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ABSTRACT 

This document represents the comprehensive review by experts of the 
documents describing the models, computer programs, and data bases 
making up the Computerized Radiological Risk Investigation System 
(CRRIS). The CRRIS methodology has been produced for the U.S. 
Environmental Protection Agency's (EPA) Office of Radiation Programs 
(ORP) by the Health and Safety Research Division of Oak Ridge National 
Laboratory (ORNL) to assess the significance of releases of radioactive 
material from facilities handling such materials. 

The comments covered a wide range of aspects of the CRRIS models. 
Special review topics covered were uncertainty, validation, 
verification, and health effects. The reports making up the CRRIS 
documentation were reviewed in detail. The following are some of the 
more frequent comments about the methodology. 

This is a very comprehensive work, but too complex and hard to use. 

Too little explanation of some of the assumptions taken such as 
variance from standard ICRP organ weighting factors. 

Overly complex model for soil to root transfer and interception 
fraction. 

Gaussian plume model was used, when more state-of-art models 
are available. 

Extensive comments were made on the dispersion models used in 
ANEMOS and RETADD-II, such as the treatment of reflections, building 
wake, resuspension, and deposition. 

This review provides guidance for EPA in the continuing development 
of a comprehensive and consistent methodology for assessing airborne 
emissions of radionuclides. 

*Research sponsored by the Office of Radiation Programs, U.S. Environmental 
Protection Agency under Interagency Agreement AD-89-F-2-A106 (formerly 
EPA-78-D-X0394). 
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INTRODUCTION 

This document represents the comprehensive review by experts of the 
documents describing the models, computer programs, and data bases 
making up the Computerized Radiological Risk Investigation System 
(CRRIS). The CRRIS methodology has been produced for the U.S. 
Environmental Protection Agency's (EPA) Office of Radiation Programs 
(ORP) by the Health and Safety Research Division of Oak Ridge National 
Laboratory (ORNL). The CRRIS is a system of eight computer codes and 
associated data bases designed to assist EPA in determining the health 
significance of airborne radioactive emissions, pursuant to its 
regulatory authority under the Clean Air Act (as amended August 1977). 

The following questions were to be addressed by the review committee. 

1. Are the mathematical models employed in the CRRIS 
appropriate for meeting the stated objectives of 
each computer code? 

2. Are the mathematical models used in the CRRIS 
representative of the state-of-the-art in 
environmental radionuclide assessment modeling? 

3. Are the data bases that are an integral part of 
the CRRIS appropriate for the purposes stated? 

4. Are the reports that document the CRRIS clear 
and understandable so that someone outside 
EPA or ORNL could successfully execute the 
computer programs involved? 

5. Are there any significant environmental 
pathways of exposure for radionuclides that 
have not been considered in the CRRIS? 

6. Have appropriate numerical and computing 
techniques been employed in transforming the 
mathematical models into working computer codes? 

7. How can EPA best address the uncertainty 
inherent in any calculations made with the 
CRRIS or any similar system of assessment models? 

8. What changes would be required to make the CRRIS 
a useful assessment tool for your organization? 

The following documents were reviewed by the members of the panel. 

1. An Introduction to CRRIS: A Computerized Radiological Risk 
Investigation System for Assessing Atmospheric Releases of 
Radionuclides, ORNL/TM-8573. 
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2. ANDROS: A Code for Assessment of Nuclide Doses and Risks with 
Option Selection, ORNL-5889 

3. ANEMOS: A Computer Code to Estimate Air Concentrations and 
Ground Deposition Rates for Atmospheric Nuclides Emitted from 
Multiple Operating Sources, ORNL-5913. 

4. MLSOIL and DFSOIL - Computer Codes to Estimate Effective Ground 
Surface Concentrations for Dose Computations, ORNL-5974 (with 
revised appendices) 

5. PRIMUS: A Computer Code for the Preparation of Radionuclide 
Ingrowth Matrices from User-Specified Sources, ORNL-5912. 

6. RETADD-II: A Long Range Atmospheric Trajectory Model with 
Consistent Treatment of Deposition Loss and Species Growth and 
Decay, ORNL/CSD-99, 

7. SUMIT: A Computer Code to Interpolate and Sum Single Release 
Atmospheric Model Results Onto a Master Grid, ORNL-5914. 

8. TERRA: A Computer Code for Calculation of the Transport of 
Environmentally Released Radionuclides Through Agriculture, 
ORNL-5785. 

9. Agricultural Production in the United States by County: A 
Compilation of Information from the 1974 Census of Agriculture 
for Use in Terrestrial Food Chain Transport and Assessment 
Models, ORNL-5768. 

10. A Review and Analysis of Parameters for Assessing Transport of 
Environmentally Released Radionuclides Through Agriculture, 
ORNL-5786. 

This report is a compilation of comments submitted by members of 
the review panel on topics and documents pertinent to the CRRIS program. 
Topics addressed by reviewers include general comments on CRRIS, 
uncertainty, and the treatment of health effects. 

Following the above general topics, are the comments on the 
specific model and computer program documents. Comments received were 
both of a technical and editorial nature. Only technical comments have 
been reproduced in this report; editorial comments (typos, misspellings, 
etc.) have been submitted to ORNL separately. Technical comments are 
grouped as either "general" or "page-specific". They encompass such 
problems as inaccurate or ambiguous language, thought, and other 
content-related matters. 

Note that individual sections contain minimal explanation or 
overview. Comments are taken verbatim from the reviewers' letters and 
are allowed to "stand alone". Further, no attempt was made to resolve 
differences of opinions between the reviewers. For extended commentary, 
the reviews of separate authors are divided by solid lines. 
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TOPICS 

GENERAL COMMENTS 

This secCion reports general review comments on topics related to 
the CRRIS program. The entire CRRIS program was a massive undertaking. 
It certainly is a comprehensive and detailed program of almost: every 
aspect of environmental dose assessment methodology; that is the 
problem. It is too comprehensive, too elaborate and just too mammoth to 
deal with in a practical way. The program needs a narrative which will 
assist the potential user in choosing aspects of the formulations which 
will most effectively meet the users needs. For example, the program as 
it stands could not be effectively used for quick analysis or screening. 
As a minimum, extensive user Instructions, especially as they relate to 
site specific data, are an essential need. 

As one of my colleagues commented, "Although the authors are to be 
commended for their efforts to produce a flexible tool, the result is a 
nightmare of complexity that will surely limit its utilization and 
complicate its interpretation." 

The vehicle for bringing all aspects of environmental dose 
assessment together in "one place" seems to have been the formulation of 
computer codes. The writing, debugging and checking of these codes no 
doubt consumed most of the time. It seems we have covered our 
fundamental ignorance of environmental transport and dose assessment 
with still another layer of computer sophistication. Incidentally, the 
computer hardware requirements are cost prohibitive for the average 
potential user in the commercial world. ANEMOS requires 900K to run on 
an IBM 3033 or 3701. 

The CRRIS is designed to be used as an assessment tool for 
radiation standard setting purposes and we believe it is basically 
adequate as such, subject to the comments provided below. It is not, 
however, a practical engineering tool for the nuclear industry for 
determining routine compliance with already established regulations, 
such as 40 CFR Part 190 or Appendix I to 10 CFR Part 50. 

Also, the general consensus of my co-workers is that the 
assumptions and results of the dispersion modeling portions of the CRRIS 
tend to be somewhat crude compared to the state-of-the-art models. 
Details are provided in specific comments given below. 

The CRRIS codes tend to be cumbersome to run for routine assessment 
applications and require highly trained personnel with a detailed 
knowledge of the codes to successfully execute them. Will it be 
possible to maintain the necessary expertise within user organizations 
to run the CRRIS? We recommend that where feasible, CRRIS be made more 
"user friendly," particularly with regard to input parameters. For 
example, it is unrealistic to assume, in general, that one knows 
particle sizes and clearance classes for radioactive materials in 
atmospheric effluents (for routine nuclear plant effluents, even 
physical and chemical forms are not generally known). In practice, such 
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Information would be difficult and costly to obtain and its collection 
probably could not be justified. Whereas CRRIS does provide for default 
parameters, every effort should be made to simplify input requirements. 
We believe the modularity of the CRRIS is a positive feature that can 
result in enhanced usefulness in certain applications. 

With regard to the whole package, the Oak Ridge group, which put 
CRRIS together, did a good job of explaining what each section of the 
CRRIS models covered, and how the models work together. In response to 
your question 5 (Are there any significant environmental pathways of 
exposure that have not been considered in CRRIS?) , I note that surface 
water pathways do not appear to be treated, either for drinking water or 
irrigation. It may be that exposures from surface waters are often 
small for air releases, but if this was addressed, I did not see it. 

My major criticism of the package taken as a whole is the relative 
lack of detail about the operational limits of CE 'J with regard to the 
time frame of effects it is capable of computing. It would be 
particularly useful to have a single section or report that summarizes 
these limits for each component of CRRIS, and hence for CRRIS as a 
whole. Because it would probably be difficult to generalize about these 
limits for all conceivable cases that might be run on CRRIS, it would be 
particularly useful if, in addition to practical advice on limiting 
times and distances, this section indicated the theoretical or 
analytical limits that are constraining. This could permit users to 
judge the appropriateness of various applications. 

With regard to calculations for which CRRIS is suited, the reports 
make it clear that the models are designed for long-term, rather than 
short-term, effects. However, few examples are given of the types of 
problems appropriate and inappropriate for each model. While it is 
clear that CRRIS is not meant to provide assessment of the short-term 
local effects of an accidental release, it is less clear for any 
specific case what practical limit this imposes. Specific questions 
deserving attention include: Is CRRIS limited to steady state releases, 
or can it handle one time or time-varying releases? The time frame 
limitations imposed by the valid ranges of the models are unlikely to be 
uniform, (e.g., exposures from agriculture are clearly long-term). Are 
the air transport models RETADD-II and ANEMOS equally limited in their 
ability to calculate bhort-term effects? Are there limits on 
calculations of short-to-intermediate effects fro^ PRIMUS, SUMIT, or, 
for air exposures, ANDROS? Does CRRIS overlap in its calculation 
capabilities with the family of CRAC codes? If so, have the two been 
compared? [This should be done if possible, and the reason that this is 
or is not possible should be spelled out in the reports.] If CRRIS and 
CRAC do not overlap, is there a gap in available models for radiation 
calculations? Are there meaningful problems in this gap, if it exists? 

As the introductory materials point out, the individual modules of 
CRRIS perform calculations that are often done in isolation; the 
significant contribution of this effort is the integration of the 
various modules to provide a consistent and universally applicable 
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calculation. Therefore it seems that CRRIS will be useful to state 
radiation control programs. However, many agencies that might wish to 
use CRRIS capabilities do not have the computer support to adapt the 
codes to the available computing resources, and this forms the basis for 
many o£ my comments. 

The environment needed to run CRRIS should be spelled out in more 
detail. Is there a minimum hardware configuration needed? What is 
required in Che way of main memory, disk storage, or tape drives? What 
about language versions, subroutine libraries, and data bases? This 
information is inferable from the JCL provided for each module, but is 
not gathered in one place for easy study. Has the complete CRRIS 
package been exported to any computer centers outside the Battelle 
Northwest1 and ORNL facilities? If so, what difficulties were 
encountered, and what was required to resolve them? 

Will states be able to have CRRIS problems run routinely at PNL, 
ORNL, or EPA computer centers? Will there be any mechanism for state 
access to EPA resources? If so, would it be possible to provide some 
fill-in-the blank parameter selection format or check-off menu for each 
module, rather than requiring the full jobstream listing? Is it possible 
to estimate costs in time and computational resources to run the various 
modules? Does it make any practical difference whether all the modules 
are run for any given problem, or are there advantages to selecting 
specific modules? How will CRRIS be distributed? Are the SITE, 
DRALIST/CRRIS-1, and meteorological data sets included in the 
distribution tapes? Are there plans to extend CRRIS to allow 
calculations of doses from fish and shellfish? Can the output be 
tailored to limit it to state boundaries? Is it possible to extract 
seasonal data? 

In summary, I believe that the integrated computations that CRRIS 
provides will be useful for state radiation control programs that are 
faced with decisions about low-level waste burial sites, power plant 
decommissioning, and other similar problems relating to management of 
large diffuse sources of radioactive materials. However, the code as it 
is presently configured is less accessible than perhaps it could be for 
the reasons given above, and this will limit the amount of use it gets 
from state programs. Installation of CRRIS, together with the 
associated data bases, at national or regional computer centers, or its 
use by contractors preparing reports for state radiation control 
programs, nay alleviate some of these problems and facilitate the use of 
CRRIS. 

Before using these models for regulatory purposes, EPA should 
commission an independent review that involves actually setting up and 
running the codes and carrying out some test cases and sensitivity 
analyses. Such a review would require several person-years of effort. 

1 As of March 1986, the CRRIS has not been implemented at Battelle-
Northwest (ed). 
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One general comment pervades the entire series of documents: The 
CRRIS methodology has been created to provide the EPA with the means to 
implement the Clean Air Act. No further discussion of the Clean Air Act 
nor of EPA's responsibilities has been provided. The absence of a 
foreword or introduction that provides this background information is a 
serious deficiency, I feel. This deficiency makes it difficult if not 
impossible to adequately review the CRRIS documentation. 

Overall, you have a reasonable approach which should provide an 
effective procedure for estimating or predicting the passage of airborne 
radioactive effluents through the environment and the resulting doses. 
It is not possible by reading the documents to determine whether the 
system works, however; are some test runs available? Situations at 
places like Hanford and the Savannah Riv«r Plant that permit comparison 
of computed with measured airborne radionuclides, deposited 
radionuclides, and associated radiation doses can be used to test the 
applicability of the program. 

In general, these documents seem to be quite well written and 
self-consistent; 1 believe an uninitiated user could understand and use 
the codes without too much difficulty. There are a few exceptions (the 
area source section, for example) and I have indicated these in my 
comments. The portions of these codes dealing with atmospheric 
transport and dispersion appear to follow normal practice; I found 
nothing startling. The authors have documented their sources quite 
well; their principle contribution is to have taken useful procedures 
from many sources and molded them into a coherent assessment system. 
The authors have been careful to say that these methods are suitable for 
long-term radionuclide releases; this is important because the models 
and techniques used effectively preclude their realistic application to 
any short-term events. Detailed comments are given on the attached 
sheets. 

Overall, I thought the documentation for the models was good. I 
think the attempt to integrate the six models into a single system makes 
a lot of sense. In terms of meeting the objective as user manuals, 
however, I am not convinced that an outsider would be able to execute 
the programs. Such documentation would require many specific examples, 
and should clearly show how to replace default parameters values with 
user specified values. 

The system of models and data files that constitutes the CRRIS is 
presented as the state-of-the-art in assessment modeling. However, I 
question whether that claim is valid. In many ways, the current product 
seems more like an integration of earlier software than an improvement 
on earlier models. Even at that, the choice of Fortran 4 (FORTRAN 66) 
for the models would negate the Idea that the software itself is a 
state-of-the-art product. FORTRAN 66 has been widely replaced by 
FORTRAN 77 at most installations, with support for FORTRAN 66 being 
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dropped. The use of NAMELIST I/O (non-standard within FORTRAN) also 
limits the portability of the code. Thus, the CRRIS is constrained to 
work in a limited and generally outmoded computer environment. 

Another major failing of the models seems to be in the lack of 
adequate consideration of time dependent processes and age and sex 
specific factors in the models. Work done as part of the Off-Site 
Radiation Exposure Project (OREP) has clearly shown the importance of 
seasonal, sex, and age specific factors in determining dose to 
individuals from fallout. The integrated concentrations of some 
radionuclides in milk have been shown to vary over 2 orders of magnitude 
due to seasonal variation in the diets of dairy cattle. Human diets, in 
terms of source of foods and storage times, also may vary seasonally. 
The quantities and types of foods consumed vary with age and sex. 
Activity patterns depend upon both age and sex of individuals, and 
change across seasons for many demographic groups, thus affecting 
exposure from external sources. 1 am not convinced that such time 
dependent factors were adequately represented in the models. 

The other major fault I find with the CRRIS is the lack of 
documentation on analysis of the models. I assume that the current 
review is, in part, an attempt to establish the "face validity" of the 
model. However, as these models have been around for quite some time, 
one might expect that some effort would have been put into performing 
uncertainty, sensitivity, and especially quantitative validation 
analyses. The niodels axe complex enough that trying to judge their 
utility in risk assessment problems would be better substantiated by 
statistical comparisons of model predictions against real world 
observations for known scenarios (e.g., Kirchner and Whicker 1984). 
Such comparisons apparently were not done. Sensitivity analyses would 
at least help identify those situations where the models may be likely 
to fail, and also indicate where further research would be most 
beneficial. Uncertainty analyses would also help show the level of 
uncertainty associated with model predictions, given that all of the 
parameters in the model are not constants known with great precision and 
accuracy. Monte Carlo techniques for doing uncertainty analyses would 
not necessarily be difficult to implement, although the analyses could 
prove to require a lot of computer time. 

I' is not clear to what degree the atmospheric dispersion models 
account for complex terrain or other site-specific conditions. Will 
CRRIS be compatible with the output systems of local computer codes that 
do adequately account for complex terrain or other site-specific 
conditions? The computer program documentation does not completely 
satisfy the accepted guidelines for computer program documentation given 
by the American National Standards Institute, Inc. in. ANSI N413-1974. 
No sample problems have been included to demonstrate the operation of 
the computer programs or to use for benchmarking and verification 
purposes. 
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Generally, I found Chat the models and parameter selections 
represented what I believe to be at least "state-of-the-art" and in some 
cases, they go beyond previous modeling capabilities. I was 
particularly impressed with the documentation of the parameter 
selections and site-related parameters in ORNL-5786. 

Although the models and associated parameters generally are 
technically well thought out and documented, in at least two cases the 
models appear to go beyond available experimental confirmation or 
practical data availability. These are the theoretical models for 
deposition interception by vegetation and MSOXL, the ground-water soil 
infiltration model. The deposition models appear to require 
experimental confirmation before th«;y can be applied in practice. The 
multi-layer infiltration model appears to be "overkill" considering the 
lack of specific parameters for infiltration for each of the soil layers 
and the homogeneous soil layers assumed by the model. In both cases, 
the modeling exceeds the parameter availability and probably the 
assessment needs. 

The codes should be very useful to EPA in preparing its dose 
assessment. However, because of their size (in terms of computer 
memory), input flexibility and complexity, I do not foresee widespread 
adoption by other potential users such as NRC licensees. 

Validation and Verification 

The documents do not appear to include any consideration of the 
very important topic of verification and/or validation of the computer 
codes or the models in general. By verification is generally meant the 
process of assuring that the computer codes do in fact perform as they 
are expected. By validation is meant some test of the overall model 
predictions against actual experimental data. 

My personal opinion is that no model should be used for regulatory 
purposes unless it has been thoroughly verified and validated. This is 
particularly true in this case, because there are many sets of data that 
could be used for this purpose. Further, the regulations under the 
Clean Air Act could result in the expenditure of hundreds of millions of 
dollars for control technology. It would not be fair to undertake such 
an expenditure on the basis of an unvalidated and/or unverified model. 

In the material that I read, there was not even an example of the 
application of this model to any real or hypothetical situation. My 
impression is that this model is now so highly fragmented that it is 
very difficult to determine exactly what it does or does not do. 
Therefore, I feel it is mandatory that several examples, or benchmark 
calculations, be included in the documentation. 

The major void in environmental transport technology is not the 
lack of computer models. It is model driven field verification studies. 
The computer codes that make up CRRIS provide an opportunity to define 
such studies in terms of the types of complete data sets that are 
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required. Virtually all of the field data in the literature requires 
some extrapolation and assumptions of unmeasured parameters to make it 
usable. This subject needs to be addressed. 
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UNCERTAINTY ANALYSIS 

The comments below analyze the topic of uncertainty in the CRRIS 
models. Conceptually, considerations of uncertainty enter CRRIS in 
several ways: 

1) Uncertainty in the data, including "default" data or 
parameters contained in the system and data entered 
by the user for a particular application; 

2) Uncertainty in the various models, including orrors due 
to the fact that models always simplify reality and 
errors due to the possibility that the models may 
misrepresent reality; 

3) Methods by which consideration of uncertainty are 
passed from one component to the next, that is, 
the propagation of uncertainties through the system; 

4) How shortcomings in the treatment of uncertainty 
in CRRIS aff«ct the use of the results. 

In addition to review of these aspects, a further consideration is 
raised in Nelson's letter of 2 October 1985. 

5) "How can EPA best address the uncertainty inherent 
in any calculations made with the CRRIS or any 
similar system of assessment models?" 

This question goes beyond a review of the status of consideration 
in CRRIS and asks for a recommendation on how uncertainty should be 
treated in such a model. Each of these considerations is discussed 
below with reference to particular computer codes as appropriate. 

Uncertainty in the Data 

Results of a model can be no better than the data that go into it. 
In CRRIS, these data are of two general kinds: 

1) the data that form the set of parameters built into the 
models and the data associated with CRRIS such as SITE, 
ORNL 5768 and ORNL 5786; 

2) the problem-specific data entered by the user. 

The various codes in CRRIS contain tens, if not hundreds, of 
parameters. Examples include the roughness parameter for simulating 
building wake effects in ANEMOS, the indoor air exchange rate and indoor 
removal rate in ANDROS, and plant uptake rates in TERRA. Some (i.e., 
radioisotope decay rates) are generally applicable and have little 
error. Others are highly uncertain. In addition to what is usually 
considered uncertainty, many parameters are subject to variability. 
That is, there is no "true" value with error bars, but different values 
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that apply In different places or under different circumstances. For 
TERRA, an attempt to consider this variability was made by assuming a 
lognormal distribution. There are many coefficients treated this way 
and it appears a lot of "fiddling" was required to obtain "reasonable" 
results. The problem is that data are sparse and often no one knows 
what the appropriate ranges are. This is probably more true in the food 
chain model than elsewhere, and sensitivity analysis is probably the 
best way of determining how much this lack of knowledge contributes to 
the uncertainty in the overall results. 

Of the supporting data bases, only SITE will be discussed. This 
includes data on population and agricultural production on a 0.5 degree 
grid. To examine uncertainty, one must go back to the raw data. 
Errors in data collection and changes since the data were collected 
should be considered. Then uncertainties introduced by mapping the data 
into the grid must be examined. Average county data are proportionally 
mapped into the grid. Since this will produce different results than 
the actual situation (say several small population clusters in a large 
rural county) an error or uncertainty is introduced. Finally, the error 
introduced by the use of the grid itself, as opposed to actual data, 
should be considered. The nature of the uncertainty will depend on the 
application. If the SITE data are used for a specific location, the 
error is the difference between the results produced and what would have 
been produced with actual detailed local data. If the application is a 
hypothetical location designed to represent an area or a class of 
sources, the "error" is the range of results that would have been 
obtained at various sites within the area or class. This data base has 
been applied in many applications and such an analysis may already have 
been done. 

The data specified by the user to describe each case also contains 
uncertainty. The system should assist the usei: in describing this 
uncertainty as well as providing the opportunity of including it in the 
analysis. 

What Can/Should Be Done? 

Uncertainty in the data and parameters is the simplest kind of 
uncertainty to include in an analysis. Sensitivity analysis, varying 
each parameter or input data element in turn to reflect the bounds of 
possible values is an appropriate approach where the parameters are 
poorly known. Where interaction takes place among parameters, various 
values must be selected to test sensitivity. 

Where parameters are better understood, uncertainty can be 
expressed by describing them as a probability distribution. While this 
should rely on objective data as much as possible, expert judgment is 
important in selecting the shape and range of the distribution. The 
entire system or individual models can then be run in a Monte Carlo mode 
to describe the results as a distribution rather than a point value. 
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The feasibility of this depends on the computer run time of the 
models. Pseudo Monte Carlo techniques are available that can be done at 
lower cost. Computer codes are available (e.g., Vaario, 1982) which 
will identify a group of the most important input variables of a code 
that has many variables with uncertainties, thus simplifying the ta^k by 
allowing concentration of effort on only the most critical parameters. 

Uncertainty in the Models 

There is a natural variability and stochasticity in nature that 
cannot be captured in any computer model. Indeed, the function of a 
model is to simplify nature to the barest essentials and thus eliminate 
complexity. This underlying variability must be recognized, however, in 
interpreting results. Beyond this inherent uncertainty in any model is 
uncertainty introduced by possible faulty or missing relationships in 
the model. This is harder to deal with than data problems. Our 
understanding of the science upon which the models are based often 
incomplete. At times, alternative hypotheses exist on a given 
relationship; implications of these alternatives can be explored. In 
some cases it may be appropriate to provide ranges of results under the 
various alternatives as a sensitivity analysis. In other cases, 
discrete alternative results are called for. Missing relationships 
should be sought (and presumably will be by those who are reviewing each 
model). The 1983 workshop on food chain modeling (Breckland and Baes, 
1985) identified several missing relationships in TERREX, a derivative 
of TERRA. 

What Can/Should Be Done? 

Validation studies, where possible, are invaluable. In many cases, 
however, they are difficult or impossible. Expert review of the models 
to evaluate inherent uncertainties, possible alternative hypotheses in 
the underlying science, and missing relationships are important. The 
results of the current review should be evaluated in this light, but a 
more extensive review, conducted in close cooperation with the model 
builders, is probably indicated. Finally, sensitivity analyses should 
be run to evaluate the effect on the results of uncertainties uncovered. 

Propagation of Uncertainty 

Within a given code, and among the different codes in CRRIS, there 
appears to be no method for carrying forward uncertainty. Yet, the 
results reflect all the uncertainties introduced in the entire system. 

The makers and users of such a complex system must find themselves 
in a box. The purpose of the system is to aid decision making, yet, if 
all uncertainties are included and propagated through the system, the 
results are likely to span a range so great as to make them useless for 
decision making. Yet, the alternative, and likely the existing state of 
things, is that the need to ponder what to do in the face of such 
uncertainty is lifted from the decision makers and embedded in the 
myriad assumptions in the model. There are two results. First, a 
degree of conservatism or lack of conservatism unknown to anyone is 
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built into the results. Second, and more important, this degree of 
conservatism is not constant. For example, it is different in the food 
chain and the direct inhalation models; different cases, which rely to 
different degrees on these different exposure routes will have different 
(but still unknown) levels of conservatism built into them. This, of 
course, leads to inconsistencies in regulation. 

What Can/Should Be Done? 

While for regulation it often seems necessary to have a single 
number, it is important that regulatory decisions be based on a full 
understanding of the uncertainty associated with that number (if for no 
other reason than, without demonstration of such an understanding they 
are not likely to stand up in court). Our inclination would be for a 
full Monte Carlo simulation on all components of the system, with all 
data and model uncertainties appropriately quantified. This approach 
was recommended by a recent comparison of methods for uncertainty 
analysis in probabilistic risk analyses for nuclear power (Martz et al., 
1983) but is probably impossibly complicated for CRRIS. There may be 
other ways to propagate probabilistic results. There seem to be only 
four transfers of results between codes. Suppose we only wanted to know 
the 95 percentile point of the outcome. If we selected the >'l-p) points 
of n distributions and combine them, we get the [1 (l-p)n] point of the 
combination (e.g., three 95% points combined yield the 99.9875% point). 
This demonstrates the problem with using 95% upper confidence limits as 
parameters. An alternative would be to decide what level of 
"conservatism" was desired in the final results (say the 95 percentile 
bound) and determine what the appropriate level of upper confidence 
bound should be used for the various parameters. The earlier formula can 
be used to select this level, p, from the equation 

(1 - p)1 / n - 0.05 

Since CRRIS has 1-, 2-, and 3-level combinations, the general form is: 

(1 - P l ) + (1 - p2) + (1 - Pl)(1 - p2) + ... - 0.05 

One approach to allocating relative contributions of each component 
would be to require that the same part of the distribution be used for 
each component. Another would be to require that each transfer to man 
should have the same relative contribution to the overall uncertainty, 
possible using some weighting scheme. 

Uncertainty and Consistency of Results 

A detailed discussion of the likely accuracy of CRRIS and of the 
degree to which this accuracy has been independently established is 
needed. As written, short comments regarding accuracy and uncertainty 
are sprinkled throughout the reports in a way that does not permit the 
cumulative uncertainty to be judged. The Introduction to CRRIS report 
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refers to one area of analytical inconsistency (page 28), and Table 2.1 
of MLSOIL (page 11) indicates another; there must be others. The best 
description of uncertainty in CRRIS is Table 9 in ANEMOS (page 66); 
similar sections are needed for each part of the model. Where 
uncertainties can only be guessed at, this should be noted and the 
guesses given. While it is clear from the Introduction to CRRIS report 
(page 47) that the calculations are based on best estimates of 
parameters, there is no attempt that I found to provide a general sense 
of the most important sensitivities for CRRIS results. The objective of 
using reasonable values (noted above, page 47) in contrast to 
conservative values seems inconsistent with MLSOIL Table 2.1. ANEMOS is 
significantly better than the other reports in its descriptions of 
uncertainty and validity. 

Uncertainty in ANEMOS and PRIMUS 

It is important to provide those responsible for standard setting 
with the uncertainty bounds on final results. Such information is 
essential for informed regulatory decision-making. Also, for these 
reasons, results should never be reported to more than one significant 
digit, as it is misleading to regulators to imply greater precision. 

Several people (Hoffman, Dunning, and Schwarz) at ORNL have 
pioneered the development of techniques for the analysis of uncertainty 
in complicated models of this sort. Whicker and Kirchner at CSU have 
also developed and published techniques for the analysis of uncertainty 
in such models. It seems obvious to me that a proper analysis of 
uncertainty must be included for a model intended for application in a 
regulatory process. It should have been done a long time ago. The 
necessary techniques exist and are available at GRNL. 

Some Preliminary Comments on ANEMOS Uncertainty 

1) What is the sensitivity of the code to the 
roughness parameter in simulating complex 
conditions such as conditions with building 
w«*ke effects? 

2) Describe conditions of complex wake effects 
(e.g., high structure abnormality, too many 
structures), for which assuming a uniform 
roughness coefficient may be preferable 
than trying to simulate building wake effects. 

Page 67 of ANEMOS. Last Sentence 

Regarding uncertainty associated with calculation of deposition, 
the authors state that "Miller and Little (1983) suggest that one cannot 
specify the accuracy associated with a calculation of concentration 
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on ground or with an air concentration involving significant plume 
depletion". If this is indeed the case, it is all the more reason to 
reflect uncertainties in the overall assessment process to regulators 
who must use the results to make decisions regarding radiation standard 
setting. To the extent possible, overall uncertainty associated with 
the output results of the CRRIS should be estimated and reported. We 
commend the authors for their discussion of uncertainty in the ANEMOS 
code documentation (ORNL-5913). Such a discussion should be included in 
the other modules of the CRRIS. 

Uncertainty in PRIMUS 

The eventual output of this module is problem-specific decay chain 
activities. The input data are radionuclide decay rates and branching 
fractions. These values are known much more precisely than any of the 
other parameters in the whole assessment model. The disparity is so 
large, in fact, that uncertainties in decay rates and branching 
fractions need not be considered at all when addressing the problem of 
uncertainty in the final model results and the sensitivity of the final 
result to variations in model parameters. (The procedure for using zero 
half-life for some radionuclides which have very short half-lives 
described on page 9 and 10 of PRIMUS has no effect on final results or 
their uncertainty in environmental assessments. These nuclides aren't 
actv-ally removed though, are they?) 

The terms in the equations used in this module can be divided into 
two kinds: those that may be considered God-given, exact, and true, and 
those that are more typical in environmental assessment which are, at 
best, crude approximations to reality. An example of the first kind is 
the exponential decay of radionuclides. This is known to hold exactly 
even at nucleus stresses far exceeding tb^se experienced in the earth's 
environment. (The same is true for the \ Ki.ues of the decay rates and 
branching fractions.) As above, any uncertainty in this formulation 
need not be considered in result uncertainty or sensitivity. The only 
examples of the second kind that I could find are the two "S" vectors, 
"deposition rates of elements" (page 7, equation 2), and "source vector 
of constant input to system of release rate for nuclide" (page 10, 
equation 5). Both these vectors are assumed to be constants and the 
methods used by PRIMUS do not work if they are -not constants. However, 
if the radionuclides of interest have half-lives much longer than any 
periodicity in elements of either of these arrays, then time averages 
can be substituted and the correct results obtained. If this condition 
is not met, then PRIMUS cannot be used and the danger exists, as always 
of a model being used outside its range of applicability. 

Sources of Error 

Nowhere in the document is past, current, or future validation of 
the PRIMUS code and alphanumeric input library discussed. If the CRRIS 
models will be a primary assessment tool used by EPA for many years, a 
suite of sample cases should be designed which, to the extent possible, 
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exercise all nooks and crannies of the code. The output files of these 
test runs can then be compared with previously prepared files which 
contain the known results. This is especially important, for example, 
if the code will be upgraded (i.e., changed) on an ongoing basis or if 
the input library is transferred by methods which are not error 
checking. 

Nowhere is validation of the run input (PRIMUS.DAT) discussed. 
Page 24 in the PRIMUS document says that only nuclides contained in the 
input library are permitted. Does this mean that mistyped nuclide names 
are ignored, or does the program stop (as it should)? 

There is actually very little that can be done to validate the 
input. A priority, any combination of released radionuclides with any 
values of magnitude is OK. The procedure has great potential for human 
error and all that can be done is inveighing the user to change his 
input and provide tools for him to do this. One example is a REQUIRED 
echo of "released" nuclide list and magnitude including translation of 
the element symbols to english (e.g., H - hydrogen). I can easily see 
people getting cesium and cerium or protactinium and polonium mixed up. 

KTRUNC, MAXTRUNC -- I do not understand the utility of these. 
Speeding up a program is not an end in itself and there seems to be a 
danger here of eliminating significant nuclides from consideration. 

NUMEXP, EXPSYM -- These also leave me with the impression that 
significant nuclides may be omitted. I probably don't understand 
something. 
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HEALTH EFFECTS 

The following is a general assessment of the treatment of health 
effects in the CRRIS models. 

I could not tell from the report what dose-response assumptions are 
contained in ANDROS; these should be displayed clearly and compared with 
reference radiation risk assumptions from BEIR III and ICRP. While it 
is clear that ANDROS uses a linear dose-response form (since everything 
is converted to a lifetime equivalent dose), the parameters are not 
given, nor is it clear whether a relative or absolute risk model is 
used. This inscrutability is a serious drawback, in my view. A full 
discussion of the analytical assumptions for risk estimation is clearly 
needed; it should describe how the assumptions regarding population age 
distributions (static, based on constant birth rates and age-specific 
death rates) differ from actual data and how these differences affect 
risk estimates. It should also discuss how population mobility could 
affect calculated risk. 

Given the many pathways and long-term focus of CRRIS, it seems 
likely that significant portions of the calculated population dose will 
come from large populations at low dose. It Is noted that ANDROS can 
describe its calculated results for a selected or average individual or 
for collective population dose. Is a histogram of population exposure 
also possible with ANDROS? 

The CRRIS method for estimating doses and risks uses a data base 
developed by the old RADRISK computer program. The RADRISK program is 
known to depart from methods and parameters in ICRP Publication Nos. 26 
and 30 relative to lung mass, organ weighting factors and the 50-year 
dose commitment period. It is not possible to tell from the documents 
if other differences exist between CRRIS and ICRP Publication Nos. 26 
and 30. The use of methods and parameters different from those of ICRP 
(and proposed by NCRP) is unscientific, detracts from the credibility of 
CRRIS and compromises the integrity of the ICRP and'NCRP standards and 
recommendations. 

It is of utmost importance that the ICRP models and parameters be 
utilized in dose assessments to assure the credibility of the dose 
estimates and to protect the integrity of the ICRP and NCRP 
scientifically based dose system and standards. 
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MODEL AND COMPUTER PROGRAM DOCUMENT COMMENTS 

INTRODUCTION TO CRRIS 

The following are review comments on the "Introduction to CRRIS," 
(ORNL/TM-8573). 

Technical Observations 

It is difficult to make a specific assessment of CRRIS when it is 
not clear for what purpose it was developed. To say that it was 
designed " to assist EPA in determining the health significance of 
airborne radioactive emissions pursuant to Its regulatory authority 
under the Clean Air Act as Amended August 1977," just is not specific 
enough. Is the purpose to estimate the average population exposure? 
Will it be used to estimate exposures to critical groups? Will it be 
used to judge whether a facility is in compliance with regulations? To 
answer each of these questions would require different criteria with 
different data bases. 

It is difficult to relate the reference list in Section 11 to the 
text since reference numbers do not appear in the text. 

(Pages 9-10) 

The Clean Air Act is barely mentioned in passing. It is stated 
that AIRDOS-EPA and DARTAB have provided an interim methodology for 
performing nuclear assessments. It is implied but not explicitly stated 
that CRRIS is intended to be the "state-of-the-art" radiological risk 
assessment methodology that is referred to in the Introduction to CRRIS 
report. CRRIS has been designed to be a very versatile system. Does it 
have applications beyond that of somehow implementing the clean air act? 
Specific applications of CRRIS should be discussed and its relationship 
to the Clean Air Act Clarified. 

(Page 7, Bottom) 

Discussion of Q(0) refers to emission rates in Bq/s or Ci/s; 
shouldn't Q(0) be in Bq or CI? 

(Page 24) 

Food and feed crops have been considered in considerable detail, 
but only milk and beef have been considered among animal products. 
Pork, poultry, and eggs, and perhaps to a lesser extent, lamb are 
important animal products that should be considered. Translocation of 
surface deposited radionuclides from nonedible to edible parts of plants 
should be included. (This process is important for nuclides such as 
Cs-137.) 
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(Page 28) 

The authors state that B, - and B. „ are directly comparable, but 
it is not clear (to this reviewer at least) why. Fundamentally they «xe 
not directly comparable. Adaption of By and B over B^ . and B. „ a n 

interesting approach. It would be useful to compare ?ne distriButi*.: ̂  
of the two sets of parameters statistically. 

(Pages 36-37) 

The description of the procedure 
transfer coefficients is rather vague. 

(Pages 43 and 47) 

for estimating intercompartment 

ANDROS uses the results from the other codes in the CRRIS and 
calculates doses and health risks for either a selected individual, or 
the entire population. The default parameters chosen for the CRRIS are 
mostly median estimates and reflect an effort to choose reasonable 
values. ANDROS will calculate doses and health effects for a selected 
individual provided the user incorporates the appropriate parameter 
values specific for the individual and site. . ANDROS will, after a 
fashion, calculate doses and health effects for an "average" individual 
when the default parameter values are incorporated. However, because 
geometric means o£ geometric means of plant-to-soil concentration ratios 
and other geometric mean or median values were ' adopted as default 
parameter values for TERRA, doses and health effects for an "average" 
individual could be biased on the low side. ANDROS will not calculate 
doses and health effects for a population when the default values are 
incorporated in TERRA becjause calculation of a population dose requires 
the us e °f arithmetic mean parameter values. Calculation of doses and 
health effects for members of a critical group also requires selection 
of parameter values in place of the default values. 

(Page 3) 

Figure 1.1 is titled "The six computer codes..." There are eight 
codes shown in the figure and "NAMELIST" still appears to be required if 
the user wishes to deviate from default parametric values. 

(Page 4, Last Paragraph) 

An extensive "Users Manual" is a must, including numerous samples 
input listing to exercise the various options. Such a manual, along 
with a copy of the programs and sample input fields on magnetic tape, 
must be available to those potentially affected when the EPA publishes 
their intent of rule making in the Federal Register. Ample time must be 
allowed for computer testing of the codes which is essential in the 
review, interpretation, and impact evaluation of the proposed rule 
making. 
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(Page 6, Equation 2.1) 

The definition of a ^ in Equation 2.2, Equation 9.1 and Equation 
9.2 all seem to be missing summation signs in my copy. 

(Page 6, Equation 2.2) 

The variable X . is not defined, ri 
(Page 22) 

Define ZAS number (or at least refer to a document defining 
ZAS...perhaps the MLSOIL and DFSOIL report.) 

(Page 36, Equation 7.1) 

I think this equation may have several errors in the 
First, it appears to be missing a summation sign. Second, 
branching fraction, I would expect it to be multiplied by A. 
(not C,). J 

last term, 
if b. is a 
and by C. 

(Pages 43-46) 

It appears from this discussion that the dose factors and food 
ingestion rates used in the ANDROS computer code are only appropriate 
for adults. It is wrong to apply these factors, which were derived for 
adult occupational workers, to a general off-site population. There is 
ample evidence that the dose to an infant's thyroid, for example, may 
be a factor of 10 higher than that to an adult. Other examples for 
other radionuclides, while not this extreme, amply illustrate that 
serious errors can accrue from the use of non age-adjusted dose factors 
and food ingestion rates. 

I know from past experience that the EPA health-risk codes go to 
great length to include a "life table" analysis, which pays a great deal 
of attention to the varying cancer incidence with age. It seems very 
inconsistent to devote this much attention to one variation with age and 
then to ignore the substantial variation in doses with age. (Page 25) 
(May also appear in every other document--noted in ORNL-5785, page 
5, and in ORNL-5786, page 2.) 

This pathway diagram is incomplete and inaccurate as shown. It 
does not even match the pathways that are modeled in the computer codes. 
For example, it does not show the pathway of resuspension that is 
actually modeled (incorrectly, in my view) in the documents. The 
model, as presented later, does consider the resuspension of deposited 
radioactivity and Its subsequent deposition on food crops and forage. 
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(Page 6, Equation 2.1) 

The definition of a ^ in Equation 2.2, Equation 9.1 and Equation 
9.2 all seem to be missing summation signs in my copy. 

(Page 6, Equation 2.2) 

The variable A ^ is not defined. 

(Page 22) 

Define ZAS number (or at least refer to a document defining 
ZAS...perhaps the MLSOIL and DFSOIL report.) 

(Page 36, Equation 7.1) 

I think this equation may have several errors in the last term. 
First, it appears to be missing a summation sign. Second, if b.. is a 
branching fraction, I would expect it to be multiplied by A. and Tiy C. 
(not C<). J 

(Pages 43-46) 

It appears from this discussion that the dose factors and food 
ingestion rates used in the ANDROS computer code are only appropriate 
for adults. It is wrong to apply these factors, which were derived for 
adult occupational workers, to a general off-site population. There is 
ample evidence that the dose to an infant's thyroid, for example, may 
be a factor of 10 higher than that to an adult. Other examples for 
other radionuclides, while not this extreme, amply illustrate that 
serious errors can accrue from the use of non age-adjusted dose factors 
and food ingestion rates. 

I know from past experience that the EPA health-risk codes go to 
great length to include a "life table" analysis, which pays a great deal 
of attention to the varying cancer incidence with age. It seems very 
inconsistent to devote this much attention to one variation with age and 
then to ignore the substantial variation in doses with age. (Page 25) 
(May also appear in every other document--noted in ORNL-5785, page 
5, and in ORNL-5786, page 2.) 

This pathway diagram is incomplete and inaccurate as shown. It 
does not even match the pathways that are modeled in the computer codes. 
For example, it does not show the pathway of resuspension that is 
actually modeled (incorrectly, in my view) in the documents. The 
model, as presented later, does consider the resuspension of deposited 
radioactivity and its subsequent deposition on food crops and forage. 



23 

Neither the diagram nor the model considers other resuspension pathways 
such as the inhalation of resuspended aerosols by humans or by beef and 
milk cattle. In some cases these may be significant pathways, 
especially the direct inhalation pathway by humans. 

It is incorrect to show the weathering of radioactivity from forage 
and food crops into a "sink." This material will obviously be available 
to cycle again. 

Another serious conceptual error concerns the milk cows and beef 
cattle pathway. As shown, the only output from the cows and beef cattle 
goes to humans. Obviously, this is not true as most of the activity 
leaves the cows and cattle via urine and feces and is redeposited on the 
soil and vegetative surfaces. 

(Page 3, Figure 1.1) 

Add arrow from PRIMUS to RETADD-II (this applies to all reports-
some have a line, some do not). 

(Page 6, Equation 2.1) 

Summation signs appear to be missing here and in subsequent equations 
(for example, page 9, equation 3.1), 

(Page 9, Last Line) 

Indicate that x is in meters. 

(Page 15, Last Line) 
(X v Where is A in Equation 3.6; also A on page 16. 

(Page 21) 

How consistent are RETADD-II and ANEMOS at overlapping locations? 

(Page 26, Equation 6.1) 

How is the change of C with time handled in this equation? 

(Page 31, Equation 6.6) 

Equation 6.6 is wrong (I think P and I should be in the numerator). 

(Page 35, Second Paragraph) 

Why use top 1 cm instead of top 5 cm? 
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(Page 46) 

Why is drinking water intake not given in Table 9? 

(Page 12, Equation 3.4) 

The use of this expression for the lofting dispersion case, 
although correct for the ground level air concentration, will 
underestimate the external gamma dose from the elevated plume and the 
washout deposition from rain or snow. 

(Page 24) 

The use of isotope specific transfer factors based upon half-life 
is a significant refinement over the Reg. Guide 1.109 (NRC, 1977a) 
approach using stable element transfer rates without correction. That 
approach tended to overestimate the food concentration of short-lived 
radionuclides. 

(Chapter 7 - MLSOIL Code) 

The seven compartment model appears to be a bit of overkill as the 
unavailability of site specific parameters for various soil types and 
depths makes the multicompartmental model mathematically elegant but 
practically unworkable. Among the factors that contribute to this are 
the following. 

1. One would need a data base of infiltration coefficients 
as a function of soil type and depth. As noted in 
Section 7.2, the data on infiltration coefficients 
is limited and not characterized by isotopes for various 
soil types. 

2. Soils are characterized by layers (horizons) having 
different physio-chemical characteristics. This 
means that the transfer characteristics of each 
layer may have to be separately defined. As noted 
in item #1, the available data do not permit such 
sophistication. 

3. The relative uptake of nutrients (and radionuclides) 
by plants varies with depth. This means that in 
terms of plant uptake, radionuclide concentrations 
in different soil layers will not be assimilated into 
the plant to the same extent. As the bioaccumulation 
step is modeled using a single equilibrium transfer 
factor, the complexity of the soil distribution model 
is not warranted for this pathway. 
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An approach using a single "leaching coefficient" and two soil 
layers, "root zone" and "other", seems to be adequate for using 
equilibrium soil-to-plant transfer factors. Assuming a uniform 
radionuclide concentration with depth is adequate for tilled 
agricultural land. For untilled land, an exponential fall-off in 
concentration with increasing soil depth would be a reasonable model. 

(Page 46, ANDROS Code) 

These weighting factors are slightly different from those of 'the 
ICRP as expressed in ICRP Publication 26. Disregarding the merits of 
any improvements in the derivation of the risk factors that enter into 
these equations, the uncertainties arising from relative versus absolute 
risk, linear versus linear-quadratic dose response models, revised 
dosimetry, etc., more than mask possible differences between the EPA 
approach and the ICRP 26 weight values. For consistency with the rest 
of the world, use the ICRP 26 values as EPA has in the occupational 
radiation protection federal guidance. 

(Page 9, Equation 3.1) 

It might be helpful to the reader if the term Q, (x) were 
defined for a constant release rate as: 

Q. (s) - f (s)Q. xiprs ' prs i 
where fp r s( x) a s defined for equation 3.6 on page 15. 

(Page 27, Equations 6.2 and 6.3) 

It would be helpful when using the dry weight plant-to-soil 
concentration ratios to standardize the terminology on "concentration 
ratio", CR, as agreed to in the ERDA "Workshop on Environmental Research 
for Transuranium Elements," ERDA (1975) and reserve the B (or B. ) 
notation for the bioaccumulation factors based upon net plant mass 
dry soil. As there may be as much as a factor of 20 difference between 
CR and Biv, the symbol should clearly differentiate between the two 
parameter sets. 

(Page 44, Chapter 9, The ANDROS Code). 

The unit of the internal dose factors (mrad/y per pCi/y) appears to 
be incorrect. While the statement that "the dose commitment per unit 
intake is numerically equal to the dose rate in the 70th year of a 
continuous intake at a unit rate" is correct, the dose commitment from a 
single intake (not a continuous intake rate) is the time integral of the 
dose rate with time, i.e., it is dose (equivalent) not dose rate. The 
more conventional terminology for such intake-to-dose factors is mrad 
per pCi. This distinction may appear to be trivial as the per year 
terms used in both numerator and denominator cancel giving the correct 
mrad per pCi. However, in one case multiplication by the annual 
radionuclide intake in pCi will give dose commitment in mrad while use 
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of an equivalent pCi/y for an annual intake would give a dose rate in 
mrem/yr. As the dose commitment is properly characterized as 
"representing total dose over a 70-year period following [a] unit 
intake", the units should match the definition (i.e., mrad per pCi). 

(Page 46, Table 9.2) 

The reference to Guimond et al., 1979, for the breathing rate does 
not appear to be to the original source. The value quoted, 8035, is 
simply the daily air intake values fjom the ICRP Reference Mag (ICRP 23) 
averaged over adult males (23 m /day) and females (21 m /day) — 22 
m /day average x 365.24 days/year - 8035.28. The citation should be 
ICRP 23, page 346. 

(Pages 23-24) 

It is not completely clear how TERRA calculates root zone soil 
concentrations. It appears to do so by simply dividing the deposition 
by the mass of soil in the first 15 cm of depth. This is likely 
adequate for plowed fields, but not for unplowed fields (orchard crops). 
Depletion via leaching out of the root zone is considered as it should 
be. 

(Page 27, Section 6.2, First Paragraph) 

The validity of the last two sentences is questionable. What tech-
nical explanation can be given? 

(Page 29, First Paragraph) 

The use of geometric means as "best estimates of parameters" 
(because the data appears to be lognormally distributed) must be done 
with much caution. A common reason for "an order of magnitude span" in 
reported data is the fact that the experimental data was developed in 
entirely different manners for different reasons. 

(Section 6.3) 

This data base should prove most helpful to the user; but he should 
be cautioned that it must be confirmed on a site specific basis. 
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ANDROS 

This section compiles comments on the CRRIS model, ANDROS, (ORNL-
5889) 

Technical Observations 

This is the most poorly written and least informative document of 
the group. It never really describes how doses (or dose conversion 
factors) are calculated nor provides clear references to the numerous 
parameters required to calculate dose. Presumably they use ICRP-30 
methods but they never say so. 

I would strongly recommend that it be rewritten with complete 
equations for all dose calculations and the rationale from which they 
were derived. Parameters used in the calculations can be listed or 
referenced. 

The review is based on a general audience with limited background 
in previous EPA models. The overall pathway assessment capability of 
this set of codes will enhance the capability of many assessments. 
However, the dose document lacks adequate description and details. The 
mathematical models must be more clearly defined. The document 
presupposes a thorough knowledge of DARTAB, AIRDOS-EPA, and other 
previous codes for EPA use. The general use of the codes require more 
complete documentation of the codes included in this report. This 
particular document is less complete than others of the set. There is a 
general lack of details of models and parameters of models. Someone 
outside of EPA or ORNL can execute the code but there is a problem with 
interpretation of the results based on this documentation. Examples of 
problem areas are shown below. 

ANDROS apparently assumes lifetime exposure for computation of 
somatic risks and a 30-year period for genetic effects due to internal 
and external exposure of individuals. This is not always appropriate. 

For example, uranium mines usually operate for only 15-20 years. 
Facility operating life must be considered in order to make realistic 
estimates of risk. 

ANDROS appears to use ICRP 30 methodology and breathing and food 
consumption rates for only one age group, i.e., adults. What about 
other age groups that may be more critical, e.g., teens, children, and 
infants? 

The word dose is used frequently throughout the document without 
any modifiers. In order to avoid ambiguity, dose should be modified 
with absorbed or equivalent and annual or commitment. 
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New concepts and methods are sometimes given only by reference. At 
a minimum, the new concepts and methods should be briefly described in 
the text for those readers who are not familiar with the references. 

No comments will be given for Appendices A, B, or D because they 
were not included. 

(Page 15, Equation 6) 

The physical significance of S should be defined. 

(Page 4, Second Full Paragraph, Line 3) 

To be truly comprehensive, ANDROS should account for morbidity 
(incidence), e.g., effective workdays lost, etc., as well as mortality 
risks from radiation. Incidence can be an important measure of total 
health impacts, especially for organs with relatively low cancer 
mortality rates (e.g., thyroid). 

(Page 16, Equation 7) 

a. Y should be defined. 
b. TfK1 'difference between A and A^ is 

not clear. 
c. For the parameter f, what is f^? Should it not be 1 

instead of 0 otherwise? 

(Page 17, Equation 9) 

The parameter h(i, j, 1) should be defined. 

(Page 17, Paragraph 2, Line 10) 

The rationale for calculating Indoor air concentrations using 
effective air concentration from finite gamma plumes is not clear. It 
is not appropriate to use equation (8) to calculate indoor air 
concentration Y when no radioactivity is actually present in the air. 
Instead, a correction should be made for reduction in direct radiation 
from finite plumes due to shielding by the structure. 

(Page 20, Section 2.2.3, Line 4) 

Why does ANDROS not calculate skin dose from beta particles? 

(Page 21, Table 3) 

In Table 3, what assumptions were made for occupancy time indoors 
and equilibrium fraction for radon progeny? Do the values apply to 
indoor or outdoor exposure? 
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(Page 5, End of Top Paragraph) 

Regarding "years of life lost per average premature death", shouldn't 
this be cancer death? 

(Page 17, Equation 8) 

Equation 8 of the ANDROS report looks strange. Why doesn't it 
contain an exponential term as would be expected from the solution of a 
differential equation of the form of equation 7. Daughter ingrowth and 
decay does not seem to be considered for this calculation. 

(Page 20, Paragraph 2) 

The use of a default value of a 70-year-committed dose is overly 
conservative except for a selected individual. A more realistic mean 
individual or collective population dose is a committed dose for the 
life expectancy less the population weighted age. The 70-year-committed 
dose adds unnecessary conservatism. 

(Page 22, Paragraph 3, and Page 23, Table 4) 

The use of weighting factors different from those recommended by 
the ICRP should be more adequately explained. I assume that these are 
the EPA values and are to be used for EPA studies, but more information 
is required. 

(Page 4, Paragraph 1) 

It is not adequate to state that the code is analogous to DARTAB in 
its combination of dosimetric and health effects. The author 
presupposes an intimate familiarity to DARTAB which may not exist. The 
description must stand alone since this set of documents is to be a 
description of the methodology. 

(Page 11, Section 2.1.3) 

The description of the RADRISK computer code must be explained in 
some detail if the results shown are based on it. This statement 
assumes too much familiarity with that model. 

(Page 17, Section 2.2.2.4 and Page 18, Section 2.2.2.5) 

The conceptual description is generally unsatisfactory when there 
is no discussion of the model used. In addition, no model parameters 
are given. A suggestion is to describe the model and place an appendix 
of calculation parameters. This is particularly true since there are 
the models and parameters accepted by EPA and ICRP and variations of 
these for certain nuclides based on experimental results. 
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(Page 22, Section 2.2.4) 

This section is adequate for describing the risk modeling used but 
it could be more detailed, possibly with some numerical examples. 

(Pages 22 and 23) 

Given the size of the documentation for CRRIS (9 volumes), it is 
surprising that the risk values to be used in CRRIS are only briefly 
described. For example, on p. 22, 3rd paragraph, the text very briefly 
describes the default weighting factors (Table 4, p. 23) that are to be 
used in calculating effective whole-body dose equivalent. The text does 
not describe the bases for the factors (e.g., absolute or relative risk 
model; linear, linear-quadratic or pure quadratic model) or the 
uncertainty in these factors. Since the end product of the CRRIS 
computer code is an estimation of risk, we recommend that the bases for 
the risk factors be more thoroughly described and an approximate range 
for the factors given. 

(Sections 2.2.4 - 2.2.6) 

The mathematical models described in Section 2.2.4 through Section 
2.2.6 are appropriate for estimating risk; however, the bases for 
calculating some factors needs to be more thoroughly described. For 
example, the risk to an individual over the remainder of the 
individual's life from a unit intake at age "t" is denoted by r(t) and 
is used in Eq. 15 on page 24; however, the text does not explain how 
r(t) is calculated nor provide a table of values for r(t). In a similar 
manner the genetic risk coefficient, r(g), is used in Eq. 26 on page 28, 
but the method used to calculate it is not described. 

(Pages 5 and 48) 

The CRRIS computer program include provisions for estimating doses 
to individuals and populations from the major pathways of exposure 
(e.g., see p. 5, last paragraph, and Table 6 on p. 48). CRRIS contains 
appropriate provisions for separately estimating doses from exposure to 
low-LET radiation and high-LET radiation. 

(Page 23, Table 4) 

Organ dose weighting factors are provided in Table 4, p. 23, to 3 
significant figures. The text should state that 3 significant figures 
are provided only for internal consistency in calculations; a range of 
uncertainty should also be provided. 
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(Page 56) 

A users guide should be provided as the program would be difficult 
to use by someone unfamiliar with it. For example, page 56 would seem 
to indicate that job control and input for the entire CRRIS system? 

(Page 5, Paragraph 2) 

This section specifies air Immersion as a pathway but does not list 
the alternative for a finite plume where doses/health effects are caused 
by gamma shine rather than immersion. 

(Page 7, Table 1) 

Although Table 1 includes a list of many of the notations used in 
the report, it is incomplete. Some of the notations used in equations 
in the report are missing in the table. Each equation should be 
examined to see if the notation is adequately covered in Table 1. One 
problem encountered was the occasional use of a notation for more than 
one purpose. Also, it would be useful to the reader to show the units 
for the various notations used. 

(Page 9, Paragraph 3) 

Since no example is given of the input stream, it is not clear how 
a selected individual is selected. Is he selected on the basis of a 
specified geographical location, on the basis of maximum X/Q, or some 
other method? 

(Page 11, Paragraph 1) 

A brief description should be given of the method used to develop 
dosimetric and health effects data rather than relying entirely on a 
reference which may not be available to the reader. 

(Page 17, Paragraph 3) 

Is there an option for using other than average breathing rate to 
make calculations for a maximized individual? 

(Page 18, Paragraph 2) 

Is there an option for using other than an average utilization rate 
to make calculations for a maximized individual? 

(Page 20, Paragraph 2) 

It would be useful in Section 2.2.3 on dose to explain the 
different types of doses calculated and the reasons for each 
calculation. For example, 1) why are low-LET and high-LET doses 
calculated separately, 2) why are both absorbed dose and dose equivalent 
calculated, 3) why is a 70-year commitment used for somatic dose, and 
4) why is a 30-year commitment used for genetic dose? 
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(Page 27, Paragraph 2) 

More explanation is needed for the tern environmental accumulation 
time. 

(Page 44, First Paragraph) 

Their definition of dose commitment is puzzling. Do they really 
mean that it is the dose rate in the 70th year as a result of continuous 
intake at a unit rate for 70 years. If that is the case then the end 
result is grossly overly conservative for long biological half-life 
radionuclides. No one stays in the same location for 70 years. Risk is 
associated with dose rate (which increases to a maximum at the end of 
the assumed intake period) or total dose (which also increases with time 
faster than the dose rate). Neither is the same as the dose rate in the 
70th year. 

ICRP-30 (1979) defines commitment (committed dose equivalent) as 
the total dose equivalent averaged throughout any tissue over the 50 
years (occupational period of interest) after an actual intake. The 
ICRP-30 approach is not without fault in that it requires calculation of 
a 50-year committed dose equivalent for each year of intake, presumably 
adding them together as time goes by. If the last year of intake is at 
age 65 (occupational retirement) the calculation is through age 1151 

If it must be assumed that the individual remains at the same 
- location for 70 years, then the total dose over 70 years should be 
calculated and this related to risk, not the dose rate in the 70th year. 

(Page 44, Second from Last Paragraph) 

The basis for deviating from ICRP-30 weighting factors should be 
stated or referenced. 

(Page 44, Last Paragraph) 

It is not clear how the data in. Table 9.2 is "adjusted" for the 
various user selected inputs (fraction of food from home gardens, 
fraction of population -- rural, non-farm, urban). 

(Page 17, Line 2) 

Is the beta-particle immersion dose not considered? 

(Page 17, Line 5) 

Why use indoor air concentrations for immersion dose calculations 
since the appropriate geometry for indoor air exposure is not considered 
anywhere, as far as I can see? 
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(Page 16, Equation 7) 

I found the notation in this equation confusing. I could not find 
a definition for either a ^ or f ^ . 

(Page 22, Paragraph 2) 

Population dose here ignores age and sex specific differences 
between individuals. I think this could be significantly improved. 

(Page 23, First Paragraph) 

What consideration is given to "plant physiology"? 

(Page 24, Section under Equation 15) 

I think it would be more accurate to define i as a rate of intake, 
rathej than the intake over the interval t+dt. 1 must have units of 
year" . 

(Page 26, Equation 21) 

This formulation seems to assume that the age at first reproduction 
for humans is 0, and survivorship is constant. These simplifying 
assumptions seem excessive, and unwarranted. I don't believe that 
stable age distributions are dependent on these assumptions. In any 
event, human populations are unlikely to have stable age distributions. 
What kind of bias results from making these assumptions? This also 
seems to be inconsistent with the age of reproduction used for risk 
assessment (30 years). 

(Page 28, Paragraph 1) 

Some parameters in the model, like t , appear to be constants. I 
had the impression that the model ®could be used for specific 
individuals. Perhaps wording needs to be changed to indicate what the 
"default values" are, where appropriate. 

(Page 17, Equation 8) 

There seems to be a problem with Equation 8. Why doesn't this 
equation contain an exponential term as would be expected from the 
solution of a differential equation of the form of Equation 7? Daughter 
ingrowth and decay do not seem to be considered for this calculation. 
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ANEMOS 

The following are reviewers' comments related to the CRRIS model, 
ANEMOS, (ORNL-5913). 

Technical Observations 

The ANEMOS model appears to be a fairly standard straight-line 
Gaussian plume simulation, with few embellishments. It is not apparent 
what unique feature or set of features makes this model specially 
appropriate to the subject in question (dispersion of radionuclides), in 
contrast to other models of the same genre. 

The Gaussian approach introduces problems that are common to all 
such models. The straightline extrapolation of local winds means that 
there are severe limitations on the locations of applicability. Light 
wind situations (and especially calms) cannot be handled. 

The level of funding provided to support this review did not permit 
an examination of such factors in more than a cursory fashion. I am 
interested also in how plume rise and entrainment are handled, but have 
not addressed these questions. The points listed below relate firstly 
to the matter of deposition formulation, and secondly to a couple of 
problems with the physics of the "mother" code. 

All in all, the same criticisms could be leveled at almost any 
Gaussian plume model of the same general variety as this code. I 
suspect that the generic problems of Gaussian plume approaches are also 
likely to be appropriate in this specific case. In particular, we might 
draw attention to the inability to handle light winds and calms, the 
neglect of influences of topography (mountain ranges, river valleys and 
coastlines), and the matter of plume rise as it is influenced by 
emission characteristics. It is possible that none of these matters 
will constitute a fatal flaw in the model; however I am sure that some 
observers would need to be convinced of this by a comparison against the 
output of some more sophisticated approach. In any case, the 
acceptability of the model will be determined by the applications to 
which it is put. The usual caveats and qualifications concerning the 
ranges, averaging scales, and spatial resolution of Gaussian plume 
models are certainly applicable in the present case, perhaps with the 
additional proviso that the assumptions made about wet deposition might 
cause some surprises. 

ANEMOS is certainly a very important code in assessing air 
concentrations and deposition rates for emitted nuclides. The 
mathematical models and data bases employed seem appropriate for meeting 
the stated objectives. The report is in general clear and 
understandable. 
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I will attempt to answer your eight questions. 

1) The mathematical methods described in the ANEMOS 
document appear to me to be appropriate. 

2) The models used in ANEMOS are representative of 
state-of-the-art dispersion modeling. 

3) There are no data bases Included in ANEMOS. 

4) The ANEMOS document contains sufficient technical 
description for a reader to understand what is 
supposed to be contained in the model. I am not 
sure that sufficient information is contained in 
that document for a user to prepare input data and 
run the model. Some comments were made on unclear 
descriptions. 

5) I'm not familiar with radionuclide environmental 
pathways so am unable to answer. 

6) I can not vouch for that which is included in the 
computer code. 

7) We have had difficulty in both trying to determine 
uncertainty and in trying to express it in terms 
useful to model users. 

8) It would seem to me that the system could be useful 
to us on an "as is" basis. 

Additions would make ANEMOS more useful. 

1) I would like to see a priority list of the dif-
ferent user options for different weather and 
source conditions based on existing validation 
studies. This will assist the user with limited 
time and money resources to decide what options 
to use in specific simulation studies. 

2) A figure/figures presenting an aggregated flowchart 
of ANEMOS with more details than Figure 2 will be 
very useful. The level of detail presented in Section 
7.1, pages 79-80 will be adequate. 

(Section 2.2.4.2) 

This portion of the atmospheric dispersion model is appropriate for 
use in meeting the objectives of the CRRIS project as I understand them. 
The Huber building wake correction factors defined in this section are 
state-of-the-art for Gaussian dispersion plume calculations. 
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As part of my review, X discussed with He. '. Huber the use of 
his enhanced dispersion parameters in t" S/ANEMOS context. 
Mr. Huber agreed that this application is ap, ^te. He indicated 
that although his corrections were developed in .» laboratory environment 
which approximated slightly unstable dispex&ion conditions (C), they 
were generally applicable for estimating the enhanced dispersion from 
building wake effects during all dispersion conditions. 

(Section 2.2.4.2, Paragraph 3) 

The first three sentences are somewhat confusing. One possible 
rewording is the following; Equation (9) should be applied for sources 
located within 2H, of a building and lower than 2.5H. or, in cases where 
H w < H. , a height of ^ + 1.5H (Huber, 1979). In these cases ^ should 
be replaced by H in Equation T9> because the width scale H is likely 
to be more significant w 

(Section 2.3) 

The mathematical approach selected is correct and consistent with 
CRRIS/ANEMOS objectives. 

Figure 10 needs to be a better reproduction of the same drawing 
from the Mills and Reeves (1973) references because some of the "A's" 
appear to be "delta's." 

Several of the radical signs [page 41 and Equation (24). page 42] 
are drawn incorrectly where: 1/2 \| A/»r and \| k/n are intended. 
The title on the cover of Draft ORNL-5913 is incorrect. 

ANEMOS does not consider terrain effects. A number of methods are 
available that would be compatible with the current coding and could 
improve the model significantly. Also, the ANEMOS model is not capable 
of treating flow reversal effects that often occur in valley flows. 
During the night and early morning, low level releases would be 
transported down-valley. After sunrise the flow often refers to the 
upvalley direction and transports the plume back over the source and 
contributes to the concentrations from emissions currently released. 
Terrain and valley flow reversal effects can be significant at some 
sites and can even have a substantial impact on annual average 
concentrations. 

A more thorough presentation of the theory on which the ANEMOS 
model is based would be useful. This could be added as an appendix. 

ANEMOS, which is recommended for use within 100 km of the source is 
a statistical model. RETADD-II, intended for use at distances greater 
than 100 km, is a trajectory model. Both models, according to the 
documentation, are intended for use in estimating long-term impact 
(a month or more). This being the case, it seems inappropriate to 
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calculate trajectories for estimating impact at points beyond 100 km 
when a joint frequency distribution is used for those points within 100 
km of the source. 

At 100 km do ANEMOS and RETADD-II models give similar results? 
Evidence should be provided that the results from both models are 
consistent at that distance. 

(Pages 36-42) 

The advantages of the technique used to handle area sources in the 
ANEMOS model are not apparent. Why not simply integrate over the area 
source to determine the Impact at a receptor (e.g., as in the PAL 
model)? 

(Pages 54-56) 

For wet deposition, the ANEMOS model assumes that it is raining 
constantly during stability categories C and D. These two stabilities 
account for about 60 percent of the hours in a year, and wet deposition 
is efficient at removing material from the atmosphere. At most 
locations, rain occurs during 10 percent or less of the hours in a year. 
Therefore, this will result in overestimation of deposition near the 
source and underestimation at more distant points. 

Some of the tables and figures in the ANEMOS document seem to be 
out of place; that is, they do not follow in the order presented in the 
text (see page 18 - Table 3 is listed before Figure 5 in the text but 
follows it in the page numbering). 

(Pages 24-25) 

An explanation for the selection of the Smith-Hosker values for a 
should be provided. These are based on surface roughness factors, an§ 
comparison with the a values from Turner's workbook, with which air 
pollution scientists are most familiar, would be useful. 

(Page 63 and 73) 

The approach used by ANEMOS to calculate doses from finite gamma 
plumes appears to be of very limited usefulness and yet is by the 
authors own admission " a very computer-intensive calculation". On page 
73, Section 6.2.6, the report indicates that NUMOVP, the number of 
nuclides for which gamma air dose from overhead plume will be 
calculated, is equal or less than 5. This represents very limited 
capability. 

A better approach would be to generate correction factors for 
finite versus semi-infinite plumes for various nuclides, meteorological 
conditions, and downwind distances. These correction factors could be 
read by ANEMOS from a file, thus eliminating the need to repeat finite 
gamma plume dose calculations every time the ANEMOS code is run. 
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(Pages 74, Section 6.2.8) 

The report indicates that the default number of wind speed classes 
is six, but only five values are listed for UIN. Is a value missing? 

(Page 47, Paragraph 2 and 3, and Page 48, Table 8) 

The discussion on clearance class does not fit at this location. 
It is more appropriate for an input in the dose assessment code, ANDROS. 
However, as the present system is structured, the change to the dose 
assessment section may be difficult. 

(Cover Page) 

Use sources, not resources 

(Page 8) 

It would be clearer if the nature of the dependency of 
concentration on x and t (through the sigmas) was described. 

(Page 31) 

This problem regarding the syntax error message. 

(Pages 54 and 55) 

This is a much better attempt to deal with uncertainty and validity 
than elsewhere in report, but is confusing because page 54 suggests 
about an order of magnitude uncertainty, while page 55 indicates several 
orders of magnitude 

(Page 57, bottom) 

How much less accurate is fast solution, particularly in comparison 
to other uncertainties? 

(Page 49, Equation 33) 

Decay and daughter ingrowth during downwind transport of activity 
is stated to be calculated using a matrix form of equation 33. It is 
unclear how this calculation is set up to be consistent with the 
solution to the basic differential equations for chain decay. Even if 
the assumption is made that distance is equivalent to time (constant 
windspeed), the system of equations does not have constant coefficients, 
because the effective removal rate constant for dry deposition is a 
function of time (distance). The description of the decay calculation 
scheme indicates that the method of solution requires constant 
coefficients (i.e., decay constants). The RETADD-II report describes a 
solution to the problem which involves evaluation of an effective dry 
deposition removal constant for each time increment. Is this method 
also used by ANEMOS? Does ANEMOS use one time increment or multiple 
time increments? 
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(Pages 15-20) 

The reference to the roughness length, Zq, I s somewhat confusing to 
the nonexpert who will naturally think of Zq as the actual roughness 
height, h, and will be alienated by the small numbers assigned to Zq. 

(Pages 15, Equation 6) 

I suggest that a definition of Z_ be given at page 15 instead of 
p. 43. Equation 6 applies only within the boundary layer. A provision 
in the program for an upper limit of Z_ and subsequently U_ is required 
(i.e., Z„ < A; U„ < V where A is the b.l thickness and V the free / . . ^ o o stream velocity). 

(Page 24, Line 2) 

Change "Basic Parameters" to "Basic Parameter" to be consistent: 
with the table of contents. 

(Page V and 34, Section 2.2.6.1) 

Change "Gravitational Fall" to "Gravitational Effects." 

(Page 41, Last Line) 

R and r denote the same radius. Change all "r" to "R", or better 
(although it takes more changes) change all R to r to distinguish from 
the annual rainfall which is also denoted as R on pages 56, and 117. 

(Page 52) 

The curves of Figure 11 are for stable stratification and a 
friction velocity of 50 cm/s -- seemingly almost a contradiction in 
terms. This value of the friction velocity is representative of 5 -
6 m/s winds over grassland in daytime. Even over forest, 50 cm/s is 

hard to find at night. 

(Page 53) 

A von Karman constant of 0.35 is quoted. Since I was part of the 
team that conducted the Australian (and Russian) experiments that 
succeeded in verifying that k - 0.4 (actually, 0.41 now seems better), I 
am sensitive about the acceptance of k - 0.35 on the basis of one single 
American experiment. The experimental evidence drawn from around the 
world is overwhelmingly in contradiction to 0.35. 

(Page 53) 

This page gives some recommendations regarding V,. For reactive 
gases and for nondepositing gases, the values seem about right (although 
the diurnal cycle is such that all Vd might well approach zero at night 
and hence the tabulated values are probably intended to be long-term 
averages). The value for methyl iodide seems very low. 
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(Pages 54 and 56) 

The discussion of wet deposition clearly differentiates between 
in-cloud rainout and sub-cloud washout processes, of which rainout is 
the more efficient. Yet the equations are descriptive of washout, not 
rainout. No reason is given. I suspect that the model will cause wet 
deposition to be underestimated in all areas where precipitation is 
dominated by convective processes. 

There are some earlier difficulties that I have with the model, 
that perhaps might be of interest, in addition to the problems mentioned 
concerning the deposition parameterizations. 

I am a complete disbeliever in the power law wind profile. It was 
developed as a direct result of the availability of log-log graph paper 
to those early English workers who first mounted two anemometers on the 
same tower. The power law profile was effectively disproven by Len 
Deacon in the Thetford experiments in the early 1930's. The power law 
survived only as long as workers could only afford two anemometers. As 
soon as Len erected a third anemometer, a straight line on log-log paper 
no longer worked. 

In theory, the power law profile has few redeeming features. It is 
trivial to show that at neutral the exponent at height z is related to 
the friction coefficient C^ and the von Karman constant k via q - C^/k. 
A quick bit of arithmetic shows that the exponents quoted by Irwin are 
the local slopes at some height near 50 m (for the neutral case). The 
values quoted for E and F stability appear to be computed for some 
other height. All In all, I am not a fan of this approach. The errors 
appear large, and the consequences are difficult to assess. There are 
better ways to go, so why not use them? 

I feel that the state of the science has progressed far beyond the 
A - F stability categorization schemes. I would be happier if 
objective, quantified stabilities were used, based on properties such 
as Zi/L, Z/L, Ri, etc. 

(Page 8, Top) 

y and z should also be defined here. 

(Page 8, Equation 3) 

Rewrite the equation so that the variables included in the radical 
can be seen. 

(Page 10, Middle paragraph) 

Rather than use m - 10, a value of 3 or 4 is probably quite 
sufficient. We check the sum of the four terms on each successive 
iteration and if insignificant, we drop the calculation by adding in 
these last four terms. 
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(Page 12, End of second paragraph) 

Hourly data used 16 sectors for wind direction through 1964. Since 
that time, 36 wind directions have been used. The National Climatic 
Center has used 16 sectors in preparing joint frequency distributions of 
wind direction, wind speed, and stability converting the 36 directions 
to 16 directions since 1964. This resolution should be sufficient. 

(Page 13, Definition of Q') 

Much later in the document it is revealed that the direction, 
speed, and stability frequency is incorporated in this variable. There 
should be a few words of explanation here as to the complete contents of 
Q' . 

(Page 13, 2/3 down) 

What is the "multiplication factor"? 

(Page 13, 4th line from bottom) 

States, "there will never be uniform vertical mixing..." The point 
that is being attempted to be made is not clear from the statement. 
Uniform mixing vertically through the mixing depth is quite common. 

(Page 18, Line 3) 

If ZQ not less than 0.01 m to be used implies that ANEMOS is not to 
be used over sea, sandy desert, or short grass. (Table 3) Is this the 
intent? 

(Page 18, Middle of page) 

Won't weird results occur if z- is set to 10 m when the input data 
actually are from a height lower than 10 m? 

(Page 31, 3/4 down) 

Does part of the material written here (syntax error, etc.) result 
from the word processor creating the text? 

(Page 41) 

A strange notation A/pi/2 is used twice on this page and once on 
the next page. What is meant? Should this perhaps be written as 
A/(2pl) 

(Page 43, Line above Equation 27) 

Should "u"' be "u*"'? 
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(Page 46, Line 8) 

Would be clearer if replace "size with "particle size." 

(Page 49, Equation 33) 

Need to define û , in list below this equation. 

(Page 49) 

As stated in comments related to page 13, need to hint at some of 
the material that is given on this page back on p. 13. 

(Page 57) 

Would it be clearer to replace "all sources" with "all elements"? 

(Page 70) 

Would this diagram be clearer if the boxes labeled 21 and 22 were 
changed to "Point Output File" and "Sector Output File"? 

(Page 72) 

The descriptions accompanying the following names are not clear and 
need further elaboration: HTMAX, DSKIP, CONSHT, and AVGG. 

(Page 74, UIN) 

There are five speeds given here; I thought there were six classes. 

(Page 75, Line 2) 

Is the notation in parenthesis supposed to indicate that the entire 
array is set equal to zero. 

(Page 91, Bottom) 

OUTHG1 should be with its description on the next page. 

This document describes the computer code that performs the 
atmospheric dispersion calculations much like NRC's XOQDOQ. It has many 
of the same features but superior dry and wet deposition and depletion 
routines. It also considers the effect of "capping" inversions above 
mixing zones which the NRC code does not. It makes use of the straight 
line Gaussian plume model which is adequate for reasonably level 
terrain, but inadequate for such areas as river valleys. It will handle 
finite plume gamma dose rate calculations which XOQDOQ does not. 

It is not clear whether ANEMOS will handle multiple sources or 
whether multiple runs must be made with the outputs combined by SlIMIT. 
(Section 2.5, page 45 says the latter.) 
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User input requirements are 
training is required to run code 
understand why so many options are 

extensive. Considerable study and 
and understand output. It is hard to 
incorporated in the code. 

(Pages 9-17) 

Is it possible that the size of this code and the online computer 
memory it requires (900K) is significantly affected by the "Multiple 
Operating Source" feature? If so, consideration should be given to 
limiting it to a single source per run with output to an on-line 
file(s). The combining could be (and may be) done by SUMIT. 

The summation symbols are missing in Equation 3.1. 

The "straight-line Gaussian plume" model is adequate for reasonably 
regular terrains. Locations such as river valleys (sites of some 
commercial power plants) require the use of such models as "puff 
advection." 

(Pages 13-14, Section 3.4) 

This is a good example of the burden placed on the user in 
selecting options and specifying input parameters, not to mention the 
size of the computer program. Are all the options really necessary? 
Example: Large particles and plume "titling." Large particles are not 
tolerable for significant lengths of time since they indicate a 
breakdown in the off-gas clean up system. They are not efficiently 
inspired and "fallout" near the source, principally within the exclusion 
area. 

(Page 16-17, Section 3.6) 

The user should be warned that this is a time consuming calculation 
(graphical integration). It should definitely be limited to noble gases 
by the program. One cannot help suspecting that there are "approximate" 
methods available that would prove adequate for the limited cases 
requiring them. 

I have spent a good deal more time than I wanted to on the 
documentation received from ORNL concerning the CRRIS code. In general, 
CRRIS seems to be a standard Gaussian plume model, presumably with 
additional bells and whistles to make it somehow specially appropriate 
to the concerns at issue -- the long-term dispersion of slowly-emitted 
radionuclides. I could not find a clear listing of these bells and 
whistles. Consequently, I suspect that the model shares precisely the 
same faults as its kin. It is properly applicable only in conditions 
such that straight-line transport is a respectable approximation of the 
average velocity field. This eliminates application in areas of complex 
terrain and coastal regions. It also means that the distance of 
application should be small in comparison to one day's transport. 
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I suspect that the legislative mind-set of regulatory agencies 
(especially EFA but also NRC) causes fundamental difficulties for all of 
us who are involved in model development. In essence, there is a strong 
reluctance for any regulatory agency to accept a new modeling approach, 
once an initial approach has been "blessed", even though the initial 
technique may have been put forward only as a stop-gap measure in the 
first place. The Gaussian plume methodology was developed at a time 
when direct measurements of several fundamental properties were not yet 
technologically feasible, and expressions for wind speed are probably 
not generally applicable under stable and extremely stable conditions 
because of the likelihood of multiple layers in the atmosphere, with 
very strong wind direction and speed shears. Long-term time averaging 
probably helps with these phenomena except when they occur regularly 
because of some local peculiarity (terrain effects, for example). Some 
caution seems advisable. 

Thus, it is an unfortunate reality that scientists working at the 
forefront of model development are sometimes forced to cast their 
advances in the context of obsolete philosophies and approaches. I am 
reminded that the legislation enacted in some countries in response to 
the general acceptance (in the late 1800's) of the phlogiston theory of 
disease transfer is still in place, and that modern office and home 
design must still meet the standards imposed by that theory. 
Scientists, engineers, and architects must all bastardize their own 
knowledge of their own specialties in order to satisfy the requirements 
imposed by the legal acceptance of early temporary measures imposed in 
response to an incomplete understanding of the relevant natural 
phenomena. 

In the context of the CRRIS model, I detect evidence that an 
already accepted modeling approach has been adapted to address a new 
problem, rather than starting with a new methodology that might be more 
appropriate. There may be few significant differences between the 
outputs of the old and new approaches in this particular application, 
but we must expect that this will need to be demonstrated to those who 
criticize the basic foundations of the straightline dispersion 
methodology and question its applicability to areas in which 
radionuclides emissions are likely. 

Scientific credibility and the defensibility of the scientific 
product are at stake. Those who developed CRRIS are in danger of 
needing to support an approach which is very easy to criticize now that 
new generations of measurement techniques are in use and the resulting 
data are widely known. I would not enjoy being in this situation. 

First, I cannot endorse the continued use of the outmoded equation 
for final rise of buoyant plumes in A-D condition from the 1970 Clean 
Air Congress (Briggs, 1971). This is adopted with some modification in 
the ANEMOS document as Eqs. 13-15. However, these equations increase 
the final by including a momentum term that did not appear in the 
1970 recommendations for final, buoyant plume rise; this increase can 
range up to +26%. The 1970 paper gave Eq. 13 with the possibility of 
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both F > 0 and F > 0 in the rising stage, but for final rise either F 
or F was neglected, whichever was the weakest term, as there is no 
experimental proof that the terms combine in this case. 

Beginning around 1970, very substantial advances were made in the 
understanding of atmospheric boundary layer turbulence; much of this 
improved understanding was applied to final rise predictions for A-D 
conditions in Briggs (1975) and (1984). These are the most important 
changes from the 1970 model. The 1975 paper is referenced here, but it 
is not used in any significant way. To reference it in the context of 
p. 29 implies the use of a more advanced state-of-the-art than the 
ANEMOS code actually uses. 

My present recommendations for final use of buoyant plumes are 
derived from the 1975 and 1984 papers and are set in their simplest 
forms in a memo to D. B. Turner dated April 1983 (see Appendix A). Very 
briefly, two equations are needed for A-D stability conditions. For A-C 
conditions (mutable), the most elementary form of the equation is 
Ah - 30(F/u) (inks units). However, because this assumes a standard 
value of the surface heat flux (responsible for the ambient turbulence 
which limits plume rise), for mid-latitude applications it can be 
improved by making seasonal adjustments of +30% (winter) and -30% 
(summer. 

For D conditions (neutral), the simplest equatio^ 3^ a t2/§ a n ^e 
recommended, provided that H > 0, is Ah - 30(F/u ) ' H ' (any 
consistent units). Use of u at the source height, rather than at the 
plume height, actually improves the fit of this equation to the more 
exact formula. Because ambient turbulence and plume rise in D 
conditions is affected by surface roughness, Ah could be 30% higher than 
that given by the above equation in open countryside with low or little 
vegetation, and it could be 30% lower in very rough areas (urban and 
forested). The 1970 equation assumed that Ah is proportional to u~ for 
both neutral and unstable conditions. This is too much an 
oversimplification, and is particularly apt to lead to the 
underestimating of surface concentration for H < 100m sources and high 
wind speeds. With moderate wind speeds, it is apt to overestimate 
concentration (see Table 2 of Appendix A). 

Another issue is whether capping effects should be included for the 
unstable cases. Above the mixing depth, z., the air is stable, 
regardless of the stability at source height. z. exceeds the source 
height, H, by only 0 to 300m, a buoyant plume may Be able to escape the 
mixing layer by penetrating the stable capping layer, depending on F, u, 
and the strength of the stable capping; methods for calculating the 
degree of penetration were give in Briggs (1975) and (1984). More 
often, z^ exceeds H enough that no significant penetration occurs; in 
such cases, lidar observations have shown that Ah does not exceed 
0.62(z,-H), as the plume top "bumps" against z. (Briggs, 1984). 
However, there are other significant buoyancy effects on dispersion when 
"bumping" occurs. 
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The residual buoyancy of the plume causes increased lateral spread, 
like that of hot smoke on a ceiling, and delays downward diffusion 
(Briggs 1985). These effects can be modeled in terms of F, u, z^, and 
the convective scaling velocity, w . These phenomena require more 
complex modeling than the conventional two-step approach, h - H + Ah 
followed by passive diffusion. Ironically, models which ignore z. 
altogether may do better in this case than those which include capping 
at z^ but Ignore the residual buoyancy effects. Therefore you should 
evaluate whether this likely to be an important case in present 
applications or not (for long-term dose calculations, I think not). If 
not, then you may not want to add the modeling complexity that proper 
solution of these cases demand. 

It is also within the prereogative of ANEMOS authors to stay with 
the cruder 1970 equations for final, buoyant plume rise, if Ah is not a 
critical consideration in the overall model. If this path is chose, the 
following comments apply to the ANEMOS document: 

(Page 29, Section 2.2.5.1, Line 3) 

Cross out 1975. None of the 96 equations from this paper are used, 
except for those essentially similar to those in the 1971 references. 

(Page 30, Equation 11a) 

I calculate transitions at F - 0.07216 x4/3 and 0.01395 x5//3, in 
which case the numbers should be rounded to 0.072 and 0.014. The 
numbers should be checked. 

(Page 30, Equations 13-15) 
st As mentioned in the first paragraph of this review, when x'-3.5 x , 

these equations can give up to 26% larger A^ than recommended in Briggs 
(1971) unless F is set - 0 in this case, m 
(Page 31, Equation 16) 

The "1/3" exponent applies to the whole right side rather than to 
the cosing argument. Alternatively, cross it out and change the left 
side to Ah . The (i, in the F term is not consistent with Eq. 13, where 
it was fi 1 m 

(Page 31, Equation 17a) 

The correct definition of S is: 

S - <g/tfa) dea/3Z 

—(g/T ) (dT/dz) + 0.98°C/100 m. 
a a 

This differs from Eq. 17a by the factor T /6 ~(p/1000mb)°*14, which is 
not significant at low altitudes. a 
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(Page 32, Top Line) 

This is true for /3, in Eq. 13, but not for in Eq. 16 (which 
really should be p.). I believe that Hoult and Weil (1972) are the ones 
who suggested thatJ/0j - 0.6. 

(Page 32, Lines 3-5) 

This statement is too broad. Eq. 13 has been validated for both 
buoyant and nonbuoyant plumes (although only laboratory data are ade-
quate for validation for nonbuoyant plumes). I would say instead that 
"Eq. 16 is a theoretical formulation with partial experimental valida-
tion; however, for nonbuoyant plumes there are no appropriate data 
available for validation." 

(Page 7, Paragraph 1) 

Gaussian plume models are not "state of the art", as I ara sure the 
authors realize. The last sentence in the paragraph is a poor justifi-
cation. It suggest their use is acceptable only when the environmental 
effect is minor. 

(Page 8, Last Paragraph) 

The use of a reflecting solid lid is unrealistic and will contri-
bute to overly large surface concentrations, particularly at long dis-
tances frm the source and convective conditions. 

There is precedent for assuming multiple reflections from the mix-
ing layer and the ground, but it appears to lend legitimacy to a neces-
sary evil, I.e., the errors introduced by the first 2 reflections will 
not be alleviated by adding additional ones. 

(Pages 15, Paragraph 3) 

The power law profile is not as rigorous as say similarity scaling 
but is probably OK for applied models. 

(Page 31, Equation 17a) 

What does "syntax error..." mean? 

(Page 32, Last Paragraph) 

...Equation (18) should not be. . . 

(Page 45, Second Paragraph) 

Why justify how TERRA models resuspension? The report is about the 
ANEMOS model. 
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(Page 50, Section 2.6.1) 

It would be useful if ANEMOS could calculate the deposition 
velocity given particle size, density, composition, etc. Many users 
would appreciate default values. 

(Page 65, Section 5.1) 

A comparison of this model with data would establish confidence in 
the overall code quality. The authors' discussion of the accuracy of 
Gaussian models in general does not necessarily describe how ell their 
model will perform. A comparison of the model with data and/or other 
model results should be a part of the document. 

(Page 67, Section 5.2) 

See the comment regarding Section 5.1 

(Pages 68-88) 

The description of the computer code is good as far at it goes. 
Important questions such as: Is the code clearly and logically written? 
Has sufficient care been exercised to minimize programming errors? Is 
is modifiable? 

(Page 95, First paragraph) 

ANEMOS does not break new ground with respect to diffusion 
meterology. Nevertheless, it could still find many applications, 
provided the nuclear safety community was convinced of its reliability. 
It is this area that could have benefited from additional tests. 

(Page 59, Last Paragraph) 

How do these calculations compare with Regulatory Guide 1.111 under 
various stability categories as function of distance? 

(Page 60, Equation 47) 
w Are values of A available with this report? 

(Page 66, footnote) 

How are the "extremes of a log-uniform probability distribution" 
used to obtain the variance? 

The basic dispersion model is fairly routine and non-controversial. 
The text does not list the mean wind speeds used as default values for 
the various speed classes in the discussion of these; one has to go all 
the way to page 74 to find them. This seems needlessly obscure. 
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The model uses the P-G "category F" wind speed power-law exponent 
in "category G" as well. It should be made clear that power-law 
expressions for wind speed are probably not generally applicable under 
stable and extremely stable conditions because of the likelihood of 
multiple layers in the atmosphere, with very strong wind direction and 
speed shears. Long-term time averaging probably helps with these 
phenomena except when they occur regularly because of some local 
peculiarity (terrain effects, for example). Some caution seems 
advisable. 

Briggs has undoubtedly thoroughly reviewed the plume rise 
expressions, and I will not attempt this. However, I wish to point out 
some extra text on page 31, immediately before Equation 17a. Also, 
Equation 17a has a typographical error; temperature should be in the 
denominator. This entire section would benefit from some brief 
discussion of the conditions and restrictions appropriate to the various 
equations. 

Stack tip downwash is apparently used only when building wake 
effects are not included, allegedly because downwash is implicitly 
included in the building wake calculation. I am not sure this is 
correct. If I recall correctly, Huber and Snyder's wind tunnel work 
underlying their building wake model did not deal with a range of 
effluent exhaust speed to wind speed ratios. Further-more, stack tip 
downwash is a very local effect. It is another form of wake-induced 
perturbation, in that the plume is drawn down into the wake of the stack 
if the plume's exit momentum is too low. It seems to me that it may 
always occur, although it may be difficult to calculate because the wind 
speed at the stack tip is often poorly known. I will listen to contrary 
opinions on this point. Anyway, this may be a fairly small effect 
compared to the serious vortex-induced downwash that can occur on the 
roof and in the lee of a building when the wind approaches at an angle; 
ANEMOS does not even deal with this case, so an extended discussion of 
stack tip downwash is probably unwarranted. 

Terrain effects seem to be treated by subtracting one-half the 
maximum terrain height between the source and receptor from the 
effective stack height, subject to the requirement that the result must 
be greater than or equal to zero. What happens if the terrain is more 
than twice as high as the effective stack height? Presumably ANEMOS is 
not an appropriate model for such cases; a plume Impaction model is 
needed instead. 

(Page 43) 

The reference to Sehmel and Hodgson (1980) is not very appropriate 
for Equation 25; any standard text on micrometeorology will give this 
expression. The use of 0.35 for the von Karman constant remains 
contraversial; 0.4 might be preferable, and is adequately accurate in 
this section, considering the other uncertainties. 
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In the first full paragraph the statement about "relations similar 
to Equation 25" seems to imply that the stability-dependent results were 
derived specifically for use in ANEMOS by Businger et al.; they were 
not. 

In the discussion of saltation preceding Equation 27, the term u' 
should be u'*. 

(Page 44) 

Equation 29 is superfluous. 

In Equation 30, K should be k. 

The section on source term modifications also has a few 
questionable areas: 

(Page 51) 

The discussion of the method for estimating V , and V for particles 
is far too terse, especially since the reference tor the®procedure is a 
"personal communication" not available to the reader. 

(Page 53) 0 

With regard to the discussion of the dry deposition of gases, it 
should be noted that this is a topic of considerable ongoing research. 
While good values for V a r e difficult to obtain for more than a few 
chemical species and receptor surfaces, it has become clear that the 
values depend on the type and extent of surface cover, surface wetness, 
gas reactivity and solubility, and a host of other factors. The few 
values for V d suggested in ANEMOS (borrowed from AIRDOS-EPA) do span the 
likely range, but don't offer much explicit help to the unwary user. 

(Page 55) 

Dennison's name is misspelled. 

Heffter et al. (1975) and Draxler (1976) used Equation 37 long 
before Hosker's review article appeared. 

(Page 55) 

ANEMOS assumes that the default value of the wetted plume thickness 
is the "lid height"; is this term equal to the mixing layer depth 
discussed earlier in the text and shown in Figure 3? 

(Page 56) 

The method used in Equation 38 to calculate precipitation rate 
distributes the rain evenly over the entire year's quota of near-neutral 
and neutral conditions. This produces low values of J_ that occur over 
a relatively large fraction of the year. Actually, precipitation 
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occurs in episodes. Can the authors demonstrate that their 
computationally simple method is equivalent in the amount of material 
scavenged to the more complicated but physically realistic method of 
summing over all rain events using actual precipitation rates? 

(Page 57) 

Evaluation of the dry deposition depleting integral is discussed 
here. ANEMOS offers user options for Simpson's rule and for a faster 
but less accurate approximate method. ^It should 2 n o t e d that the 
integrand involves the product of a~ and exp(-h /2a ); because a (x) 
goes to zero as x does, the integrand may be very sharply peaked close 
to the origin. My own experience with dry deposition depletion 
integrations suggests that a very careful (fine mesh) numerical 
evaluation is necessary near the origin, and that a non-zero lower bound 
on a (perhaps related to the initial plume diameter at the stack) may 
alsoZbe a good idea. It is not clear whether either or both integration 
options in ANEMOS treat this problem. 

(Pages 65-67) 

The discussion of ANEMOS accuracy seems adequate as far as it goes. 
In particular, I agree with the authors' reluctance to ascribe any 
particular accuracy to the dry deposition calculations; there is simply 
too much uncertainty in the science at the present time. Can the 
authors say anything about wet deposition modeling accuracy for this 
long-time-average approach? Also, a comment about the usual difficulty 
of accurately specifying source terms might be appropriate, although it 
may be easier to do this for radionuclides than for simple chemical 
releases such as combustion products. 

(Page 28, Section 2.2.4.2) 

In estimating wake effects, the method of Huber and Snyder (1976) 
and Huber (1979) is used, in ANEMOS, this model adjusts the vertical 
diffusivity (the sector-averaging removes the crosswind diffusivity) 
according to the size of the obstructing building for receptors within 
about 10 building heights of the structure, and uses a diffusivity 
appropriate to an equivalent virtual source further downwind. Some 
restrictions and modifications apply under certain circumstances, and 
these are adequately described in the ANEMOS documentation. 

Several things should be kept in mind about this model, and indeed 
about the entire difficult problem of accounting for building wake 
influences on dispersion: 

First of all, the most practical problems will be associated with a 
group of buildings, rather than a single isolated structure. A large 
number of models have been suggested in the literature for estimating 
concentrations in the intermediate and far wakes of buildings; none of 
these distinguishes between a single building and a building complex. 
In particular, the effects of jetting of flow between neighboring 
structures and of the organized vortices in their wakes are presumed 
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to have dissipated at distances beyond a few building heights downwind. 
This premise may be valid in many cases, but building arrays that 
produce very strong jetting, or vortex wakes, or that contain a few very 
large structures may violate the assumption. The models cannot be 
legitimately applied in such cases. 

The practical question arises of what to use for the effective 
height and width of a building complex. The height and width of the 
crosswind-projected area of the complex have been suggested, but because 
of the complicated flows around and through the complex, a convincing 
answer cannot be given. This makes such wake models difficult to apply 
with any degree of confidence; the ANEMOS scheme is no better or worse 
than any other in this regard. However, a few words of warning to the 
user should probably be inserted in the text. 

At least one fairly extensive test (Fackrell, 1984) of the 
commonly-used Gaussian-based wake concentration models against 
laboratory and field data revealed no "best" model. The wake 
concentrations seem to depend more strongly on building geometry than 
these simple models would predict. Fackrell's study suggests that a 
slightly simpler diffusivity adjustment due to Ferrara and Cagnetti 
(1980) works well for ground level releases when the wind approaches at 
right angles to the building or cluster. A slightly more conservative 
(predictions higher than observed) result is obtained with Barker's 
(1982) virtual source model, which, by the way, has recently been 
recommended (Jones 1983) for routine radiological releases estimates in 
the U.K. For elevated releases, models (such as the Huber-Snyder model, 
as well as others) that can account for the effective source height at 
least show the correct trends in concentration with changes in building 
geometry, even though the predictions may err for very wide or very 
narrow buildings. None of the models tested by Fackrell attempts to 
predict the dependency of wake concentration patterns on incident wind 
direction, even though significant increases in the ground level 
concentration may occur because of enhanced downwash when the wind 
approaches at an angle to the building. The simplest conservative way 
to account for the effects of wind at an angle to a building is to 
assume that a rooftop or stack source is actually located at ground 
level behind the building, regardless of the wind angle. 

Fackrell (1984) and others have pointed out the great scatter in 
field measurements of wake concentrations. The scatter can be as much 
as two orders of magnitude, even under nominally identical wind 
directions and stability conditions. The reasons for this scatter are 
not clear, but they may be related to phenomena such as slight shifts in 
plume transport relative to discrete sampler locations, as well as the 
normal variability of atmospheric conditions within a specified class. 

The above discussion is meant simply to indicate that the effects 
of building wakes on pollutant concentrations can be quite complex, and 
that no present-day models can provide adequate predictions in all 
cases. The uncertainty associated with such predictions must be assumed 
to be rather large. In particular, certain wind directions may give 
rise to much higher concentrations than others. The model used in 
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ANEMOS cannot cope with these complexities--but neither can any other. 
The Huber-Snyder method has its good points, but the user of ANEMOS 
should also be aware of its substantial short-comings. These should be 
described in the text; presently, they are not. 

(Pages 36-42) 

The method for dealing with area sources follows Raridon et al. 
(1984) in mapping the real source on to an equivalent area shaped for 
use with the polar coordinates appropriate to wind rose-based 
calculations. Unfortunately, while the transformations shown in ANEMOS 
are demonstrably mathematically consistent, the reader is never given a 
clue as to the rationale behind them. The casual reference to earlier 
ORNL reports is not a satisfactory substitute. This section could 
usefully be rewritten following Raridon et al. (pages 4-9). 
Incidentally, there appears to be no reason to designate the subtended 
angle of the equivalent area source by AT; the angle is not an 
increment, nor is it necessarily small. The delta prefix should be 
dropped for clarity. 

(Page 49, Equation 33) 

It is stated that radioactive decay and daughter ingrowth during 
downwind transport are calculated using a matrix form of Equation 33. 
It is not clear how this calculation is set up to be consistent with the 
solution to the basic differential equations for radioactive chain 
decay. Even if the assumption is made that distance is equivalent to 
time (for a constant windspeed), the system of equations does not have 
constant coefficients, because the effective removal rate constant for 
dry deposition is a function of time (distance). The description of the 
decay calculation scheme indicates that the method of solution requires 
constant coefficients (i.e., decay constants). The RETADD-II report 
describes a solution to the problem that involves evaluation of an 
effective dry deposition removal constant for each time increment. Is 
this method also used by ANEMOS? Does ANEMOS use one-time increment or 
multiple-time increments? Further explanation is needed. 

I have reviewed the ANEMOS document. Comments are on separate 
sheets. From the listing of the test run, there appear to be some 
problems with the code since there are 5 occurrences of underflow and 
complaints concerning RELS during, what appears to be, the compilation. 
Information on running time is desirable. 



54 

MLSOIL AND DFSOIL 

The following are reviewers' comments related to the CRRIS models, 
MLSOIL and DFSOIL, (ORNL-5974): 

These two programs in combination compute the dose rate, one meter 
above the ground from radioactive material that is deposited thereon and 
migrated into the soil. A good summary is provided in the paragraph 
starting in the middle of page 4. 

The "leaching coefficients" (transfer rates) are estimated by eq. 
2.2 (page 9) from soil/water "distribution coefficients" which are 
available for far more elements than are transfer rates. See the first 
paragraph on page 10. More comparisons of this type should be done. 
Agreement in Table 2.1 is not very impressive. Values of K-d used are 
presented in Table 3.3. (page 32) but no reference is given. No doubt 
they are from reference 1 (page 47). This is probably as reasonable an 
approach as can be devised for a large number of elements, but caution 
is in order per ORNL-5786, (SITE data base) Section 2.4.1. 

The model used by MLSOIL for the transport of radionuclides in the 
soil does not take into account any upward movement of the nuclides. 
Our measurements of the activity of naturally occurring radionuclides 
such as Pb-214, Ac-228 and Th-232 seem to indicate that these are 
distributed more or less uniformly in the soil. This would be the case 
lf upward transport mechanisms existed, which is almost certainly true. 
The action of worms and plants, especially in the upper soil layers, 
would seem to be important. A comparison of calculated activities and 
measured activities at the same site would be helpful in assessing the 
validity of a model which ignores all possibility of upward transport. 

The upper compartment in the MLSOIL model is the soil layer from 
0-1 cm. At forest sites this layer will be mostly litter and humus, 
that is mostly organic matter whose density will be much lower than that 
of the underlying soil. Use of the default soil density 1.35 g/cm will 
be inaccurate at these locations. Table 2.1, a comparison of measured 
and computed leaching coefficients for plutonium shows remarkable 
disagreement. The best agreement between measured and computed values 
is to within an order of magnitude. Some comment on the sensitivity of 
the computed effective ground surface concentration to the values of the 
input parameters perhaps would be helpful. 

We question the extensive degree of effort which has been made 
regarding modeling of direct radiation doses from ground contamination. 
For the nuclear power plant industry, dose due to direct radiation from 
ground contamination is almost always at least an order of magnitude 
lower than projected doses from other, more critical ingestion and 
inhalation pathways. 
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(Page 7, Paragraph 1, Line 8) 

I t i s s t a t e d t h a t i n modeling r a d i o n u c l i d e t r a n s p o r t i n s o i l , " t h e r e i s 
no upward t r a n s f e r . " What about p r o d u c t i o n Rn-222 from Ra-226 which has 
d e p o s i t e d onto the ground o r l eached i n t o s o i l ? Rn-222 so produced would 
d i f f u s e upward and ou t of the ground, s u b j e c t i n g i n d i v i d u a l s to i n h a l a t i o n 
exposure and enhanced d i r e c t r a d i a t i o n . An example of such a pathway might 
be Ra-226 r e l e a s e d from c o a l p l a n t s t a c k s . 

(Page 11, Table 2 .1 ) 

The agreement between measured and computed plutonium l e a c h i n g 
c o e f f i c i e n t s appear s t o be r a t h e r poor . Were no measured d a t a a v a i l a b l e 
below 30 cm? 

Why i s n ' t t he a v a i l a b l e da t a used i n t h e model, g iven the a p p a r e n t e r r o r 
i n t h e computed l each c o e f f i c i e n t ? 

Appendix H and E r r a t a 

What i s t h e e x p l a n a t i o n f o r t he d i f f e r e n c e s i n dose conve r s ion f a c t o r s 
g iven i n Appendix H and i n the E r r a t a d a t e d November 6, 1985? Values i n the 
E r r a t a appear t o peak f o r Layers 1 - 2 , whereas v a l u e s i n Appendix H g e n e r a l l y 
i n c r e a s e w i t h i n c r e a s i n g l a y e r number. 

(Pages 35-38) 

I t would appear t h a t t h i s code cou ld a l s o be used f o r c a l c u l a t i n g 
the r o o t zone c o n c e n t r a t i o n i n u n d i s t u r b e d s o i l ( o r cha rd c r o p s , some 
commercial g r a z i n g l a n d , a l l game animal g r a z i n g l a n d ) . 

(Page 36, S e c t i o n 7 . 2 ) 

I t ' s i n t e r e s t i n g they do not mention 1 -129 , b u t l e t ' s no t r a i s e 
t h a t r ed f l a g . 

(Page 37, F i g u r e 7 .1) 

I t ' s h a r d to b e l i e v e t h a t r a d i o n u c l i d e s below 15 cm of s o i l cou ld 
c o n t r i b u t e much to the s u r f a c e dose r a t e . Are the bottom two zones 
r e a l l y n e c e s s a r y ? 

Except f o r p o s t o p e r a t i n g p e r i o d s , t he s o i l pathway c o n t r i b u t e s 
l i t t l e t o t h e t o t a l dose to man. 
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PRIMUS 

The f o l l o w i n g a r e r e v i e w e r s ' comments r e l a t e d t o t h e CRRIS model, 
PRIMUS, (ORNL-5912): 

This program c o n s t r u c t s a decay c h a i n d a t a l i b r a r y f o r use by the 
o t h e r programs i n CRRIS. The mathemat ics i nvo lved i s " t ex tbook" b u t 
complex and n e a r l y imposs ib l e t o check manua l ly . H o p e f u l l y the 
i n p u t / o u t p u t of PRIMUS has been checked a g a i n s t o t h e r s i m i l a r codes . 

Has c o n s i d e r a t i o n been g iven to i d e n t i f y i n g a n d / o r e l i m i n a t i n g 
daugh t e r p r o d u c t s a n d / o r decay cha in s which c o n t r i b u t e l i t t l e t o t h e 
f i n a l dose e s t i m a t e s ? The complex i ty which t h e s e decay c h a i n s impose on 
subsequen t c a l c u l a t i o n s i s q u i t e s i g n i f i c a n t . 

The p r e s e n t a t i o n i n c h a p t e r 1 of t h e r e l a t i o n s h i p of PRIMUS t o t h e 
o t h e r modules c o n f u s e d me. On page 1 i t i s s t a t e d t h a t "PRIMUS.. . is 
n e e d e d . . . b y a l l . . . e x c e p t RETADD-II and DFSOIL." However, t h e c h a r t on 
page 2 shows an arrow i n t o RETADD-II from PRIMUS. Page 4 says t h a t 
ANEMOS can a l s o produce the decay m a t r i c e s and t h a t i f RETADD-II i s run 
r a t h e r t han ANEMOS then PRIMUS must be r u n . Th i s i m p l i e s t h a t ANEMOS, 
r a t h e r t h a n RETADD-II h a s PRIMUS c a p a b i l i t i e s . 

(Pages 7 and 10) 

There a r e two s e p a r a t e v e c t o r s g iven t h e symbol S i n t h i s w r i t e - u p 
( d e p o s i t i o n r a t e s , page 7, and sou rce v e c t o r , page 1 0 ) . 

(Page 7, Equa t ion 2) 

The s i g n of S i n e q u a t i o n 2, page 7 seems t o be wrong. I f S i s a 
d e p o s i t i o n r a t e ( p o s i t i v e i f s t u f f goes from a i r t o ground) t h e n t h e 
s i g n i n e q u a t i o n 2 shou ld be a minus. 

(Chap te r 4) 

The q u e s t i o n of e x a c t l y where a re t h e d e p o s i t i o n r a t e s e n t e r e d and 
where t h e coup led d i f f e r e n t i a l e q u a t i o n s s o l v e d i s n o t p r e s e n t e d c l e a r l y 
i n t h i s w r i t e - u p . One must i n t e r p r e t i n t e r n a l e v i d e n c e . There i s no 
p r o v i s i o n i n t h e r u n i n p u t ( c h a p t e r 4) f o r d e p o s i t i o n . The o u t p u t 
r e c o r d seems t o have space a l l o c a t e d f o r i t ( c h a p t e r 5 . 3 , v a r i a b l e s DRY 
and WET) which I guess a r e f i l l e d a t t he a p p r o p r i a t e t imes by o t h e r 
modules . 

(Chap te r 2 . 3 ) 

Chapte r 2 . 3 d i s c u s s e s t h e decay c a l c u l a t i o n s . The d e p o s i t i o n r a t e 
( I n c l u d i n g r e s u s p e n s i o n o r n e g a t i v e d e p o s i t i o n ) i s n o t i n c l u d e d . PRIMUS 
does n o t a c t u a l l y do t h e decay c a l c u l a t i o n s , and i n f a c t canno t because 
t h e s o l u t i o n of t h e d i f f e r e n t i a l e q u a t i o n s depends upon p a r a m e t e r s 
( d e p o s i t i o n ) which a r e t h e p r o v i n c e of o t h e r modules and v a r i e s among 
and w i t h i n them. I t s h o u l d be c l e a r l y s t a t e d t h a t PRIMUS p a s s e s a l o n g 
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only the decay r a t e and b r anch ing f r a c t i o n c o e f f i c i e n t s i n t h e 
d i f f e r e n t i a l e q u a t i o n s . A d e s c r i p t i o n of how they a r e so lved l a t e r i s 
however a p p r o p r i a t e i n t he PRIMUS w r i t e - u p i f a common p rocedure i s used 
by a l l o t h e r modules. 

As a f i n a l remark on d e p o s i t i o n r a t e s , a r e n ' t t h e s e u s u a l l y of a 
f u n c t i o n a l form more l i k e decay than c o n s t a n t . I n o t h e r words, S-kQ 
r a t h e r than S - C o n s t a n t . This changes t h e d i f f e r e n t i a l e q u a t i o n s 
s i g n i f i c a n t l y . 

(Page 7, Equa t ion 1) 

Equa t ion 1 i s n o t i n t u i t i v e l y obv ious . In f a c t , a t f i r s t b l u s h , 
one would t h i n k t h a t t he f i r s t A. shou ld be A. . The d e r i v a t i o n of i 1 
e q u a t i o n 1 i s t r i v i a l and can be p r e s e n t e d i n two J l i n e s . Most u s e r s 
would b e n e f i t from u n d e r s t a n d i n g i t . This i s f i r s t done by e x p r e s s i n g 
t h e b a l a n c e e q u a t i o n i n terms of N, t h e number of n u c l e i , r a t h e r t han Q 
and then do ing the s u b s t i t u t i o n Q^ - K N^ A^. (K i s a u n i t dependent 
c o n s t a n t which w i l l c a n c e l o u t . ) I n t h i s c o n t e x t , s e e a l s o CHAIN6, page 
16. 

(Page 10) 

The r a t i o n a l f o r t h e i n e q u a l i t i e s on page 10 shou ld be e x p l a i n e d t o 
t h e u s e r . A l so , h<j>w does one a r r i v e a t t h e numbers 17.329 and 2000? 
The former i s second ? 

(Page 13, Equa t ion 21) 
At 

What does e mean when A i s a ma t r ix? I t ' s m a t r i x e lements shou ld 
be s p e c i f i e d f o r t h e r e a d e r . 

The a lphanumer ic i n p u t f i l e shou ld have been i n c l u d e d a s an 
append ix . 

The t r a n s i t i o n f rom e q u a t i o n 15 t o e q u a t i o n 16 could use some 
e x p l a n a t i o n . ' Or, Lee (1976) cou ld by i nc luded as an appendix ( i t l ooks 
l i k e i t i s an u n o b t a i n a b l e document) . 

O v e r a l l PRIMUS appea r s to be an e f f i c i e n t and l o g i c a l method f o r 
accompl i sh ing i t s s t a t e d t a s k . 

I would s u g g e s t t h a t one review pane l look f u r t h e r i n t o t h e 
s u b j e c t s l i s t e d below: 

(1) Could KTRUNC, EXPSYM, and the removal of v e r y 
s h o r t - l i v e d n u c l i d e s have t h e e f f e c t of 
e l i m i n a t i n g s i g n i f i c a n t n u c l i d e s from c o n s i d e r a -
t i o n by the assessment modules? 

(2) What i s t h e p rope r form of t h e d e p o s i t i o n 
S - v e c t o r , kQ o r c o n s t a n t ? 
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(3) Alphanumeric i n p u t f i l e and code v a l i d a t i o n 
s u i t e s shou ld be des igned and implemented. 

(4) I n s t r u c t i o n s , methods, and d i s p l a y s s h o u l d by 
p rov ided t o t h e u s e r which minimize t h e 
p o s s i b i l i t y of o p e r a t i o n wi th un in t ended 
i n p u t d a t a . The absence of an ABEND on ly 
means t h a t t h e program r a n , no t t h a t i t i s c o r r e c t . 

(Page 37) 

The sample c a s e s a r e no t u s e f u l i n f o l l o w i n g t h e p r o c e d u r e . 

T e s t c a l c u l a t i o n s p r o v i d e d by ORNL were pe r fo rmed u s i n g the PRIMUS 
and DIG programs. PRIMUS s e t s up the decay d a t a and DIG pe r fo rms t h e 
decay c a l c u l a t i o n . The c a l c u l a t e d r e s u l t s a g r e e w i t h c a l c u l a t i o n s 
pe r fo rmed u s i n g s t a n d a r d decay and daughter ingrowth programs used a t 
PNL. Minor d i f f e r e n c e s appear t o be due to s l i g h t l y d i f f e r e n t v a l u e s 
used f o r r a d i o l o g i c a l h a l f - l i v e s f o r some of t h e r a d i o n u c l i d e s . The 
CRRIS a p p e a r s t o hand l e r a d i o a c t i v e decay and d a u g h t e r ingrowth 
p r o p e r l y . 

(Page 1, Paragraph 2, Line 8) 

The r e f e r e n c e to 80 km i s n o t c o n s i s t e n t w i t h t h e v a l u e s of 50 and 
100 km ment ioned e l s e w h e r e . 

(Page 10, I tems 1 and 2) 

The u n i t s f o r A^ and A^ a r e n o t s p e c i f i e d . 

I found pages 5 and 6 to be f a i r l y opaque. 

(Page 8, Equa t ion 3) 

There seems to be a d i s c r e p a n c y between t h i s e q u a t i o n and t h e 
e x p r e s s i o n f o r a . , g iven on page 6 of An I n t r o d u c t i o n t o CRRIS (0RNL-
TM-8573). 

(Page 10, top of page) 

The u n i t s of A. a r e n o t d e f i n e d h e r e . 
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RETADD-II 

The f o l l o w i n g a r e r e v i e w e r s ' comments r e l a t e d t o the CRRIS model, 
RETADD-II, (ORNL/CSD-99): 

RETADD-II seems t o be an adequate model f o r t he s t a t e d purpose of 
" c a l c u l a t i n g long- t e rm averages ( i . e . , a month or l o n g e r ) " (p . 3, 
p a r a g r a p h 3 ) . The s t a t e - o f - t h e - a r t i n Lagrangian l o n g - r a n g e t r a n s p o r t , 
d i s p e r s i o n , and d e p o s i t i o n modeling has changed c o n s i d e r a b l y from what 
i s p r e s e n t e d h e r e ( e . g . , t h e changes i n c l u d e v a r i a b l e mixing l a y e r s , 
d i u r n a l v a r i a t i o n s i n v e r t i c a l m e t e o r o l o g i c a l p r o f i l e s , and m u l t i p l e 
l e v e l s or l a y e r s t o d e f i n e v e r t i c a l wind s h e a r s ) . However, t h e r e s u l t s 
of i n c o r p o r a t i n g t h e s e concep t s i n t o t h e model f o r t h e a v e r a g i n g t imes 
a p p r o p r i a t e t o t h e s t a t e d o b j e c t i v e s have , a s y e t , t o be s t u d i e d . This 
i s n o t t o say t h a t a r e e v a l u a t i o n of t he model i s u n n e c e s s a r y ; t h e newer 
concep t s p r e s e n t more r e a l i s m and an e f f o r t shou ld be made t o t e s t them 
w i t h compara t ive s e n s i t i v i t y s t u d i e s to de te rmine i f t h e model should be 
u p d a t e d . 

Although i t i s no t so s t a t e d , i t would appear t h a t one of the 
o b j e c t i v e s of the RETADD-II r e p o r t i s t h a t i t would s e rve as a u s e r ' s 
g u i d e . I f t h i s i s no t the i n t e n t i o n , t hen a s e p a r a t e u s e r ' s guide 
shou ld be p r o v i d e d . To f a c i l i t a t e i t s a p p l i c a t i o n as a u s e r ' s gu ide , 
more use shou ld be made of t a b l e s and f low d iagrams . For example, the 
i n s t r u c t i o n s f o r da t a i n p u t (pages 18 and 19) would be e a s i e r t o use i f 
t h e y were p r o v i d e d i n t a b l e f o r m a t . Documentation shou ld be provided 
f o r one o r more t e s t c a s e s . This should i n c l u d e c o p i e s of b o t h inpu t 
and o u t p u t f i l e s . In a d d i t i o n , t he source code should be p rov ided as an 
append ix . Guidance shou ld be p rov ided on CPU and s t o r a g e r equ i r emen t s 
t o f a c i l i t a t e comparison w i th o t h e r models . 

S ince RETADD-II i s a t r a j e c t o r y model, a d e m o n s t r a t i o n t h a t the 
model w i l l r ep roduce s t r a i g h t - l i n e model r e s u l t s when t h e n e c e s s a r y 
s t e a d y - s t a t e assumpt ions a r e made shou ld be p r o v i d e d . 

RETADD-II e s t i m a t e s t h e t r a j e c t o r i e s of r e l e a s e s u s i n g upper a i r 
wind d a t a . Except f o r f o s s i l f u e l power p l a n t s , most r e l e a s e s of 
r a d i o n u c l i d e s a r e g round-or n e a r - g r o u n d - l e v e l r e l e a s e s , b u t no 
e x p l a n a t i o n i s g iven f o r u s i n g only upper a i r d a t a . 

This code pe r fo rms long range a tmospher ic t r a j e c t o r y c a l c u l a t i o n s 
on a r e g i o n a l o r U.S. c o n t i n e n t a l s c a l e . S ince I have never s e r i o u s l y 
c o n s i d e r e d t h i s problem t h e r e i s l i t t l e I can o f f e r . T h e i r o v e r a l l 
approach does appear thorough and f e a s i b l e b u t imposs ib l e to v a l i d a t e . 
User o p t i o n s a r e minimal which i s p robab ly a p l u s . Needless t o say , 
v e r y l a r g e a v e r a g i n g t imes a r e r e q u i r e d to smooth o u t t he v a r i a b l e s on a 
r e g i o n a l b a s i s . 
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(Pages 21-22) 

The c o n c e p t s employed a r e s t a t e - o f - t h e - a r t , b u t I f e v e r t h e r e was a 
c a s e of z e r o v e r i f i c a t i o n d a t a , t h i s i s i t . I t i s a good example of 
where t h e "computer age" h a s l e d u s - - s o m e t h i n g b o r d e r i n g on mythology . 

(Page 22, L a s t p a r a g r a p h ) 

T h i s p a r a g r a p h i s c o n f u s i n g . I f PRIMUS must f i r s t be r u n t o o b t a i n 
d a u g h t e r p r o d u c t i n g r o w t h and decay m a t r i c e s t o f e e d RETADD-II, why does 
t h e u s e r h a v e t o p r o v i d e t h e code w i t h t h e i n p u t i n d i c a t e d i n t h e l a s t 
s e n t e n c e ? Why c a n ' t RETADD-II a c c e s s t h e PRIMUS o u t p u t f i l e ? 

(Page 19, Card No. 7) 

C o n c e n t r a t i o n c a l c u l a t i o n s , even l o n g - t e r m a v e r a g e s , cou ld be 
h i g h l y dependen t on t h e d e p t h of t h e mix ing l a y e r . There i s n o t h i n g 
wrong w i t h a c o n s t a n t l a y e r , b u t what c o n s t a n t l a y e r d e p t h shou ld be 
chosen t o be " r e p r e s e n t a t i v e " ? The problems i n v o l v e d i n answer ing t h i s 
q u e s t i o n have l e d r e s e a r c h e r s t o t h e c o n c e p t of a v a r i a b l e mixing d e p t h 
d e t e r m i n e d by t h e model f rom m e t e o r o l o g i c a l i n p u t ( s e e , f o r example , 
H e f f t e r (1980) . Even w i t h a v a r i a b l e d e p t h , c o n c e n t r a t i o n s can be 
o v e r c a l c u l a t e d b e c a u s e of r e s t r i c t e d mix ing t o t h e ground d u r i n g t h e 
n i g h t , hence t h e d e s i r a b i l i t y of i n c o r p o r a t i n g a s u r f a c e l a y e r i n t h e 
c o m p u t a t i o n s ( o r m u l t i - l a y e r s ) . My f e e l i n g i s t h a t t h e s e changes migh t 
h a v e d r a m a t i c e f f e c t s on some c a l c u l a t e d c o n c e n t r a t i o n s . 

The c o n c e p t of a y e a r l y c o n s t a n t p r e c i p i t a t i o n r a t e i s wor r i some , 
even when c o n s i d e r i n g l o n g - t e r m a v e r a g e s . R e a l i s t i c a l l y , p r e c i p i t a t i o n 
s h o u l d be c o n s i d e r e d an e p i s o d i c p r o c e s s a l o n g w i t h t h e e p i s o d i c 
L a g r a n g i a n t r a j e c t o r y p r o c e s s e s . However, i n v iew of t h e c o m p l e x i t i e s 
t h i s i n t r o d u c e s i n t h e mode l ing , I s u g g e s t t h a t t h e s e p r o c e s s e s be 
a p p r o x i m a t e d i n a s imp le manner of t e m p o r a l and s p a c i a l a v e r a g i n g . 
Thus , a v e r a g e monthly p r e c i p i t a t i o n r a t e s f o r s p e c i f i c s p a c i a l a r e a s 
( i . e . , 5 d e g r e e 1AT x 5 d e g r e e LON) a r e e a s i l y o b t a i n e d f o r i n p u t and 
e a s i l y modeled . A f u r t h e r s u b d i v i s i o n of month ly a v e r a g e s i n t o week ly , 
o r even c y c l i c a v e r a g e s , might be c o n s i d e r e d . Here , once a g a i n , v e r y 
d r a m a t i c d i f f e r e n c e s i n c a l c u l a t e d c o n c e n t r a t i o n v a l u e s and p a t t e r n s 
w i l l e n s u e . I t r ema ins t o be s e e n i f t h e s e d i f f e r e n c e s a r e s i g n i f i c a n t 
w i t h r e s p e c t t o t h e o v e r a l l problem e v a l u a t i o n . 

(Page 17, E q u a t i o n 16) 

The v a l u e u sed f o r u i n t h i s e q u a t i o n , g i v e n a chang ing wind s p e e d 
a l o n g a t r a j e c t o r y , i s p e r p l e x i n g . The l o c a l wind speed a l o n g a 
t r a j e c t o r y may be r e a s o n a b l e , b u t t h e e q u a t i o n was d e r i v e d b a s e d on a n 
i n i t i a l mean wind s p e e d a t t h e s o u r c e . Modelers have c i r c u m v e n t e d t h i s 
p rob lem by u s i n g a f i n i t e s e r i e s of expand ing p u f f s t o app rox ima te t h e 
plume and t h u s e l i m i n a t e t h e need f o r d e f i n i n g u . The f o r m e r a p p r o a c h 
i s d i f f i c u l t t o d e f e n d ; t h e l a t t e r i s m a t h e m a t i c a l l y s o l i d . I t would be 
i n t e r e s t i n g to d e t e r m i n e t h e s i g n i f i c a n c e of t h e d i f f e r e n c e s be tween 
a p p r o a c h e s . 
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AMEMOS i s t o be used f o r d i s t a n c e s t o 100 km and RETADD-II f o r 
r e g i o n a l - s c a l e d i s t a n c e s . Since t h e s e models a r e used f o r c a l c u l a t i n g 
annua l ave rages and n o t t o s i m u l a t e s h o r t - t e r m o r e p i s o d i c e v e n t s , 
e x p l a i n why i t i s n e c e s s a r y t o c a l c u l a t e t h e doses p a s t 50 km. 

The mathemat ica l models employed a r e a p p r o p r i a t e f o r t h e s i m u l a t i o n 
of l o n g - r a n g e t r a n s p o r t of r a d i o n u c l i d e s . The on ly comment I have i s 
t h a t r e f e r e n c e shou ld be g iven t o any a t t e m p t s t o v a l i d a t e (even 
p a r t i a l l y ) t he model a g a i n s t " r e a l " d a t a . Also , i n f o r m a t i o n on runn ing 
t ime would be u s e f u l . 

I found t h e d i s c u s s i o n of t h e c a l c u l a t i o n a l l i m i t s of RETADD-II 
p a r t i c u l a r l y c o n f u s i n g . I n t h e CRRIS summary (ORNL/TM-8573) on page 21, 
RETADD-II i s d e s c r i b e d as a l ong - t e rm model , s u i t e d f o r t ime p e r i o d s 
over a month, r e l i a n t on h i s t o r i c a l ave rages of wea ther d a t a f o r t h e 
a p p r o p r i a t e season or month. However, t h e RETADD-II r e p o r t appea r s t o 
me t o r e f e r t o r e a l - t i m e d a t a , upda t ed on a 6 hour b a s i s , and l i m i t e d by 
computer c a p a c i t y t o a t r a j e c t o r y d u r a t i o n of 5 days . This r e f e r e n c e 
t o t h e 5 day c o m p u t a t i o n a l l i m i t i s n o t e d i n t h e d e s c r i p t i o n of d a t a 
i n p u t s t o t h e model; i t would have been h e l p f u l i f t h i s were a l s o 
a d d r e s s e d i n t h e d e s c r i p t i o n of how RETADD-II works . 

(Page 14, l i n e s 6 and 9) 

Change l e v e l d e p t h ( s ) t o l a y e r d e p t h ( s ) [a l e v e l c a n ' t have d e p t h ] ; 
change midpo in t t o midpo in t between wind l e v e l s . 

(Page 16, middle and bot tom) 

C l o s e s t ( t ime) and second c l o s e s t ( t ime) shou ld be changed t o 
second c l o s e s t and t h i r d c l o s e s t . For example, a 3 - h r t r a j e c t o r y 
segment s t a r t i n g 06Z u s e s 06Z winds ( c l o s e s t t i m e ) ; i f no winds 
a v a i l a b l e , t h e n 12Z (second c l o s e s t t i m e ) ; a g a i n , i f no winds a v a i l a b l e , 
t h e n 00Z ( t h i r d c l o s e s t t i m e ) . 

(Page 7, Equa t ion 4) 

i I n Q^ r e f e r s t o t ime as i n t ^ , n o t t o i s o t o p e i ; c o n f u s i n g 
n o t a t i o n . 

(Page 18) 

What i s t y p i c a l g e o g r a p h i c a l s i z e of g r i d c e l l s ? 

(Page 9, L a s t p a r a g r a p h ) 

The second s e n t e n c e i s no t c l e a r . 
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(Page 10, F i g u r e 3) 

L a b e l o r d i n a t e " s o u r c e s t r e n g t h . " 

(Page 7) 

The d e r i v a t i o n i s n o t v e r y c l e a r . I would s u g g e s t t h e f o l l o w i n g 
r e p h r a s i n g : For an a r b i t r a r y removal r a t e A ( t ) , t h e r e l a t i v e change i n 
t h e e f f e c t i v e s o u r c e s t r e n g t h Q i s g i v e n by 

dQ/Q A ( t ) d t so 

l n ( Q i / Q i _ 1 ) - J 1 - A ( t ) d t < 4 ) 

t i - l 

Note t h a t t h e r e i s a n e r r o r i n E q u a t i o n 4 a s p r e s e n t l y given i n RETADD-
I I ; t h e u p p e r and l o w e r l i m i t s of i n t e g r a t i o n a r e r e v e r s e d . T h i s does 
n o t a f f e c t t h e s u b s e q u e n t e q u a t i o n s . 

Assuming A ( t ) - a t b _ 1 , i t f o l l o w s t h a t 

ln(Q1/Ql_1) - ~ <5> 

From t h e d e f i n i t i o n of A ( t ) , i t f o l l o w s t h a t 

K 1 +
 l n ( V A l - l ) (6 ) 

l n ( t i / t i _ 1 ) 

flNow d e f i n e a c o n s t a n t e f f e c t i v e d ry d e p o s i t i o n r a t e a t t ime s t e p t . 
a s A^ such t h a t 

l n < Q i / Q ! _ i ) - J ( 7 ) 

C i - 1 

—A? ( t . - t . - ) 
1-1 

S e t t h i s e q u a l t o E q u a t i o n 5 t o f i n d 

d A i t i ~ A i - l t i - l (7) 
A i " b ( t i - t ^ ) 

where b i s g i v e n by E q u a t i o n 6 . From t h e e x p r e s s i o n above E q u a t i o n 2, 
V 

A ( t ) - | ^ e x p ( - h h 2 / ^ ) 
z 
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I see no r e a s o n t o i n t r o d u c e Equat ion 7 and the subsequent d i s c u s -
s i o n of t h e s p e c i a l ca se b - 0 . The remainder of RETADD-II seems q u i t e 
s t r a i g h t f o w a r d and s a t i s f a c t o r y ; i t appea r s t o be a u s e f u l t r a j e c t o r y 
model f o r many pu rposed . 
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SUMIT 

The f o l l o w i n g a r e r e v i e w e r s ' comments r e l a t e d t o t h e CRRIS model, 
SUMIT, (ORNL-5914): 

Th i s i s b a s i c a l l y a u t i l i t y code used t o combine the o u t p u t of 
m u l t i p l e runs of ANEMOS f o r d i f f e r e n t sou rces and p l a c e them on a common 
g r i d . My one comment i s t h a t I n o r d e r t o a c h i e v e f l e x i b i l i t y t he code 
i s somewhat complex. One wonders i f a l l t h e u s e r o p t i o n s a r e r e a l l y 
n e c e s s a r y . 

(Page 7) 

What i s t h e s e n s i t i v i t y of t h e code t o d i f f e r e n t w e i g h t i n g 
f u n c t i o n s P*? I t w i l l be u s e f u l f o r t he u s e r t o have d i r e c t i v e s on when 
each o p t i o n of P* i s a p p l i c a b l e . 

(Page 12, Table 1) 

A f i g u r e w i t h a f l o w - c h a r t a t s u b r o u t i n e l e v e l would be more u s e f u l 
t h a n t h i s t a b l e . 

(Pages 7 -10) 

More d e t a i l s on t h e i n t e r p o l a t i o n between sou rce g r i d p o i n t s t o 
a c c e s s t h e methodology a r e d e s i r e d . 

(Page 19) 

SUMIT appea r s t o hand l e m u l t i p l e s o u r c e s e v a l u a t e d by ANEMOS. The 
" m u l t i p l e o p e r a t i n g s o u r c e " p r o v i s i o n of ANEMOS a r e u n c l e a r . Can we n o t 
s e t t l e on a " s t a n d a r d g r i d " p l u s s p e c i f i c l o c a t i o n s ? 

We rev iewed t h e documenta t ion f o r t h e SUMIT code and had no 
s u b s t a n t i v e comments. 
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TERRA 

The f o l l o w i n g a r e r e v i e w e r s ' comments r e l a t e d t o the CRRIS model, 
TERRA, (ORNL-5785): 

R e i t e r a t i n g p r e v i o u s comments, TERRA should i n c l u d e model ing o f 
doses due t o d r i n k i n g g o a t ' s milk and d r i n k i n g wa te r con tamina ted by 
a tmospher i c d e p o s i t i o n . R a d i o a c t i v e f e e d to mi lk t r a n s f e r c o e f f i c i e n t s , 
f f o r cows and g o a t s should be u sed . Data a r e a v a i l a b l e f o r mi lk 
t r a n s f e r c o e f f i c i e n t s f o r goa t s (Hoffman and Baes 1979) . 

The r a d i o l o g i c a l decay and daugh te r ingrowth a r e e v a l u a t e d u s i n g a 
lower t r i a n g u l a r m a t r i x method. Th i s method i s implemented t o so lve a 
sys tem of d i f f e r e n t i a l e q u a t i o n s f o r a c o n s t a n t r a d i o n u c l i d e sou rce term 
r a t e and decay and removal of r a d i o n u c l i d e s d e s c r i b e d by c o n s t a n t 
p a r a m e t e r s . The g e n e r a l mathemat ica l e q u a t i o n s a r e d e s c r i b e d w e l l by 
e q u a t i o n 1 on page 4 of t h e TERRA r e p o r t . Because t h e decay p r o c e s s o r 
used a c o n s t a n t i n p u t r a t e , a d d i t i o n a l complexi ty i s i n t r o d u c e d i n t o 
some of t h e exposure pathway models . For example, t h e t r a n s f e r of 
a c t i v i t y from animal f e e d t o mi lk r e q u i r e s d e f i n i t i o n of t he s t a n d a r d 
cow- to -mi lk t r a n s f e r f a c t o r p l u s a m e t a b o l i c t u r n o v e r r a t e c o n s t a n t f o r 
a c t i v i t y i n m i l k . 

(Page 9, A b s t r a c t , Paragraph 4, Line 4 ) 

TERRA does n o t c a l c u l a t e dose due t o r a d i o a c t i v i t y i n g o a t ' s m i l k . 
I t i s known t h a t t h e t r a n s f e r c o e f f i c i e n t s f o r c e r t a i n i s o t o p e s , such 
a s i o d i n e , a r e much h i g h e r f o r goa t s t han f o r cows. The g o a t m i l k -
i n f a n t t h y r o i d pathway shou ld be i n c l u d e d i n the CRRIS. 

(Page 6, Equa t ion 2 . 1 ) 

A term appea r s t o be m i s s i n g . Also , A ^ i s n o t d e f i n e d . 

(Page 7, S e c t i o n 2 . 2 , Line 3) 

The assumpt ion made i n TERRA t h a t t h e r e i s no c o n t r i b u t i o n t o t o t a l 
c o n c e n t r a t i o n from r a d i o n u c l i d e s which have l e ached below t h e top 1 cm 
of s o i l i s u n f o r t u n a t e and n o n c o n s e r v a t i v e . This assumpt ion c o u l d 
r e s u l t In t h e e x t e r n a l dose computed from t h e TERRA ground s u r f a c e 
c o n c e n t r a t i o n s by ANDROS b e i n g u n d e r e s t i m a t e d . 

(Page 9 , Line 1) 

D e p o s i t i o n of a tmospher i c r a d i o a c t i v i t y on to s u r f a c e b o d i e s o f 
w a t e r i s n o t modeled by CRRIS. In c e r t a i n c a s e s ( f o r i n d i v i d u a l s 
d r i n k i n g wa te r frojp sma l l s t r eams o r uncovered c i s t e r n s ) , doses due t o 
i n g e s t i o n of wa te r con tamina ted by a t m o s p h e r i c a l l y d e p o s i t e d 
rad ioMfc t iv i ty cou ld be s i g n i f i c a n t . 



66 

(Page 21, Line 1) 

At v a r i o u s p l a c e s i n t h e CRRIS documen ta t i on , i t i s s t a t e d t h a t 
ANEMOS i s t o be u sed w i t h i n 50, 80, o r 100 km of t h e s o u r c e . The e x a c t 
l i m i t on down-wind d i s t a n c e f o r which i t i s a p p r o p r i a t e t o use ANEMOS 
s h o u l d be c o n s i s t e n t l y s t a t e d . C o n v e r s e l y , t h e minimum d i s t a n c e f o r 
u s e o f RETADD-II s h o u l d be c o n s i s t e n t l y s p e c i f i e d and i t s h o u l d be 
d e m o n s t r a t e d t h a t t h e two methods converge a t t h a t d i s t a n c e . 

(Page 40 , E q u a t i o n 8 . 2 ) 
£ 

B i s n o t d e f i n e d , en 

(Page 10, E q u a t i o n 9) 

There a p p e a r s t o be a problem i n t h e d e s c r i p t i o n of E q u a t i o n 9 . The 
p a r a m e t e r f i s s t a t e d t o be d i m e n s i o n l e s s (page 9 ) . However, t h e 
e q u a t i o n i m p l i e s t h a t t h e p a r a m e t e r ha s u n i t of i n v e r s e t i m e . 

86 ,400 s e c / d a y 

F m d a y / k g 
m 

P 
k g / d a y 

A p e r m r s e c 

f tm p e r day 
I f t h e e q u a t i o n i s b a s e d on t h e a s sumpt ion t h a t t h e c o n c e n t r a t i o n 

i n t h e m i l k i s a t e q u i l i b r i u m and t h e a c t i v i t y i n c r e a s e r a t e i s e q u a l t o 
t h e a c t i v i t y d e c r e a s e r a t e ( a s d e f i n e d by A ) , t h e n e q u a t i o n 9 makes 
s e n s e . A s i m i l a r p rob lem e x i s t s w i t h e q u a t i o n 8 on page 9. I t a p p e a r s 
t h a t m s h o u l d be i n u n i t s of kg /day and f t i s i n u n i t s of p e r day ( a s 
e q u a t i o n 9 i m p l i e s ) . m 

(Pages 8 -9 ) 

I t i s n o t c l e a r f rom t h i s d i s c u s s i o n whe the r p r o c e s s e s which remove 
r a d i o n u c l i d e s f rom s o i l a r e i n c l u d e d . 

(Page 10) 

D e s c r i p t i o n of F a s a f r a c t i o n of d a i l y i n g e s t e d a c t i v i t y which 
comes from mi lk i s i n c o n s i s t e n t w i t h ( d / k g ) u n i t s 

(Page 3, L a s t S e n t e n c e ) 

I f you have s i t e - s p e c i f i c p a r a m e t e r s , i s TERRA n o t s u i t a b l e f o r an 
a c t u a l s i t e - s p e c i f i c a s s e s s m e n t ? 
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(Page 4 Conceptual Models) 

TERRA does no t c o n s i d e r uptake from u n d i s t u r b e d s o i l t o o rchard 
type c r o p s , pork , p o u l t r y or game animal pathways. A l l of t h e s e a r e 
impor tan t i n t h e S o u t h e a s t e r n U.S. 

(Page 7, S e c t i o n 2 .2 ) 

The method used f o r e s t i m a t i n g t h e s o i l removal c o n s t a n t due t o 
l e a c h i n g i s p robab ly the b e s t approach a v a i l a b l e f o r cove r ing the wide 
v a r i e t y of e l e m e n t a l forms and env i ronmenta l c o n d i t i o n s to be 
encoun te red . But f o r t hose ca se s where the r o o t up take pathway i s a 
s i g n i f i c a n t c o n t r i b u t o r t o dose , i t d e s e r v e s c l o s e s c r u t i n y . ORNL-5786 
has a good s e c t i o n on t h e v a r i a b i l i t y of Kd. Another s i g n i f i c a n t 
q u e s t i o n i s t h e assumpt ion of p e r f e c t mixing in the f i r s t 15 cm of s o i l . 
I n s h o r t , i t i s a complex s u b j e c t d e s e r v i n g c o n s i d e r a b l y more r e s e a r c h 
than i t has been g iven . 

(Page 8, S e c t i o n 2 . 3 , Las t Paragraph) 

I t i s no t c l e a r what (removal r a t e c o n s t a n t from p l a n t i n t e r i o r s ) 
i s i n t ended t o d e s c r i b e . D e f a u l t v a l u e - 0 . A l l t h a t S e c t i o n 3 
c o n t a i n s i s a p r o v i s i o n f o r i npu t of some o t h e r v a l u e by the u s e r . 
There i s no h i n t as t o how the u se r i s t o s e l e c t such a v a l u e . 

(Pages 8 - 9 , S e c t i o n 2 .4 ) 

They do n o t appear to have c o n s i d e r e d t h e work of Chamberlain and 
o t h e r s which r e l a t e s t he i n t e r c e p t i o n f r a c t i o n t o p l a n t p r o d u c t i v i t y . 
However, Baes (Ref . 3, page 28) may have c o n s i d e r e d i t i n coming up wi th 
the d e f a u l t v a l u e s . (See l a s t s en t ence of t h e second to l a s t pa rag raph 
of t h i s s e c t i o n . ) This whole t o p i c i s d i s c u s s e d i n S e c t i o n 3 of ORNL 
5786. The d i s c u s s i o n appea r s academica l ly thorough b u t r e q u i r e s more 
t ime than a v a i l a b l e t o e v a l u a t e . I t cou ld l e a d t o t h e des ign of some 
v a l u a b l e r e s e a r c h . 

( S e c t i o n 3) 

A scan of t h i s s e c t i o n l eaves no doubt as t o t h e complex i ty of t he 
code and t h e amount of "hands on" t r a i n i n g r e q u i r e d to use i t wi th any 
degree of c o n f i d e n c e i n the meaning of t he o u t p u t . 

(Page 1, L a s t Paragraph) 

Food c rops and f e e d c rops a re c o n s i d e r e d I n c o n s i d e r a b l e d e t a i l , 
and beef f rom t h r e e c a t t l e t ypes a r e c o n s i d e r e d . Pork, ch i cken , and 
eggs a r e n o t , b u t should be , s i n c e they a r e impor t an t i n t h e d i e t . 
Rad ionuc l ide c o n c e n t r a t i o n s in beef may be comparable to those in meat 
from o t h e r l i v e s t o c k p rov ided the a n i m a l s ' d i e t s a r e s i m i l a r . The 
a u t h o r s might c o n s i d e r t h i s h y p o t h e s i s . I n any c a s e , o t h e r animal 
p r o d u c t s shou ld be t r e a t e d i n TERRA. 
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(Pages 8-9) 

T r a n s l o c a t i o n of s u r f a c e d e p o s i t e d r a d i o n u c l i d e s f rom n o n e d i b l e t o 
e d i b l e p l a n t p a r t s s h o u l d be c o n s i d e r e d ( i m p o r t a n t f o r r a d i o n u c l i d e s 
such a s C s - 1 3 7 ) . 

(Page 11, P a r a g r a p h 2) 

The a u t h o r s n o t e t h a t t h e r e i s a l a c k of i n f o r m a t i o n ^ o n _ | h e removal 
r a t e f o r b e e f A. and a s s i g n a d e f a u l t v a l u e of 5 . 7 3 x 10 s ( e q u a l t o 
a h a l f t ime of 14 d) f o r a l l e l e m e n t s . They t h e n encou rage t h e u s e r t o 
s u p p l y h i s own e s t i m a t e s of A, . I t seems u n f a i r n o t t o be a b l e t o 
p r o v i d e gu idance and t h e n a s s i g n t h e bu rden t o t h e u s e r . F u r t h e r m o r e , 
t h e a u t h o r s s h o u l d d i s c u s s t h e impact of u s i n g t h i s d e f a u l t v a l u e i n 
TERRA on t h e r e s u l t i n g e s t i m a t e s of r a d i o n u c l i d e c o n c e n t r a t i o n s i n b e e f . 

(Page 12, P a r a g r a p h 2) 

I t i s d i f f i c u l t t o g r a s p t h i s p a r a g r a p h . One h a s t o go back to 
page 7 t o d i g o u t t h e d e f i n i t i o n of t and t ^ . A comprehens ive l i s t of 
symbols would be u s e f u l . a 

(Pages 13-27) 

Lack of t ime d i d n o t p e r m i t t h i s r e v i e w e r t o examine t h i s u s e r ' s -
g u i d e s e c t i o n . However, some g e n e r a l comments may be u s e f u l . TERRA 
l i k e t h e o t h e r codes i n CRRIS a r e r a t h e r complex c o d e s , and i t seems 
r e a s o n a b l e t h a t t h e a u t h o r s s h o u l d p r o v i d e an abundance of gu idance 
t o t h e u s e r o r p o t e n t i a l u s e r and minimize t h o s e s i t u a t i o n s where he i s 
c o n f r o n t e d w i t h a c h o i c e . For example , t h e a u t h o r s of TERRA and t h e 
o t h e r codes of t h e CRRIS s h o u l d s p e c i f y t h o s e s i t u a t i o n s where one 
s h o u l d s e l e c t a p a r a m e t e r v a l u e t o r e p l a c e t h e d e f a u l t v a l u e and shou ld 
p r o v i d e g u i d a n c e r e g a r d i n g s e l e c t i o n . 

(Page 5, F i g u r e 2 . 1 ) 

Why a r e w a t e r pa thways ( d e p o s i t i o n on w a t e r s u p p l i e s ; r u n o f f t o 
w a t e r s u p p l i e s ; u s e of the 'se w a t e r s f o r i r r i g a t i o n o r an imal w a t e r 
s u p p l y ) n o t c o n s i d e r e d ? 

(Page 12, E q u a t i o n 14) 

I s o c c u r r e n c e o r n o n - o c c u r r e n c e of p h o t o s y n t h e s i s n o t c o n s i d e r e d 
b e c a u s e of l o n g - t e r m a v e r a g i n g ? 

(Pages 11-12) 

E q u a t i o n 12 d e a l s w i t h t h e d e p o s i t i o n of r e s u s p e n d e d m a t e r i a l s . 
The re a r e two p o s s i b l e p rob lems w i t h t h i s t r e a t m e n t : 
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1) The c o n c e n t r a t i o n of m resuspended p a r t i c u l a t e 
m a t t e r (p ) i s f i x e d a t 15 .5 Mg/m3. 
R e a l i s t i c a Y f y , t h i s must v a r y a t l e a s t g e o g r a p h i c a l l y , 
depending on s o i l t y p e , ambient wind speed , and amount 
of p r e c i p i t a t i o n , even on a long- te rm ave rage b a s i s . 
Could a range of be g iven i n s t e a d ? 

2) A s i n g l e d ry d e p o s i t i o n v e l o c i t y of 10 cm/s i s used 
f o r a l l p a r t i c l e s w i t h i n t h e 3 i ze range 2 . 5 um t o 15 um. 
A c t u a l l y , t h e d e p o s i t i o n v e l o c i t y i s t h e r e s u l t of 
t u r b u l e n t t r a n s f e r ( i m p o r t a n t f o r sma l l p a r t i c l e s ) 
and g r a v i t a t i o n a l s e t t l i n g ( i m p o r t a n t f o r l a r g e 
p a r t i c l e s ) . Without knowing something abou t t h e 
p a r t i c l e s i z e d i s t r i b u t i o n i n any g iven c a s e , i t i s 
imposs ib l e t o de te rmine the e f f e c t of t h i s approx ima t ion 
on t h e d e p o s i t i o n r e s u l t s , b u t some warn ing f l a g s 
shou ld be r a i s e d about t he u n c e r t a i n t y i n t r o d u c e d by 
t h i s app rox ima t ion . 

One g e n e r a l f e a t u r e I found d i s t u r b i n g was t h e l a c k of 
c o n s i d e r a t i o n of p o u l t r y , eggs , lamb, po rk , e t c . i n t h i s model. 
Although i t can be m o d i f i e d t o hand le t h e s e f o o d s , I t h i n k such common 
foods shou ld be i n c l u d e d i n a s t a t e - o f - t h e - a r t r i s k assessment model . 
A l so , some of t he assumpt ions made about b e e f , f o r i n s t a n c e b e i n g a 
weigh ted ave rage of 3 t y p e s of b e e f , seem unwarran ted i n many 
i n s t a n c e s - - p a r t i c u l a r l y f o r s p e c i f i c i n d i v i d u a l s . 

Also , I t h i n k t h a t t h e d i e t s of c a t t l e and some o t h e r l i v e s t o c k 
shou ld be t ime dependen t . Although d a i r y c a t t l e today depend much l e s s 
on p a s t u r e t han i n t h e p a s t , f a m i l y owned mi lk cows may s t i l l be 
dependent on p a s t u r e d u r i n g t h e growing s e a s o n . The change from p a s t u r e 
t o s t o r e d hay and s i l a g e du r ing the non-growing season can have a s t r o n g 
i n f l u e n c e on t h e r a t e of i n g e s t i o n of r a d i o n u c l i d e s . 

Also , i t a p p e a r s as though c a t t l e (and presumably any o t h e r 
consumers one wished t o s i m u l a t e ) a r e assumed t o i n g e s t no s o i l . S o i l 
i n g e s t i o n can be an i m p o r t a n t pathway i n many a n i m a l s , i n c l u d i n g c a t t l e , 
sheep , and p o u l t r y . 

I cou ld no t t e l l from the documenta t ion whether t h e model a t t e m p t e d 
t o conserve mass. I n p a r t i c u l a r , I cou ld n o t de te rmine i f t h e r a t e of 
i n t e r c e p t i o n of r a d i o n u c l i d e s by the p l a n t canopy reduced the r a t e of 
d e p o s i t i o n on to t h e s u r f a c e of t h e s o i l . 

The p r o c e s s of l e a f a b s o r p t i o n of s u r f a c e con t amina t i on i s 
a p p a r e n t l y n o t c o n s i d e r e d . Although t h e r a t e of a b s o r p t i o n of many 
r a d i o n u c l i d e s may be low, i t does t r a n s f e r p a r t of t he i n v e n t o r y from a 
compartment exposed t o w e a t h e r i n g l o s s e s t o one p r o t e c t e d from such 
l o s s e s . The r a t e s of a b s o r p t i o n of gaseous forms of con t amina t ion cou ld 
be s i g n i f i c a n t . 
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(Page 9, Equa t ion 7) 

The i n t e r c e p t i o n f r a c t i o n , r * , i n Equat ion 7 i s d e f i n e d t o be crop 
s p e c i f i c , b u t n o t n e c e s s a r i l y biomass s p e c i f i c . While the e f f e c t of 
bioraass on I n t e r c e p t i o n i s r e l a t i v e l y weak, i t can be impor tan t to 
g r a z e r s whose f o r a g e shows s t r o n g s e a s o n a l v a r i a t i o n . Equat ion 7 would 
s u g g e s t t h a t , f o r a g iven c rop , the i n t e r c e p t i o n r a t e i s i n v e r s e l y 
p r o p o r t i o n a l t o b iomass , i . e . , t h a t dense p l a n t canop ies would have a 
lower i n t e r c e p t i o n t han would s p a r s e c a n o p i e s . This f u n c t i o n t h e r e f o r e 
seems q u e s t i o n a b l e . 

(Page 4 , Equa t ion 1) 

The s u b s c r i p t s on A i n the second and t h i r d te rms of t he AC .̂ 
e q u a t i o n appear to be wrong. They shou ld be A^, I t h i n k . 

(Page 8, Equa t ion 6) 

The term t , i s t ime t o h a r v e s t - - r e l a t i v e t o what? 

The a b i l i t y t o hand le decay cha ins seems most a p p r o p r i a t e f o r 
n a t u r a l decay s e r i e s (uranium, thor ium, e t c . ) . How much d i f f e r e n c e i s 
t h e r e f o r the i m p o r t a n t r c a c t o r r a d i o n u c l i d e s i n u s i n g the p a r e n t -
daugh te r t r a n s p o r t model compared to u s i n g the p a r e n t only and 
i n c o r p o r a t i n g t h e daugh te r decay energy i n t h e e x t e r n a l ( s h i n e , ground 
d e p o s i t i o n ) and i n t e r n a l dose f a c t o r s f o r t h e p a r e n t n u c l i d e (a l a Reg. 
Guide 1 .109 )? 

(Page 11, Equa t ion 11) 

I t i s no t c l e a r t h a t t he meat t r a n s f e r model i s s u p e r i o r (or even 
e q u i v a l e n t ) t o t h a t of Regu la to ry Guide 1 .109 because i t h a s to 
i n t r o d u c e an a r b i t r a r y c o n s t a n t (Afe) i n o r d e r t o t r a n s f o r m the s t e a d y 
s t a t e t r a n s f e r f a c t o r F , i n t o a r a t e . Allowing the use t o o v e r r i d e 
t h e d e f a u l t v a l u e i s no t r e a l l y a s o l u t i o n f o r , as n o t e d , t he pa ramete r 
i s n o t t a b u l a t e d o r o t h e r w i s e . a v a i l a b l e . 

(Page 3, l a s t l i n e ) 

I t would be w e l l t o r e s t a t e h e r e t h a t s i t e - s p e c i f i c pa ramete r s can 
be e n t e r e d v i a NAMELIST s t a t e m e n t s 

(Page 4 , Equa t ion 1) 

The n o t a t i o n + A^) i s s l i g h t l y c o n f u s i n g - a t f i r s t g l ance i t 
l ooks l i k e C^ may be a f u n c t i o n of t h e lambdas, l i k e X ( t ) . Suggest i f 
r e p o r t i s eve r r e v i s e d , (A^ + A ^ ) C^ n o t a t i o n be used . 

(Page 12) 

Based upon compar ison w i th a n o t h e r t a b u l a t i o n , t h e f v a l u e s 
appear r e a s o n a b l e excep t f o r g r a i n which seems too low andWlhould be 
r e c a l c u l a t e d . 
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TERRA T i l l and Meyer (1983) 

C la s s f wa FW/DW(a> C lass fw<b> FW/DW 

l e a f y 0 .934 14.2 l e a f y 0.926 12.6 
exposed 0 .874 6 .9 f r u i t s 0 .85 5.7 
p r o t e c t e d 0 .778 3 .5 r o o t 0 .80 4 . 0 
g r a i n 0 .112 0.126 g r a i n 0 . 5 1 1 . 1 

meat 0 .615 1.60 
mi lk 0 .870 6 .70 

(a) FW/DW ( f r e s h - t o - d r y mass) - f / ( I - f ) 
(b) f - 1 / ( 1 + DW/FW) W a W S 

(Page 12) 
3 

The c a r b o n c o n t e n t of t h e atmosphere of 0 .18 g C/m i s n o t 
c o n s i s t e n t w i t h the v a l u e of 0 .16 g C/m used i n NRC R e g u l a t o r y Guide 
1 .109 and i n UNSCEAR 1977, 1982. Examinat ion of one of t h e o r i g i n a l 
s o u r c e s of t h e v a l u e i n d i c a t e s t h a t i t may have been based on d a t a from 
a v o l c a n i c o b s e r v a t o r y which might have a h i g h e r l o c a l C0-
c o n c e n t r a t i o n . For u n i f o r m i t y , t h e u se of t h e 0 .18 v e r s u s t h e O. lo 
shou ld be reexamined . 

(Page 12, and Table 3 .5 ) 

The v a l u e s f o r t he f r a c t i o n of carbon i n foods appea r s r e a s o n a b l e 
excep t f o r t h e v a l u e s f o r g r a i n s and mi lk which shou ld be r echecked . 

TERRA R e c a l c u l a t e d ^ 

f c f c 

l e a f y v e g e t a b l e s 
exposed produce 
p r o t e c t e d produce 
g r a i n 

0 .026-
0.050 
0.116 
0 .293 

l e a f y 
o t h e r v e g e t a b l e s 
r o o t 
g r a i n 

0.026 
0.040 
0.094 
0 .403 

beef 
mi lk 

0 .288 
0 .293 

bee f 
mi lk p roduc t s 

0 .228 
0.066 

(a ) The " r e c a l c u l a t e d " i s based i n p a r t upon G. G. Ki l lough and 
P. S. Rohwer, (1978) . 

(b) The v a l u e f o r human milk i s 6 . 1 mg Carbon p e r 100 ml o r 61 
mg p e r L ( 0 . 0 6 1 g/L) i s i n good agreement wi th the cow milk 
v a l u e of 0 . 0 6 6 . See Table 28 of ICRP 23 (ICRP, 1975) . 
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(Page 19, S e c t i o n 3 . 4 . 2 ) 

The parameters BR( IN) and BV(IN) refer to the soil-to-plant 
bioaccumulation factors but are not characterized whether they are based 
upon fresh or dry weight. The soil-to-plant factors which are 
classified as for crops or for forage are clearly denoted as being wet 
weight (mass) and dry mass bases respectively, however, it is not clear 
how these two categories (crop, forage) relate to BR( IN) and B V ( I N ) . 

(Pages 2 3 - 2 5 , Table 3 . 4 ) 

The mi lk t r a n s f e r f a c t o r s appear t o be comparable ( w i t h i n a f a c t o r 
of 2) t o t h o s e r e p o r t e d i n o t h e r c o m p i l a t i o n s . 

The v a l u e f o r t h e meat t r a n s f e r f a c t o r of 3 . 0 E-04 d /kg f o r y t t r i u m 
and t h e " r a r e e a r t h s " appears low by a lmos t an o r d e r t o magnitude 
compared t o t h e t a b u l a t i o n s by t h e IAEA (1982) , Mc-Dowell Boyer e t a l . , 
Ng e t a l . , 1 9 8 2 , and Regu la to ry Guide 1.109 (NRC 1977a) . 

It is difficult to compare the BV and BR values to other 
compilations because they are categorized differently. However, the 
values for zinc, strontium, and iodine appear to be considerably higher 
than those presented in other compilations. 

The TERRA computer code a c c e s s e s t h e SITE d a t a b a s e (ORNL-5786), 
which c o n t a i n s a g r i c u l t u r a l , c l i m a t o l o g i c a l , l and u s e , and demographic 
p a r a m e t e r s f o r each 1 /2 by 1 /2 degree l o n g i t u d e - l a t i t u d e c e l l i n t h e 
c o n t i n e n t a l Un i t ed S t a t e s . Th is g e n e r i c d a t a ba se does no t appear 
adequa te f o r d e f i n i n g t h e r e g i o n su r round ing any r e a l f a c i l i t y . A 
d e t a i l e d comparison of t h e d a t a base w i t h s i t e - s p e c i f i c d a t a must be 
done b e f o r e t h i s model ing approach can be a c c e p t e d f o r any r e a l s i t e . 

(Page 10, Equa t ion 9) 

There appea r s t o be a problem i n the d e s c r i p t i o n of Equat ion 9 of 
t h e TERRA r e p o r t . The paramete r f i s s t a t e d t o be d imens ion l e s s (page 
9 ) . However, t h e e q u a t i o n i m p l i e s t h a t t h e pa rame te r has u n i t s of 
i n v e r s e t i m e . I f t h e equa t i on i s based on the assumpt ion t h a t t h e 
c o n c e n t r a t i o n I n the mi lk i s a t e q u i l i b r i u m and the a c t i v i t y i n c r e a s e 
r a t e i s equa l t o t h e a c t i v i t y dec r ea se r a t e (as d e f i n e d by X ) , t h en 
Equat ion 9 makes s e n s e . A s i m i l a r problem e x i s t s w i th e q u a t i o n 8 on 
page . I t appea r s t h a t m should be i n u n i t s of k g / d and f i n u n i t s 
of d ( a s Equa t ion 9 i m p l i l s ) . t m 

Because t h e r a d i o l o g i c a l decay and daugh te r ingrowth p r o c e s s o r used 
by t h e computer program uses a c o n s t a n t i n p u t r a t e , a d d i t i o n a l 
complex i ty i s i n t r o d u c e d i n t o some of t h e exposure pathway models . For 
example, t h e t r a n s f e r of a c t i v i t y from animal f e e d t o milk r e q u i r e s 
d e f i n i t i o n of t h e s t a n d a r d cow-to-millc t r a n s f e r f a c t o r p l u s a me tabo l i c 
t u r n o v e r r a t e c o n s t a n t f o r a c t i v i t y in mi lk . 
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PARAMETERS AND DATA BASES 

A s s o c i a t e d w i th CRRIS models a r e two documents c o n t a i n i n g the 
pa rame te r v a l u e s which a r e used i n the models. 

AGRICULTURAL PRODUCTION 

The f o l l o w i n g a r e r e v i e w e r s ' comments r e l a t e d t o the CRRIS r e l a t e d 
document, " A g r i c u l t u r a l P roduc t ion . . . , " (ORNL-5768): 

The r e p o r t i s a ve ry thorough and wel l -documented t r e a t m e n t of food 
pathway p a r a m e t e r s . I t w i l l be a u s e f u l r e f e r e n c e f o r i n d i v i d u a l s who 
must pe r fo rm food pathway dose c a l c u l a t i o n s . 

(Page 4 , Paragraph 1) 

The a u t h o r s have used t h e s t a b l e ( e l e m e n t a l ) t r a n s f e r c o e f f i c i e n t s 
fm r a t h e r than the r a d i o a c t i v e t r a n s f e r c o e f f i c i e n t s f t o model 
t r a n s f e r of r a d i o a c t i v i t y from f e e d t o cow's m i lk ; f an3 f * a r e 
r e l a t e d as f o l l o w s : 

* 
f - f /A _ m m mE 

where 

A „ - AR + Ar mE B 

e f f e c t i v e e l i m i n a t i o n — r a d i o a c t i v e decay + b i o l o g i c a l t u r n o v e r . 
* Where d a t a a r e a v a i l a b l e , f * should be useg i n p l a c e o f f . Ng e t 

a l . (1977) s t a t e s t h a t " T r a n s f e r c o e f f i c i e n t s f computed f o r i n d i v i -
dua l r a d i o n u c l i d e s (Table B - l ) w i l l f u r t h e r improve the p r e c i s i o n of 
t h i s model, p a r t i c u l a r l y f o r those such as Na-24 where the r a d i o a c t i v e 
decay ra£e i s h i g h b u t t he b i o l o g i c a l t u rnove r r a t e i s r e l a t i v e l y low. 
Use of f t o g e t h e r w i th t h e terra f o r t u r n o v e r r a t e i n mi lk e l i m i n a t e s 
t h e assumpt ion t h a t an i n s t a n t a n e o u s e q u i l i b r i u m i s e s t a b l i s h e d between 
f e e d and milk and e n s u r e s a g a i n s t the o v e r e s t i m a t i o n of t he r ecove ry of 
a n u c l i d e i n m i l k . " 

The same comment a p p l i e s to TERRA (ORNL-5785). 
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REVIEW AND ANALYSIS OF PARAMETERS - SITE DATA BASE 

The f o l l o w i n g a r e r e v i e w e r s ' comments on t h e document, "A Review 
and A n a l y s i s of Paramete rs . . . , " (ORNL-5786: 

This i s a v e r y impre s s ive t ex tbook document which covers v i r t u a l l y 
a l l of t he i m p o r t a n t pa rame te r s r e q u i r e d t o e v a l u a t e t r a n s f e r of 
r a d i o n u c l i d e s th rough t h e t e r r e s t r i a l system ( a g r i c u l t u r a l s i d e , a t 
l e a s t ) . I t suppo r t s TERRA. 

U n f o r t u n a t e l y i t does n o t have c o u n t e r p a r t s d e a l i n g w i th 
a tmosphe r i c d i s p e r s i o n and dose c a l c u l a t i o n s . They a r e needed. 

(Pages 1 - 3 ) 

The SITE d a t a ba se i s a ve ry u s e f u l assembly of a g r i c u l t u r a l , 
demographic , and c l i m a t o l o g i c a l d a t a , which can be used f o r l o c a l and 
r e g i o n a l a s s e s s m e n t s . However, i t must be remembered t h a t t h e d e f a u l t 
p a r a m e t e r v a l u e s adop ted f o r TERRA w i l l g e n e r a l l y n o t be a p p r o p r i a t e f o r 
such a s s e s s m e n t s , and the burden of s e l e c t i n g a p p r o p r i a t e pa ramete r 
v a l u e s i s p l aced upon t h e u s e r . For s i t e s p e c i f i c a s s e s s m e n t s , c u r r e n t 
d a t a p e r t a i n i n g to t h e a c t u a l s i t e r a t h e r than d a t a f o r t h e l o c a t i o n 
f rom SITE should be used t o g e t h e r wi th pa r ame te r v a l u e s i n TERRA t h a t 
a r e a p p r o p r i a t e f o r t h e s i t e . In t h i s s i t u a t i o n an even g r e a t e r burden 
i s imposed upon t h e u s e r i n s e l e c t i n g a p p r o p r i a t e pa ramete r v a l u e s f o r 
TERRA. Unless he i s e x p e r i e n c e d , i t w i l l be d i f f i c u l t f o r him to s e l e c t 
a p p r o p r i a t e v a l u e s . Because p l a n t - t o - s o i l c o n c e n t r a t i o n r a t i o s a r e 
r e p o r t e d as geometr ic means of geomet r i c means, he may v e r y w e l l have t o 
c o n s u l t o r i g i n a l r e f e r e n c e s . As n o t e d e l s e w h e r e , t r a n s l o c a t i o n of 
s u r f a c e d e p o s i t e d r a d i o n u c l i d e s from noned ib l e t o e d i b l e p a r t s of p l a n t s 
i s a p r o c e s s t h a t shou ld be c o n s i d e r e d . 

Repor t ing of p l a n t - t o - s o i l c o n c e n t r a t i o n r a t i o s i n te rms of B and 
B i s an i n t e r e s t i n g d e p a r t u r e . I t would be u s e f u l t o compare the 
s t a t i s t i c a l pa rame te r s of d i s t r i b u t i o n s of B B r ®ivT a n d ® i v o * shou ld 
be n o t e d t h a t some u n c e r t a i n t y due t o d ry -?6-w6t weigh t ana w e t - t o - d r y 
we igh t conve r s ions i s unavo idab le because one has t o e s t i m a t e b o t h t h e 
c o n c e n t r a t i o n s and i n t a k e s of f o o d s t u f f s . 

(Pages 5 -9 ) 

The a u t h o r s s t a t e t h a t no a p r i o r b i a s e s or p r o t o c o l s were used t o 
p roduce c o n s e r v a t i v e v a l u e s . By t h e same token they shou ld s t a t e t h e i r 
i n t e n t when s e l e c t i n g pa ramete r v a l u e s . One has t o look e l sewhere ( i n 
ORNL/TM-8573, " I n t r o d u c t i o n t o CRRIS. . . " ) t o d i s c o v e r t h a t the d e f a u l t 
p a r a m e t e r s chosen f o r CRRIS r e f l e c t an e f f o r t t o choose r e a s o n a b l e 
v a l u e s . I n a d d i t i o n t h e a u t h o r s should s t a t e t he s p e c i f i c a p p l i c a t i o n s 
f o r which the d e f a u l t pa ramete r v a l u e s may be used and those f o r which 
more a p p r o p r i a t e v a l u e s shou ld be s e l e c t e d , and they shou ld d i s c u s s t h e 
u n c e r t a i n t y a s s o c i a t e d wi th t h e d e f a u l t v a l u e s . 
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TERRA and SITE c o n s i d e r b e e f p r o d u c t i o n i n c o n s i d e r a b l e d e t a i l . 
T h i s r e v i e w e r h a s p r e v i o u s l y commented on t h e a t t e n t i o n g iven t o food 
and f e e d c r o p s and t o an ima l p r o d u c t s f rom c a t t l e and t h e l a c k of 
a t t e n t i o n g i v e n t o t h e o t h e r an imal p r o d u c t s t h a t a r e p rominen t i n t h e 
U . S . d i e t . These o t h e r an imal p r o d u c t s s h o u l d a l s o b e c o n s i d e r e d . 
P e r h a p s c o n c e n t r a t i o n s e s t i m a t e d f o r b e e f may r e a s o n a b l y approx imate 
t h o s e f o r pork ar.d c h i c k e n b u t would n o t b e comparab le t o t h o s e f o r 
e g g s . 

Uncerta5?>i • i n p a r a m e t e r v a l u e and impact on e s t i m a t e s . Al though 
t h e m i l k t u r n o v e r c o n s t a n t s were o b t a i n e d f rom a s i n g l e r e f e r e n c e , t h e 
a u t h o r s shou ld d i s c u s s t h e u n c e r t a i n t y a s s o c i a t e d w i t l . t h e i r a d o p t e d 
v a l u e s and t h e i r e f f e c t on t h e e s t i m a t e s of c o n c e n t r a t i o n s i n m i l k . 

(Pages 125-1./ 

For t h e t u r n o v e r c o n s t a n t i n b e e f t h e a u t h o r s have adop ted a s i n g l e 
v a l u e f o r a l l e l e m e n t s (which i s f a i r l y c o n s e r v a t i v e ) . The a u t h o r s 
s h o u l d d i s c u s s t h e u n c e r t a i n t y a s s o c i a t e d w i t h t h i s d e f a u l t v a l u e and 
i t s e f f e c t on t h e e s t i m a t e d c o n c e n t r a t i o n s i n b e e f . T h i s r ev i ewer n o t e s 
t h a t t h e t u r n o v e r c o n s t a n t i n bee f i s d e s i g n a t e d A. i n ORNL-5785 
(TERRA). Th i s a p p a r e n t i n c o n s i s t e n c y s h o u l d be c o r r e c t e d . 

(Pages 5 -9 ) 

I t i s n o t t r u e t h a t p a s t e s t i m a t e s of p l a n t u p t a k e p a r a m e t e r s have 
b e e n b a s e d on t h e a s s u m p t i o n of e q u i l i b r i u m . Mos t ly they have b e e n 
b a s e d on c o n c e n t r a t i o n s a t h a r v e s t . 

The a u t h o r s s h o u l d d i s c u s s t h e u n c e r t a i n t y a s s o c i a t e d w i t h t h e 
d e f a u l t p l a n t u p t a k e f a c t o r s . I n t h e c a s e of f a c t o r s b a s e d on 
e x p e r i m e n t a l d a t a f rom t h e l i t e r a t u r e , t h e a u t h o r s have s e l e c t e d t h e 
g e o m e t r i c mean of t h e g e o m e t r i c means of i n d i v i d u a l i n v e s t i g a t i o n s a s 
t h e d e f a u l t p l a n t u p t a k e f a c t o r . The g e o m e t r i c means of t h e i n d i v i d u a l 
s t u d i e s have been p l o t t e d i n f i g u r e s , which p r o v i d e an i n d i c a t i o n of t h e 
v a r i a b i l i t y a s s o c i a t e d w i t h t h e d a t a . The a u t h o r s s h o u l d d i s c u s s t h e 
u n c e r t a i n t y a s s o c i a t e d w i t h t h e p l a n t u p t a k e f a c t o r s t h a t a r e b a s e d on 
c o r r e l a t i o n s w i t h o t h e r p a r a m e t e r s , e l e m e n t a l s y s t e m a t i c , o r o t h e r 
c o l l a t e r a l i n f o r m a t i o n . I d e n t i f i c a t i o n of t h o s e e l e m e n t s f o r which B 
i s ( n e g a t i v e l y ) c o r r e l a t e d w i t h t h e c o n c e n t r a t i o n i n s o i l i s a 
s i g n i f i c a n t f i n d i n g . 

(Pages 49-53) 

Some of t h e F^ v a l u e s a r e ba sed on e x p e r i m e n t a l v a l u e s . Some a r e 
b a s e d on e l e m e n t a l s y s t e m a t i c s , c o r r e l a t i o n s w i t h B or F o r o t h e r 
c o l l a t e r a l i n f o r m a t i o n . The a u t h o r s s h o u l d d i s c u s s I h e u n c e r t a i n t y 
a s s o c i a t e d w i t h t h e s e e s t i m a t e s . 
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The m a t h e m a t i c a l f o r m u l a t i o n of t h e i n t e r c e p t i o n f r a c t i o n f o r 
v e g e t a t i o n , which was d e r i v e d by Chamber la in ( 1 9 5 3 ) , i s shown on page 65 
a s E q u a t i o n ( 1 0 ) . T h i s e q u a t i o n shows, i f t h e exponen t i s l e s s t h a n 1 
and t h e e x p o n e n t i a l i s expanded, t h a t t h e r a t i o of t h e i n t e r c e p t i o n 
f r a c t i o n t o t h e b iomass s h o u l d b e a c o n s t a n t e q u a l t o 2 .88 m / k g f o r 
t h e example c h o s e n . Th i s c e r t a i n l y i m p l i e s t h a t t h e i n t e r c e p t i o n 
f r a c t i o n and t h e b iomass s h o u l d n o t be modeled s e p a r a t e l y , b u t t h a t 
o n l y t h e r a t i o need be modeled . I n f a c t , o t h e r s have d e m o n s t r a t e d t h a t 
mode l ing t h e two i n d e p e n d e n t l y can l e a d t o g rave e r r o r s . 

2 
F u r t h e r , t h e c o n s t a n t f a c t o r of 2 . 8 8 m / k g d e r i v e d by Chamber la in 

was o n l y a p p r o p r i a t e f o r g a s e s and v a p o r s , and p e r h a p s some v e r y l i g h t 
s p o r e s . O b v i o u s l y , one must be v e r y c a r e f u l i n t h e c h o i c e of t h i s 
f a c t o r , o r r i s k s e r i o u s e r r o r . I f e e l t h e g e o m e t r i c model ing used i n 
t h i s S e c t i o n i s t o t a l l y u n a c c e p t a b l e . The re a r e , i n f a c t , many s o u r c e s 
of d a t a t h a t c a n be u sed d i r e c t l y f o r t h i s r a t i o . 

(Pages 128-132) 

I f e e l t h e r e s u s p e n s i o n model u sed i s n a i v e a t b e s t . One of t h e 
g r e a t e s t p rob lems w i t h t h e r e s u s p e n s i o n model i s t h a t t h e m a s s - l o a d i n g 
approach i s u s e d e x c l u s i v e l y . As shown by o t h e r s and d e m o n s t r a t e d by 
common s e n s e , t h e m a s s - l o a d i n g approach i s o n l y v a l i d f o r aged s o u r c e s 
w h e r e i n t h e d e p o s i t e d r a d i o a c t i v i t y ha s a l r e a d y w e a t h e r i n g i n t o some 
r e a s o n a b l e t h i c k n e s s of s o i l . I n f a c t , on page 129, t h e a u t h o r s s t a t e 
t h a t t h e c o n c e n t r a t i o n t o be u s e d i n t h e model i s t h e measurement of 
a c t i v i t y i n t h e f i r s t cm of s o i l . 

I t I s o b v i o u s t h a t a f r e s h , o r even a c o n t i n u i n g d e p o s i t i o n , i s n o t 
a v e r a g e d t h r o u g h o u t t h e f i r s t cm of s o i l . E x p e r i m e n t a l measurements 

. have r e p e a t e d l y shown t h a t t h e r e s u s p e n s i o n p r o c e s s immed ia t e ly a f t e r 
d e p o s i t i o n h a s o c c u r r e d i s v e r y v o l a t i l e and d e c r e a s e s r a p i d l y w i t h 
t i m e . I n such s i t u a t i o n s , t h e o n l y r e a s o n a b l e model ing app roach i s t o 
u s e t h e t i m e - v a r y i n g r e s u s p e n s i o n - f a c t o r a p p r o a c h . [See Anspanugh e t 
a l . , ( 1 9 7 5 ) . ] O t h e r w i s e , t h e r e s u s p e n s i o n p r o c e s s w i l l be s e r i o u s l y 
u n d e r e s t i m a t e d . 

I t i s a l s o v e r y d i s t u r b i n g t h a t one of t h e most s i g n i f i c a n t 
r e s u s p e n s i o n p a t h w a y s , t h e i n h a l a t i o n of r e s u s p e n d e d a c t i v i t y by humans, 
does n o t a p p e a r t o be modeled a t a l l . R a t h e r , t h e o n l y modeled 
s i t u a t i o n t h a t i s a p p a r e n t f rom t h e d o c u m e n t a t i o n i s t h e subsequen t 
r e d e p o s i t i o n of r e s u s p e n d e d a c t i v i t y on p l a n t s . The i n h a l a t i o n of 
r e s u s p e n d e d r a d i o a c t i v i t y i s g e n e r a l l y c o n s i d e r e d t o be t h e most 
i m p o r t a n t pathway f o r some r a d i o n u c l i d e s , such as p l u t o n i u m . 

F i n a l l y , t h e c h o i c e o f o n l y t h e 2 . 5 t o 15 mic rome te r f r a c t i o n of 
a e r o s o l t o be i n c l u d e d i n t h e r e f e r e n c e " r e s u s p e n s i o n a i r c o n c e n t r a t i o n " 
i s c o m p l e t e l y u n j u s t i f i e d . Measurements of a e r o s o l s i n nonurban 
environments , have shown c o n c l u s i v e l y t h a t most of t h e mass i s a s s o c i a t e d 
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(Pages 65 - 79) 

The m a t h e m a t i c a l f o r m u l a t i o n of t h e i n t e r c e p t i o n f r a c t i o n f o r 
v e g e t a t i o n , which was d e r i v e d by Chamber la in (1953) , i s shown on page 
65 a s E q u a t i o n ( 1 0 ) . Th i s e q u a t i o n shows, i f t h e exponen t i s l e s s t h a n 
1 and t h e e x p o n e n t i a l i s expanded , t h a t t h e r a t i o of t h e i n t e r c e p t i o n 
f r a c t i o n t o t h e b iomass s h o u l d be a c o n s t a n t e q u a l t o 2 . 8 8 s q u a r e 
m e t e r s / k g f o r t h e example c h o s e n . T h i s c e r t a i n l y i m p l i e s t h a t t h e 
i n t e r c e p t i o n f r a c t i o n and t h e b iomass s h o u l d n o t be modeled s e p a r a t e l y , 
b u t t h a t o n l y t h e r a t i o need be modeled . I n f a c t , o t h e r s have 
d e m o n s t r a t e d t h a t mode l ing t h e two i n d e p e n d e n t l y can l e a d t o g rave 
e r r o r s . 

F u r t h e r , t h e c o n s t a n t f a c t o r of 2 . 8 8 s q u a r e m e t e r s / k g d e r i v e d by 
Chamber la in was o n l y a p p r o p r i a t e f o r g a s e s and v a p o r s , and p e r h a p s some 
v e r y l i g h t s p o r e s . Obv ious ly , one must b e v e r y c a r e f u l i n t h e c h o i c e of 
t h i s f a c t o r , o r r i s k s e r i o u s e r r o r . I f e e l t h e g e o m e t r i c model ing u s e d 
i n t h i s S e c t i o n i s t o t a l 1 " u n a c c e p t a b l e . There a r e , i n f a c t , many 
s o u r c e s of d a t a t h a t c a n l>> ised d i r e c t l y f o r t h i s r a t i o . 

(Pages 128-132) 

I f e e l t h e r e s u s p e n s i o n model u s e d i s n a i v e a t b e s t . One of t h e 
g r e a t e s t p rob lems w i t h t h e r e s u s p e n s i o n model i s t h a t t h e m a s s - l o a d i n g 
a p p r o a c h i s u s e d e x c l u s i v e l y . As shown by o t h e r s and d e m o n s t r a t e d by 
common s e n s e , t h e m a s s - l o a d i n g approach i s o n l y v a l i d f o r aged s o u r c e s 
w h e r e i n t h e d e p o s i t e d r a d i o a c t i v i t y h a s a l r e a d y w e a t h e r i n g i n t o some 
r e a s o n a b l e t h i c k n e s s of s o i l . I n f a c t , on page 129, t h e a u t h o r s s t a t e 
t h a t t h e c o n c e n t r a t i o n t o be u s e d i n t h e model i s t h e measurement of 
a c t i v i t y i n t h e f i r s t cm of s o i l . 

I t i s o b v i o u s t h a t a f r e s h , o r even a c o n t i n u i n g d e p o s i t i o n , i s n o t 
a v e r a g e d t h r o u g h o u t t h e f i r s t cm o f s o i l . E x p e r i m e n t a l measurements 
have r e p e a t e d l y shown t h a t t h e r e s u s p e n s i o n p r o c e s s immed ia t e ly a f t e r 
d e p o s i t i o n h a s o c c u r r e d i s v e r y v o l a t i l e and d e c r e a s e s r a p i d l y w i t h 
t i m e . I n such s i t u a t i o n s , t h e o n l y r e a s o n a b l e mode l ing app roach i s t o 
u s e t h e t i m e - v a r y i n g r e s u s p e n s i o n - f a c t o r a p p r o a c h . [See Anspanugh e t 
a l . , ( 1 9 7 5 ) . ] O t h e r w i s e , t h e ' r e s u s p e n s i o n p r o c e s s w i l l be s e r i o u s l y 
u n d e r e s t i m a t e d . 

I t i s a l s o v e r y d i s t u r b i n g t h a t one of t h e most s i g n i f i c a n t 
r e s u s p e n s i o n pa thways , t h e i n h a l a t i o n of r e s u s p e n d e d a c t i v i t y by humans, 
does n o t a p p e a r t o be modeled a t a l l . R a t h e r , t h e o n l y modeled 
s i t u a t i o n t h a t i s a p p a r e n t f rom t h e d o c u m e n t a t i o n i s t h e s u b s e q u e n t 
r e d e p o s i t i o n of r e s u s p e n d e d a c t i v i t y on p l a n t s . The i n h a l a t i o n of 
r e s u s p e n d e d r a d i o a c t i v i t y i s g e n e r a l l y c o n s i d e r e d t o be t h e most 
i m p o r t a n t pa thway f o r some r a d i o n u c l i d e s , such a s p l u t o n i u m . 

F i n a l l y , t h e c h o i c e o f o n l y t h e 2 . 5 t o 15 mic rome te r f r a c t i o n of 
a e r o s o l t o be i n c l u d e d i n t h e r e f e r e n c e " r e s u s p e n s i o n a i r c o n c e n t r a t i o n " 
i s c o m p l e t e l y u n j u s t i f i e d . Measurements of a e r o s o l s i n nonurban 
e n v i r o n m e n t s have shown c o r n l u s i v e l y t h a t most of t h e mass i s a s s o c i a t e d 
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w i t h p a r t i c l e s s m a l l e r t han 2 .5 mic romete r s . Obvious ly , t he s m a l l e r 
a e r o s o l s a r e a l s o the most impor t an t ones i n terms of i n h a l a t i o n by 
humans, and t h i s s i g n i f i c a n t pathway should be i n c l u d e d . 

The comparison of p r e d i c t e d e lement c o n c e n t r a t i o n s i n p l a n t s t o t h e 
range of r e p o r t e d measure l e v e l s i s somewhat m i s l e a d i n g as i t assumes a 
c o n s t a n t "average" s o i l l e v e l . A more i n f o r m a t i v e comparison would be 
t o use t h e s e l e c t e d b ioaccumula t i on f a c t o r w i t h a c t u a l s o i l 
c o n c e n t r a t i o n s t o p r e d i c t c o n c e n t r a t i o n s i n p l a n t s which a r e t hen 
compared t o a c t u a l measured p l a n t c o n c e n t r a t i o n s f o r t h a t s o i l l e v e l . 
Admi t t ed ly t h i s can u s u a l l y be done only f o r t h e more common e l e m e n t s . 

(Page 9, S e c t i o n 2 .12 ) 

The v a l u e s of B - 0 . 0 8 and B - 0 . 0 3 f o r cesium appear t o be 
c o n s i s t e n t w i t h values (0 .07 and 0 .03) o b t a i n e d f rom an independen t 
c o m p i l a t i o n of t h e s e p a r a m e t e r s . I t i s no t c l e a r what t h e r e l e v a n c y of 
t h e M a r s h a l l I s l a n d d a t a i s as t h e s o i l t ype may be d i s t i n c t l y 
d i f f e r e n t t h a n most U.S. s o i l s and as n o t e d t h e p l a n t c o n c e n t r a t i o n 
i n c l u d e d r e suspended m a t e r i a l . 

(Page 13) 

The v a l u e of 0 .075 f o r sodium B appea r s low i n compar ison t o t h e 
v a l u e f o r cesium and i n comparison t o o t h e r c o m p i l a t i o n s . Sodium i s n o t 
a s t i g h t l y bound t o c l a y p a r t i c l e s a s i s cesium and i s q u i t e mobi le in 
s o i l s hence i t would be expec ted t o have a h i g h e r B v a l u e . Ot 
r e f e r e n c e s t e n d t o show a sodium/cesium up t ake r a t i o of around 5 [NRl 
(1977a) McDowell- Boyer and Baes (1984) , Simmons e t a l . (1982) ] . Ng 
(1982) shows a r a t i o c l o s e to u n i t y . The v a l u e s u g g e s t e d of B - 0 .075 
would seem comparable t o t h e othe->- r e f e r e n c e s (B - 0 . 0 5 ) excep t t h a t 
t h e fo rmer i s on a d ry weight b a s i s a..d t h e l a t t e r on a wet we igh t 
b a s i s . Using a f r e s h t o dry we igh t r a t i o of 4 ( g r a s s e s , f o r a g e ) would 
g i v e a B v of 0 . 2 w h i l e a f r e s h / d r y weigh t r a t i o of 10 would g ive 0 . 5 , 
e i t h e r one i s c o n s i d e r a b l y h i g h e r t h a n t h e s u g g e s t e d 0 . 0 7 5 . 

(Page 13) 

The v a l u e s f o r s t r o n t i u m B and B ag reed w i th p u b l i s h e d v a l u e s f o r 
an ave rage f o r legume and non-legume f o r a g e ( 2 . 2 ) and l e a f y v e g e t a b l e s 
( 2 . 2 ) , f r u i t s ( 0 . 2 4 ) and g r a i n ( 0 . 2 2 ) . 

(Page 14, lP^ 

The s e l e c t e d v a l u e s f o r radium seem low. The B v a l u e of 0 .0015 
o n l y a p p e a r s t o be low by a f a c t o r of two compared t o a n o t h e r s i n g l e 
r e p o r t e d v a l u e . However, t h e B r e p o r t e d v a l u e of 0 .017 i s c o n s i d e r a b l y 
low than o t h e r e s t i m a t e s . As no ted (page 19, l i n e s 5 - 6 ) i t i s a f a c t o r 
of 5 lower t h a n McDowell-Boyer e t a l . , and around a f a c t o r of 2 . 5 lower 
t h a n o t h e r r e p o r t e d v a l u e s f o r g r a s s e s . Other c o m p i l a t i o n s g ive h i g h e r 
radium p l a n t - t o - s o i l c o n c e n t r a t i o n r a t i o s f o r r o o t c rops than f o r o t h e r 
v e g e t a t i o n , a f a c t o r n o t r e f l e c t e d h e r e . 
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(Page 24, S e c t i o n 2 . 1 . 4 ) 

The B v a l u e f o r polonium looks low compared t o o t h e r p u b l i s h e d 
v a l u e s of a round 0 .007 f o r l e a f y v e g e t a b l e s and g r a s s e s . The B v a l u e 
of 4E-04 f o r polonium appear s to be r e a s o n a b l e based upon o t h e r 
p u b l i s h e d v a l u e s . 

(Page 25, S e c t i o n 2 . 1 . 4 ) 

The B v a l u e f o r i o d i n e of 0 .05 appea r s t o be r e a s o n a b l e as o t h e r 
p u b l i s h e d v a l u e s a r e between 0 . 0 3 and 0 . 0 8 . However, t h e v a l u e of 0 .15 
f o r B a p p e a r s low by a t l e a s t a f a c t o r of two compared t o 1 . 8 f o r 
legumes ( a l f a l f a , c l o v e r , e t c . ) and 0 . 2 5 f o r g r a s s e s . 

(Page 26, S e c t i o n 2 . 1 . 5 ) 

The l a n t h a n i d e B v a l u e of 0 .004 appea r s t o be r e a s o n a b l e f o r 
t u b e r s (sweet p o t a t o e s , p o t a t o e s ) and f r u i t s ( t oma toes , cucumbers, e t c . ) 
b u t would be low f o r legumes (bean, p e a , e t c . ) r o o t v e g e t a b l e s ( r a d i s h , 
c a r r o t , e t c . ) f o r which 0 .03 might be more a p p r o p r i a t e . The B v a l u e of 
0 . 0 1 appear s somewhat low ( i t i s lower t h a n Br which i s unusuaY). Other 
v a l u e s g iven i n t h e l i t e r a t u r e a r e 0 .07 f o r legumes ( a l f a l f a , c l o v e r , 
e t c . ) and 0 .036 f o r l e a f y v e g e t a b l e s . 

(Page 29) 

The manganese B v a l u e of 0 .005 a g r e e s w i t h o t h e r p u b l i s h e d v a l u e s . 
The B v a l u e of 0 . 25 i s lower t h a n t h e r e p o r t e d geomet r i c mean of 0 . 4 1 ; 
t h e l a t t e r v a l u e appea r s more a p p r o p r i a t e f o r f o r a g e o r l e a f y 
v e g e t a b l e s ba sed upon o t h e r p u b l i s h e d v a l u e s . 

(Page 29) 

The c o b a l t v a l u e of B of 0 .02 appea r s low compared t o v a l u e s f o r 
g r a s s e s ( 0 . 0 4 ) and l e a f y v e g e t a b l e s ( 0 . 0 8 ) . No v a l u e s were a v a i l a b l e 
t o compare w i t h Br > 

(Page 30) 

The r e p o r t e d Br v a l u e f o r z i n c i n T i l l and Meyer (1983) i s 0 .055 
f o r f r u i t s . This i s much s m a l l e r t h a n t h e d e f a u l t of 0 . 6 d e r i v e d from 
t h e Bv v a l u e . The d e r i v e d Bv f o r a s o i l c o n c e n t r a t i o n of 50 ppm Zn of 
1 . 3 5 would be r e a s o n a b l e f o r t h e ave rage ( 1 . 1 ) of legumes (B - 1 . 5 ) and 
g r a s s e s ( B v ~ 0 . 7 ) . v 

(Page 39) 

The ru thenium of 0 .075 and t h e B of 0 .02 a r e i n agreement wi th 
reporte>. v a l u e s of 0 .056 f o r l e a f y V e g e t a b l e s and 0 .012 , 0 .038 f o r 
f r u i t s and legumes (beans , p e a s , e t c . ) . 
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(Page 45) 

The v a l u e f o r p lu ton ium B of 4 . 5 E-04 appea r s more a p p r o p r i a t e f o r 
r o o t c rops (3 .7E-04) and s l i g h t l y h i g h f o r f o r a g e (Bv - 2 .3E-04 f o r 
legumes and 9.2E-05 f o r g r a s s e s ) and l e a f y v e g e t a b l e s (1 .75E-04) . The 
B v a l u e of 4 .5E-05 would be c l o s e t o t he geomet r i c mean (1 .1E-05) of 
tf ie v a l u e f o r f r u i t s of 1 .0E-04 (wi th some a e r i a l con t amina t i on and 
8 .1E-06 f o r legumes and 1.5E-06 f o r g r a i n s . 

(Page 45) 

Americium CR v a l u e s appear t o be g e n e r a l l y h i g h e r than those f o r 
p lu ton ium by about an o r d e r of magni tude . Th i s i s r e f l e c t e d i n the 
s e l e c t e d B and B v a l u e s . r v 

The v a l u e s f o r uranium appear somewhat h i g h e r ; o t h e r r e p o r t e d 
v a l u e s i n d i c a t e a v a l u e of around IE-03 f o r f r u i t s , legumes, and r o o t s 
and E-03 f o r g r a s s e s r a t h e r than a B of 4E-03 and a B of 8 .5E-03 . The 
B r amd Bv v a l u e s f o r neptunium and curium appear r e a s o n a b l e . 

(Pages 47 - 49, F igu re 2 .23) 

The d i f f e r e n c e s i n d i c a t e d between t h i s c o m p i l a t i o n and r e f e r e n c e 15 
(and consequen t ly NRC Regu la to ry Guide 1.109) which a r e of impor tance i n 
dose assessment a r e t hose f o r s t r o n t i u m , radium, polonium, t e l l u r i u m , 
t ho r ium, and neptunium. In the case of s t r o n t i u m and radium, the 
p r e v i o u s ( lower ) v a l u e s appear t o be i n c o r r e c t and t h e v a l u e s i n t h i s 
t a b u l a t i o n a r e more a p p r o p r i a t e . The neptunium v a l u e s i n t h e o l d e r 
t a b u l a t i o n s may be based upon an assumed s i m i l a r i t y t o o t h e r a c t i n i d e s . 
The c u r r e n t t a b u l a t i o n c o r r e c t l y r e f l e c t s t h e h i g h e r up take of Np by 
p l a n t s t han f o r o t h e r a c t i n i d e s . The remain ing v a l u e s (Te, Th, and Po) , 
f o r which t h e p r e s e n t c o m p i l a t i o n a s s i g n s v a l u e lower t h a n p r e v i o u s l y 
u s e d , may r e f l e c t b e t t e r measurements which more a c c u r a t e l y measure 
" t r u e " s o i l - t o - p l a n t up t ake w i t h o u t a l s o measur ing t h e d e p o s i t i o n of 
r e suspended s o i l . 

(Page 51, F igure 2 .25 ) 

There does n o t appear t o be a r a t i o n a l e x p l a n a t i o n f o r why t h e F f 
v a l u e s f o r t he h i g h e r l a n t h a n i d e s d i f f e r from those f o r t h e lower ana 
b e t t e r documented v a l u e s f o r t he lower l a n t h a n i d e s , La, Ce, P r , and Nd. 
There a r e no appa ren t d i f f e r e n c e s i n chemical p r o p e r t i e s t o w a r r a n t such 
d i f f e r e n c e s . The i n t a k e f o r mi lk , F , v a l u e s do n o t show t h e s e 
d i f f e r e n c e s . 

(Pages 53 - 62) 

The d i s c u s s i o n of s o i l - t o - w a t e r d i s t r i b u t i o n c o e f f i c i e n t s i s 
comprehensive and w e l l documented. However, t h e t a b u l a t e d v a l u e s i n 
Tab le 2 . 1 3 r a i s e t h e q u e s t i o n of whether p a r a m e t e r s which range over 
s e v e r a l o r d e r s of magni tude can be a d e q u a t e l y r e p r e s e n t e d by one mean 
( o r geomet r i c mean) v a l u e . An a l t e r n a t i v e would be t o a t t e m p t t o 
c h a r a c t e r i z e d i f f e r e n t subgroups of s o i l t ypes w i t h a s s o c i a t e d K d ' s . 
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(Pages 65 - 79) 

The t h e o r e t i c a l t r e a t m e n t of d e p o s i t i o n r e t e n t i o n f a c t o r s seems a 
b i t remote f o r p r a c t i c a l a p p l i c a t i o n s . F i g u r e s 3 . 6 and 3 .7 a r e 
p a r t i c u l a r l y s p e c u l a t i v e c o n s i d e r i n g t h e a v a i l a b l e e x p e r i m e n t a l 
e v i d e n c e . I f t h e r e p o r t were r e w r i t t e n , t h i s s e c t i o n might be reduced 
and a d d i t i o n a l m a t e r i a l on compar ison of t h e model p r e d i c t i o n s w i t h 
measured v a l u e s added . 

(Pages 80 - 123) 

The d a t a c o l l e c t i o n and a n a l y s i s e f f o r t d e s c r i b e d h e r e i s v e r y w e l l 
done and p r o v i d e s a s i g n i f i c a n t c o n t r i b u t i o n t o p e r f o r m i n g s i t e - s p e c i f i c 
a s s e s s m e n t s . 

(Pages 124 - 127, S e c t i o n s 5 . 2 and 5 . 3 ) 

I t i s n o t c l e a r t h a t t h e approach t o m i l k and meat t r a n s f e r used i s 
marked ly s u p e r i o r t o t h a t u sed i n R e g u l a t o r y Guide 1 .109 s i n c e , f o r most 
e l e m e n t s , c o n s t a n t d e f a u l t v a l u e s a r e used f o r T and T f . m £ 
(Pages 127 - 132 and Table 2 . 3 , page 8) 

The dry-to-wet weight conversion factor for grain is DW/WW - 0 . 8 8 8 . 
This implies a WW/DW ratio of 1 / 0 . 8 8 8 - 1 . 1 2 which appears appropriate 
compared to other sources. The value given in the TERRA code report is 
in error as already noted. 

S i m i l a r l y t h e v a l u e f o r t h e ca rbon c o n t e n t of m i l k of 0 .069 i n 
Tab le 5 .2 a p p e a r s t o be a p p r o p r i a t e ( o t h e r d a t a g i v e 0 . 0 6 6 ) . The v a l u e 
of 0 . 2 9 3 i n t h e TERRA r e p o r t was c r i t i c i z e d i n my comments b u t h a s s i n c e 
been c o r r e c t e d a s n o t e d i n ORNL-5786. 
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APPENDIX A 

BRIGGS LETTER 

The f o l l o w i n g l e t t e r was s u b m i t t e d by Gary Br iggs a long wi th h i s 
comments. S ince i t i s ve ry i n f o r m a t i v e , i t i s i nc luded h e r e as a 
f u r t h e r comment on t h e p l u m e - r i s e model used i n CRRIS. 
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A p r i l 14, 1983 

Plume R i se Equat ions Used i n EPA Models 

Gary A. Br iggs 
AMB, MD-ESRL 

D. Bruce Turne r , Chief 
EOB, MD-ESRL 

For n e a r l y a decade now, the EPA has been u s i n g i n many of i t s models 
t h e Br iggs (1970) s i m p l i f i e d f o r m u l a t i o n f o r f i n a l plume r i s e i n n e u t r a l 
and u n s t a b l e c o n d i t i o n s : 

Ah - 2 1 . 4 F 3 / 4 / U when F £ 55 m 4 / s e c 3 ( l a ) 

Ah - 38 .7 F 3 / 5 / U when F 5s 55 m 4 / s e c 3 . ( l b ) 

These e q u a t i o n s compromise some s u b s t a n t i a l d i f f e r e n c e s between n e u t r a l 
(mechanica l t u r b u l e n c e ) and u n s t a b l e ( c o n v e c t i v e t u r b u l e n c e ) c o n d i t i o n s . 
V i r t u a l l y a l l models p r e d i c t a weaker dependence on U i n u n s t a b l e 
c o n d i t i o n s and a c o n s i d e r a b l y s t r o n g e r dependence on U i n n e u t r a l 
c o n d i t i o n s . This f o l l o w s from the b a s i c p h y s i c a l f a c t s t h a t : (1) 
u n s t a b l e c o n d i t i o n s i s t o a x i a l l y d i l u t e the buoyancy; i . e . , i t e n t e r s 
on ly i n t h e form F/U; (2) mechanical t u r b u l e n c e i . e . , d r i v e n by U and 
s t r o n g l y depends on i t , w i th t u r b u l e n c e v e l o c i t i e s S a U; plume r i s e 

2 3 
s t r o n g l y depends on U through the s c a l i n g l e n g t h F/(Uu ) a F/U , and 

a l s o depends on s o u r c e h e i g h t . Fur the rmore , Eqn. 1 employ two g r o s s 

e m p i r i c i s m s , one f o r eddy energy d i s s i p a t i o n r a t e (e a U/Z) and one f o r 
t h e approximate mean h e i g h t occupied by t h e plume, f o r the purpose of 

3 / 8 
c a l c u l a t i n g (z a F ' , b u t i s no t a l lowed t o exceed 100m). Equa t ions l a 

an l b were t e s t e d a g a i n s t t he d a t a i n Br iggs (1969) , Plume R i s e , and 

B r i n g f e l t (1968) . These d a t a were inadequa te i n terms of d i s t a n c e 

downwind f o r any r e a l t e s t , s i n c e the 2 /3 law plume and Eqs. 1 gave on ly 

a smal l improvement i n f i t over t h a t o b t a i n e d u s i n g the 2 /3 law a l o n e . 
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The assumpt ion f o r Z d i d no t a n t i c i p a t e h i g h buoyancy, s h o r t s t a c k 
sou rces such as gas t u r b i n e s , and i s no t a p p r o p r i a t e f o r such a source 
a t h igh wind s p e e d s . 

With the p u b l i c a t i o n of my 1975 l e c t u r e (Br iggs , 1975) and t h e upcoming 
p u b l i c a t i o n of Atmospheric Sc ience and Power P r o d u c t i o n (Br iggs , 1984) , 
i t seems t o me t h a t Eqs. 1 f a l l r a t h e r s h o r t of t h e s t a t e - o f - t h e - a r t . 
There was much improved u n d e r s t a n d i n g of t u r b u l e n c e in n e u t r a l and 
c o n v e c t i v e boundary l a y e r s i n t he 1970*s, and t h i s i s r e f l e c t e d i n the 
upda ted plume r i s e fo rmulas of 1975 and 1983. Fur thermore , t h e s e 
fo rmulas have avoided any g r o s s empi r i c i sms (more p h y s i c a l l y r e a s o n a b l e 
e s t i m a t e s f o r e a r e used , and f a c t o r s l i k e Z a r e c a l c u l a t e d , r a t h e r t han 
assumed). Tru ly adequa te d a t a a r e s t i l l l a c k i n g , b u t the new fo rmulas 
have been s u b j e c t e d t o some "ground t r u t h " t e s t i n g v i a comparisons of 
observed and p r e d i c t e d maximum ground c o n c e n t r a t i o n s , and they seem t o 
do w e l l . I n my o p i n i o n , i t i s about t ime t o upgrade t h i s component of 
EPA models, o r a t l e a s t t o a s s e s s t h e degree of e r r o r t h a t can be 
expec ted u s i n g Eqs. The U wind speed dependence, f o r i n s t a n c e , i s 
r a t h e r s i m p l i s t i c i n l i g h t of the new models . 

One o b s t a c l e to upg rad ing u s i n g t h e newer models i s t h e i r r e l a t i v e 
complex i ty . However, most of t h i s a p p a r e n t complex i ty can be avo ided by 
u s i n g some approx ima t ions t h a t a r e b r o a d , b u t s t i l l a r e f a r l e s s 
sweeping t h a n t hose made i n deve lop ing Eqs. 1. Some s u g g e s t i o n s f o l l o w . 

In t h e c o n v e c t i v e s i t u a t i o n , t he p h y s i c a l mechanisms t h a t a f f e c t plume 
r i s e a r e complex. Ye t , t he v a r i o u s p r e d i c t i o n s g iven by t h e "breakup" 
and the "touchdown" models i n the 1975 and 1983 r e f e r e n c e s were n o t e d t o 
be s i m i l a r . In 1984, I recommended a somewhat more c o n s e r v a t i v e ( lower 
r i s e ) form of t he "breakup" e q u a t i o n because of i t s s i m p l i c i t y . There 
e x i s t no d a t a to s u p p o r t more compl ica ted approaches , anyway. The 
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N o r t h f l e e t and T i l b u r y maximum ground concen t raCion d a t a f o r low wind 
speeds a r e f i t f a i r l y w e l l u s i n g Eq. 101 of Br iggs (1984) wi th H - 32 

2 3 

cm / s e c ( see F ig . 8 . 1 1 , same r e f . ) : 

Ah - 3(F/U)3 / 5H~2 / 5 

- 30 ( F / U ) 3 / 5 MKS u n i t s (2) 

2 3 ( t h i s i s e q u i v a l e n t t o Eq. 86 of Br iggs 1975 u s i n g H — 92 cm / s e c ) . 
Note t h e resemblance of Eq. 2 t o Eq. l b . They a r e i n f a c t i d e n t i c a l a t 

2 /5 
U - 1 . 9 m/sec . O the rwise , they d i f f e r by a f a c t o r p r o p o r t i o n a l t o U ' , 
which i s n o t too s e r i o u s i n t he range t y p i c a l f o r c o n v e c t i v e c o n d i t i o n s , 
U - 1 t o 5 m/sec . The on ly a d d i t i o n a l complex i ty over Eq. 2 1 would 
s u g g e s t a t t h i s t ime i s a s e a s o n a l a d j u s t m e n t - p l u s 30% i n the w i n t e r 
and down 30% i n the summer - t o a l l ow f o r t he s u b s t a n t i a l s e a s o n a l 
changes i n h e a t f l u x and c o n v e c t i v e t u r b u l e n c e i n t e n s i t y . 

For t h e n e u t r a l s i t u a t i o n the same formula was recommended i n bo th 1975 
and 1983 and was v e r i f i e d u s i n g ground c o n c e n t r a t i o n d a t a i n two p e r i o d s 
of l i d a r - d e t e r m i n e d plume r i s e : 

Ah - 1 . 2 ( F / U u * 2 ) 3 / 5 ( h + Ah) 2 /5 (3) s 

(Eq. 80 of 1975 and Eq. 97 of 1983) . This e q u a t i o n r e q u i r e s r e i t e r a t i v e 
approx imat ion t o s o l v e , s i n c e Ah cannot be i s o l a t e d . However, i t can be 
approx imated w i t h -4% t o 0% e r r o r i n t h e computed e f f e c t i v e s t a c k 
h e i g h t , h s - Ah, w i th 

A - 1 . 2 ( F / U u * 2 ) 3 / 5 ( h s + 1 . 3 F U u * 2 ) 2 / 5
< (4) 

A f u r t h e r s i m p l i f i c a t i o n i s made by s e l e c t i o n U/u* - 12, a modera te ly 
c o n s e r v a t i v e v a l u e . We now have 

A - 2 4 ( F / U 3 ) 3 / 5 ( h + 200 F / U 3 ) 2 / 5 . (5) 
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A f u r t h e r s i m p l i f i c a t i o n i s p e r m i s s i b l e when h g > 7 F 1 / / 2 , MKS u n i t s . 

A - 3 0 ( F / U 3 ) 3 / 5 h 2 /5 (6) 

This approx imat ion makes no more than 3% e r r o r i n e f f e c t i v e s t a c k h e i g h t 
compared to Eq. 3 i n t he c r i t i c a l range 0 < Ah/h < 1, a t which h i g h e s t 
ground c o n c e n t r a t i o n s a r e o b t a i n e d , and u n d e r e s t i m a t e s r i s e a t h i g h e r 
Ah/h ( lower U). The t r a n s i t i o n t o the c o n v e c t i v e case i s ve ry simply 

s 1 /3 c a l c u l a t e d by e q u a t i n g Eqs. 2 and 6: U - h ' , which ranges from about 
1/2 s 

3 t o 6 m/sec . I f h g • 7 F ' , Eq. 6 u n d e r p r e d i c t s e f f e c t i v e s t a c k 
h e i g h t g iven by Eq. 3 by 30% a t t h i s t r a n s i t i o n p o i n t . For l a r g e r 
a n d / o r l a r g e r U, t he e r r o r i s l e s s . Equat ion 6 a l s o resembles Eq. 16 i n 1/2 1/2 t h e dependence on F. They a r e e q u i v a l e n t when U - 1 . 4 h s ' , h ^ , which 
r anges from about 6 t o 24 m/sec , b u t d i f f e r by a f a c t o r p r o p o r t i o n a l to 

- 4 / 5 
U , Eq. l b i s bound t o be i n s u b s t a n t i a l e r r o r somewhere i n the 
n e u t r a l range of windspeeds . 

For s o u r c e s l i k e gas t u r b i n e s ( l a r g e F, smal l h s ) Eq. 6 can g r o s s l y 
u n d e r p r e d i c t r i s e . For ground s o u r c e s , such a s c o n f l a g r a t i o n s , drop the 
h term and use 

Ah - 200 F/U3. (7) 

t h i s i s h a l f t he Ah sugges t ed i n Briggs (1965) , b u t t h a t v a l u e was based 
on e l e v a t e d s o u r c e s (when Ah/hfi - 0 .43 , which happens n e a r t h e " c r i t i c a l 
windspeed" , Eq. 5 g i v e s twice t h e r i s e g iven by Eq. 7 ) . In very h igh 
winds , a ground source plume can be q u i t e c l o s e t o the ground, where 
t u r b u l e n c e i n t e n s i t y , o r U /U i s somewhat l a r g e r - b u t i n such c a s e s , 

3 
e s t i m a t e s of U and even of F may be t h e g r e a t e s t s o u r c e s of e r r o r . 
T r a n s i t i o n t o the c o n v e c t i v e c a s e , Eq. 2, occur s a t U - 2 . 2 F * ^ , i n the 

r ange 3 t o 10 m/sec . R e a l l y h igh windpeeds cause t h e g r e a t e s t ground 
2 - 1 5 

impac t , w i th (UAh ) a U . Equat ion 7 i s e q u i v a l e n t t o t he 2 /3 law 
t e r m i n a t e d when Ah - x / 7 ; t h i s sugges t s t h a t ground impact occurs soon 
a f t e r t h i s p o i n t , x - 1400 F/U 3 . 
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To i l l u s t r a t e some p o i n t s made above, two t a b l e s a r e a t t a c h e d . The 
* 

f i r s t compares t h e n e u t r a l Ah approx imat ion wi th Eq. (3) w i t h U/u - 12, 
1 / 3 2 

and i n c l u d e s 2 0 ( F / h s ) ' /U( l+Ah s ) a s a w e i g h t i n g f a c t o r p r o p o r t i o n a l t o 
maximum ground c o n c e n t r a t i o n . One s u r p r i s i n g f e a t u r e shown by t h i s 
t a b l e i s t h a t Eq. 7, whi le g r o s s l y u n d e r p r e d i c t i n g Ah f o r e l e v a t e d 
s o u r c e s a t h i g h windspeeds , neve r u n d e r p r e d i c t s e f f e c t i v e sou rce h e i g h t 
by more than 18%. Thus, i t i s a v i a b l e c a n d i d a t e f o r t h e " s i m p l e s t 
t o l e r a b l e f o r m u l a . " Eq. 6, on t h e o t h e r hand , dose much b e t t e r n e a r t he 
c r i t i c a l windspeed, and g r o s s l y u n d e r p r e d i c t s on ly when A+h > 4h . Eq. s s 
5 combines t h e b e s t of b o t h and i s r e a l l y n o t so c o m p l i c a t e d , so i s t he 
b e s t recommendation f o r n e u t r a l c o n d i t i o n s . 

The second t a b l e compares Eq. 1 w i th p r e d i c t i o n s of Eqs. 2 o r 3 (with * 
U/u — 1 2 ) , whichever i s l o w e s t . The recommended e q u a t i o n f o r n e u t r a l 
c o n d i t i o n s , Eq. 5, i s e s s e n t i a l l y i d e n t i c a l to Eq. 3. S ix very 
d i f f e r e n c e sou rce t y p e s a r e t e s t e d f o r windspeeds r a n g i n g 1 t o 16 m/sec . 
I n each c a s e Eq. 1 o v e r e s t i m a t e s r i s e (compared t o t h e p r e s e n t 
recommendations) a t v e r y low and ve ry h i g h windspeeds , and 
u n d e r e s t i m a t e s a t moderate windspeeds (on t h e ave rage , i t does 0 : K . ) . 
S p e c i a l a t t e n t i o n should be g iven t o windspeeds a t which the h i g h e s t 

2 -1 
ground c o n c e n t r a t i o n , or (U(hfi+Ah) ) , i s o b t a i n e d . For t h e l a r g e F 
ground s o u r c e , t h e c o n f l a g u r a t i o n , t he plume "bumps" t h e top of t h e 
mixed l a y e r a t o r d i n a r y windspeeds , and may even p e n e t r a t e o v e r l y i n g 
s t a b l e l a y e r s . C l e a r l y t h e c a s e of concern I s v e r y h igh wind . Equat ion 
1 a g r e e s w i t h 200 F/U3 a t U - 2 . 3 F 1 / 5 , 14 m/sec i n t h i s c a s e , b u t _3 
d i f f e r s much f rom t h e U r e l a t i o n s h i p and w i l l s e r i o u s l y o v e r p r e d i c t 
r i s e f o r sma l l ground s o u r c e s ( b o n f i r e s ) a t h i g h windspeeds . (But a t 16 
m/ sec , maybe we worry more about t h e f i r e s p r e a d i n g ! ) For t he s h o r t -
s t a c k s o u r c e s , t h e h igh wind n e u t r a l case i s a g a i n o f most concern . 
Equa t ion 1 t ends to s e r i o u s l y o v e r e s t i m a t e Ah and u n d e r e s t i m a t e ground 
c o n c e n t r a t i o n f o r t h e s e c o n d i t i o n s , e s p e c i a l l y f o r t he l a r g e buoyancy 
s o u r c e s such a s gas t u r b i n e s . For t he h i g h - s t a c k sou rce w i t h smal l 
buoyancy, t h e low windspeed u n s t a b l e case i s w o r s t . Here, Eq. 1 does 
f i n e on t h e a v e r a g e . I t o v e r e s t i m a t e s r i s e a t r e a l l y low U, b u t who 
keeps t r a c k of windspeeds , which may be t h e w o r s t c a s e , u n l e s s l i m i t e d 
mixing o c c u r s (low U, low, i n p e n e t r a b l e . 
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In summary, t h e p r e d i c t i o n s of Eq. 1, when compared t o the p r e s e n t 
recommendations, a r e n o t ve ry d i f f e r e n t i n any case t h a t coun t s except 
f o r low l e v e l s o u r c e s a t h i g h windspeeds , where i t may s e r i o u s l y 
o v e r p r e d l c t Ah. I p r e f e r t h e p r e s e n t approach , Eqs. (2) and ( 5 ) , 
because they c o n t a i n the minimum e s s e n t i a l p h y s i c s , wi th t h e maximum 
a l l o w a b l e s i m p l i f i c a t i o n s . 
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T a b l e 1 . N e u t r a l Ah. c o m p a r i s o n s w i t h Eq. ( 3 ) 

R e l a t i v e R e l a t i v e Ah R a t i o of e f f e c t i v e s t a c k 
X D i n e n a i o n -

» 12 
he i g h t 

a 
p r e d i c t i o n s 

l e s s U » 12 
a 

p r e d i c t i o n s 

u Eq. ( 3 ) h s + E q . ( 5 ) h s + Eq. ( 6 ) h s + Eq. ( 7 ) 

D(h<T + A h ) z ( F / h J i / j 
9 

A h / h s 
h s + E q . ( 3 ) h s + Eq . ( 3 ) h g + Eq . ( 3 ) 

. 7 8 2 1 . 3 0 . 1 . 9 9 8 1 . 0 2 . 9 3 

. 9 2 1 4 . 8 0 . 2 . 9 9 4 1 . 0 3 . 8 8 

.98 1 0 . 4 0 . 4 . 9 8 4 1 . 0 3 . 8 4 

.86 B.O 0 . 7 . 9 7 4 1 . 0 1 . 8 2 

.74 6.8 1 . 0 . 9 6 8 . 9 8 . 8 2 

.60 5.8 1 . 4 . 9 6 5 . 9 4 . 8 4 

. 4 4 5 . 0 2 . 9 6 3 . P8 . 8 7 

. 2 9 4 . 3 3 . 9 6 8 . 8 0 . 8 8 

. 1 6 3 . 5 5 . 9 7 8 . 6 8 . 9 4 

. 1 0 3 . 1 7 .9 S6 . 6 1 . 9 6 

. 0 6 2.IS 10 . 9 9 1 . 5 3 1 . 0 6 

0 
The c a l c u l a t i o n s f o r Ah a r e : 

E q . ( 3 ) : Ah - 2 3 . 7 ( F / U 3 ) 3 7 5 < h s + A h ) 2 / 5 i 

E q . ( 5 ) : Ah = 24 < F / U 3 ) 3 / 5 < h s + 2 0 0 F / U 3 ) 2 / 5 ; 

E q . ( 6 ) : Ah = 3 0 ( F / U 3 ) 3 / 5 h 2 / ' ; 
s 

E q . ( 7 ) : Ah = 2 0 0 F / U 3 . 
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i 

2. Equation (1) 
93 

compared to Eq. (2) or (3). various source t7pes a 

Source 
parameters 

U 
(m/sec) 

Ab„ - a 
Eq:'T2> 
or (3) 

Relative X max 
104 F 

A h2 3 <sr 
Eq. (1) 

(a) 
Eq. (1) hs + Eq. (1 

Source 
parameters 

U 
(m/sec) 

Ab„ - a 
Eq:'T2> 
or (3) tJCh. + Ahj^)"4 

A h2 3 <sr 
Eq. (1) 

(a) Ah- -2 .J hs + Ah2f3 

h$ = 0 
? - 104 m4/sec3 1 2»BC 1.8 7536 9720 1.29 1.66 
(conflagration) 2 2.B 2.0 49 72 4860 .98 .96 

4 2.B 2.3 3280 2430 .74 .55 
B 2,B 2.7 2164 1215 .56 .32 
16 3 26 488 608 1.25 1.55 

kg • 20 m 
F - 10 m4/sec3 1 2 5 119.4 120 1.01 1.01 
0 = 9 jo/ sec 2 2 5 78 .8 60 .76 .66 

4 3 7 33.7 30 .78 .73 
8 3 15 8.5 15 1.76 1.51 
16 3 13 2.2 7.5 3.41 1.53 

? = 100 a4/sec3 1 2 4 •MS 613 1.29 1.64 
» 19 a/sec 2 2 4 .5 313 307 .58 .96 

4 2 5 207 153 .74 .58 
8 3 27 48.1 76.7 1.59 2.02 
16 3 69 10.0 38.3 3.33 3.78 

~ = 1000 n4/sec3 1 2.E 2.7 1893 2440 1.29 1.65 
•c = 42 aJsec 2 2.3 3.1 1249 1220 .93 .95 
igas turbine) 4 ^ 3.5 824 610 .74 .56 

8 3 8 37S 3C5 .31 .67 
16 3 135 58 If 2.6 2.63 4.90 

hs a 200 a 

F - 100 m4/sec3 1 *2 2.2 47 5 613 1.29 1.45 
• 9 a/see 2 2 1.9 313 307 .98 .98 4 2 1.5 207 153 .74 .75 

8 3 1.5 85 76.7 .90 .94 
16 3 1.3 22 38.3 1.74 1.15 

F » 1000 m4/sec3 1 2 ,B 2.3 1893 2440 1.29 1.59 
Uc « 19 m/sec 2 2, Q 2.4 1249 1220 .98 .96 (power plani:) 4 2 2.4 824 610 .74 .63 8 3 2.7 481 305 .63 .55 16 3 6.9 100 152.6 1.53 1.38 

*The calculations for Ah are: 
Eq. (1): Ah » 21.4 F3/4/U when F < 55 a4/sec3, Ah = 38.7 F3/5/U when F > 55 m'Vsec3; 

Ah = 30 (F/U)3/5 (.'.tKS units) ; 

Ah = 23.7 (F/U3)3/S (hs.+ Ah)2/5 (any units) 
1 /3 Jc «» 11.4 (F/hs) . the "critical vrindspeed" for the neutral case. 

C"B" indicates that Ah > 1000 m. "bumping" is likely, Ah » 0.62 (z - h ). or 
partial penetration. 1 5 

Eq. (2) 

Eq. (3) 3 Clioosc the smaller Ah 
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APPENDIX B 

RESPONSES TO COMMENTS BY PEER REVIEW PANEL 
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B.l. INTRODUCTION 

The ORNL staff who have been responsible for the development of the 

CRRIS would like to thank all of the participants in this peer review 

process. We realize this was a very time-consuming process, but we feel 

the comments contained in this report reflect a very high quality effort 

and they will be very helpful to both us and EPA. We would like to extend 

a special thanks to the chairman of this panel, D. A. Baker of Battelle 

Pacific Northwest Laboratories, for his work in seeing this process 

through from the initial mailing of invitations to the preparation of this 

document. Without his hard work it would have been very difficult to 

obtain a coherent view of the individual comments that were provided to 

him. 

The purpose of this appendix is to allow ORNL staff members to reply 

to the comments provided by the peer review panel members, A response 

will not be made on each comment. Instead, the individual review comments 

are summarized into a series of general comments on the CRRIS as a whole 

and a set of comments on each individual computer program. These are 

discussed In the following sections. It is hoped that by providing an 

ORNL perspective on the the review comments the entire peer review process 

will be of more value to EPA than it might otherwise. 

It should be uoted that some of the peer review comments, especially 

those of an editorial nature, have already been incorporated into the 

CRRIS. The peer reviewers saw unpublished drafts of the documentation for 

both the ANEMOS and ANDROS codes. These reports were revised to 

incorporate the review comments wherever feasible before they were 

published. In addition, errata sheets are being prepared for the other 
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CRRIS documents where a p p r o p r i a t e t o c o r r e c t some of the e r r o r s p o i n t e d 

out by the p e e r r e v i e w e r s . 

B.2 . GENERAL COMMENTS 

A number of r ev iewers had g e n e r a l comments about the CRRIS t h a t were 

independent of any s i n g l e code o r document. These w i l l be add re s sed i n 

t h i s s e c t i o n . 

Comment: CRRIS i s too compl ica ted t o be of p r a c t i c a l u s e . 

Reply: A u s e r ' s manual f o r t h e whole CRRIS should l e w r i t t e n . 

However, i t must be r ecogn ized t h a t t h e CRRIS was n o t des igned t o be a 

s imple s c r e e n i n g t o o l . As r e q u e s t e d by EPA a t the t ime t h e p r o j e c t was 

s t a r t e d , CRRIS i s des igned t o be a comprehensive and f l e x i b l e assessment 

t o o l . I t i s l i k e l y t h a t only an expe r i enced a s s e s s o r w i l l be a b l e t o 

u t i l i z e t h e c a p a b i l i t i e s of CRRIS t o t h e f u l l e s t . 

Comment: The o p e r a t i o n a l l i m i t s of t h e CRRIS need t o be more c l e a r l y 

s p e c i f i e d . 

Reply: We ag ree t h a t f u r t h e r comments on t h e a p p r o p r i a t e o p e r a t i o n a l 

l i m i t s of t h e v a r i o u s CRRIS codes would be u s e f u l . 

Comment: The a v a i l a b i l i t y and p o r t a b i l i t y of t h e CRRIS codes need to 

be s p e c i f i e d . 

Reply: The CRRIS codes c u r r e n t l y run on t h e IBM machines a t ORNL and 

a t t h e EPA computing f a c i l i t i e s i n Research T r i a n g l e Park , North C a r o l i n a . 

These codes w i l l be made a v a i l a b l e as soon as p o s s i b l e t o anyone who wants 

them th rough t h e R a d i a t i o n S h i e l d i n g I n f o r m a t i o n Center a t ORNL. The 
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codes a r e w r i t t e n in IBM FORTRAN 66. Al l b i n a r y f i l e s a r e c u r r e n t l y be ing 

conver ted t o c h a r a c t e r f i l e s except f o r i n t e r n a l s c r a t c h f i l e s i n an 

a t t empt Co enhance the p o r t a b i l i t y of the system. 

Comment'. No waCerborne pathways a re inc luded in the CRRIS. 

Reply: I n c l u s i o n of waterborne pathways of r a d i o n u c l i d e exposure was 

beyond the scope of t h i s p r o j e c t f o r sou rces under c o n s i d e r a t i o n f o r t h e 

Clean Ai r Act a t t he t ime when the development of CRRIS was funded by EPA. 

Comment: The Clean Air Act r e g u l a t i o n s t o which CRRIS i s des igned t o 

apply need t o be d e s c r i b e d b e t t e r . 

Reply: The a p p l i c a b l e r e g u l a t i o n s were no t promulgated u n t i l 1984, 

too l a t e f o r i n c l u s i o n i n any d e t a i l i n many of the CRRIS documents. 

Comment: More t e s t runs of the v a r i o u s CRRIS codes need t o be 

p rov ided to the u s e r . 

Reply: Many t e s t runs of a l l of the CRRIS codes have a l r e a d y been 

made, and more a re c u r r e n t l y be ing made as r e s o u r c e s a l low. A more 

complete s e r i e s of t e s t runs should be inc luded i n a u s e r ' s manual to 

a s s i s t pe rsons i n running the CRRIS, e s p e c i a l l y f o r the f i r s t t ime. 

Comment: The CRRIS models do no t c o n s i d e r t ime-dependent p r o c e s s e s . 

Reply: The Clean Air Act program under which the CRRIS has been 

developed i s concerned wi th long- term time averages on ly . As a r e s u l t , 

t ime-dependent models a r e i n a p p r o p r i a t e f o r i n c l u s i o n in the CRRIS. 

Comment: Extens ive s e n s i t i v i t y and u n c e r t a i n t y a n a l y s e s need to be 

performed f o r a l l of the CRRIS codes . 

Reply: We agree w i t h t h i s conc lus ion comple te ly , b u t such s t u d i e s 

a r e bo th t ime-consuming and expensive t o c a r r y o u t , and they a re we l l 

beyond t h e c u r r e n t r e s o u r c e s of t h i s p r o j e c t a t ORNL. 



98 

Comment:: More d i s c u s s i o n i s needed of what we a l r e a d y know about the 

u n c e r t a i n t i e s in the v a r i o u s models^. 

Reply: We agree wi th t h i s comment. 

B.3. COMMENTS ON SPECIFIC CODES 

I n a d d i t i o n to t h e gene ra l comments d i s c u s s e d above, the peer 

r ev iewers provided comments s p e c i f i c t o each of t h e computer codes t h a t 

comprise t h e CRRIS. These comments were based on reviews of both the 

Overview d< cument and t h e s p e c i f i c documents d e s c r i b i n g each i n d i v i d u a l 

code. These c o d e - s p e c i f i c comments a r e cons ide red i n the s e c t i o n s which 

f o l l o w . 

B . 3 . 1 Comments on ANDROS 

Comment: The method of c a l c u l a t i n g h e a l t h e f f e c t s I s no t c l e a r l y 

d e s c r i b e d . 

Reply: The method used to c a l c u l a t e h e a l t h e f f e c t s i s more f u l l y 

d e s c r i b e d i n the r e f e r e n c e s c i t e d , and i t was f e l t t h a t i t was i n e f f i c i e n t 

and w a s t e f u l t o r e p e a t t h a t e x p l a n a t i o n i n the ANDROS document. Should 

ANDROS be e x t e n s i v e l y r e v i s e d i n t h e f u t u r e , an a t t e m p t w i l l be made to 

p rov ide a more thorough d i s c u s s i o n of the h e a l t h e f f e c t s c a l c u l a t i o n a l 

methodology. 

Comment: The dose and r i s k f a c t o r s i n ICRP p u b l i c a t i o n s 26 and 30 

should be used i n ANDROS. 
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Reply. The dose and r i s k f a c t o r s used i n ANDROS were developed 

acco rd ing t o EFA's s p e c i f i c a t i o n s f o r use in t h e i r t e c h n i c a l assessment 

a c t i v i t i e s . These f a c t o r s a r e based on the dose models used i n ICRP 26 

and 30 and the r i s k models from the BEIR-3 r e p o r t , bu t they may d i f f e r 

f rom the ICRP 26/30 f a c t o r s due to the s e l e c t i o n of parameter v a l u e s f o r 

use i n t h e ICRP models . 

Comment: Morbidity as well as mortality needs to be considered in 

risk estimates. 

Reply: M o r t a l i t y has t r a d i t i o n a l l y been t h e b a s i s upon which 

r a d i o l o g i c a l h e a l t h r i s k s have been c a l c u l a t e d f o r deve lop ing r e g u l a t i o n s . 

E s t i m a t i n g morb id i t y r i s k s i s beyond t h e s p e c i f i e d scope of t h i s p r o j e c t . 

B.3.2. Comments on ANEMOS 

Comment: The t e r r a i n e f f e c t s model con ta ined i n ANEMOS needs t o be 

improved. 

Reply: ANEMOS now i n c o r p o r a t e s t h e s imple t e r r a i n e f f e c t s model 

g iven i n U. S. Nuclear Regula to ry Commission Regu la to ry Guide 1 .111 . When 

work on deve lop ing ANEMOS began i n 1980, t h i s appeared to be a r e a s o n a b l e 

and w i d e l y - a c c e p t e d model. Since t h a t t ime, however, o t h e r models f o r 

t h i s purpose have ga ined accep tance , e . g . t he methodology i n c o r p o r a t e d 

i n t o t h e ATM-TOX computer code. We w i l l update t h e t e r r a i n e f f e c t s model 

i n ANEMOS i n t h e f u t u r e i f r e s o u r c e s f o r doing so become a v a i l a b l e . 

However, we must a l s o r ecogn ize t h a t any method f o r i n c o r p o r a t i n g t e r r a i n 

e f f e c t s i n t o a s t r a i g h t - l i n e Gaussian plume model such as ANEMOS i s 

n e c e s s a r i l y ad hoc . As a r e s u l t , ANEMOS w i l l never be wholly a p p r o p r i a t e 

f o r a s ses smen t s i n v o l v i n g h i g h l y complex t e r r a i n c o n d i t i o n s . 
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Comment-. Do ANEMOS and RETADD-II i n t e r f a c e d i r e c t l y a t 100 km? 

Reply: No, they do n o t . ANEMOS and RETADD-II were developed 

i n d e p e n d e n t l y . They were never des igned to i n t e r f a c e d i r e c t l y wi th one 

a n o t h e r . Fur thermore , they were des igned to he used f o r d i f f e r e n t 

p u r p o s e s , and they do"not n e c e s s a r i l y use complimentary d a t a b a s e s . I f an 

upda ted v e r s i o n of RETADD i s developed i n t h e f u t u r e , c o n s i d e r a t i o n should 

be g iven to i n c l u d i n g a model f o r e s t i m a t i n g a i r c o n c e n t r a t i o n s nea r t h e 

source ao an i n t e g r a l p a r t of the r e g i o n a l - s c a l e c a l c u l a t i o n s . 

Comment: The power law i s i n a p p r o p r i a t e f o r r e p r e s e n t i n g t h e 

v e r t i c a l wind speed p r o f i l e . 

Reply: Again, when work beg in on the ANEMOS code the power la\ . 

appeared t o be an a p p r o p r i a t e methodology f o r e s t i m a t i n g the v e r t i c a l wind 

speed p r o f i l e . I t i s now c l e a r , however, t h a t r e p r e s e n t a t i o n of t h e wind 

speed p r o f i l e a r e a v a i l a b l e which g ive more a c c u r a t e r e s u l t s . Note a l s o 

t h a t t h e model used i s i n c o n s i s t e n t w i t h t h e v e r t i c a l wind speed 

approximat ion used i n t h e dry d e p o s i t i o n model ing. The power law 

f o r m u l a t i o n should be r e p l a c e d . 

Comment:~ The s t a b i l i t y c l a s s methodology should be r e p l a c e d by 

methods of s p e c i f y i n g a tmospher ic s t a b i l i t y as a con t inuous q u a n t i t y . 

Reply: S p e c i f y i n g a tmospher ic s t a b i l i t y i n terms of d i s c r e e t c l a s s e s 

i s wide ly used and accep t ed i n the r a d i o l o g i c a l assessment community. 

Methods a r e now a v a i l a b l e f o r e s t i m a t i n g a tmospher ic s t a b i l i t y on a 

con t inuous b a s i s . However, i t i s q u e s t i o n a b l e i f s u f f i c i e n t h i s t o r i c a l 

m e t e o r o l o g i c a l da t a a r e a v a i l a b l e f o r many s i t e s t o a l low the se methods to 

be used f o r t h e r o u t i n e assessments r e q u i r e d by EPA. Fur thermore , t h e r e 
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have been l i t t l e d a t a p r e s e n t e d t o d a t e which demons t ra te thau t h e s e newer 

methods g ive more a c c u r a t e r e s u l t s t han t h e o l d e r methods. 

Comment: The code c o n t a i n s too many i n p u t o p t i o n s which r e q u i r e 

d e c i s i o n s by t h e u s e r . 

Reply: The inpu t o p t i o n s and d a t a r e q u i r e m e n t s a s s o c i a t e d w i th 

ANEMOS a r e based on s p e c i f i c a t i o n s p rov ided by EPA to meet t h e i r 

a s se s smen t needs . These s p e c i f i c a t i o n s were de s igned t o make ANEMOS as 

f l e x i b l e as p o s s i b l e . D e f a u l t v a l u e s a r e p rov ided i n t h e code f o r a l l of 

t h e o p t i o n s and f o r as much of t h e b a s i c d a t a a s p o s s i b l e . Few of t h e s e 

d e f a u l t v a l u e s w i l l need to be changed f o r many assessment problems. 

However, i t i s t r u e t h a t the inexpe r i enced u s e r may f i n d i t d i f f i c u l t t o 

use ANEMOS i n an a p p r o p r i a t e manner. 

Comment: The plume r i s e models need t o be u p d a t e d . 

Reply: When work began on the development of ANEMOS, a method of 

e s t i m a t i n g plume r i s e was chosen t h a t was used i n a t h e n - r e c e n t computer 

code t h a t was coming i n t o wide use and accep t ance by EPA. One r e s u l t of 

t h i s p e e r r ev iew p r o c e s s has been t h e r e a l i z a t i o n t h a t b e t t e r plume r i s e 

models a r e now a v a i l a b l e f o r assessment a p p l i c a t i o n s ( s e e Appendix A) . 

B . 3 . 3 Comments on MLSOIL/DFSOIL 

Comment: The d a t a n e c e s s a r y t o run MLSOIL a r e no t g e n e r a l l y 

a v a i l a b l e . 

Reply: Th is model was developed to a d d r e s s EPA's exp re s sed need t o 

r educe t h e c o n s e r v a t i s m found i n c o n v e n t i o n a l e x t e r n a l s u r f a c e dose 

e s t i m a t i o n s when the d e p o s i t e d m a t e r i a l s do n o t p e n e t r a t e t h e ground 

s u r f a c e . This can l e a d t o g r o s s o v e r e s t i m a t e s of ground s u r f a c e a c t i v i t y 
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when l o n g - l i v e d r a d i o n u c l i d e s have been d e p o s i t e d . While we agree t h a t 

l a c k of l e a c h i n g d a t a i s a ve ry s e r i o u s problem wi th r e g a r d t o t h e model, 

t h e model can be used i n scoping s t u d i e s and f o r t h o s e s i t e s where d a t a 

a r e a v a i l a b l e . 

Comment: Upward m i g r a t i o n of r a d i o n u c l i d e s i n s o i l should be 

c o n s i d e r e d . 

Reply: I n c l u s i o n of t h i s phenomenon would n o t be expec t ed t o p l a y a 

ma jo r r o l e i n dose a s ses smen t s f o r most r a d i o n u c l i d e s . Fur thermore , t o 

i n c l u d e t h i s mechanism i n MLSOIL w i l l r e q u i r e changes i n t h e b a s i c 

c a l c u l a t i o n a l p rocedure used by t h e code. 

B . 3 . 4 . Comments on PRIMUS 

. jmment: The d i s c u s s i o n of how the decay c a l c u l a t i o n s a r e 

implemented i n t h e CRRIS i s u n c l e a r . 

Reply: I t i s now appa ren t t h a t each of the i n d i v i d u a l a u t h o r s of the 

CRRIS documents assumed t h a t one of the o t h e r s was go ing to p rov ide a 

d e t a i l e d d i s c u s s i o n of how t h e decay c a l c u l a t i o n s a r e implemented i n the 

CRRIS. As «_ r e s u l t , no one a c t u a l l y d id i t . I t shou ld have been in the 

PRIMUS manual . 

Comment: The p r o c e s s f o r t r u n c a t i n g decay c h a i n s shou ld be improved. 

Reply: C u r r e n t l y , decay c h a i n s a r e t r u n c a t e d based on a s i n g l e 

maximum c h a i n l e n g t h t h a t i s a p p l i e d u n i f o r m l y t o a l l c h a i n s b e i n g 

c o n s i d e r e d a t t h a t t ime . What i s needed i s a method f o r t r u n c a t i n g each 

c h a i n i n d i v i d u a l l y on the b a s i s of t h e r e l a t i v e h a l f - l i v e s of t h e members 

of t h e c h a i n and the l e n g t h of t ime of the a s se s smen t . 
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B.3.5. Comments on RETADD-II 

Comment: The relationship between RETADD-II and PRIMUS is not 

clearly documented. 

Reply: There is no direct interface between RETADD-II and PRIMUS at 

this time. The user of RETADD-II must directly input by hand the 

necessary decay data generated by PRIMUS for each individual problem. 

RETADD-II should be modified to read PRIMUS files directly, as is done by 

the other CRRIS codes. 

Comment: The models used in RETADD-II are outdated; e.g., temporal 

and spatial variations in precipitation need to be considered, a variable 

mixing layer depth should be used, and other methods of determining wind 

speed should be considered. 

Reply: We do not agree that the models used in RETADD-II are 

outdated; rather, they represent a compromise between simplicity and 

complexity. The use of temporal and spatial variations in precipitation 

and a variable mixing layer depth are not relevant to outdatedness. They 

are not pew ideas and the RETADD-II authors have been familiar with these 

ideas for many years. A decision was made not to include these effects in 

the model and this decision was based on two reasons: 

1. Including these effects would require access to significantly more 

data and in general would add to the complexity of CRRIS. The authors 

have felt that too much complexity should be avoided and indeed there have 

been sentiments expressed to the authors that the system is already too 

complex (see first comment under General Comments). 
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2. The use of d e t a i l e d da t a on p r e c i p i t a t i o n and mixed l a y e r depth has 

c e r t a i n l y been demonstra ted t o y i e l d d i f f e r e n t r e s u l t s than us ing average 

va lues and the argument can be advanced t h a t t h i s w i l l model more 

r e a l i s t i c a l l y an observed ( p a s t ) m e t e o r o l o g i c a l s i t u a t i o n . However, the 

purpose of CRRIS i s t o make p r e d i c t i o n s about a t y p i c a l s i t u a t i o n i n the 

f u t u r e e . g . , in o rde r t o e s t i m a t e dose to a p o p u l a t i o n over the nex t 30 

y e a r s . But , how does one p r e d i c t p r e c i p i t a t i o n p a t t e r n s and mixed l a y e r 

depths ( b o t h s p a t i a l l y and t empora l ly ) f o r f u t u r e t imes? The only t h i n g 

one can do, of course , i s t o use p a s t p a t t e r n s t o g e t h e r w i t h the i m p l i c i t 

assumpt ion t h a t they w i l l r e p e a t . I f one adopts t h i s approach t h e n i t 

becomes n e c e s s a r y to use many y e a r s of d a t a so as t o avoid a t y p i c a l 

s i t u a t i o n s and to give the model an o p p o r t u n i t y t o sample the predominant 

p a t t e r n s i n t h e d a t a . A p r i o r i t y , i t seems t h a t t h i s would n o t d i f f e r 

s i g n i f i c a n t l y from an approach which simply u s e s average va lues f o r 

p r e c i p i t a t i o n and mixed l a y e r d e p t h s . In f a c t , t h e r e i s much evidence 

t h a t ave rage v a l u e s r e p e a t b u t i t i s no t c l e a r t h a t t h i s i s t h e case f o r 

more d e t a i l e d s p a t i a l and temporal p a t t e r n s . Thus, s i n c e the a u t h o r s were 

n o t aware of any exper imenta l ev idence to t h e c o n t r a r y i t seemed 

s c i e n t i f i c a l l y p ruden t t o avoid i n t r o d u c i n g complex i t i e s when i t was n o t 

c l e a r t h a t t h e r e were advantages t o be ga ined . 

B . 3 . 6 . Comments on TERRA and the SITE Data Base 

Comment: Doses from the i n g e s t i o n of pork , p o u l t r y , eggs, and lamb 

should be cons ide red . 

Reply: Although t h e s e pathways of r a d i o n u c l i d e exposure a r e n o t 

g e n e r a l l y cons ide red t o be as s i g n i f i c a n t a s those pathways p r e s e n t l y 

i n c o r p o r a t e d i n t o TERRA, i t i s recognized t h a t the proposed pathways might 
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be s i g n i f i c a n t under some s p e c i f i c c i r cums tances , e . g . when t he se a r e 

p r e s e n t and t h e o t h e r pathways t h a t a r e cons ide red a r e a b s e n t . 

Comment: T r a n s l o c a t i o n of s u r f a c e - d e p o s i t e d r a d i o n u c l i d e s from 

n o n e d i b l e t o e d i b l e p a r t s of the p l a n t s should be i nc luded . 

Reply: Th i s p roces s might be Important f o r t e r r e s t r i a l food cha in 

doses from s t r o n t i u m , cesium, o r o t h e r s o l u a b l e r a d i o n u c l i d e s . However, 

t h e r e i s l i m i t e d da t a a v a i l a b l e t o q u a n t i f y t h i s p r o c e s s . I t i s 

r e c o g n i z e d t h a t t h i s p roces s could be i n c l u d e d i n the model f o r 

comple teness , b u t i t would r e q u i r e a s i g n i f i c a n t amount of t ime to 

implement. 

Comment: Recycl ing of r a d i o n u c l i d e s t h a t l e a v e c a t t l e v i a u r i n e and 

f e c e s needs t o be c o n s i d e r e d . 

Reply: Rad ionuc l ide c o n t e n t i n p l a n t s , b e e f , and mi lk a r e n o t 

c a l c u l a t e d on a mass-ba lance b a s i s . That i s , a i r and s o i l c o n c e n t r a t i o n s 

a r e n o t d e p l e t e d by p l a n t h a r v e s t i n g or removal of c a t t l e f o r 

s l a u g h t e r i n g . Such an approach i s c o n s e r v a t i v e and e l i m i n a t e s the 

n e c e s s i t y f o r m o d i f i c a t i o n s to ach ieve mass -ba lance . Also , t h i s pathway 

of r a d i o n u c l i d e exposure i s n o t g e n e r a l l y c o n s i d e r e d t o be s i g n i f i c a n t . 

Th i s r e c y c l i n g would perhaps r e s u l t i n some "hot s p o t s " , b u t t ime- and 

space-dependen t c o n s i d e r a t i o n s of the r a d i o n u c l i d e d e s c r i p t i o n a r e beyond 

t h e scope of t h i s e f f o r t . I t i s r ecogn ized , however, t h a t t h e proposed 

pathway might be s i g n i f i c a n t under some s p e c i f i c c i r c u m s t a n c e s , e . g . when 

no o t h e r sou rce s of r a d i o n u c l i d e s a r e p r e s e n t . 

Comment: Doses from g o a t ' s mi lk and d e p o s i t i o n on d r i n k i n g wate r 

shou ld be c a l c u l a t e d . 
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Reply: The g o a t ' s milk pathway i s impor tant and should be inc luded . 

The d r i n k i n g water pathway i s no t g e n e r a l l y cons ide red to be as 

s i g n i f i c a n t a s those pathways p r e s e n t l y i n c o r p o r a t e d i n t o TERRA. 

Comment: S p e c i f i c a t i o n of p l a n t i n t e r c e p t i o n f r a c t i o n s may need to 

be r e v i s e d . 

Reply: This pathway was developed w i th l i t t l e or no e m p i r i c a l d a t a , 

and r e p r e s e n t s a t h e o r e t i c a l approach. I t s m e r i t s should be a s se s sed wi th 

r e s p e c t t o e m p i r i c a l d a t a on the i n t e r c e p t i o n f r a c t i o n f o r the ed ib l e 

p o r t i o n s of p l a n t s . I n t e r c e p t i o n f r a c t i o n and t h e i r r e l a t i o n s h i p to p l a n t 

p r o d u c t i v i t y , p l a n t form, and weather ing removal could be r e v i s i t e d in the 

f u t u r e on t h e b a s i s of any new d a t a . 

Comment: Rev is ion of the r e suspens ion pathway and model needs to be 

c o n s i d e r e d . 

Reply: TERRA c u r r e n t l y uses a mass load ing approach t o e s t ima te 

r e s u s p e n s i o n of p r e v i o u s l y - d e p o s i t e d r a d i o n u c l i d e s . I t i s recognized t h a t 

o t h e r models a r e a v a i l a b l e t h a t could p o t e n t i a l l y g ive a more accu ra t e 

r e p r e s e n t a t i o n of t h e t ime-dependent r e suspens ion p r o c e s s . However, the 

r e suspens ion pathway i s l i k e l y to be s i g n i f i c a n t only when t h i s p rocess i s 

t he major source of r a d i o n u c l i d e inpu t i n t o the t e r r e s t r i a l system, and 

a l l models of r e su spens ion a r e s u b j e c t t o l a r g e u n c e r t a i n t i e s . 

Comment: S o i l i n g e s t i o n by animals should be a pathway cons ide i e J ' n 

TERRA. 

Reply: This pathway i s impor tan t , bu t s o i l i n g e s t i o n i s i n f luenced 

by c a t t l e management p r a c t i c e s , e . g . , supplementa l f e e d i n g , fo rage 

q u a l i t y , c l i m a t e , season , and he rd s i z e . Proper c o n s i d e r a t i o n of s o i l 
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i n g e s t i o n by c a t t l e and o t h e r g raz ing l i v e s t o c k would r e q u i r e a 

s i g n i f i c a n t e f f o r t . However, some accoun t ing f o r s o i l i n g e s t i o n could be 

implemented by assuming a f i x e d percen tage s o i l i n g e s t i o n by weigh t . 

Comment: Some of the s p e c i f i c parameter v a l u e s p r e s e n t e d need to be 

upda t ed . 

Reply: A l l of the parameter v a l u e s used in TERRA and the SITE da t a 

base a r e based on the b e s t i n fo rma t ion a v a i l a b l e a t t h e time t h i s work was 

done. Since t h a t t ime , new d a t a have l i k e l y become a v a i l a b l e fo r a t l e a s t 

some of the p a r a m e t e r s . In a d d i t i o n , the s e l e c t i o n of d e f a u l t v a l u e s f o r 

any d a t a s e t r e q u i r e s t h e e x e r c i s e of s c i e n t i f i c judgement on the p a r t of 

the r e s e a r c h e r b e f o r e s e l e c t i n g the p a r t i c u l a r v a l u e t o be used . This 

judgement i s always s u b j e c t t o change as new i n s i g h t s and i n f o r m a t i o n 

become a v a i l a b l e . For t he se d a t a t o remain c u r r e n t , they should be 

reviewed c a r e f u l l y on a r e g u l a r b a s i s . The r e s o u r c e s t o per form t h i s 

rev iew a r e no t p r e s e n t l y a v a i l a b l e a t ORNL. 

B.4 . CONCLUSIONS 

I t i s c l e a r from the above d i s c u s s i o n t h a t t h i s peer review p rocess 

has provided many comments t h a t should prove ve ry u s e f u l t o bo th EPA and 

ORNL. Some of t he se recommendations have a l r e a d y been ac ted upon. Many 

of t h e recommendations, however, must wa i t f o r implementat ion u n t i l 

f u r t h e r fund ing i s o b t a i n e d . 

The nex t s t e p i n the p rocess of upda t ing the CRRIS should probably be 

t h e p r i o r i t i z a t i o n of the recommendations t h a t have no t y e t been 

implemented. Emphasis should be p l aced on making those changes t h a t a r e 

most l i k e l y to improve the accuracy of the r e s u l t s of the assessments t h a t 
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w i l l be per formed by EPA u s i n g t h e CRRIS. Those i tems which make the 

model ing more complete shou ld n o t be a l lowed t o t a k e p r i o r i t y over those 

changes t h a t w i l l a c t u a l l y improve the q u a l i t y of t h e r e s u l t s of t he 

c a l c u l a t i o n s . I t i s l i k e l y t h a t t he CRRIS w i l l need to be used f o r more 

a c t u a l a s sessment problems b e f o r e p r i o r i t i e s can be e s t a b l i s h e d . 


