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ABSTRACT Many problems in radiation protection require the use ol 
sophisticated techniques for their solution. However, a laig , class of 
problems, particularly in the area of operations, can be addressed with 
suitable accuracy using approximate techniques. Approximate methods and 
extrapolation of empirical data can serve to bcope the magnitude of a variety 
of problems. Jr. fact, we believe that these approaches should be necessary 
first step in determining what additional, more sopn:E>Lic?ted ai.alyses are 
required. Elimination of detail allows one the time to make a number of 
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similar calculations varying the parameters to form an envelope of possible 
solutions. The advent of microcomputers has helped make engineering 
approximations even more valuable in both radiation shipJdir.g and dose 
projection calculations. Some examples of approximations pnd'a list of useful 
references are provided in this paper. 

I. 1HE VALUE OF APPROXIMATIONS 

A key question that must be answerad is: "How good is good enough9" We 
might be more comfortable with an elegant mainframe computer anjlysic using a 
program and data that have been validated on a similar problem than with a 
rough hand calculation. But often tune and money constraints do not permit an 
erudite approach. This is particularly true in operations. A*telephone call 
requesting a prediction of dose rate or possible dose commitment based on a 
minimum amount of information is a frequent occurrence. < If you are lucky, you 
might have an hour or two to produce an approximation bastrj on available 
parameters. These are the times that the rapid estimation techniques and 
rules of thumb are the most valuable. 

Even if one is not pressed for time, approximations- ~are useful for 
scoping Lhe magiutuJe of a problem. Are th'" dose rates on the crder of 10 
mrem per hour or 10 rem per hour? Is an inch of lead or five fset of concrete 
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block needed to reduce the dose rate to 2 mrem per hour? 
Time spent on a few approximate calculations increases understanding of 

the problem. We may be able to identify critical factors that strongly 
influence the predicted dose rate or dose commitment. By varying the 
parameters of the problem we can define an envelope of results that range 
from the worst case to the lowest consequence case. 

We often underemphasize the importance of communications. Most of the 
time we are required to explain our results with the appropriate cautions to 
those less experienced than ourselves. It is vital to communicate clearly to 
our supervisors and managers, our subordinates, regulatory bodies, students, 
and perhaps the general public or the media. Approximations and their 
limitations are generally easier to describe than more detailed calculations. 
It is human nature to distrust those that provide too much detail and those 
who lapse into highly technical long-winded descriptions and jargon. 

Input^'data for the more sophisticated mainframe and minicomputer programs 
can be rather complicated; it is easy to blunder in preparing the input 
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stream. We strongly believe in making approximations of the parameters of 
interest to check the results of sophisticated programs. This can save much 
embarassment at conferences with clients, sponsors, and subcontractors as well 
as at technical meetings. 

II. CHARACTERISTICS OF APPROXIMATIONS 

Approximations involve simplified models of the system to be analyzed. 
The trick is to eliminate the unnecessary details while retaining the vital 
factors that influence the results. Here experience is the best teacher; 
it is important to solicit feedback. If actual measurements of the dose 
rate can be made they should be compared to your predictions. Hold a 
"post-mortem" to identify the causes of difference between measured and 
estimated results. This is especially valuable if you work at a nuclear 
facility where similar circumstances may arise in the future. Keeping 
records of successes and failures, with appropriate after-the-fact comments, 
increases ones value to his organization and helps improve the feeling for the 
art and science of radiological protection. The ability to adequately predict 
dose rates quickly and at low cost is extremely valuable in nuclear facility 
operations. - ___ 



There are some generic approximations in radiological protection. One of 
the most useful is to minimize the number of radionuclides that are treated. 
The critical factor is to identify those that contribute to the dose rate 
through a shield to the detector location of interest. The energy of the 
photon must be considered as well as the activity of the source term. For 
analysis of hypothetical accidents, we must consider internal as well as 
external sources. For internal sources, the primary contributors to whole 
body and organ doses should be ascertained. 

Even a complex mixture of fission products can be simplified in many 
problems. As an example, the thickness of a glass shielding window with a 
density of 3.23 grams per cubic centimeter required to reduce the dose rate 

M 
from a point source at a distance of 3 meters to 0.1 mrem per hour was 
calculated as a function of decay time for a mixture of fission products [1]. 
The results are shown in Figure 1. The radiation source was a mixed-oxide 

Figure 1. Contributions of radionuclides to the thickness of glass required 
as a function of decay time. 

fuel assembly that produced one megawatt for two years in the Fast Flux Test 
Facility. The glass thickness for all fission products is compared with that 
for specific nuclides that set the shield requirements. Note that only four 
isobaric pairs control the shielding for the entire decay period. 
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For spent fuels, the fission products are usually farumore important in 
shielding determination than activation products or actinides. However, the 
activation product ^Co might set the shield thickness in some cases. For 
high burnup fuels in the Thorium Cycle, the importance of the 2.61 MeV gamma 

208 
ray from TI should be examined. It is present in the thorium cycle, and as 

236 
part of the Pu decay chain. If hydrogenous materials are not present, 
neutron emission from spontaneous fission and from alpha reactions with oxygen 
can influence the shield design. The three most important sources of neutrons 

242 244 252 in spent fuel are Cm, Cm, and Cf [1], •j 

For a shielding problem, the source and attenuator geometry should be 
simplified, preferably to a point -source and an infinite slab shield. The 
effects of scattering surfaces should be estimated. If a neutron source is 
involved, secondary gamma rays are usually the most important contributors 
to dose rates outside of shields that are adequate to reduce the neutron 
dose equivalent rate to acceptable levels. A reasonable first approximation is 
to treat secondary gamma rays as a volumetric source with some self shielding 
and to assume all photons are produced by thermal neutron capture. 

III. SOURCES OF SHIELDING DATA 

There is a wealth of useful data in the literature; the trick is to find 
what you need rapidly. Excellent baseline measurements in reasonably simple 
geometries were made 10 to 30 years ago. Also, tabulated results from 
sophisticated computer calculations are available. Indeed, many of 
yesterday s rigorous results may be appropriate for today's estimations. 

c* 

Accurate radiation interaction parameters such as the National Bureau of 
Standards photon attenuation'data have been available for some time [2], 

Several shielding texts contain valuable data with appropriate formulas 
and discussions of their limitations [3-10]. One or more of these references 
should be reviewed to give an appropriate background unless you are very 
familiar with the problem. Other useful information can be found in handbooks 
[11-17]. Several unclassified chapters of the Weapons Radiation Shielding 
Handbook are most useful [18-20]. For 60Co and 137Cs shielding, NBS-570 
contains both measured and calculated data [21]. The Radiation Shielding 
Information Center (RSIC) operated by Oak Ridge National Laboratory since the 
mid 1960s has been a most useful resource to the shielding community. While 
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RSIC is best known as a source of computer programs, they have published a 
number of reports of interest to those who wish to apply approximations 
[22-25]. 

For a number of years, Louisiana State University operated a Cf-252 
Demonstration Center for the Atomic Energy Commission and its successor 
agencies. Our responsibilities involved handling a variety of sources that 

y,emitted between 10^ and 10*^ fission spectrum neutrons per second. We 
designed and built a large water tank shield-irradiation facility at our 
Nuclear Science Center. We also were involved in shipping and receiving 
sources for our off-campus clients. A very useful reference for both 
design and operations was the Californium Shielding Guide developed at 
Savannah River Laboratory [26]. It presents the results of ANISN calculations 
of neutron and gamma dose equivalent rates within a variety of shields in a 
graphical format [27]. We compared these calculations to hundreds of 
measurements and found them to be usually within a factor of two. This 

'»' indicated that the attenuation of primary radiations and secondary gamma rays 
were accurately treated in the Guide. 

The effects of primary and secondary gamma scattering from surfaces in 
our facility were estimated using the two-parameter formula developed by 
Chilton and Huddleston [10] or the Monte Carlo calculations by Davisson and 
Beach [28]. For treating photon skyshine, a single scatter technique by 
Trubey was most useful [29]. 

Two of the more useful speciality references for analysis of concrete 
shields /f'.re the RSIC Report by Schmidt [25] and a document issued by the 
American National Standards Institute [30]. A survey of techniques applicable 
to hot-cell window shield design and the associated bibliography are found in 
Reference 1. 

The National Commission of Radiation Protection (NCRP) issues a number of 
handbook's that are easy to use and give conservative results. An added 
advantage is that they are in wide use by regulatory bodies for review of 
calculations performed by licensees. \ Worthy of particular mention is 
NCRP-49 which governs the design of X-Ray shielding and some radionuclides 
used by the medical community [31], ,, 
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IV. EXAMPLES OF SHIELDING APPROXIMATIONS 

Recently, we were involved in two problems where approximate techniques 
produced adequate projections of neutron dose rates. The first problem treats 

12 
a source of about 10 neutrons per second produced by photonuclear reactions 
in a 20 MeV electron linear accelerator (LINAC) used for radiation therapy. 
The point source is partially shielded by the steel, lead, tungsten, and 
borated polyethylene in the head of the machine. When the LINAC is oriented 
in certain positions, fast neutrons are scattered toward the operator's 
console located outside of the treatment room. A thick concrete wall serves 
as the principal scattering surface. Figure 2 presents the problem geometry. 

Figure 2. Plan view of the radiation therapy room and neutron scattering 
geometry. 

w 
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A simple formula involving the cosines of the angles of incidence and 
reflection and a fast neutron albedo can be used to predict the dose rate from 
scattered neutrons [32-33]. The commonly-viewed wall was broken into six 
areas and the contributions from each were summed to yield a total neutron 
dose-equivalent rate of about 10 mrem per hour. A subsequent measurement with 
a Bonner Sphere-type fast-neutron survey meter indicated a dose equivalent 
rate of about 17 mrem per hour. These results demonstrate the requirement for 
neutron shielding in the door to the treatment room. Also LINAC operation in 
this position must be restricted to times when a patient or phantom would be 
intercepting the direct radiation from the unshielded portion of the head of 
the machine. 

The second example involved an antimony-beryllium (Sb-Be) startup source 
for a fast breeder reactor. If the 

core had to be unloaded under emergency 
conditions, only one spent fuel transfer cask would be available to move the 
fuel assemblies and the startup source./; It is adequate to shield photons from 
highly irradiated fuel, but it was not designed as a neutron shield. The 
operations manager needed an estimate of the potential dose rates to the cask 
handling crew for this hypothetical situation. At .full strength, the source 
emits 1 0 ^ monoenergetic (24 KeV) neutrons per second. The cask could be 
modeled as an annulus of 35.6 cm of lead surrounded by 0.6 cm of steel. 

If the Sb-Be is treated as a point source, a dose rate of 3.65 rem per 
hour results. If the line source formula is used, the dose rate drops to 3.54 
rem per hour. All of the dose equivalent rate is from neutrons. The lead 
shields the photons from fission and activation products to a few mrem per 
hour. There is not a significant source of secondary gamma rays because the 
lead is inefficient at slowing down the neutrons to thermal energies and the 
24 KeV neutrons are below the thresholds for inelastic scattering. Capture 
gamma rays produced in the surrounding room and in any nearby personnel were 
estimated to be less than 50 mrem per hour. A later ANISN calculation using 
Pq cross sections yielded a neutron dose rate of 2.58 rem per hour [27]. 
This transport analysis confirms that the hand calculations were adequate 
(and conservative) for operational purposes. If a higher order scattering 
expansion were used in ANISN, the transport results would have been 
higher. If this source is ever unloaded, we will make measurements of the^ 
neutron and photon dose rates for comparison to these predictions. 



V. RADIOLOGICAL SAFETY ANALYSES 

Many radiation protection specialists have become involved with 
predictions of dose rates, doses, and dose commitments that result from the 
release of radionuclides into the environment. Both external and .internal 
sources must be considered. For external sources, submersion in a cloud of 
airborne nuclides leads to whole body and skin doses. Also, at times one is 
asked to estimate the contribution of a uniformly contaminated ground plane to 
whole-body and skin doses. For internal -sources, the dose committed in a 
50-year period to individual organs and the whole body from inhalation of the 
airborne activity is required for most safety analyses. However, the dose 
commitments from ingestion are relatively low, and usually are contained in 
environmental reports rather than in safety analyses. The protocol followed 
in accident analysis is shown in Figure 3. A recent report containing 

RADIOLOGICAL ACCIDENT, ANALYSIS 

Contained Activity 
X 

Release Fraction 

Released Activity 
X 

Dispersion Factor 

^ Concentration 

* * 
Submersion Inhalation 

fi 

Figure 3. Protocol applied to radiological safety analysis of hypothetical 
accidents in nuclear facilities. 

formulas and data for use in both safety analyses and environmental studies 
has been edited by Miller [34].'' Every step from atmospheric dispersion to 
dose rate and dose commitment projection is covered in this document. 

The Regulatory Guides issued by the US Nuclear Regulatory Commission are 
some of the most useful sources of data and appropriate techniques for 
^analysis. Of particular use for estimation of release fractions and 
atmospheric dispersion parameters are Regulatory Guidesto1.3, 1.145, and 3.33 
[35-37]. Conversion factors to give dose rates from external sources have 
been developed for a large number of radionuclides by Kocher [38-39]. 
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A consistent tabulation of age-specific conversion factors for whole-body 
and organ doses from Inhalation of nuclides is available from Battelle Pacific 
Northwest Laboratories [40]. These data are appropriate for the lung model 
promulgated by the International Commission on Radiological Protection (ICRP) 
in 1960 [41]. 

More recently, the ICRP has revised this model to reflect advances and 
later experience in radiobiology [42], The revision also provides organ-
weighted conversion factors that allow estimations of the whole-body dose from 
external sources that has an associated risk equal to that from the dose 
commitments to the individual organs [43]. 

The significant nuclides in safety analysis are very dependent on the 
time elapsed between their formation and their arrival at the location of 
interest. For short decay times, the iodines, especially are most 
important for whole-body and Organ dose commitments from internally deposited 
nuclides [ 4 4 ] . At longer decay times, ^Sr, ^ 'cs, and and their 
short-lived daughters are the significant contributors. For ingestion dose 

3 14 commitments H and C with their high uptake fraction are the long-lived 
nuclides of interest. Submersion doses usually are dominated by the 80 KeV 

133 photon from ~Xe. For very short decay<times, the higher energy gamma rays 
88 88 (up to 2.4 MeV) from Kr are significant. In fact, the amount of Kr in the 

release is an important consideration in the decision to evacuate or to 
shelter a given population after a reactor accident. The contaminated plane 
("fallout") source is dominated by cesium, both ^ Cs and ^^Cs. 

The results of the source term studies for light water reactors that have 
been published over the past few years will have a significant impact on the 
radiological analysis of these facilities under both normal and accident 
conditions [45]. The reducing chemical environment effectively decreases the 
fraction of fission products that would become airborne and available for 
release. Only the noble gases, krypton and xenon, are expected to have 
significant release fractions. This greatly reduces the number of nuclides 
that have to be considered. 

VI. THE ROLE OF MICROCOMPUTERS 

The advent of relatively inexpensive microcomputers with extensive memory 
and graphic capabilities has influenced the applications of approximations in 
radiation protection. Indeed, many of the personal computers available for 
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$5,000 or less have the capabilities of the mainframe units of the 1960s. We 
have found these systems invaluable in both shielding and radiological safety 
analysis. Tables of data such as photon interaction coefficients and buildup 
factors may be stored and retrieved with appropriate interpolation to obtain 
the parameters of interest. Mathematical functions useful in nonpoint-source 
geometries may be stored and applied readily. Contributions from multiple 
source points can be summed. Dose commitments from an extensive list of 
nuclides can be integrated to give total organ doses and equivalent whole-body 
doses. Access to microcomputers is generally easier and less costly than 
mainframe or minicomputer work. Also, microcomputers can be used to prepare 
and review input data streams for sophisticated codes before they are sent to 
larger computers for execution. 

An important feature of microcomputers is the ease of writing interactive 
programs for them. Programs that prompt the user for the input parameters can 
serve to tutor the novice and to provide a discipline to the experienced 
radiation protection specialist. A code with well-written prompts is a form 
of artificial intelligence. The experience of the "expert" is translated into 
a system that instructs and helps free the user from the blunders associated 
with omission of key factors in a problem. Programs may be readily modified 
to treat specific problems of interest. For instance, the "menu" of 
radionuclides considered in the calculation of dose commitments from, 
inhalation can be changed to suit the problem. Output in the form of tables 
and graphs may be copied for use in reports or attached to correspondence. 

Presently there is a major difficulty in transporting programs between 
microcomputers, but there is a growing trend toward compatibility in operating 
systems. At LSU we have concentrated on writing radiation protection programs 
in the BASIC language for the Zenith Z-100 Microcomputers; these programs are 
essentially compatible with IBM-type personal computers. In a worst case, we 
could provide a listing of our program so that other users can modify it and 
enter it into their machines. Some of our shielding programs include 
estimations of uncollided radiation from nonpoint sources, photon and neutron 
scattering, buildup factors, capture gamma ray production, fast- and slow-
neutron fluxes in shields,' and shielding requirements for X-Ray units. In the 
safety analysis area, we have written codes for estimating dose commitments 
from inhalation and ingestion of radionuclides, atmospheric dispersion 
factors, and dose rates from submersion and from the contaminated ground 
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plane. Generally we find that students have little trouble using our 
programs. As teachers, we find that we can cover more material and provide 
our students with more realistic exercises. 

VII. CONCLUSIONS 

We believe that approximate techniques are extremely valuable assets to 
the radiation protection specialist. This paper and its references indicate a 
number of useful sources of data that have proven themselves over many years. 
The availability of microcomputers make the approaches outlined even more 
useful to those who need rapid, inexpensive estimates of radiation levels and 
resulting doses or dose commitments, 

VIII. ACKNOWLEDGMENTS 

The authors wish to thank the Louisiana State University College of 
Engineering and the Center for Energy Studies for their support of this work 
and its presentation. Kenneth R. Ferguson of Idaho Falls, Idaho (now 
retired from Argonne National Laboratory) provided a number of valuable 
comments on earlier drafts of this paper. 

IX. REFERENCES 

[1]. K. R. Ferguson and J. C. Courtney, "Engineering Hot Cell Windows 
for Radiation Protection," 31st Conference on Remote System 
Technology, j., 45 (1983). 

[2]. J. H. Hubbell, Photon Cross Sections, Attenuation Coefficients and 
Energy Absorption Coefficients from 10 KeV to 100 GeV, National 
Bureau of Standards Report NSRDS-NBS-29, Washington (1969). 

[3]. R. Stephenson, Introduction to Nuclear Engineering, McGraw Hill, New 
York (1954). (See Chapter 5.) 

[4]. M. Grotenhuis, Lecture Notes on Reactor Shielding, Argonne National 
Laboratory Report ANL-6000 (1959). 

[5]. jH. Goldstein, Fundamental Aspects of Reactor Shielding, Addison-
Wesley Publishing Co., Inc., Reading, Mass. (1959). 

[6]. N. M. Schaeffer, Reactor Shielding for Nuclear Engineers, US 
Atomic Energy Commission Report TID-25951 (1973). 

[7]. J. R. Lamarsh, Introduction to Nuclear Engineering, Addison-Wesley 
Publishing Co., Reading, Mass. (1975). (See Chapters 9 and 10.) 



12 

[8]. A. E. Profio, Radiation Shielding and Dosimetry, John Wiley and 
Sons, New York (1979). 

[9], S. Glasstone and A. Sesonske, Nuclear Reactor Engineering-Third 
Edition, Van Nostrand-Reinhold Co., New York (1981). (See Chapter 
10.) 

[10]. A. B. Chilton, J. K. Shultis, and R. E. Faw, Principles of Radiation 
Shielding, Prentice Hall, Inc., Englewood Cliffs, N.J. (1983). 

[11]. J. Moteff, Miscellaneous Data for Shielding Calculations, General 
Electric Atomic Products Division Report APEX-176, (1954). 

[12]. T. Rockwell III, Ed., Reactor Shielding Design Manual-First Edition, 
D. Van Nostrand Co., Inc., Princeton, N.J. (1956) 

[13]. H. Etherington, Ed., Nuclear Engineering Handbook-First Edition, 
McGraw-Hill Book Co., Inc., New York (1958). (See Section 7.) 

[14]. R. G. Jaeger, Engineering Compendium in Radiation Shielding, Vol. II 
Springer-Verlag, New York (1968). 

[15], J. C. Courtney, Ed., A Handbook of Radiation Shielding Data, American 
Nuclear Society Radiation Protection and Shielding Division Report 
ANS/SD-76/14, Louisiana State University, Baton Rouge, La. (1976). 

[16], A. Foderaro, The Photon Shielding Manual, Pennsylvania State 
University, University Park, Penn. (1976). 

[17]. 0. J. Wallace, Analytic Flux Formulas and Tables of Shielding 
Functions, Bettis Atomic Power Laboratory Report WAPD-TM-1453 
(1981). 

[18]. L. S. Abbott, H. C. Claiborne, and C. E. Clifford, Eds., Weapons 
Radiation Shielding Handbook, Defense Nuclear Agency Report DNA-1982 
Revision 1 (1972). 

[19]. P. N. Stevens and H. C. Claiborne, "Basic Concepts of Radiation 
Shielding Analysis," Chapter 2 of the Weapons Radiation Shielding 
Handbook, Defense Atomic Support Agency Report DASA-1892-5 (1970). 

[20]. P. N. Stevens and D. K. Trubey, "Methods for Calculating Neutron and 
Gamma-Ray Attenuation," Chapter 3 of the Weapons Radiation Shielding 
Handbook Defense Nuclear Agency Report DNA-1892-3 Revision 1 
(formerly DASA-1892-3), (1972). 

[21]. L. V. Spencer, A. B. Chilton, C. M. Eisenhauer, Structure Shielding 
Against Fallout Gamma-Rays from Nuclear Detonations, National 
Bureau of Standards Special Publication 570 Washington (1980). 

[22]. H. C. Claiborne, Survey of Methods for Calculating Gamma Ray 
Heating, Oak Ridge National Laboratory Report 0RNL-RSIC-8 (1965). 



13 

[23]. D. K. Trubey, A Survey of Empirical Functions Used to Fit Gamma-Ray 
Buildup Factors, Oak Ridge National Laboratory Report ORNL-RSIC-10 
(1966). 

[24]. W. E. Selph and H. C. Claiborne, Methods for Calculating Effects of 
Ducts, Access Ways, and Holes in Radiation Shields, Oak Ridge 
National Laboratory Report ORNL-RSIC-20 (1968). (This serves as 
Chapter 5 of DASA-1892-1.) 

[25]. F.A.R. Schmidt, The Attenuation Properties of Concrete for Shielding 
of Neutrons of Energy Less than 15 MeV, Oak Ridge National Laboratory 
Report ORNL-RSIC-26 (1970). 

o c o 
[26]. D. H. Stoddard and H. E. Hootman, Cf Shielding Guide, Savannah 

River Laboratory Report DP-1246 (1971). 

[27]. W. W. Engle, Jr., ANISN: A 1 - D Discrete Ordinates Transport Code with 
Anisotropic Scattering, Oak Ridge Gaseous Diffusion Plant Report 
K-1693 (1973). 

[28]. C. M. Davisson and L. A. Beach, "Gamma-Ray Albedos of Iron," Naval 
Research Laboratory Quarterly on Nuclear Science and Technology 
(1960). (These data also appear in ANS/SD-76/14.) 

[29], D. K. Trubey, "The Single Scattering Approximation to the Solution of 
the Gamma Ray Air Scattering Problem," Nucl. Sci. Engr. 10, 102-116 
(1961). 

[30], American National Standards Institute, Guidelines on the Nuclear 
Analysis and Design of Concrete Radiation, Shielding for Nuclear 
Power Plants, ANSI/ANS-6.5-1977 (1977). 

[31]. National Council on Radiation Protection and Measurements, Structural 
Shielding Design and Evaluation for Medical Use of X-Rays and Gamma 
Rays of Energies up to 10 MeV, NCRP Report No. 49 (1976). 

[32]. R. L. French and M. B. Wells, "An Angle Dependent Albedo for Fast 
Neutron Reflection Calculations," Nucl. Sci." Engr. 19, 441-448 
(1964). 

[33], F. J. Allen, A. Futterer, and W. Wright, BRL Reports 1189, 1204, and 
1197, Ballistic Research Laboratories Aberdeen, MD (1963). (These 
data also appear in ANS/SD-76/14.) 

[34]. C. W. Miller, Ed., Models and Parameters for Environmental 
Radiological Assessments, U.S. Department of Energv Report 
DOE/TIC-11468 (1984). 

[35]. U.S. Nuclear Regulatory Commission Guide 1.3, Assumptions Used for 
Evaluating the Potential Radiological Consequences of a Loss of 
Coolant Accident for Boiling Water Reactors—Revision 2, (1974). 



14 

[36]. U.S. Nuclear Regulatory Commission Guide 1.145, Atmospheric Dispersion 
Models for Potential Accident Consequence Assessments at Nuclear 
Power Plants (1979). 

[37]. U.S. Nuclear Regulatory Commission Guide 3.33, Assumptions Used for 
Evaluating the Potential Radiological Consequences of Accidental 
Nuclear Criticality in a Fuel Reprocessing Plant (1977). 

[38], D. C. Kocher, "Dose-Rate Conversion Factors for External Exposure to 
Photon and Electron Radiation from Radionuclides Occurring in 
Routine Releases from Nuclear Fuel Cycle Facilities," Health 
Physics 38;4, 543 (1980). 

[39]. D. C. Kocher, "Dose rate Conversion Factors for External Exposure to 
Photons and Electrons," Health Physics 45:3, 665 (1983). 

[40]. G. R. Hoenes and J. K. Soldat, Age-Specific. Radiation Dose Commitment 
Factors for a One-Year Chronic Intake, Bat telle Pacific Northwest 
Laboratories Report NUREG-0172 (1977). 

[41]. ICRP Task Group on Lung Dynamics, Recommendations of the Interna-
tional Commission on Radiological Protection Report of Committee II 
on Permissible Dose for Internal Radiation, Pergamon Press, New York 
(1960). 

[42]. ICRP, Recommendations of the International Commission on Radiological 
Protection, Annals of the ICRP _1:3 (1S77), and ICRP Publication 26 
Pergamon Press, New York (1977), 

[43]. ICRP, Part 1, Limits for Intake of Radionuclides by Workers, Annals 
of the ICRP 2:3/4 (1979), and ICRP Publication 30 Pergamon Press, 
New York (1979). 

[44]. J. C. Courtney, K. R. Ferguson, and J. P. Bacca, "Safety Analysis of 
the Hot Fuel Examination Facility-South'," Nucl. Technol. 73, 30-41 
(April 1986). 

[45]. American Nuclear Society, Report of the Special Committee on Source 
Terms, LaGrange Park, 111. (1984). 


