. ED WARD PROFIO 

its awurd for Outstanding Service to the Division and to the shieiding community by virtue of the following technical 
contributions: 

He has made important contributions to the field of neutron transport while working in an industrial research 
laboratory, in a combined experimental-theoretical program. His part in many technical papers on this subject are well 
recognized in the field of pulsed neutron source research, in research with exponential and critical assemblies, and in 
specrrum measurements. 

He has continued his strong technical contributions as a Professor of Nuclear Engineering, imparting his knowledge 
and experience IO students in the formative stage of their careers. 

He has written a text on Experimental Reactor Physics, which brings together in one volume, much of the practical 
knowledge on experimental techniques in thisjield, whtch is one that has contributed strongly to reactor development in 
the United States. 

He has fostered the development of standards and benchmark problems in neutron shielding. He has stimulated and 
participated in a special ANS panel in rhis area and has expended considerable effort in further studies of the results of 
the benchmark work and in documentation of the panel output. 

The honorees have each exercised a continuing beneficial influence on RSIC since its beginning. Herbert 
Goldstein was involved in the discussions which led to RSIC’s establishment in 1962 and has served as an 
advisor through the years. He led the Ad Hoc Advisory Committee which performed an in-depth review of 

1~ you CHANGE YOUR ADDRESS. pleas notify US Ifincluding Build!ng and Room No. where needed). ThirdClass Mai/ is returned to ~5 

at our expense if the addre~~ee has moved. if your mail is returned. your name null be deleted from our distributions until we hear from YOU. 



2 

RSIC operations in February. Ed Profio collaborated with RSIC research staff members and others in work 
(ANS-6, Standards) leading to RSIC publication of ORNL-RSIC-25 (ANS-SD-9) Shielding Benchmark 
Problems, for which he served as editor. 

We heartily endorse this ANS action and congratulate our respected coileagues for this well deserved 
recognition of their efforts. 

RADIATION EFFECTS DATA BASE - FEEDBACK REQUESTED 
One of the suggestions that was made repeatedly in the RSIC survey of needs in the nuclear power 

industry (B. F. Maskewitz, et al., Survey of the Radiation Protection, Radiation Transport, and Shielding 
Information Needs of the Nuclear Power Industry, EPRI NP-155, 1976) was that RSIC undertake to provide 
radiation effects data. It was pointed out that there is no similar source of such information since the Battelle 
Radiation Effects Information Center was terminated. 

We are considering the possible starting of a pilot project to provide such data - probably using a 
computer-based data base system. We would like to have your opinion on the need. What data are needed? 
Who would use it? How would we support such an effort? Let us hear from you. 

NEEDED: FEEDBACK FROM E-I-RAN USERS 
CCC-107/ETRAN, the Monte Carlo code system for electron and photon transport through extended 

media was contributed by the Center for Radiation Research, National Bureau of Standards in late 1968. 
Within a few years, proliferation of ETRAN versions made maintenance of the open code package difficult. 
In late 1973 we asked for a review of the several versions by the original contributor, Martin Berger (NBS), 
and for his recommendations. The result of the review was a new package which included all the essential 
provisions and options, but which RSIC had running only on the IBM 360 computer series. 

The RSIC-packaged ETRAN includes: DATATAPE-2C Library, DATAPAC-6 (cross section handling 
routine), ETRAN-16D (I-D), ETRAN-18G (cylinders), INCLUDE (auxiliary to ISG), and input and output 
from running sample problems through the several codes. The code package has been sent to many 
requesters through the years but we have received very little feedback from its use. Rather than query each 
person to whom we sent the code package, we use this method to remind users of their implicit responsibility 
to keep us informed! 

Are you using ETRAN? In what applications? Have you converted the codes to run on other than IBM 
computers? If so, will you let us know and return to us the new hardware version? Have you modified the 
codes? If so, let us know the nature and extent of the modification. Have you changed the ETRAN 
documentation in any way? If so, please send us a copy showing your changes. 

We need immediately a version of ETRAN-16D operable on UNIVAC computers and will appreciate an 
immediate response from anyone having one. Call 615-483-861 I/ 3-6944 or FTS 850-69#, ATTN: Betty 
McGill or Nancy Hatmaker, or write to RSIC Codes Coordinator, ORNL, P. 0. Box X, Oak Ridge, TN 
37830. 

CHANGES IN THE COMPUTER CODE COLLECJ’XON 
The following changes were made in the computer code collection during the month of June: 

CCC-164/ NAC 
Versions A and C of this neutron activation code were updated to correct an error called to RSlC 

attention by J. Jedruch, Westinghouse Electric Corp., Pittsburgh, and Sue Gooden NASA/Lewis Research 
Center, Cleveland. Details of the update may be requested from RSIC. FORTRAN IV; IBM 360 and 
CDC-7600. , 

CCC-293/TRIDENT 
, 

This two dimensional multigroup discrete ordinates radiation transport code package was extended to 
include an IBM version (B). Los Alamos Scientific Laboratory contributed both A (CDC) and B versions. 
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CCC-294/HYACINTH 
This heavy isotope point burnup and decay code system for predicting the heavy isotope content of 

reactor fuel during and after irradiation for any reactor design and any irradiation history was contributed 
by CentraI Electricity Generating Board, Berkeley Nuclear Laboratories, United Kingdom. Reference: 
RD/B/N3564 and RD/B/N3693. FORTRAN IV; IBM-360. 
CCC-2961 APARNA II 

This one dimensional neutron transport code with anisotropic scattering, slab geometry for deep 
penetration studies was contributed by Reactor Research Centre, Kalpakkam, India. Reference: 
FRG-RP-123. FORTRAN IV; IBM-360. 

CHANGES IN THE DATA LIBRARY COLLECTION 
The following changes have been made to the data collection during June. 

DLC3 l/ (DPL-1/ FEWGl) 
A card image-to-binary format conversion code, LIBGEN, was added to this 37 neutron, 21 gamma-ray 

group coupled (DNA Few Group Cross-Sections) library in ANISN format. No changes were made to the 
data. It is now recommended that LIBGEN be used for conversion to binary format rather than the ARID 
collapsing code that is also packaged in DPL-I. ARID should be used only to collapse the true cross sections 
on the tape and not the “dummy” material which contains various response functions. The designation of 
this version will remain DLC-3 I/ (DPL-I E). 
DLC42/ CLEAR 

This. 126 neutron, 36 gamma-ray group 36-material cross section library was contributed by Oak Ridge 
National Laboratory under ERDA/DRDD sponsorship. It was produced by collapsing data from the 171 
neutron, 36 gamma-ray library, DLC4l/VITAMlN-C, using a Pu-239 fission spectrum. The library was 
generated from ENDFiB-IV, using the ORNL version of MINX for the neutron cross sections and self 
shielding factors and the AMPX system for the gamma-ray production and interaction cross sections. The 
materials included are ‘H, 2H, ‘Li, ‘Li, ‘Be, ‘“J3 “I3 “C t4N 3 1, ,,g,,, >I, I60 F 23Na Al M Si K Ca V Cr “Mn, 
Fe, Ni, Cu, 93Nb, MO, Pb, 234U, ‘%, 236U, i38U,‘“‘sP~, 239Pu, 24uPu, 14’Pu, 212Pu, and ‘“‘Am. Data are 
available in neutron, gamma-ray production, and gamma-ray interaction files in both AMPX atid CCCC 
interface formats. (See the February 1977 newsletter for a discussion of the features of multigroup libraries in 
these flexible formats). Retrieval codes are provided for merging, editing, checking, BCD-binary conversion, 
coupling, energy group collapsing, and production of working libraries in various formats. Resonance self 
shielding and temperature dependence can be obtained using the SPHINX code. Procedures have been 
developed which allow the user to work in the CCCC interface system if he desires and still have the 
capability to produce coupled neutron and gamma ray production cross section libraries. Reference 
ORNL-TM-5142, ORNL/TM-3706. Transmittal can be made on four full reels of magnetic tape (blocked). 
IBM 360/91. 
DLC-43/ CSRL 

The P, , 218-neutron group cross section library has been contributed by Computer Sciences Division, 
Union Carbide Corp., Nuclear Division at Oak Ridge National Laboratory, Oak Ridge, Tennessee. The 
data, in AMPX master interface format, has been generated under sponsorship of the Nuclear Regulatory 
Commission by AMPX module XLACS from ENDFiB-IV data for 65 nuclides of primary interest in 
criticality safety calculations. Modules AIM, AJAX, MALOCS, NITAWL, and ICE from the AMPX 
system are packaged for retrieving the data for subsequent use in transport codes ANISN, XSDRN-PM, or 
KENO-IV. The 218 group structure contains 140 epithermal above and 78 thermal groups below 3.05 eV. 
The group structure was chosen to fit reaction thresholds and major resonances of the nuclides included. 
Parameters are included in the master library for the subsequent processing of resolved resonance cross 
sections by the NITAWL code. 

Several weighting spectra were used to prepare the fine group data in the master cross-section library 
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from the ENDF/ B point data. For nonresonance materials, a fission-l/ E3sr-Maxwellian weighting spectrum 
was used. Materials with resonance parameters were processed with a fission-I/E-Maxwellian weighting 
function. In addition to being processed with the resonance material weight function, Fe, Ni, and Cr data 
sets were weighted over a I/E2s&nconel)-Maxwellian and over a I/E2s@ainless steel 304)-Maxwellian 
weight function. 

Requests for DLCd3 should be accompanied by two full reels of magnetic tape. Reference: 
ORNL/CSD/TM4. FORTRAN IV; IBM-360/91. 

CURRENT WORK AND PROBLEMS 
A few years ago, we ran a series of articles describing current work and problems as outlined by 

individuals from a questionnaire which we circulated. The series was popular, and there have been many 
requests for a repetition. Because of the chronic RSIC manpower shortage we have been unable to allocate 
effort to collecting this information. We do, however, welcome voluntary contributions and offer the RSIC 
newsletter as a communications channel for sharing such information. We ask that when you give us 
information about your work, you indicate what should be held privileged and that which we have your 
permission to share through the newsletter. 

Dr. R. Shankar Singh has supplied a summary of work in radiation shielding in the Reactor Physics 
Section, Reactor Research Centre, Kalpakkam, India. We are pleased to print his summary. 

Report of Work in Progress: Summary of 
Shielding Work in the Reactor Physics Se&On, 

Fast Reactor Group, Reactor Research Centrc, Kalpakhm, India 

Rodiotion Transport in Thick Shields 
The code system designated APARNA is under development to solve the multigroup neutron/photon transport 

equation. The emphasis is on obtaining accurate solutions using relatively coarse spatial cells, Two algorithms within the 
frame work of the Discrete Integral formulation ’ have been evolved to this end. The first algorithm * consists in 
representing the source by a piecewise continuous function and analytically evaluating the angular flux within each 
segment. This has been employed in code APARNA-II and studied 3/4’S In the second algorithm, the spatial moments of . 
the angular flux (and hence those of the source) are recursively computed. The source is then computed by method of 
undetermined parameters. The form of the source is assumed to be linear in these parameters, typically by way of a 
polynomial in space, rectifying a “guess function” of the source shape. APARNA-1116, employs this procedure, and some 
numerical experience is reported in Ref. 7. The simulation of the ORNL benchmark’ on the neutron transport through 
bulk sodium has been taken up9. 

Shield Design Studies using Transport Theory Methods 
Design of neutron shield for a pool-type Fast Breeder Reactor (FBR 500 MWe) is being carried Out” using 

APARNA. Relative optimisation of materials, their thickness and configuration, is underway for the neutron shield in 
this reactor. 

Gamma-ray heating in various locations in Fast Breeder Test Reactor (FBTR) was computed incorporating the 
migration of the gamma rays. The discrete ordinates code DTF IV” was used with the coupled n,y library” DLC-23. 
Since the spectral shielding in cross section in this library is inappropriate to fast reactor application, these calculations 
are proposed to be repeated with another recently procured library]‘, DLC-37. Another interesting problem is the 
determin;tion of the optimum location for a boron detector in a moderator block (polyethylene) to get maximal 
response . This is of practical significance in the delayed neutron detection system in FBTR. 

Monte Carlo Radiation Transport Studies 
Studies on Monte Carlo simulation of radiation transport. through shields have been taken up. The ORNL 

benchmark” on the neutron transport through bulk sodium is being simulated” 
random sampling of the neutron scattering angle was studied”. 

. The equi-probability table procedure for 
This procedure was extended to account for the 

dependence of the scattering anisotropy on the incident neutron energy”. This extension is particularly suitable for 
incorporation.in non-mdltigroup Monte Carlo transpdrt codes. 

Deep penetration studies are characterised by large variance. For a feasible Monte Carlo simulation, we require 
efficient variance reduction procedures. The techniques of track length biasing was studied. Linear and exponential 
forms for the dependence of the biasing on the particle direction were tried’* and optimum biasing parameters were 

’ worked out. A self-learning procedure to obtain minimum variance biasing parameters is being studied”. 
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Rudiurion Streaming 
The streaming of gamma rays through annular cylindrical ducts was studied using point kernel integration with a 

ray-tracing procedure”, The scattered dose at the duct exit was computed only approximately in these studies. Monte 
Carlo simulation was used to compute the scattered component of the streaming flux. A program PIACIDj’ was written 
for this purpose. The applicability of the albedo-Monte Carlo technique to radiation streaming computations is under 
study. A program DUST” to simulate neutron streaming through rectangular ducts has been developed. The ORNL 
thermal neutron streaming experiment? with square concrete ducts have been successfully simulated”. The program 
DUSTz2 is being extended to study radiation streaming through milti-legged ducts. 

Fission Products Evolution Studies 
A program CHANDY24 to compute fission product evolution in reactor core has been prepared. A library of fission 

product data has been compiled. The library holds data on the name, state, decay mode, half life, number of gamma rays 
and beta rays emitted per disintegration with their energies, etc. of about 650 fission products. These are mainly based on 
the compilation made by Tobias”. The data on the chain and fractional independent yields are those recommended by 
Crouch 16. CHANDY and its library were used to compute the gamma-ray, beta-ray, and total fission product energy 
release rates at times ranging from seconds to several days after fast neutron fissions in 235U, “‘Ll and 239Pu. Our results” 
were compared with four sets of reported experimental measurementsZ”28’L4”o, The energy release rates at various times 
after an instantaneous fission could then be integrated over the irradiation history of fuel to compute the decay power for 
various irradiation and cooling times. A program SEFIC” has been written towards this end. Extensive 
calcuiations32133/3”-‘S”b f or FBTR have been made using SEFIC”. 

Flux and Spccrrum Measurements 
Shielding experiments during FBTR startup are being planned. Unfolding of the count spectrum is necessary in all 

experiments where pulse height is counted. A program BLOOMA’ is being developed to analytically fit monoenergetic 
gamma-count spectrum from Nal(TI) crystal, for various monoenergetic gamma rays. BLOOM will then express the 
variation of the fitting parameters as a polynomial in energy, Response matrix obtained by this can be used in the 
unfolding. A detailed review of different methods available for neutron spectrum measurements and their unfolding has 
been taken u$. The emphasis will be on the procedures that help unfold the neutron spectrum from foil activation 
measurements. Accordingly a program, RDMM3Y has been adopted for IBM 370/ 155 computer. In this program, flux is 
expanded using known suitable polynomials. The expansion coefficients are obtained by least squares fitting of the 
specific activation. 

REFERENCES 
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29. L. R. Bunney and D. Sam. “Gamma Ray Spectra of the products of Fast Neutron Fission of “‘U and *“U at Selected Times after 

Fission,” Nurl. Sci. Etig.. 29, 432 (1967). 
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NEW ERDA CRITICAL REVIEW 
A new critical review in the ERDA series published’ by the Technical Information Center is now 

available. John A. Auxier of the Oak Ridge National Laboratory has written Ichiban: Radialion Dosimetry 
Jar the Survivors of the Bombings of Hiroshima and Nagasaki, TID-27080/YAS, now available from NTIS 
at $4.75 (USA) and $9.50 (Non-USA). 



PERSONAL AND OTHER ITEMS 
Edward A. Warman has been promoted to Assistant Chief Power Engineer at Stone 8r Webster 

Engineering Corporation, Boston, MA with responsibilities in connection with fuels, radiation protection, 
and heat balance. Robert Vanasse is his replacement as Supervisor, Radiation Protection. 

Kazunori Katsumata writes that his firm, Century Research Corporation (CRC) in Tokyo is a computer 
seivice company established in 1958 and that his section develops software for nuclear energy in Japan with 
some interest in radiation protection, radiation transport, and shielding. 

R. F. Mambretti, Calspan Corporation, Buffalo, N.Y., writes that he is presently involved in a research 
project concerning the interaction of high energy particles with various materials. In these studies, he is using 
various computer codes, such as E-P CASCADE and OGRE-G. He has special interest in codes and 
literature dealing with the interaction of particles with matter. 

REFERENCES FOR PETTILL PAPER IN ORNL/ RSIC40 
It has been called to our attention that the references in the paper by M. Pettilli, 77~ Un&fding Code 

“DANTE” and its Applications, published in A Review of Radiation Spectra Unfolding, ORNL/ RSIC-40, 
have been unintentionally omitted. The references are as follows: 

1. A. Gadini and M. Petilli, AMARA: A Code Using Lagrange’s Muitipliers Mefhodfor Nuclear Data 

Adjustment, RT/F1(73)39. 
2. W. N. McElory, et al., A Computer-Automated Iterative Method for Neutron Flux Spectra 

Determination by Foil Activation,, AFWL-TR 6741 (Sept. 1967) Vol. I-II-HI-IV. 
3. S. Berg, Modification of SAND-H,, BNWL-855 (Aug. 1968). 
4. R. L. Simons and W. N. McElroy, Evaluated Reference Cross Section Library, BNWL-1312 (May 

1970). 
5. A. Fischer, Infernurional Intercomparison of Neutron Spectra Evakafion Methods Using Activatiun 

Detectors, EWGRD 548 U. 
6, R. Dierckx and V. Sanjust, Unfolding Codes for Neutron Spectra Evaluation Possibilities and 

Limitations, EUR/ C/ 3S/365/ 75 e. 
7. G. E. Russcher, Calcuiluled Damage Function jar Derermining Irradiation Effectiveness, BNWL-1093 

[Sept. 1969). 

RSIC GRAB BAG 
We offer the following extra copies of documents on a first-come, first-serve basis for your reference 

shelf. Please order by report number. We will honor requests until the supply is exhausted. 
ORNL5I19, Gas-Cooled Fast Reactor Program Progress Report for January I, 1974, Through June 

30, 197.5. 
ORNL-TM-4078, Calculation of the Dose Induced in Tissue by Negatively Charged Pion Beams, T. W. 

Armstrong, R. G. Alsmiller, Jr., and K. C. Chandler. 
ORNL-TM-4159, Calculations for Cancer Radiotherapy with Negatively Charged Pions and A 

Comparative Study of the Use of Photons, Neutrons, Protons, Negatively Chargid Pions, and Heavy Ions in 
Cancer Radiotherapy. 

ORNL-TM-4538, Gamma-Ray Production Due to Neutron Interactions with Fluorine and Lithium.for 
Incident Neutron Energies Between 0.55 and 20 MeV: Tabulated D~@e~er&l Goss Sections, J. K. Dickens, 
T. A. Love, and G. L. Morgan. 

ORNL-TM-4595, Approximate Numerical Solutions to the Time-Dependent Neutron Transpori 
Equation Using the Task Algorithm, E. T. Tomlinson. 

ORNL-TM4791, Operating kstructions for the Heavy-Ion Code HIC-I. R. T. Santoro, II. W. Bertini, 
T. A. Gabriel, N. M. Larson, and 0. W. Hermann. 
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ORNL-TM-5225, A Determination of the Neutron Energy and Spatial Distributions of the Neutron 
Beam from the TSR-II in rhe Large Beam Shield, C. E. Clifford and F. J. Muckenthaler. 

ORNL/TM-5224, Iterative Solution of the &fusion and PI Finite Element Equations, E. T. 
Tomlinson, J. C. Robinson, and D. R. Vondy. 

ORNL/TM-5612 Measurement of the Nuetron Total Cross Section of Fluorine from 5 e V IO 20 Me V, 
D. C. Larson, C. H. Johnson, J. A. Harvey, and N. W. Hill. 

ORNL/TM-5618, Measurement of the Neutron Total Cross Section of Silicon from 5 eV to 730 KeV, 
D. C. Larson, C. H. Johnson, J. A. Harvey, and N. W. Hill. 

ORNL/TM-5677, Charged Hadron and Lepton Currents Produced by Low-Momentum &?GeV/c) 
Charged Pions in AI, Fe, and Pb Targets, P. S. 3eiser, T. A. Gabriel, and J. D. Amburgey. 

ORNLjTM-5814, Secondary Neutron Spectra from Neutron Interactions in a Thick Carbon Sample, G. 
L. Morgan. 

VISITORS TO RSIC 
The following persons came for an orientation visit and/or to use RSIC facilities during the month of 

3une: 
V. R. Cain, Science Applications, Inc., Oak Ridge, Tennessee; S. F. Deus, Institute de Energia 

Atomica, Sao Paulo, Brazil; Jonathan L. Fales, W. B. Gardner, and Andrew Terrell, IBM, Knoxville, 
Tennessee; Brian W. Hoaton, UKAEA, Hat-well, England; Steve McNeany, Oak Ridge National 
Laboratory, Reactor Division, Oak Ridge, Tennessee; Albert E. Rainis, Ballistic Research Laboratory, 
Aberdeen Proving Ground, Maryland; Charles S. Robertson, Jr., General Electric Company, Cincinnati, 
Ohio; E. A. Straker, Science Applications, Inc., La Jolla, California. 

JUNE ACCESSION OF LITERATURE 
The following literature cited has been ordered for review, and that selected as suitable will be placed in 

the RSIC Information Storage and Retrieval Information System (SARIS). This early announcement is 
made as a service to the shielding community. Copies of the literature are not distributed by RSIC. They 
may generahy be obtained from the author or from a documentation center such as the National Technical 
Information Service (NTIS), Department of Commerce, Springfield, Virginia 22151. 

RS/C maintains a microfiche fire of the literature entered into SARIS, and duplicate copies of 
out-of-print reports may be available on request. Naturally, we cannot fill requests for literature which is 
copyrighted (such as books or journal articles) or whose distribution is restricted. 

THIS LITERATURE IS ON ORDER. IT IS NOT IN OUR SYSTEM. PLEASE ORDER FROM 
NTIS OR OTHER AVAILA3LE SOURCE AS INDICATED. 
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REACTOR AND WEAPONS RADIATION 
SHIELDING LITERATURE 

AD-A430762 
Upgrading Basements for Combined Nuclear 

Weapons Effects: Expedient Options. Technical 
Report. 

Murphy, H.L.; Wiehle, C.K.; Pickering, E.E. 
May 1976 
NTIS $7.50 

AED-Conf-75-638-012 
A Catalog of Gamma-Spectra for Photon 

Activation Analysis. 
Segebade, C. 
1975 
ZAED 

ANL-76-59 
An Automated Approach to Quantitative Error 

Analysis in Neutron Transport Calculations. 
Bareiss, E.H.; Derstine, K.L. 
September 1976 
NTIS 

ANL/FPP/TM-85 
A Computational Method for Neutron Transport 

Problems in Toroidal Geometry. 
Jung, J. 
May 1977 
NTIS 

BARCII-342 
Shields for Neutron Sources. 
Mehta, S.K.; Kamath, K.V.; Swaminathan, N. 
1975 
Bhabha Atomic Research Centre, Bombay 

(India) 

BNL-NCS-50446, pp. l-6 
Total Helium Production Cross Cross Section for 

Neutron-Induced Reactions for ‘Li for ENDFiB-IV. 
Stewart, L.; Hale, G.M. 
April 1975 
NTIS 

BNL-NCS-50446, pp.7-13 
Total Helium Production Cross Section from N 

“B Interactions for ENDF/ B-IV. 
Young, P.G.; Hale, G.M. 
April 1975 
NTIS 

BNL-NCS-50545, Vol.1; ENDF-243, Vol.1 
ENDF/ B Fission Product Decay Data. 
Rose, P.F.; Burrows, T.W. 
August 1976 
NTIS $11.75 

BNL-NCS-50545, Vol.11; ENDF-243, Vo1.H 
ENDFiB Fission Product Decay Data. 
Rose, P.F.; Burrows, T.W. 
August 1976 
NTIS $11.75 

CINDA 76/77, Suppl.2 
An Index to the Literature on Microscopic 

Neutron Data. 
IAEA 
June 1977 
International Atomic Energy Agency, Vienna 

CONF-750975 
International Conference on Beam-Foil 

Spectroscopy. Vol.2 - Collisional and Radiative 
Processes. 

Sellin, LA.; Pegg, D.J. 
Proceedings of the Second Half of the Fourth 

International Conference on Beam-Foil 
Spectroscopy held in Gatlinburg, Tennessee,, 
September 15-19, 1975. 

I975 
Plenum Press, New York 

CONF-760673 
Proceedings of the Workshop on Correlation of 

Neutron and Charged Particle Damage, Held at Oak 
Ridge National Laboratory June 8-10, 1976. 

Stiegler, J.O. 
1977 
Oak Ridge National Laboratory 

CONF-760733 
Proceedings - US-USSR Symposium on 

Fusion-Fission Reactors, July 13-16, 1976. 
Taylor, C.E. (Chairman) 
July 1976 
NTIS $9.00 

COO-2490-6; Thesis 
A Study of the Higher Excitation States of “B 

Via the ll-B(n,n)“B Reaction. 
White, R .M 
June 1977 
Ohio University, Athens, Ohio 
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DIN-25413 (In German) GA-A-14,140 
Classification of Concretes for Neutron Shielding 

with Respect to Atomic Composition. 
DIN Deutsches Inst. fuer Normung e.V., Berlin 

(F. R. Germany) 
March I976 
1NIS 

DIN-25427(T.l) (In German) 
Design of Gas-Filled Dou b&Bend Ducts in 

Concrete-Shields Against Gamma Radiation. 
Definitions and Conditions. 

DIN Deutsches Inst. fuer Normung e.V,, Berlin 
(F. R. Germany) 

May 1976 
1NlS 

DlN-25427(T.2) (In German) 
Design of Gas Filled Double-Bend Ducts in 

Concrete-Shields Against Gamma Radiation. 
Proportionment of the Duct and the Embedded 
Iron-Layers for Point Source Radiation and 
Collimated Radiation. 

DIN Deutsches Inst. fuer Normung e.V., Berlin 
(F.R. Germany) 

May 1976 
1NIS 

DNA-3830F; SAI-75-639-W 
In-Missile Calculations of Silicon Dose - A 

Comparison with Experiment. 
Scott, W.H.,Jr.; Read, P.A.; Kaul, D.C.; Dietz, 

R.E. 
September I975 
Science Applications, Inc., P.O. Box 2351, La 

Jolla. Calif. 92038 

DP-MS-75-95; CONF-751147-l 
Photoneutron Cross Sections for D20 and 

Beryllium. 
Bowsher, H.F.; Woods, F.J.; Baumann, N.P. 
1975 
NTIS 

ECN-2 
Comparison of Integral Cross Section Values of 

Several Cross Section Libraries in the SAND-II 
Format. 

Zijp, W.L.; Nolthenius, H.J. 
September 1976 
Dep., NTIS (US. Sales Only) 

HTGR Spent Fuel Element Decay Heat and 
Source Term Analysis. 

Sund, R.E.; Strong, D.E.; Engholm, B.A. 
February 1977 
NTIS $12.50 

HDL-CR-75622-I 
Source Region EMP Calculations. Final Report, 

September 1974 - August 1975. 
Chadsey, W.L.; Parkinson, E.R.; Pine, V.W. 
June 1975 
NTIS 

HDL-TR-1716 
Electromagnetic Response of a Sphere Over a 

Ground Plane in the Presence of Source and 
Conduction Currents in the Air. 

Bombardt, J.N.,Jr. 
October 1975 
NTIS 

lA-6595-MS 
Distribution of Independent Fission-Product 

Yields to Isomeric States. 
Madland, D.G.; England, T.R. 
November 1976 
Dep., NTIS (U.S. Sales Only) 

IBK-I380 
Neutron Fluencc and Dose Measurements at the 

Viper Reactor. 
Miricj, 1.; Ubovicj, 2.; Miricj, P. 
February I976 
Dep., NTIS (U.S. Sales Only) 

IKE-6103 (In German) 
Interpretation of Experiments on the Neutron 

Flow in Coolant Lines of Fast Reactors. Combined 
&-Monte Carlo Albedo System for the Efficient 
Calculation of Penetrations. 

Bader, S. 
September t976 
Dep., NTIS (U.S. Sales Only) 

INDC(CCP)-98/ U 
Nuclear Data Centre at the Institute of Physics 

and Power Engineering, Obninsk (CID). 
. Usachev, L.N. 

December 1976 
NTIS 
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INIS-mf-3133, p.1 52-I 54 
A Generalization of the Monte Carlo Rejection 

Method. 
Horowitz, Y.S.; Dubi, A.; Mordechai, S. 
1975 
INIS 

INIS-mf-3133, p.1 55-I 59 
Analytical Method for Collision Analysis Applied 

to the MORSE Code. 
Barhen, J,; Elias, E. 
1975 
INIS 

ISS P 76110 
The Monte Carlo Simulatiun of the Ladon 

Photon Beam Facility. 
Strangio, C. 
1976 
Istituto Superiore di Sanita, Laboratori di Fisica, 

Roma 

JAERI-M-6046 (In Japanese) 
Evaluation of Shielding Design of Super 

Conducting Magnet (I). 
Seki, Y. 
February 10, 1975 
Division of Technical Information, Japan Atomic 

Energy Research Institute, Tokai-mura, Naka-gun, 
Ibaraki-ken, Japan 

JAERI-M-6220 
Analysis of Fission Ratio Distribution in 

Spherical Lithium Metal Assembly with a Graphite 
Reflector. 

Seki, Y.; Maekawa, H.; Moriyama, M.; Hiraoka, 
T.; Hirota, J. 

August 1975 
Division of Technical Information, Japan Atomic 

Energy Research Institute, Tokai-mura, Naka-gun, 
Ibaraki-ken, Japan 

JINR-P16-10390 
Radiation Fields Evaluations Near 0.5-3 MeV 

Electron Accelerator Buildings with Plane Ceilings. 
Tsovboon, V.1. 
1977 
NTIS 

Juel-I 279 
Results of the Contribution to the EWGRD 

lntercomparison of Unfolding Codes for Neutron 
Spectra Evaluation, Performed by Means of the 
RFSP-JUEL Programme. 

Fischer, A. 

March 1976 
INIS 

Juel-1268 
Dose Rate Calculations for a Fusion Ignition 

Experiment. 
Brockmann, H.; Ohlig, U. 
February 1976 
INIS 

LA-5961 
Electron Elastic Scattering Cross Sections from 1 

keV to 100 MeV for Elements Z=l to 100. 
Storm, E.; Hancock, J.H. 
April 1975 
NTIS $10.75 

LA-6566-MS 
Sodium Iodide and Plastic Scintillator Doorway 

Monitor Response to Shielded Reactor Grade 
Plutonium. 

Sampsan, T.E.; Fehlau, P.E. 
November 1976 
NTIS 

LBL-6167 
Relative Attenuation Characteristics of Some 

Shielding Materials for PUB Neutrons. 
Bringham, P.S.; McCaslin, J.B. 
January 1977 
NTIS 

MR-7047; AD-A-030944 
The Effectiveness of Soil as Shielding for 

Expedient Fallout Shelters. Fmal Report, 17 June 
1975-30 April 1976. 

Beer, M.; Cohen, M-0. 
April 1976 
NTIS $4.50 

NASA-TM-X-73577; N77-17840 
A Preliminary Area Survey of Neutron Radiation 

Levels Associated with the NASA Variable Energy 
Cyclotron Horizontal Neutron Delivery System. 

Roberts, W.K.; Leonard, R. 
December 1976 
NTIS 

NRTC-76-36R; AD-A-028034 
Radiation Effects on Oxides, Semiconductors, 

and Devices. Final Report May 1975-April 1976. 
Srour, J.R.; Othmer, S.; Curtis, O.L.,Jr.; Chiu, 

K.Y. 
June 1976 
NTIS $7.50 
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ORNL-5096 
Irradiation Behavior of Eu20~ in EBR-II 

Experiment BICM-I. 
Martin, M.M.; Pasta, A.E.; Donnelly, R.G. 
January 1976 
ERDA, TIC, P.O. Box 62, Oak Ridge, Tenn. 

37830 $5.00 

ORNL/TM-5619 
CALOR: A Monte Carlo Program Package for 

the Design and Analysis of Calorimeter Systems. 
Gabriel, T.A.; Amburgey, J.D.; Bishop, B.L. 
April 1977 
NTIS 

ORNL/ ENG-4 SPECIAL 
Personnel Involved in the Development of 

Nuclear Standards in the United States 1976. 
Johnson, E.B. 
March 1977 
NTIS 

PB-255363; FDA/BRH-76188; 
DHEWIPUBLIFDA-76/X030 

Organ Doses in Diagnostic Radiology. 
Rosenstein, M. 
May 1976 
Dep., NTIS $6.00 

581-1975-01 I 
Simple Relations for the Penetration of High 

Energy Electron Beams in Matter. 
Brahme, A. 
March 1975 
Statens Straalskyddsinstitut, Stockholm 

(Sweden) 

UCID-17365 
Feasibility Study and Prototype Design of a Nal 

Gamma-Ray Densitometer for Use in Loft. 
Swierkowski, S.P. 
January 7, I977 
NTIS 

UWFDM-207 
Monte Carlo Study of Asymmetry Effects in a 

Lithium Oxide Blanket for a Laser Driven Reactor. 
Ragheb, M.; Cheng, E.T.; Corm, R.W. 
May 1977 
Fusion Technology Program, Nuclear 

Engineering Department, University of Wisconsin, 
Madison, Wisconsin 53706 : . 

ZJE-188 
Group Library of Fission Products 

ZVJE-SKODA - BIBGRFP. 
Hep, J.; Vale&, V. 
1976 
Skoda Works, Nuclear Power Construction 

Department, Information Centre, Plzen - 
Czechoslovakia 

Annals of Nucl. Energy, 4(2-3), 65-67 
Iron-Water Combination for Shielding of 14 

MeV Neutrons. 
Shani, G. 
1977 

Atomic Data and Nucl. Tables, 19(2), 153-173 
Calculation of K and L X-Rays for Elements of 

z=95 to 130. 
Carlson, T.A.; Nestor, C.W.,Jr. 
February 1977 

Atomkemenergie, 27(4), 263-266 
Radiation Transport Measurements of I4-MeV 

Neutrons in Liquid Air. 
Broecker, B.; Clausen, K.; Schneider-KuehnIe, P.; 

Weinert, M. 
1976 

Atomkernenergie, 27(4), 282-283 
Build-Up of I4-MeV Neutrons. 
Shani, G. 
I976 

Health Phys., 32(4), 305-307 
Doses While Traveling Under Well Established 

Plumes. (Notes) 
Martin, J.A.,Jr. 
April 1977 

Health Phys., 32(4), 22 I-230 
Special External Radiation Field Study at the 

Vermont Yankee Nuclear Power Station. 
Brinck, W.; Gross, K.; Gels, G.; Partridge, J. 
April 1977 

IEEE Trans. Nucl. Sci., 22(6), 2562-2567 
Monte Carlo Analysis of Dose Profiles Near 

Photon Irradiated Material Interfaces. 
Garth, J.C.; Chadsey, W.L.; Sheppard, R.L.,Jr. 

. December 1975 
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J. Nucl. Sci. Technol. (Tokyo), 12(4), 217-228 
Effective Parameter Method in Time-Dependent 

Neutron Slowing Down Problem. 
Yamamoto, K.; Kitazoe, Y.; Sekiya, T. 
April 1975 

J. Nucl. Sci. Technol. (Tokyo), 12(6), 370-380 
Analysis of Cavity Effect on Space- and 

Time-Dependent Fast and Thermal Neutron Energy 
Spectra. 

Kudo, K.; Narita, M.; Ozawa, Y. 
June 1975 

J. Physical Sot. of Japan, 41(6), 2020-2026 
The Boltzmann Equation with an Average Force 

Field Caused by Anisotropic Momentum Changes. 
Taji, Y. 
December 1976 

J. Radiation Res., 16(Supp.), l-1 1 
Physical Dose Estimates for A-Bomb Survivors. 
Auxier, J.A. 
September 1975 

J. Radiation Res., 16(Supp.), 12-23 
Physical Dose Estimates for A-Bomb Survivors. 
Hashizume, T.; Maruyama, T. 
September 1975 

J. Radioanal. Chem., 26(2), 375495 
The Gamma-Ray Lines of Radionuclides, 

Ordered by Atomic and Mass Number. Pt.]. 2=2-57 
(Helium-Lanthanum). 

Erdtmann, G,; Soyka, W. 
1975 

J. Radioanal. Chem., 25(2), 303428 
Gamma-Ray Tables for Neutron, Fast-Neutron 

and Photon Activation Analysis. Pt.2. List of All the 
Gamma-Rays for All Isotopes in Order of Increasing 
Energy. 

Lis, S.A.; Hopke, Ph.K.; Fasching, J.L. 
1975 

Kernenergie, 19(2), 55-59 
A Variational Method for the Solution of 

Multidimensional Multigroup Problems in Diffusion 
Approximation. 

Cermak, J.; Tinka, 1.; Tinkova, E. 
1976 

Kernenergie, 19(2), 60-64 (In German) 
Transmission and Reflection Properties of Iron, 

Water and Concrete Shields in Neutron Fields of 
Different Spectral Composition. 

Doerschel, B 
1976 

Kemenergie, 19(5), 161-166 (In German) 
Calculation of Energy Spectra Within Body 

Phantoms During Irradiation in Different Neutron 
Fields. 

Doerschel, B. 
1976 

Mater. Evaluation, 31(2), 27-32; DPSPU-72-30-3 
Thickness Gaging by Gamma Ray Attenuation. 
Clayton, J.D. 
1973 

Nagoya Kogyo Gijutsu Shikenjo Hokoku, 24(4), 90-96 
(In Japanese) 

Albedo Calculation for Single Scattering 
Gamma-Rays. (2). Analytical Formulation and 
Approximate Formula. 

Kaminishi, T.; Minato, S. 
April 1975 

Nagoya Kogyo Gijutsu Shikenjo Hokoku, 24(6), 171-177 
(In Japanese) 

Albedo Calculation for Single Scattering 
Gamma-Rays. (3). Approximate Formulae for 
Energy Region Close to the K-Edge. 

Kaminishi, T.; Minato, S. 
June 1975 

Nucl. Instrum. Methods, 134(2), 331-338 
A Model for the Estimation of Photon Albedo 

Based on Single to Total Scattering Ratio. 
Elias, E.; Notea, A.; Segal, Y. 
April 15, 1976 

Nucl. Instrum. Methods, 134(2), 347-35 I 
Gamma-Ray Absorption Coefficients for Nal(T1). 
Mannhart, W.; Vonach, H. 
April 15, 1976 

Nucl. Sci. Eng., 63(2), 167-I 78 
Solution of the Finite Element Diffusion and PI 

Equations by Iteration. 
Tomlinson, ET.; Robinson, J.C. 
June 1977 
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NucI. Sci. Eng., 63(2), 179-187 
Exponential Supplementary Equations for S. 

Methods: The One-Dimensional Case. 
Barbucci, P.; Di Pasquantonio, F. 
June 1977 

Nucl. Sri. Eng., 63(2), 204-208 
Accurate Approximations to Average 

Beta-Particle Energies and Spectra. (Tech. Note) 
Stamatelatos, M.G.; England, T.R. 
June 1977 

Nucl. Sci. Eng., 63(2), 213-2 17 
Wigner-Type Continuous Slowing Down Theory 

for the Fast-Neutron Spectrum. (Tech. Note) 
Yamamura, Y.; Sekiya, T. 
June I977 

Nucl. Sci. Eng., 63(2), 219 
Spatial Channel Theory. (Letter to the Editor) 
Chilton, A.B. 
June 1977 

NW\. Sci. Eng., 63(2), 220 
The Relations Between Various Contribution 

Variables Used in Spatial Channel Theory. (Letter to 
the Editor) 

Williams, M.L. 
June 1977 

Nucl. Technology, 34(2), 299-305 
Transition Matrix Approach to the Solution of 

the Bateman Equations. 
Fegan, G.R. 
July I977 

Phys. Rev. A, l3(5), 1714-1727 
Electron Bremsstrahlung Spectrum, l-500 kev. 
Lee, C.M.; Kissel, L.; Pratt, R.H.; Tseng, H.K. 
May 1976 

Radiochim. Acta, 22(1/2), I-IO (In German) 
The Energy Spectra of ‘14 MeV’ Neutrons. 
Michel, R.; Weigel, H. 
1975 

Thesis (In German) 
The Measurement of the Site, Energy and 

Angular Dependence of a Neutron Field Produced 
by a 14 MeV Source in Liquid Air. 

Clausen, K. 
1974 
ZAED 

Thesis (In German) 
Measurement of the Energy Spectrum with 

Proportional Counters with Spherical Cathodes 
Between 20 keV and 2.5 MeV with the Propagation 
of 14 MeV Neutrons in Liquid Nitrogen and Liquid 
Air. 

Schneider-Kuehnle, P. 
1974 
ZAED 

BOOK 
A GUIDE TO RADIATION PROTECTION. 
Robertson, J.C. 
1977 
Halsted (Wiley), New York $9.95 

COMPUTER CODES LlTERATURE 

ANL-76-59 . . . . . . , . . . . . . . . . . . . ERROR ANALYSIS 
An Automated Approach to Quantitative Error 

Analysis in Neutron Tranport Calculations. 
Bareiss, E.H.; Derstine, K.L. 
Argonne National Laboratory, Argonne, Illinois 
September 1976 

GA-Al4080 . . . . . . . . . . . . . . , . . . . . . . EXTENDCHAIN 
EXTENDCHAIN: A Package of Computer 

Programs for Calculating the Buildup of Heavy 
Metals, Fission Products, and Activation Products in 
Reactor Fuel Elements. 

Robertson, M.W. 
General Atomic, San Diego, California 
January 1977 

INIS-mf-3346 . . . ,. . . . . . . . . . . . . . . . . . . . . . . RADELI 
The Program RADELI for EvaIuation of the 

Moments Over the Range- and Deposited 
Energy-Distributions fur Light lon Bombardment of 
Solids. 

Littmark, U. 
Copenhagen Univ., H.C. Oersted Ins%, Denmark 
August 1976 

JAERI-M4928 . . . . . . . . . . . . .a.. +. . . RADHEAT-V3 
Multi-Group Cross Section Sets for Shield 

Materials-100 Neutron Groups and 20 Gamma-Ray 
Groups in P5 Approximatiqn. 

Koyama, K.; Okumura, Y.; Furuta, K.; 
Miyasaka, S. 

JAERI, Tokai 
January 1977 



JAERI-M4935 . . . . . . . . . . . . . . . . . . . SUPERTOG-JR 
SUPERTOGJR, A Code Generating Transport 

Group Constants, Energy Deposition Coefficients 
and Atomic Displacement Constants with ENDF/B. 

Okada, T.; Taji, Y.; Miyasaka, S. 
JAERI, Tokai 
February 1977 

JAERI-M-6936 . . . . . , . . . . . . . . . . . . , . . GAMLEGJR 
GAMLEG-JR: A Production Code of 

Multi-Group Cross Sections and Energy Absorption 
Coefficients for Gamma Rays. 

Miyasaka, S.; Minami, R. 
JAERI, Division of Reactor Engineering, Tokai 
February 1977 

JAERI-M-6954 . . . . . . . . . . . . . . . . . . . . . . . . ANISN-JR 
ANISN-JR, A One-Dimensional Discrete 

Ordinates Code for Neutron and Gamma-Ray 
Transport Calculations. 

Koyama, K.; Taji, Y.; Minami, K.; Tsutsui, T.; 
Ideta, T.; Miyasaka, S. 

JAERI, Tokai 
February 1977 

LA-6261-M . . . . . . . . . . .._.................. YAQUI 
YAQUi User’s Manual for Fireball Calculations. 
Norton, J.L.; Ruppel, H.M. 
Los Alamos Scientific Laboratory, New Mexico 
December 1976 

LA-6735-M . . . . . . . . . . . . . . . . . . . . . . . . . . . . TRIDENT 
TRIDENT: A Two-Dimensional, Multigroup, 

Triangular Mesh Discrete Ordinates, Explicit 
Neutron Transport Code. 

Seed, T.J.; Miller, W.F.; Brinkley, F.W. 
Los Alamos Scientific Laboratory, New Mexico 
March 1977 
CDC 7600; IBM 360 
AVAIL: ACC 

ORNL-TM-2879 .,.....,,................... 06R 
The Adjoint Boltzmann Equation and Its 

Simulation by Monte Carlo. 
Irving, D.C. 
Oak Ridge National Laboratory, Oak Ridge, 

Tennessee 
May 1970 

ORNL-TM-3079 . .._.................. INTRIGUE 
A FORTRAN-360 Subroutine Package for 

Producing Printed, Linear, Semilogarithmic or 
Logarithmic Graphs. 

Thompson, C.L. 
Oak Ridge National Laboratory, Oak Ridge, 

Tennessee 
August 1970 
FORTRAN 

ORNL-TM-3585 . . . . . . . . . . . . . . . . . . . . . . . . . MORSE 
Collision Site Plotting Routines and Collision 

Density Fluence Estimates for the MORSE Monte 
Carlo Code. 

Straker, E.A.; Emmett, M.B. 
Oak Ridge National Laboratory, Oak Ridge, 

Tennessee 
October 1971 

ORNL-TM-5199 ____..._..___.......__... FBSAM 
The FBSAM Data Transmission Package for 

IBM 3601370 Computers. 
Rhoades, W.A. 
Oak Ridge National Laboratory, Oak Ridge, 

Tennessee 
January 1976 
FORTRAN IBM 3601370 

ORNL/TM-5563; ENDF-236 . . . . . . . . . . . . . . . FORSS 
Application of FORSS Sensitivity and 

Uncertainty Methodology to Fast Reactor 
Benchmark Analysis. 

Weisbin, CR.: Marable, J.H.; Lucius, J.L.; 
Oblow, E.M.; Mynatt, F.R.; Peelle, R.W.; Percy, 
F.G. 

Oak Ridge National Laboratory, Oak Ridge, 
Tennessee 

December 1976 
AVAIL: NTIS 

ORNL/TM-5619 . . . . . . _. , . . . . . . , . . . . , . . . . CALOR 
CALOR: A Monte Carlo Program Package for 

the Design and Analysis of Calorimeter Systems. 
Gabriel, T.A.; Amburgey, J.D.; Bishop, B.L. 
Oak Ridge National Laboratory, Oak Ridge, 

Tennessee 
April 1976 
FORTRAN IV 
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ORPlEAD-764 . . . . . . . . . . . . . . . . . . . , , , . . . RVRDOS 
A Computer Code (RVRDOS) to CalcuIate 

Population Doses from Radioactive Liquid Effluents 
and an Application to Nuclear Power Reactors on 
the Mississippi River Basin. 

Martin, J.A.; Robbins, C.; Nelson, C.B.; Cousins, 
R.D.; Culliton, M.A. 

EPA, Washington, DC. 
October 1976 

SRD-R-62 . . . . . . . . . . . . . . . . . . . . . . . . , . . . , . . TIRION 
A Guide to the Use of TIRION: A Computer 

Programme for the Calculation of the Consequences 
of Releasing Radioactive Material to the 
Atmosphere. 

Kaiser, G.D. 
UKAEA Safety and Reliability Directorate, 

Culcheth 
November I976 

UCID-17193 . . . . . . . . . . . . . . . . . . . . . . . . . HANDYL76 
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