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The Commissioners

Although the Wyhl Repori's assessment is based
largely on environmental models described in NRC's
Regulatory Guide, the Wyhl Report uses values for
some model parameters that are much higher than
the values NRC uses. As a result, the Wyhl Report
estimates doses that are “rom 10 to 10,000 times
higher than the doses calculated using NRC's values
for Regulatory Guide parameters.

Comparison of the Wyhl Report's dose to the maximum
individual from various pathways and radionuclides
indicates that a large fraction of the total dose
estimates in the Wyhl Report is due to the air-

food ingestion pathway for Cs-137 and Sr-90. Values
for the following parameters are in most disagreement
with those of Regulatory Guide 1.109, and ultimately
have the greatest effect on the Wyhl Report's dose
estimates: (1) soil to plant transfer factors (B;,)
for cesium and strontium that are 7 to 1500 times
larger than NRC values, (2) ingestion dose conversion
factors (DCFs) for Sr-90 (bone) and Cs-137 (kidney)
that are 12 to 40 times larger, respectively, than
NRC values, and (3) forage to meat transfer factors
(F¢) that are from 5 to 65 times higher, depending

on nuclide and type of meat, than the values used by
NRC.

Based on an indepth review of the references in the Wyhl
Report it is concluded that the Wyhl Report uses unrealis-
tically large values for soil to plant transfer of cesium and
strontium; and ingestion dose conversion factors for Cs-137
(kidney), and Sr-90 (bone). In addition, the Wyhl Report
predicts concentration of Cs-137, the most crucia' nuclide

to the Wyhl Report's analysis, and I-131 in veget: ‘on, meat
and/or milk that are much greater than the lower 1 1iit of
detection of these nuclides. However, review of the environ-
mental monitoring data of about 20 nuclear power plants
operating in the U.S. in the year 1977 indicates that concen-
trations of Cs-137 and 1-131 in vegetation, meat and/or milk
are much lower than the Wyhl Report's predictions. Conse-
quentiy, the Wyhl Report's estimated dose from vegetation,
meat and milk ingestion is not a realistic dose for the
hypothetical maximum individual living near nuc’2ar power
plants in the U.S.
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Since the Wyhl Report includes many references with higher
average soil to plant transfer factors for cesium and
strontium than current Regulatory Guide 1.109 values, we
are considering increasing the current values for soil

to plant transfer of these nuclides in future revisions

of Regulatory Guide 1.109. The proposed values for soil
to plant transfer of cesium and strontium would nnly
slightly increase (by less than 10%) our total aose
estimates from all radioactive effluents from a

nuclear power reactor.

AP A LA

Harold R. Denton, Director
Office of Nuclear Reactor Regulation

Enclosures: Commissioners, SECY, PE & GC only.
*1. Revised Translation of "Radioecological
Assessment of the Wyhl Nuclear Power .
Plant"
*2. Draft "Review of the Wyhl Report"
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Edward Branagan, NRR, Ext. 27895.
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ABSTRACT

This report reviews the technical basis for the dose estimatesin a repert
entitled "Radicecological Assessment of the Wyhl Nuclear Power Plant" (Wyhl
Report). Although the Wyhl Report's assessment is based largely on environ-
mental models described in NRC's Regulatory Guide, the Whyl Report uses values
for some model parameters that are much higher than the values NRC uses. As a
result, the Wyhl Report estimates doses that are from 10 to 10,000 times
higher than the doses calculated using NRC's values for Regulatory Guide
parameters. A large fraction of the total dose estimates in the Wyhl Report
is due to Cs137 and Sr-90. Based on an indepth review of the Wyhl Report it
ie concluded that the Wyhl Report uses unrealistically large values for the
following parameters: (1) soil to plant transfer of cesium and strontium; and
(2) ingestion dcse conversion factors for Cs=137 (kidney), and Sr-90 (bone), In
addition, the Wyhl Report predicts concentrations of Cs-137, the most crucial
nuclide to the Wyhl Report's analysis, and I-131 in vegetation, meat and/or
milk that are much greater than the lower limit of detection of these nuclides.
A review of the environmental monitoring data of about 20 nuclear power plants
operating in the U.S. in the year 1977 does not substantiate the Wyhl Report's
predictions. Consequently, the Wyhl Report's estimated dose from vegetation,
weat and milk ingestion is not a realistic dose for the hypothetical maximum

individual living near nuclear power plants in the U.S.



Since the Wyhl Report includes many references with higher average soil to
plant transfer factors for cesium and ctrontium than current Regulatory
Guide 1.109 values, NRC is considering increasing the current valies for soil
to plant transfer of thesc nuclides in future revisions of Regulatory |
Guide 1.109. The proposed values for soil to plant transfer of cesium and |
strontium would only slightly increase total dose estimates from all radio-

active effluents from nuclear power reactors.
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I. INTRODUCTION

The Departaent of Environmental Protection of the University of Heidelberg has
published a report entitled "..Woccn!oq‘léal Assessaent of the Wyh! Nuclear
Power Plant” (Wyhl Report).! The Wyh! Report assasses the environmental
fmpact of a proposed nuclear reactor to de built near Wyhl, Gernany. The Wyhl
reactor is a pressurized watear reactor (PWR). The assessment is based largely

on environmenta! models that are used by the U.5. Nuclear Regulatory Commission
(NRC) in licensing reactors.

Several Regulatory Guides (Regulatory Guides 1.109, 1.111, 1.112 and 1.113)
ware deveioped by NRC to implement Appendix I of Title 10, Code of Federa)
Regulations, Part 50 (f.e., 10 CFR Part 50).2°3'4'$ Agpendix I, "Numerical
Guides for Design Objectives and Limiting Conditions for Oparation to Meet the
. Critarion 'As Low As s Reascnably Achievable' for Radicactive Material in
Light-watar-Cooled Nuclear Power Reactor Effluents,” provides numerical
guidance for radicactive effluent design objectives and technical specification

requirements for limiting conditions of operation for light-water-cooled
nuclear power plants.

Regulatory Guide 1.112, "Calculation of Releasad Radicactive Matarials in
Gaseous and Liquid Effluents from lignt-water-Cooled Powar Reactors,"”
provides methods for calculating releases of radicactive effluents
(11quid and gaseous) frem 1ight watar reactors.
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Regulatory Guide 1.111, “Methods for Estimating Atacspheric Transpert and
Ofspersic. >f Gaseous Effiuents in Routine Release from Light-watar~Cooled
Reactors,” provides methods for calculating dispersion of airborne effluents.

Regulatory Guide 1.113, "Estimating Aquatic Dispersion of Effluents from
Accidental and Routine Reactor Raleases for the Purposae of [zplementing
Appendix I," provides methods for calculating dispersion of 1iquid effluents.

Regulatory Guide 1.109, "Calculation of Annual Doses to Man from Routine
Releases of Reactar Effluents for the Purpose of Evaluating Compliance
with 10 CFR Part 50, Appendix I, provides methods for calculating doses

(both maximum hypothetical individual, and population) from both 1iquid
and airSorn releasas.

. The procsdures and models provided in these guides are subject to continuing
review by the staff.

One of the main conclusions of the Wyn! Report is that the radfological impacts
from a proposed reactor are much greatar than the Federal Republic of Garmany's
lagulatory Agency responsible for Ticensing the reactor, Hessisches Ministarium
fur Wirtschaft und Technic, estimates. The Wyhl Report sstimatas individual
dcses that are from 10 %o 10,000 times higher than the doses calculatad using
NRC's Regulatary Guide parametars.

Some of the reasons far the large differences in dose estimatas Jetween the

#yh] Report's assessment ana the German Regulataory Agency's assessment are
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given in the Sumsary section (Ch. 11) of the Wyh! Report. These reascns
include:

1. "The seteorclogical long~tarm dispersion factor assumed in the GRS assess-
mant was about 2.5 times too low, so that the metacroiogical attanuation
was about 2.5 times too high.*

2. "“The assumed nuclide Spectrum for radicactive aerosols was not consarvative.
In particular, the percentage of cesium~137 that was used was too saall.”

. "The enrichment factors for the passage of radionuclides from the soi!
irta crop plants were betwesn 10 and 1000 times too low in the most
critical cases . . . ."

4. "The transfer coefficients for the passage of radfonuc!ides from forage
ints beef, pork and milk were betwewn 10 and 100 times too low in the
most critical cases . . . .*

S. "The transfer factors for the passags < radionuclides from foodstuffs
into the bloodstream via the gastrointastinal tract were bDetween 10 and
20,000 times too Tow (see, for example, 7 utonium on p. 91).%

6. “The value assigned for the diological ha'*~'ives of radionuclides in the
husan arganism were too low for some radionuc!ides.”

. 7. "The nuclide composition of the radicactive "ot’e gases was totally

unrealistic. Consequently, the calculatec *a¢fation exposure from radio-
active noble gases was about 5 times %00 ‘ow.°

1.1 PURPOSE OF REVIEW OF WYML REPORT

Sinca the Wyhl Report refers to some documents that “Zve deen published aftar
publication of the documents which are cited in some =% *he relevant NRC
Guides, we have reviewed the Wyh! Repert ta:

1. Writa 3 review of the report that would be usefu’ ‘n licansing hearings
and responding to petitions for rulemaking.
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2. Detarwine the need to incorporats this more recent data in future revisions
of the Regulatory Guides relating to the radiological assessment of
routine releases from nuclear power plants.

1.2 METHOD OF REVIEW OF WYML REPORT

Sinca the wyhl Report primarily criticizes the $SK and only indirectly criti-
cizes NRC's environsental nd..ls, we have reviewed the Wyh! Report for generic
criticisms of our sodels rather than sits specific criticisas of the wyhl
nuclear power plant. Since the Wyh! Report Guestions the models and sany of
the values for sadel parametars used by NRC in radiclogical assessmants of
routine release from nuclear power plants, we have limited our review to the

most significant ¢ifferencas in models and mode! parametars.
. Ghapter 2 - Critigue of Soumce Terms

This chapter is divided ints an introductory section and several sections that
compare the Wyhl Report's source tarm with typical NRC sourca tarm estimatas.
The introductory section briefly describes the overall importance of sourcs
tarm models to radiclogical assessments. It indicates, in general taras, that
the dasis for NRC models is nuclear plant cperating axperienca and that the
source tarm for a particular plant is dependent upon these generic NRC models,
as weil as the specific treatment systams proposed for a nuclear plant. The
Tatar sections compare the Wyh! Report's sourca tarms with Soth general NRC
7odels described in NUREG-0C17 and actual data from semi-annual effluent

release reports.?
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This chapter includes three sections: (1) Intreduction; (2) Critique of
Wyhl's Dispersion models; and (3) Genera! mb«cﬂption and 3asis for NRC Models.
The introductary section briefly describes the averall importanca of dispersion
sodels to radiclogical assessments. laportant input parametars or dispersion
models are identified. The sm section, “Critique of Wyhl's Dispersion
Models," discusses the general methodology, fncluding atmospheric dispersion
models, assumptions and input data used in saking the assessaent of the Wyh!
sita. Dispersion models used in the Wyh! Report are compared with sodals used
fn NRC reactor Ticansing hearings. The last section, "General Description and
S8asis for NRC Models," describes the physical basis for NRC at aric disper~
sfon models and fmportant NRC input parsseters.

. Chaotar 4 - Pathway Analvsis

This chapter identifies the major reasons why the Wyhl Raport's dose estimates
are higher (by several orders of magnitude) than those typically estimated by
na'c in reactor licensing hearings. The chaptar analyzes several of the pathways
in \;ynl’wfc;r airtorne rrieases: (1) gamma submersion, (2) extarnal exposure
from contaminatad ground, and (3) food ingesticn. Since Wyhi's dese estimatas
for 1iquid reieases are small (less than 15X for most body organs) compared
with cose estimatas for airborne releases, the liguid pathway s not analyzed

fn detail. The dose estimatas in this chapter are based on the source tarms

ind dispersion models used in the wyh! Report. Ooses %o the maximum indfvidual
are astimatad with variations of the models described in NRC Regulatory

Guice 1.109. The Wwynl Report's dosa calculaticns were anaiyzed wi%th NRC's

DEMD MO A
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romputer program GASPAR. GASPAR calculates doses from airborne effluents

using the models in Regulatory Guide 1.109. GASPAR was run several times with
each run incorpurating progressively more of the Wyhl Report's values for

mode! parameters. The Wyhl Report's air-food ingestion doses are also analyzed
fro‘g;adionuc1ido viewpoint. Values of parameters critical to the Wyhl Report's

dose estimates are identified.

Chapter 5 - Critical Parameters in Radiological Assessment Models

This chapter reviews in detail the basis for large differences between the

Wyhl Report's values and NRC's values for critical parameters in assessing
offsite doses to the maximally exposed adult. The parameters that are reviewed
are those that were identified, in Chapter 4, as accounting for major differences
between the Wyhl Report's and NRC's adult dose estimates. This chapter is
divided into four major sections: (1) Soil to Plant Transfer of Cesium; (2)
Soi1 to Plant Transfer of Strontium; (3) Ingestion Dose Conversion Factors for
Cs-137 and Sr-90; and (4) Summary and Conclusions of Critical Parameters for
Cs-137 and 5r-90. The first two sections review and summarize papers on soil
to plant transfer of cesium and strontium referenced in the Wyhl Report and

the main reference in Regulatory Guide 1.109 (Y. C. Ng, 1968).7 An appendix

to this chapter reviews references cited in a recent paper by Y. C. Ng (1979).8
The technical basis for the Wyhl Report's ingestion dose conversion factors
(DCFs) for Cs=137 (kidney) and Sr-90 (bone) is analyzed. The Wyhl Report's
OCFs for Cs-137 (kidney) and Sr-90 (bone) are compared with the corresponding
OCFs in Regulatory Guide 1.109. The Wyhl Report's DCFs are also compared with
preliminary results from an NRC contract with Oak Ridge National Laboratory
(ORNL). 9
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Chapter 6 - Comparison of Wyhl Report's Radiological Model with Environmental

Monitoring Data

This chapter compares the Wyhl Report's estimate of radionuclide concentrations
in the environment with measured concentrations around nuclear power plants in

the United States.

Chapter 7 - Summary and Conclusions

The chapter summarizes the findings from the review of the Wyhl Report and
other recent literature. Se eral changes in future revisions of Regulatory
Guide 1.109 values for soil-to-plant transfer of cesium and strontium are
proposed. Use of these proposed values in the interim should result in a
slightly more conservative estimate of the food ingestion dose near nuclear

power plants.
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2. CRITIQUE OF SOURCE TERMS
2.1 INTRODUCTION

Determination of radiation exposures to maximm individuals and populations
living in the vicinity of a nuclear power plant first requires a knowledge of
the gquantity of radiocactive materials released from the plant. The average
quantity of radioactive material released to the environment from a nuclear
power plant during normal operation, including anticipated operational occur-
rences, is called the "source term" since it is the source or initial number
used incalculating the environmental impact of radioactive releases. The

impacts are directly related to the magnitude of the source term.

During the operation of a nuclear power reactor plant, small quantities of
radioactive materials are expected to be present in the liquid and gaseous

1+ 2 51 the U.S.

effluents released to the environment. Federal regulations
require the release cf radioactive materials from nuclear power stations to be

“as low as is reasonably achievable" (ALARA).

Most of the radioactive materials originate in and are retained within the
reactor fuel elements, although a small fraction of the radioactive materials
may escape from the fuel through small defects in the cladding into the primary
coolant. In addition, radioactive materials may be present in the primary
coolant due to the neutron activation of corrosion products, chemical additives
and hydrogen and oxygen in the primary coolant. Radiocactive materials are

transported from the primary system to auxiliary liquid systems through process
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operations, equipment drains, or equipment leakage. System venting, gas stripping,
and fluid lTeakage to ventilated areas provide a means for radioactive materials
that are present in liquid and gaseous streams that leak from, or are withdrawn
from, the primary system that constitute the radioactive waste requiring treatment
prior to release to the environment or recycling within the plant. Figures 2.1
and 2.2 present general descriptions of gaseous effluent pathways and liquid
effluent pathways for pressurized water reactors. These figures also show

potential effluent treatment equipment.

The NRC has developed calculational models to provide estimates of the source
terms from nuclear power plants. For pressurized water reactors (PWRs), these
models are discussed in detail in NUREG-00173. These models provide values

for the levels of radicactivity formed in the plant and transported to efflu-
ent systems in the plant and also provide values for the amount of treatment

or cleanup that can be performed on these wastes before they are released to
the environment. These models are based on data generated at operating reac-
tors, on field tests, on laboratory experiments and on performance of equipment

designed to reduce releases.

Tnerefore, the evaluation of the source term for a particular reactor being
considered is dependent upon the generic models developed in NUREG-0017 and

upon the specific provisions incorporated into the reactor plant design to reduce
effluent releases so as to conform to the "as low as is reasonably achievable"

release criteria.
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2.2 COMPARISON OF WYHL'S SOURCE TERMS WITH NRC SOURCE.TERH FOR A BASE CASE PWR

Sections 2, 3 and 4 of the Wyh] Rerort present a discussion of the source terms
assumed for the Wyhl nuclear power plant for both liquid and qaseous effluents.
There is no specific information listed in the Wyhl Report as to the bases for
the values p: _.onted, the amount of treatment equipment prcvided for the wyhl

plant, or the level of the release limits which must be met.

Thus, it is impossible to come to a conclusion regarding the appropriateness
of the values in the Wyhl Report for the Wyhl plant and it is very difficult
to make any definitive comparisons between the data in the Wyhl Report and NRC

source term models.

One comparison which can be made to get an approximation of differences is to
compare the Wyhl Report numbers to a NRC source term, assuming a realistic

treatment system design, designated as a "base case."

Table 2.1 presents a listing of the source terms in the Wyhl Report and a
comparison or those releases to NRC source term estimates for a PWR. The

NRC values for the base case PWR are based on the models of NUREG-0017 for
3400 MWt reactor ard were calculated to represent realistic values. This
means that the source terms presented for the release of iodine-131, particu-
lates and ventilation system noble gases are for releasas with no treatment
provided since PWRs do r * 4l.ays provide treatment rr these release pathways.
However, the values % <« ed .or the realistic base case PWR for noble gases
from the waste ga: syst.c .nd for liquid releases of fission and corrosion

products consider tle presence of treatment equipment since, in the USA, all



TABLE 2.1: COMPARISON OF WYHL REPORT RELEASES
WITH BASE CASE NRC RELEASES

Wyh! NRC~
Report a PWR b
Airborne Releases (Ci/yr) (Ci/yr)
Noble Gases 80,000 12,000
I-131 0.3 0.24
Particulates 1.0 0.4
Tritium NV 680
Liquid Releases
Tritium 1,600 680
Other Fission and
Corrosion Products 10 1.0

‘Hyhl Report estimates are taken from Sectiun 2.1 and 2.2 of the Wyhl Report.

bThoso values were de~fved from data in NUREG-0017 and assumed the following:
no treatment of particulate and I-131 releases with a continuous containment
purge; 30 days holdup for noble gases; and for liquid wastes evaporation and
¢ uineralization of shim bleed wastes and demineralization of floor drain
wastes.



reactors have had to add treatment equipment on hese release pathways in order
to meet the ALARA criteria of the Federal Pegulaticns. Thus, the noble gas
release is based on a 30- Jay holdup in the waste gas system and the liquid
release is based on evaporation and demineralization. We will see in the next
comparison table the validity of.using this realistic base case for noble gas

aid lTiquid raleases.

Referring back to Table 2.1, one can see quite clearly that the whyl Report
and NRC-PWR estimates are in fairly good agreement for the release of
fodine~131 and particulates. For noble gases and liquid releases, the pres-
ence of the realistic base case treatment systems result in NRC-PWR estimates
somewhat below the Wyhl Report estimates. These comparisons can nct be car-
ried much beyond this point since, as was discussed in the introduction,
effluent treatment methods incorporated into the design of the Wyhl plant are
unknown. If the Whyl plant includes treatment systems comparable to those
assumed in our calculation of the source term estimate, then reasonable
agreement can be seen. If Wyhl treatment systems are different from those in

our assumption, then valid comparisons can not be made.

2.3 EFFECT OF TREATMENT EQUIPMENT ON SOURCE TERMS

Consideration must also be given to the type of process treatment at an
individual plant before source terms can be calculated. The most common type
of treatment available for the removal of jodine-131 and particulates from
effluent streams are charcoal adsorpers and HEPA (High Efficiency Particulate
Air) filters, respectively. These processes can reduce iodine levels by as

much as a factor of 100 depending on the amount of charcoal used and can also




reduce particulate releases by a factor of 100. In addition, PWRs can reduce
their noble gas releases by keeping primary coolant gas levels low by routing
greater guantities of gas to the waste gas system where additional storage
tanks for delay can be provided. Also, liquid releases can be reduced by i
additional demineralizers and evaporatcrs in the system. Since in many cases
a particular PWR will have to treat one or all of the gaseous effluent path-
ways with additional equipment such as charcoal adsorption or HEPA filtration,
the NRC-PWR estimates in Table 2.1 would be correspondingly reduced for those
cases providing treatment. In order to illustrate the effect of actus) plant
treatment equipment, Table 2.2 presents a cor.arison f the NRC base case val-
ues with the average of the calculated estimates made 20 operating PWRs
based on specific piant design. Since these plants are currently in operation
and effluent release data have been reported, Table 2.2 also presents an aver-
afe pf operating experience to date at these reactors. A review of Table 2.2
shows that when the effect of adaitional treatment equipment is considered,

the source term from the average plant is reduced below the base case.

Table 2.2 also shows that, on the average, the calculated estimate based on
the generic models of NUREG-0017 and the specific plant system agrees will
with the release experience currently being obtained. This provides

confidence in the generic medels of NUREG-0017.

2.4 CONCLUSION

In summary, it is difficult to come to any definitive conclusion concerning
the validity of the Wyhl Report numbers without more knowledge of the treat-

ment systems employed and the bases for their release estimates. Based on
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TABLE 2.2: COMPARISON OF NRC BASE CASE SOURCE TERM ESTIMATES
TO ESTIMATES FOR ACTUAL PLANT DESIGNS

Average of Average of
Estimated Actual Release
Basea Release fgr for =
Airborne Releases Case 20 PWRs 20 PWRs
Noble Gases 12,000 5,200 7,500
I[-131 0.24 0.063 0.05
Particulates 0.4 0.023 0.02
H-3 680 550 100
Liquid Releases
Mixed Fission and
Corrosion Products 1.0 0.7 V.2
H=3 680 460 400

3 rom Table 2.1
bValues obtained from computer code runs made using NUREG-0017 models and
parameters for specific piants.

“values obtained from semiannual effluent release reports for specific plants.



the above discussiocns, the values presented in the Wyhl report may well be
valid for that particular power plant given its reactor design and treatment
system design. However, the source terms of the Wyhl Report can not be
generically applied to all PWRs since there is not a fixed source term appli=
cable to al ulants. The source term is a variable from plant to plant
depending on the plant design proposed by the specific reactor to meet the

limiting dose guideline present in Federal Regulations.
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3. CRITIQUE OF DISPERSION " 1FLS

3.1 INIRODUCTION

In ordar to deternine the maximum cadiation exposure (dose) from airborne releases
to individuals, and populations living inf%he 1;5%n£$ of a nuclear power plant,
in assess ent of the dilution characteristicsTof the,siteymust be made. The
veihicle for extension of the source term though the variduS pathways and ultimately,to
the doses is generally a transport and diffusion model,

i 192,% - e ﬁd’a}-ﬂh“‘j )
Federal reg ations in the U.S. establish”  1imits on concentrations of radic-
active material in effluents to unrestricted areas, the requircments
for operating procedures to meet. the "as low as reasonably achievable® (ALAR). .
release criteria, and provide numerical guidance for design objectives and limit-
ing conditions for operation,

Calculational prOﬁedﬁrcs used by
i . 7 \ cloyeerives S 4

iﬁliﬁmggg&aa%zein t!g:‘_l{'s to determine design oloject: .w' odc ress
(1) An applicant should be free to use as rcalistic a model for characterizing

natural phenomena, including plant performance as he considers useful. An

applicant may take into account situations not adequately characterized by

such standardized rodels as may be available with respect to specific

features of plant design, proposed modes of plant operation, or local

natural environmental features which are not likely te change significantly

during the term of plant operation,

(2) Wbere selection of data is strictly a matter of interpreting experimental
evidence, both the applicant and the-Begulatory Staff should use prudent
scientific expertise to select those values which would be expected to
yield estimates ncarest the real case,

(3) If approximations implicit in a model can produce a deviation from the true
result the direction of which is either uncertain or would tend to under-
estimate dosage or if available experimantal information Teaves.a substantial
range of uncertainty as to the best estimate of some parameter values, or
both, data should be chosen so as to make it unlikely, with all such
deviations and uncertainties taken into account together, that the true dose
would be underestimated substantially.

(4) The models used in describing effluent releases should take into account
all real sources and pathways within the plant; and the estirated releases
should be characteristic of the expected average releases over a long
period of time, with account taken of nornal cperation and anticipated
operational occurrences over the lifetime of the plant.

(5) The model of the exposed individual and the assumed characteristics of the
2nvirons with respect to human occupancy and to land and watzr use should be
determined in each case in accordance with the intent indicated below for each
particular category of effluent for which design-objective guidelines are given,

L POOR OREMRL
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(a) For design objectives affected by assurptions as to consumption'of
water or food (other than milk) produced in the environs, one should
consider the model individual exposed with account taken oqu of SYCh
potential occupancies and usages as could actually be realized during
the term of plant operation,

(b) For design objectives affected by cxposure as a direct result of human
occupancy (immersion exposure), the model individual should be the
hypothetical individual maximally exposed with account gaken oqu_of
such potential occupancies, including the fraction qf time an individual
would be exposed, as could actually be reaiized during the tarm of
plant operation.

(c) For design objectives relative to thyroid dose as affected by consumption
of milk, the iodine pathway through the environs of a plant and the
characteristics of the model receptor should be essentially as they
actually exist at the time of licensing.

The transport and diffusion of radioactive materials in the form of aerosols, vapors,
or gases released into the atnosphere from a nuclear power plant are a funcgion of
the state of the atmosphere along the plume path, the topography of the region, and
the characteristics of the effluents themselves. For a routine airborne release,

the concentration of radioactive  materiad ca the sv\"‘“*“'*’ eyien

deicwids ow e souree decma y e kc's-'u' of e

release: the momentum and buoyancy of the emitted
plume; the windspead,.atmospheric stability, and airflow patterns of the site; and
various effluent renoval mechanisms. Geograpnic features such as hills, valleys,
ind large bodies of water greatly influence dispcrsion and airflow patterns. Sur-.
race roughness, including vegetative cover, affects the degree of turbulent mixing.
Sites with similar topographical and climatological features can have.similar dis-
persion and airflow patterns, but detailed dispersion patterns are usually unigue
for each site.

It has been the.practice in the U.S. to implement an onsite meteorological progrmn‘
in order to provide meteorological information with which dilution
factors can be estimated. Various provisions allow for justification of data sets
of lesser degree of detail, However, prior to the issuance of a permit to construct,
cne year or more of .meteorological data ace” required fo be Cllecicsl awd price
Yo e pvanet o a permit o sperate am aslditina Fwe yeans or meore are
regoired TThese date are 4o be evalvatedl L ?

response to the requirements for the preparation of Safety Analysis Reports,
Savironmental Reports, or Early Site Reviews.

Cnsite or representative offsite information when used Judiciously can provide use-
ful information regarding dilution characteristics in the site.vicinity. A multitude
of evaluations can Le performed #ith such data bases, however, such information can
prove misleading i not applied properly.

It was not evident from the objectives statemant of the Wyhl Report that the
txperts relate the various relrase conditions, to appropriate meteorg-
Togical ccnditions., The results of iny atmosplerie dicpersion calculation

nave .arit only whan used in its proper context, Dilution cstimates can only
D2 as worthwhile as the assumptions rade with regard to transport and diffusion,
the plant engincering and operaticnal configuration, and the meteorological
cenditions, that could be exparienced. The aplicariena is that the user
cnsures that the rmzteorclogy and the rodel are :roropriate for tha objective,

= 7N T 5.*.\\”’/ ‘:E’\ r‘\‘” A
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Three raloase conditions  are gcneril!y considered. in addressing
the various U.S, regulations: normal (routine), intormittent (purge), and
:bnormal (accident), There are three attendant philosophies for estimation

qurposes as well, . 3 dded measures of conservatism are inccrporated
into ti o aggund =< ana“{h'i‘?.i'o' el as the time frame decreases. Likewise,
different methodologies are used to calculate dilution estimates that

account for planned or unplanned relezses and short- or long-term variability
in meteorology.

The position established in the Wyhl Repart was that short-term meteorological
data was necessary, but unavailable, and that projecting coincident release/dose
calculations was impossible, On these bases, adjustments were made. to the
dilution factors to reflect perceived errors inherent in the inadequate meteoro-

logical information,

3.2 CRITIQUE OF THE ATHMOSPHERIC TRANSPORT AND DIFFUSION 130DEL USED IN THE WYHL REPOR

In the disc'..:ssfom that follow, the atmospheric tréns’port and diffusion model, .

the meteorological input, and assumptions rade will be dealt
with in varying dogrees of detail, At the outset, it should be noted that the
wl.ration 1o ided does not meet the mininum .level of

specificity vegarding selection of appropriate meteorological data and proficiency
in m%del applications, and presentation of results which are acceptable in the
U.5.

The least sophisticated wodel acceptzble to the USNRC will be used in the com-
parison of uethodologies, The woatida ) sies as outlined.in various regulatory
guides™%’®and other documents 1, faye'a’comion derivative wit the model®referred
to in the lyhl Rep,ort;y At that comon point is where the similarity ends.

IS, Gavssianm . | ; :
The meteorological ‘information used in the 'yh1 Report leives much to.be desired,
To compensate for inadequacies, an attempt was madevto introduce unsubstantiated
error functions. 1aPe Whilal K pert”

3.2.1 METEOROLOGICAL DATA

It is extramely difficult to perform a diffusion calculation and rotain any
credible sense of realism ip the estirate if the neteorological dataare iradequate,
Considerable effort was maag‘;i&"ﬁfz}?ﬁ?tn-ate that the conditions przvailing at

one location can only be approximated by ccnditions at anulher,

tateorological data in one form or another were prosented for fw stations
‘reiburg, Karlsruhe, Breisach, Bremgarten, and Strassburg) forfive ceteorological
actors ?atmospheric stability, wind direction, weather phcnorena, wind speed,
ind inversiod. %o single station was considered to adequately represent t'yhl on
all accounts, further, no single station record was presented for each of the
theeg paraneters mandatory for an adequate assessment.
LU |Ih\.'1.,’!.'\‘\f;
H;; \j'h’.l:\;!y‘lw’
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An undefined statistical mezsure of error was atiributed to the variability bat.cen
two station location records, i“eteorological data are not e-= documented as to
the period of record, representativencss.of the period, representativeness of the
Tocation, exposure of equipment, and accuracies quality of data records, ete.

The information that was presented would be considered inadequate in the U.S. to

discuss climatology much less diffusion at a power reactor site. !hercas the

wyhl experts concluded that erroncous assumptions were made in the construction

of the model with regard to the interdependency of meteorological parameters, no

iupgort.was given to indicate coincident data wor2 used to estimate dilution
actors.

Without dwelling on one of the major inadequacies of the entire report, there
appears to be 2 misconception of the use of metcorological data in models. . This
includes not on.y the manner in which they are to be applied.in the rodel, but the
selection of the uota base as well, Data synthesized from multiple locations

for di{ferent time periods and for different parameters hardly provides anytiiing
useful, Providing a statistical measure of error, which went undefined, to ensure
that the true dose would unlikely be underestimated substantially is avoiding the
issue. As was stated io the introduction, the data should be chosen such that the
coincident deviations, variability, and uncertainty are taken into account together
to provide the best estimate.

The imp1ication of sumration of the estimation error is that Wyhl experts
violated the diffusion calculation procecare by:?bnsiderin dependence ameong

wind direction and speed and atmospheric stability. Clearly .ated in the referenced
document, describing tharmodel and understood by any diffus’  specialist, thelPejuire-
ment to use the diffusion models /s that a three parame™ ., ,Sfatistic be available
rather thanfstatistics for three parameters. For such a comparison, consider wind
directiun in twelve 30 degree sectors, wind speed in.seven classes, and atrospheric
stability in six classes; the requirement.shoyld provide 504 unique pieces of s
information, the wisap-lication would providé)25. Sevecal Sactors leodd wg folelieve
that the Wyhl expert could have zrred in this fashion,

3.2.  [RANSPORT AND DIFFUSION !1ODELS

The atmospheric transport and diffusion models referenced in the Whyl Report
analyses ware given in detail in the Interior Ministry document’? Strict
zdherence to the.procedures of the guide was implied to the degree that it
appeared superfluous to preseat or repeat the content., Unfortunately, the
coapenent applications of the model were never “presented.

The guide has a basic premise that is generally acceptable. In later sections
of this chapter, the development of the models comwon to US and FRG lvauh&fn¥auwks
are prosented., Given.the starting point of the lMinistry guide, the basic di fusion
equation assumes a Gaussian distribution in the horizontal (crosswind) and

vertical plane with total reflection off the ground. This model is referenced
from SladeMand given in the form:

NARNN A N
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vhere

a(m.l)

q is the rate of material Eeing released

is the time aversged concentration at locaition (x,y,2)

are the pI{.:ne. sprc&d parémeters or tha standard deviation .

Oy' Gz

of the distribution 0" material in the y- and z-directions.
i is the mean wind spced in the Slong .ind direction, x.
hQ is the effective heichi of release above the grobnd

The guide continues in the de&e]opment of short-term dilution factor as a grofmd
lavel concentration along a pluse centerline of the form:

- g
T " o ot (w) (+2)

Likewise, the gﬁide continues in the davélopment of long-term dilution factor as
2s a yruund level concentration with uniform lateral mixing; this form is comnonly

refared to as the sector spread equation:
)
b = 2
= X pis. G 3-
Kieo)™ 2nx Pl 2gs (33)
o %
S
hare
N. is the m}'mber of sectors considercd ia 366 degrees (2= ra'dic'nsi,
2 in tha Wyhl Report this was 12,

. o gping wied (x Hae WYL T Repart
The short-term model and the, lTong-terr rodel deseribed ab are identical in theory
to Lhe hugie maddy in the U.S.‘;"that is ' wcre the siniilarity stops.

Crmpruent 2ltumenrs o . .
The vodialion of the,two Sety ofmer dyare in que from eacle other, . .
Considerable differences can exist t *.. o the two applications of the saze nodel;
thase differences are not cosme. '~ but rather require detailed investication
to determine sensitivity for various . .oinations of wmateorological conditions,
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3.2.3 ASSUHPTIONS

The diffusion calculations performed in the Wyhl Report were in strict accordance
with guidelines presented in the Ministry of the Interior document. This was the
basis for excluding the procedure in thé Report. The experts embodied a limited

mixing adjustment to the procedure, but otherwise accepted the recommendatiors of
the guid)ine document. The experts proceeded to criticize the model in a fashion

whish sheds considecatie dovl® (I Yheir aflewpr or cealiche of

ﬁonservativc evaluations. Specifically, the assumptions with which they take
ssue are: :

1. Gaussian distribution
2. Independence of meteorologica’ parameters
3. Exclusion of turbulence factors

Within the introduction of the Ministry document’ exist several points which
appea~ to have been ignored: '

1. The guide represents the state of the art which can be readily applied

2. Allowance is made so that local feature characteristics can be incor-
porated ;

3. Flexibility to deviate from guide reccmmendations when position is
substantiated.

The referrmsed  docomed way nteuwded He wre ay a Du:de, 3':11'
as are the USNRC Regulatory Guide Serias and [AEA Safety Guide Series.

For the near field evaluation, such as the distance to the peak projected at
Wyhl (500 meters), there are over 25 years of tracer studies conducted in the

field and wind tunnel studijes cpnducted in the laboratory that support Gayssi
CONCEPTSS a Pg‘h?? pie?@r‘:t‘?‘r’x"g‘&?ag ﬂ;ﬁﬂ'ﬁéﬁgﬁlﬁad"aé yd"oﬁgnfiﬁﬁg’t};'fg"ﬁéé%p
or use any other modeling procedure that would be defensible. From a technical
viewpoint, the Gaussian treatment is perhaps most appropriate with the limited
meteorological data and skills identitied. Local characteristics that may
demonstrate that steady state conditions are inappropriate can be accomodated
with adjustment factors for stagnation - .d recirculation that should be developed
for the site they are to represent., Vi.riable trajectory and other time dependent
models are generally available, hcwzver, they are at the mercy of inadequate
meteorological data bases.

The metecrological parameters incor-orated in the diffusion calculation relate

a condition or state of the atmos’ 2 representative of the time scale sampled.
If the time scale is one minute or one hour, there are representative values

of wind direction and speed and estimates of atmospheric stability for that
time frame. A diffusion calculation is based on the joint occurrence »f these
three parameters. Adjustments are accepted to vary sampling time and impact
not only the measured variables, but the dispersion coefficients as well.
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Turbulence, uhether thermally or mechinically induced, is implicit in the
Jdiffusion calculation. The dJetermination of atimospheric stability is a
function of the interaction Letween surface heating or cooling and ambient
wind conditions, The existcuce of thzrmal turbulence or thermal stability

is dependent on the vertical structure of the atmosphare and its ability to
znhance or constrain the growth of a parcel of air., lechanical turbulence

is a function of wind speed and localized features which deforms uniform flow,
These factors are expressly incorporated in a steady state model by virture
of the plume spread parameters assigned by stability class determinations,

At a2 minimum, a diffusion calculation however short term or lon3 term, must

have appropriate metcorological data. Without the ability to represent the

flow of the effluent (direction), the rate of transport of the effluent (speed),
ind the growth or dispersal of the effluent (plume spread a function of stability),
in concert, there is no calculation,

3.2.4 DISCUSSION OF RESULTS

The concern raised by the Wyhl experts regarding the independent treatment

of meteorological parameters is warranted. We express the same congerns. .
The short-term and long-term models of the Ministry of the Interiorf 8™ *-
be applied with meteorological data that represcents the coincidence of the
various parameters, From the information presented we can only conclude that
this information was unavailable and consequently directed the Wyhl experts
to use the gross approximai.ion presented in the Ministry document.

In an attempt to do more than juct state that there is insufficient informa-
tion to evaluate the Wyhl Report methodology, for that is truly the case, the
following is based on conjecture. Until direct interrogation of the expert
(we cannot determine the diffusion specialist from the contribution list) can
be accompliched or merely 2 detailed cynopsis of the application of the model “<
is obtained, we can only, at best, conject @s 4o Whe source oftheir €shuate gk 1L4X0"s /m3,
ovtined (nHee Hxn(%rjtﬁmuM¢¢&
The simplified determination of the long-term diffusion factor,is based oﬁﬁy
on a wind direction distribution, An assumed stability and windspeed that is
representative of the long-term concentration can be recunstrucred in this fashion.
For cxample, from Appendix 13 of the Ministry document, reproduced here in Figure
3=1 for a release height of 100 meters and a downwind distance of 500
meters, the re_la*iv . concentration was estimated as 2.2 x 10-6s/m3,Given the

following equati . Aaﬁpd on 12 sector segmentation:

z(m,‘ *”) Q exp (:i) (3—4)
T oog m )

with the 0 armined form information provided from Appendix 11 (0a = 4
weters for _ 25 meters for E), reproduced here in Table 31, , the (&) for
D stability is 4.7 x 10-5m-2 apg for € stability 4,/ x éO"b'z. Attendant wind
speads to relate this to the (%5 )., o Of 2.2 x 10- s/m3 yield speeds

of 2.1 m/sec for D stability ana Oﬁ:&ﬂ@ec for € stability. This presumes the

! q/ﬁnw‘q‘ :m\a
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wind direction for t.e enitre year is univariate; ie, 100% ~ittén a single 200
sector. These wind speed/stability class combinations are ralher conservative
when considering the anticipated wind frequency distributicn and stability class
froquency distribution thatliOUTd be experienced in the site area, It is a]so
of note that these speeds“™ \*“Fepresentative of the 100 meters relzase neight
not +hat of Hie gurfoce Lewel (~ 1o meders).

A complicating factor which could not be resolved during the review,is the 3
source of the estimate at the point of maximum radiation load (1.41 x 10-6 s/a%).
It was concluded that the metecorological datawere inadeyuate to per.for:m a
rigorous diffusion calculation, therefore, strictly following the ilinistry
quide, it y  assumed that this simplified method was adopted. It was wot.
should hawe Seem
ks discussed in Section 3.2.1, the meteorological data was unaveilable in the
form needed for the calculation. However, there are several factors thet imply
that the Wyhl expert attempted to calculate relative concentration using the
independent statistics for the three parameters: atmospheric stability, wind
direction, and speed. It is reiterated again that this approach is in error,

The factors pro§iding this conclusion are:

1. their conclusion that the diffusion caIcuIAtion wés b&sed on independent
parameter statistics

2, the pattern of the mmtrmhu-'r'.ﬁ% a relative seconddry peak

The NRC attempted to perform a calculation which reproduced these estimates

based on the 12 class wind direction frequency at Bremagarcen with an isotropic
treatment of calms, the 6 stability class distribution at Freiburg, and the 6
#ind speed class distribution at Sremgarte.. The dispersion coefficients of
Yogt, the wind speed class midpoints of .35, 2.5, 4.4, 6.7, 9.4, and 12.1
meters/second adjusted to a 100 meter release height by stability class, and

no plume rise were considered in the calculation, The estimated peak and
location were corparable to that presented in the Yhyl Report, ODifferences could
have resulted from the stratification of the wind speed classes and other
assumptions that were not presented.

The peak X/Q in the Wyhl Report of 1.4 x 10°8 sec/m3 cannot be related to an
appropriate X/Q for the site, The high frequency (27.39%) of wind direction within
a single sector is disturbingly high, Sites in the U.S. rarely have as much as

a 20% frequency within a single 22.56 sector, The uniform application of wind
speed frequency and atmospheric stability across this sector provides misleading
informatfon. Should a X/Q be calculated correctly,the peak value in the \!vhl
eqanj’ cowld ot P mmu’ -

< : A %‘ .

?S$?;3e;he£§§j§§$§:;oapgg Zggzissnt:;i:et:f the procedure that the Wyhl Experts
effect. Ehe A dwt i ruied a e X/Q estimates are worthless. In

% - dence provides suffici i
sinulate extremely stable or :n s okt o Py b R
stable atmospheres with wind ed
;gv?{gnor : neutral atmosphere (considerable mechanical turbsg:nc:)i?negcgg?mOf
ment. The atmosphere just does not function this way.
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Just considering the incidence of the most frequently occurring condition (wind
direction and speed and atmospheric stability) if in fact the parameters were
independent: wind direction from 2109 for 27.39%, wind speed less than 1.5
m/sec 41.7% and atmospheric stability class D 29.0%. This element of the
matrix (210, <1.5, D) has a "joint" frequency of<3.3%. The stability
categorization scheme of Pasquill indicates that D stability can occur dufing
the daytime only with winds in excess of 5 m/s and during the nighttime with
winds in excess of 3 m/s. The likelihood of the joint occurrence of the three

parameters by definition is 0,

The two tables in the Wyhl Report identifying stability and wind speed frequency
of occurrance (see Table 3-2) are difficult to reconcile, Since the maxinum
wind speed of A, B, E, aod F stability are 2, 5, 5, and 3 m/s, respectively,
Beaufort class 4 and above windspeeds (5.5 m/s or 2reater) nust be stability
classes C and D. Classes C and D comprise 45.6% of the stability frequency;
Beaufort 4 and greater make up only 19.2% of the frequency at Bremgarten and

13.8% ad Triitmns . jddivey im Looasfort 3 yills ovlq 3717
and 28.5%. Su?Lly, some understanding of diffus;g:'concepts could have
eliminated the iwpossible conbinations.

The Hyhl cxpert resolved that the Tow wind speed frequency of occurrence coincided
with the froquency of inversion conditions. For a stack release of the order

of 100 reters, the location of the geak concentration of conditions with D
stability is of the ordar of § x 10%m, for £ stability it is of the order_aof.

2 x 10°m, and for F stability of the order of 5 x 10°m, The peak hour]g Z&)
re1gt1v5 concentration normalized by wind speed, are of the order of 10-2 to !
107® w=¢ or less; given that the frequency of hours for which a small fraction

of the 8767 hours in a year could occur w;th the same meteorological conditions,
the £/Q could only be of the order of 10~/ to 10°8 s/m3, The peak value could

be overestirated by an order of magnitude or more,
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3.3 OGELLRAL OESCRIPTICN AND TECHNICAL BASIS FCR [HE LRC ATMOSPHERIC TRALSPORT
ARD DIFFUSION 'ODELS

To simplify the Jiscussion of atmespheric transport and diffusion models which
ire generally acceptable to the [RC, the least comnlex model will be discussade
(ii.derivatives of the Gaussian distribution) Realizing that ELe time dep:ndent
rodals would require a sophisticated set of meteorological information that
uns apparcntly unavailable for use in the 'yhl Report, it would be fruitless
to discuss.than in great detail. The Gaussian wodels generally provida reascnable
estimates of concantration in flat and gently rolling terrain with
a minimum amount of metcorological data. Incorporating factors to reprasent
local stagnation and recirculation characteristics of valley and coastal loca-
ws the model assures conier\‘/atism.““ﬂ«s chaca cherisny, bu ldiag shapes

A Ean S g e poiaty M’Vu“...l:‘ﬁnu-( o e::-.clo-r -
4 hdare .&u.“c LT~ Aﬂ:uhpuual ~ trmt€ of siverad ~bded chuq'rt
ﬁxe darivatinn of th{gener\’c“?ormuhtion is p'resentea first, folloved by the z.

calculational procedures of various elements of the long- and short-term models,
and, finally, the application of modeling results to address the objectives
of the calculation, -

3.3.1 GERERIC DIFFUSIONS EQUATIONS

The traditicnal Taussian for~ulation or distribution forins the basis for the:
sirplistic short- and long-tara trinsport and diffusiun wiodels, Scveral
assuaplinng are fncorporated into the Gaussian version to yield the versions
cunsidered for the cvaluation of dilution factors. A consolidated outline

of this Jerivation follows which clearly defines the assumptions. “The

of vie model i3 fornd im wtany oftiern locati~s il2

e initial Gaussian formulation under consideration is that for an instantineous
paint source release; i.e., single discrete puff., This is given in the form:

. QR (2w) (a8t)" o e
Fagie ST T T g (-8)

where
X(x,y,z) is the instantaneous concentration at a point at or along wind
(axial) distance, ®, cross wind distince, y, and vertica
distance, 2,

Q is the total amount of material relcased,

0% 05 0. are the plume spread HERR I
parameters or standard deviation of the distribution of material
in the x-, y-, z-directions,

d is the m2an wind speed in the along wind direction, x,

t is timeo
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[n order to obtain the continuous point source formulation, the plume is presumed

to be composed of an infinite number of overlapping puffs 2long the x-axis,
transported by the mean wind, U, By incorporating a simplifying assumption
that diffusion can be neglected along the plume axis and by
integrating with respect to t from 0 to c@ , the continuous point source formu-
lation is derived: —_— Giventd te

x = -~ ex [ ('ﬁ; * "'121)

were
xtr,,,qis the time a(vcraged concentration at location (x, y, 2)
< release
Q is the,rate of material

In this steady-state formulation a Gaussian relationship is still apparent in
the crosswind and vertical directions. In order to accomodate the effect of a
barrier afforded by the earth's surface, th: assumption is made that the plume
is reflected at the surface yielding the form:

—

where he is the effective h:ight of release above the ground

The objectf@e of these calculations is to provide estimates of concentration
at ground level, i.e., when #2Q. This yields:

Fun + v e 5+ 23

(X,",D) i ‘I'Q'."Q"' % x

At this point, the deri&étioh diverges to present the deQelopment of the short-
tzrm model and long-term model, The initial discussion deals with the short-
torim nodel developient and the fina) discussion with the long-term, :

The present form of the equation when considered for the short-term application
issumed the wind direction within a sector, 22.5° for U.S. and 300 for the Lyhl
fuport, is directed along the centerline., This is a conservative assumption
in that the probability that the receptor will be on the centerline when the
flow is toward the sector is rather small. A centerling concentration; i.e.,
y*0; estimated from an elevated continuous point source would be of the form:

- a %,
Yooy = 7 T, T % 'e"‘P( ‘53{?-)

Similarily, shoﬁ1d the centerline concentration be estimated from ground based
source, the calculation would be made using a form of the following equation:

PO

A
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(3-6)

a o WA
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(3-8)

(3-9)
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v = :
2‘65550) Toy 0y &

(3-10)

Adaitional concepts incorperating the building wake effects, plume spread, and
topography are considered in the evaluation of short-term concentraticns.

Returning for the derivation of the leng-term model, to incorporate the variance

of mean wind conditions within the area of interest, the objective was to
uniformly spread Lhe plume over an arc of a givan width, This concept incorporates
the meander of the plume centerline within the sector of concern, The formula-
tion is referred to as the crosswind integrated diffusion equation and is

obtained by integrating with respect to y from + ® to -00 which yields:

Ty = (3. 8 () (11
> (’f” ‘ 03 iz 'gﬁf' ZU;‘ )
To segment the calculation

for evaluation on a sector basis at a given distance, x, from the source,
the length of the arc or width of the sector at distance x is incorporated:

o0 8 o () (5-12)

whare, %—3—-‘- 0 U b
s
N is the number of sectors considered in 360 degrees (Xxradians),
S in the U.S. This is generally 16, in the Yyhl Report this was
iz,

The Gaussian charécteristic has been remo&ed_from the crosswind plane, but
still remains in the vertical. lp"§Qi§ forn the entire sector width is assumed

to exparience a uniform concentration, e rporating wind variability within

ihe sector, This form of the model is similar to the form addressed in the USLRC
Requlatory Guides; that is:

oy 2.032 @& g
Ty * SRR o ( o (3-13)

whore

b g is the verical plume sprcad parameter adjusted for source con-
figuration,

Saurce characteristics and plant con iguration should be considered in the
practical application of this model, These concepts include building wake
effacts, plume rise, stack downuash, plume spread, topography, and removal
mechanisms,

In sny application of thess models it is incumbent that the quality of the
meteorological data be assured, Guidelines for acceptable onsite meteorological
data collection programs are provided in the USHRC requlatory ?uidest ANSI
stindards(® and IAEA Safety Guides® Locations not having this level of sophis-
tication are generally advised on alternative sources of data or acceptable
adjustients to provide a wargin of safety on the estimates. As the quality

and representativeness of the information decrease, so the usefulness
and applicability of the estimates detriose.

DM MRAEINA
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3.3.2 LONG TERM !ODEL

The long-tcrm Jdiffusion n.:odelqprcsanled is the consteont ncan wind direction
rodal, The vorsion presented in section 3.3.1 is that wivich is :ppropriate
for use when the meteorological data are in the form of hourly data. In the
cvent only joint frequency information ,

is available, the formulation presented in USKRC Regulatory Guide 1.111 is |

qenerally accepted. -
The equation for this model is: 2
(x/@)y = Z.OBzZ S exp . 8 (3-14)
b > Nx Z,:(x) U 2 @, (x)
i) ) g
he is the effective release neight

niy is the leagth of time (hours of valid data) weather conditions
are observed to be at a %iven wind direction, windspeed class,
i, and atmospheric stabiliti class, j;

N is the total hours of valid data

g is the mid point of wind speed class, 1, at a height representa-
tive of release;

% is the distance dowun wind of the source;

O'.j(;) is the vertical plume spread without Qo]umetric correction at
distance, x, for stability class; j;

:gjb) is the vertical plume spread with volumetric correction for a
release within the building wake cavity, at a distance, x, for
stability class, j; othzrwise E,j(x)- r;j (x);

(x/Q‘)D is the average effluent concentration,—., normalized by source
strength, Q', at distance, x, in a given downwind direction, D;
and

2.032 is (2/m1? divided by the width in radians of a 22.5° sector.

Effects of spatial and temporal variations in airflow in the region of the
site.are not described by the constant mean wind direction model. Unlike

the variable trajectory models, the constant mean wind direction model can
only use meteorological data from a single station to represent diffusion
conditions within the region of interest. If the constant mean wind direction
rodel is to be used, airflow characteristics in the vicinity of any site should
be exzmined to determine the spatial and temporal variations of ztmospheric
transport and diffusion conditicns and the representativeses q‘singh staticn
reteorological data at receptors considered.
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E, = 258 - 1.58 R for 14R 61.S (2-16)
and
E, = 03 - o006R for 154R %S0 (3-17)

The release should be considered to be elevated 100(1-E.) percent of the time,
and 100 Et percent of the time it should be considered to be ground based.
For the meteorological conditions, both calculations should be performed,
adjucted by the fraction of release mode and summed to represent the contribu-
tion at the receptor point, ‘ :
: 3 .
Other methods or relationships chat may represent a given facility mece dfrnfr.&h)j
should be presewied wita justification for the alternate approaches.

3.3.2.1 BUIL ING WAKE EFFECTS

For ground level releases an adjustment to model identified in the previous
section can be made.that tzkes into account the initial dispersion in the
wake of a solid structure. This adjustment could be in the form

e * LA - b ) -
) (o - : (3 18)
where .
2?. is the.Qertical plume spread parameter adjusted for source
configuration
H is the maximum solid adjacent structure height.

This adjustment is limited to a maximum of \B or:

3.3.2.. PLUME RISE AND AERODYNAMIC EFFECTS

Effluents released from stack sources generally have sufficient vertical
velocity or potential for rise, i,e., a positively buoyant plume, to warrant
a plume rise ronsideration. Most releases from nuclear power stations have
effluent temperatures comparable to that of the ambient air. The practice
generally followed is based on the Briggs formulation for momentum induced
?lume riset?

-——
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For neutral or unstiﬂe Stmospheric conditions the equation considered is of

the form: 2, '
ah = 1.44 (!!) ’(-.;— d (3-20)
Gy,
where

Ah is the plume rise (meters)

Wy is the effluent exit s}elocity (meters/second)

Gh is the mean wind speed at the height of release (meters/second)
; is the downwind distance (meters)

D is the internal stack diameter (meters)

When the effluent exit \;elocityfumbient wind speed ratio 1is less than 1.5,
the effects due to aerodynamic stack downwash are incorporated into the plume
rise estimation in the form:

)
'ls - —.~ .c g
where e = 3( au) B (3’21)
[ is the downwash substracted from ah abov}e

The plume rise estimated and adjusted, if neceésary. is compared with the
following equation and the lesser of the two estimates are used:

Ah= 3 (%":)b (3-22)

For stable atmospheric conditions, the same procedure is followed, however,
the lesser of yet two more formulations results in the estimate of plume rise.
These formulations follow:

ane 4 (Tm)" . (3-23)
and = G ( 3 -24)
RO
where s
e ﬁ,_E)z (3-25)
2
and
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where
Fm is the momentﬁm flﬁx pérémeter (meters4/secondsz)
s ;s the restoring acceleration per unit vertical displacegsnt
or adiabatic motion in a stratified agposphere (seconds ¢)
] is the gr&&itétional acceleration (meters/seconds?}_
T is the ambient air temperature (°K)

é%% is the vertical potential temperature gradient (% /meter)

In an unstéble atmosphere s is negéti&e, howe&er. for the various stable
stability classes, s can be held constant. The values assumed are 0.87 x
10-3 for E stability, 1.75 x 10~3 for F, and 2.45 x 103 for G.

There are numerous other plume rise formulations that have been proposed and
more closely reflect conditions at a elected number of locations. However,
no other set of formulations have gained the general acceptance in the
community as those detailed. Should a more representative method be identi-
fied and supported for a given location, the flexibility exists +o0 accomodate
a more appropriate technique.

3.3.2.3 PLUME SPREAD

The traditional Pasquill-Gifford dispersion coefficients for o, are given in
Figure 3-2 ° . Should the selected model be other than the cOonstant mean
wind direction model additional curves to represent.lateral dispersion may

be needed, Likewise in unique.environs alternate curves may be deened more
appropriate. The applicant would be expected to dazmonstrate the applicability
of any deviation from the traditional set of curves,

3.3.2.4 TERRAIN EFFECTS

The treatment of terrain effects an the effective stack height provides
opportunities to consider plume deformation and.deflection when encountering
significant terrain displacements. The effective stack height is determined

from:
L\e = lq’ + AR ~-¢ -kt (3'20
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where
hg is the physical stack height
hy is the terrain height adjustment
&h and ¢ are the plume rise and aierodynimic stack downwash
- considered earlier, :

The.NRC treatment considers the most conservative case in its calculations; this
assumption presumes that the terrain at the receptor is represented by the
maximum elevation between the source and the receptor. At the elevation where
hy=hgtAh-c,.the calculation reverts to a nonwake adjusted ground level sector
spread calculation, This may produce extremely conservative estimates in the
near field with rapid rises in elevation. Likewise, with the presence of a
single ridge followed by lowlying areas, the ridge height wculd be used for
estimation purposes. This treatment is ilTustrated in Figure 3-3 ,

Alternative accepta51e.methods include that of the half height, terrain concept‘3
during unstable and neutral conditions and the"valley”ceéncept during stable
conditions. These two methods are illustrated in Figures 3-4 and 3-S5 ,

respectively.

In simple terms, the half height concept minimizes the effective stack height toowe
halé the value of the equilibrium effective stack.height in fiat terrain when the

terrain height is above the computed equilibrium height. In those cases where

the terrain height .is below the equilibrium height, the effective stack height is

the ?guilébrigm :tack height minus.k,ths terrain h:ig?t. A1l heights are

considered relative to the stack base elevation, Following this concegt fhe.

centerline height’Mayincrease 1h height aé@ﬁ%qu;rain'“ ?g‘§§4§§sume3g55§t.under
unstable and neutral conditions the plume rema?hs;aﬁé“ﬁiﬂf of the equilibrium

plume height over flat terrain away from the surface.

The valley concept is a tit more complex, but represeats a concept more appropriate
than direct plume impaction with no deflection. The underlying concepts of valley
assure that under stable conditions the plume will have a tendency to be deflected
upward and to the side. Deflection of the plume by terrain during stable
conditions is accomplished by the attenuation of concentration with height in the
affected sector. This is accomplished by applying a factor based on the receptor
elevation and the equilibrium height of the plume over flat terrain. The. factor
assumes the entire plume will.be attenuated at a 400 meter displacement above

the initial centerline height. On the leeward side of the hill, the NRC will
consider the plume to reform as terrain decreases to the point.where the center-
line may 1ift off the 10 meter minimum to impact terrain again.

It should be noted that the valley treatment may result in discontinuties in couceddration
iscplehpatterns where significant terrain displacements are located almost

resembling what would be expected in a variable trajectory or time dependent

model. Therefore, the applicant would have to demonstrate the applicability

of these concepts to ensure that the dilution factors are not substantially

underestimated; viz, box canyon.
5
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3.3.2.5 REMOVAL MECHANISMS
3.3.2.5.1 Deposition

Dry deposition of ele 3nt$l raidioiodines énd other simiza.r. re]eéses are
incorporated into the NRC model. -
The remaining

material, onsidered to be suspended in a depleted plum.® s derermined
"“’"“}“‘3*3“ f“#‘ﬂd-} déf"!fw Fe!om %ep y /27@( plusme. -
The assumptions and simplifications incoporated in this aspect of the model were
summarized earlier and are irzivied in Enclosure E7, To incorporate these two
factors into the model .2 series of curves were prepared which relate plume ‘
t:avelbdistance to relative deposition rate and plume depletion on a stabilitv
class basis.

To obtain the relative deposition per unit area at a gi&en point in a gi&en sector,
the relative deposition rate must be adjusted by the arc length of the sector
at the point being considered. Thus, the sector averaged deposition rate is

deteryiined as: g
i (},)
xR
..b. VARSIt B s VO (3-23)
= 2T X
——
where rJS
0/Q is the sector a;eraged'dgppsition rate
(E)Qig is the reliti;e deposition rate obtained from the cﬁr;es
X is the downwind distance from the source

Depletion féctors cao Be téken directly from the cﬁrves with no adjustment as
abov: as_js‘wou1d have been incorporated in the calculation of the relative concen-
tration X/Q.

The curves.are given for release heights of 100, 60, 30, and 0 meters which are
generally used to represent releases at greater than 80 meters, 45 to 80 meters,

15 to 45 moters, and less than 15 meters, respectively. The NRC treatment of

topc jraphy assumes that after the equilibrium plume height is reached, the

plume cannot get higher from.the ground; it is assumed that the plume.centerline
neight will either remain level to the ground, or it will approach it. Other
2pyroaches to the treatment of topography allow for adjustments in either direction
based on atmospheric stability class. Because topography does change with
distance, and likewise the vertical separation distance between the plume centerline
and the ground will change, it is usually necessary to read from more than one
deposition and depietion curve as the plume travels with distange.
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The actual depletion to a point depends.on the depletion rate based on the plume
history prior to reading the point. Thus, an adjustrant of depletion and
deposition.estimates must be made to account for this change in plume centerline
height above ground and the plume's prior history.

To approximate the adjustment for deposition rate in changing terrain, the adjust-
ment factor is determined for the crossover point (the point at which a new curve
is read) us the ratio of the fraction remaining (depletion) from the old height
curve to the fraction remaining from the new height curve. The deposition values
beyond this point are multiplied by this ratio. As terrain changes continue,

this ratio is adjusted to reflect.the existing ratio leading to the crossover
point and the two curves involved.

To approximate the adjustment for depletion of the plume, the adjustment factor
is determined for the crossover point as.tbe difference in value between the
fraction remaining from the old height curve to the new height curve. This . .
factor is then added to the value at the common distance for the new height curve,

Cabtion shoﬁld Be exercised when consicdering the adjustment.to the deposition
values when the deposition curves are at or near their peak.. Discontinuities
can arise which may distort the anticipated deposition rates.

In those areas that have a well defined rainy
season or high incidence of fog corresponding.to the grazing season (radioiodine
pathways), the effects of wet deposition and attendant plume depletion should be
evaluated for releases other than ground level.

Wet deposition or washout of the plume results in considerable depletion of the
plume, The efficiency of removal of plume materialduﬁna precipitation or
fogging conditieng s greater than that from settling”in a dry atmosphere.
Hlowever, most sites experience precipitation and fogging for a cialf
portion of a long-term periodaund wodel Aecult o a “wall addlitovald

Pratton of Tha ab~7 41210014n9ua_..

3.3.2.5.2 DECAY
To incorporéte.ridioisotope aeciy into the estimation procedbre, an exponentiil
decay factor can be determined from the isotope hal .l1ife under consideration.

Consarvative estimates of 2.26 days for noble gases and 8 days for radioiodines
can be incorporated into the model., This takes the form:

D, = exp ( ~L4315 ¥ ) (3,2q>

t, @ @A\
W0) \@%&&@§&§§&>§&’
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where
D; : is the decay.féctor applied to the relative concentrition or
depleted relative concentration (nondimensional)
x is the downwind distinée to the Point Being considered
T is the wind speed at release he;ght
.ﬁ is the time reqﬁired to transport effluent to the point

being considered
is the radioisotope half life

=

-.69315 is eqﬁi&éIent to.ln(.Sé). therefore, if‘§-=.th the plﬁme is
expected to contain only half the materi¥l.at" the point of
calculation that is started with at the source.

The appfopriite X/Q or depleted X/Q is multiplied by the Appropriite decay }éctor
to consider the noble gases or radioiodines, respectively, :

3.3.2.6 METEOROLOGICAL DATA

The appropriate meteorological data to be used in the long-term model are wind
direction, wind speed, and a measure of atmo-pheric stability. The wind .
conditions must be representative of the release height. 7~ the case of a
ground level release,.the data shouid be represenative of 1 .. 10 meter level.
In the case of an elevated release the wind speed may have .> be adjusted to
tge height of release. This may be accomplished using a power law relationship
of the form:

- - -\ P
i, c W, (_':‘.t. ) (3-20)
ha
where
th is the mean wind speed at the height of relcase
ia is the mean wind speed measured at height, L
Bs is the stack height of release above the groﬁnd;

In the case of calms, the wind direction should be assigned in proportion to the
wind direction frequency of the lowest noncalm wind speed class by the atmespheric
stability class. The wind speed should be assigned as one half the threshold
speed of the anencmeter or.vane, which ever is higher, if the.system conforms to

a USKRC Regulatory Guide 1.23 system. Otherwise a value of 0.1 m/sec should be
assigned as the wind speed for the observation.
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3.3.3 SHORT-TERM MODEL 3

. K1 . -
The short term diffusion models1presented in Section 3.3.1ar2 the generic version
of the ground release mode and actual version for the elevated release. The
ground release mode incorporates a factor for initial mixing of the plume in the
wake of the reactor building; this factor can be considered an enhanced cy oz.
Recently,.this model has also incorporated the lateral meander characterittics
observed under low wind speed neutral and stable conditions: this adjustment
incorporates both the lateral meander (enhanced oy) with the building wak: as
the two factors are inseparable. The ground relegse models are presented in the
section dealing with building wake.

3.3.3.1 BUILDING WAKE EFFECTS

The short-term model for a ground based centerline consideration was given in
Section 3.3.1. This equation assumes that the.plume material is release

from a point and into an area that is hor-7enously undisturbed. Most releases
at nuclear power plants are through other b.ilding aperatures, These type
releases would occur within an area affected by the plant complex.

The .approach to accomodate thu behavior of the plume through the wake cavity is
to adjust.the dispersion coefficients to simulate rapid mixing in the. wake of
buildings. Depending on the height of the release, the effluent can be mixed
upward, if released near the ground, or.downward, if released near the roof, or
a combination of .these factors. A formula was offered that estimated the
enhanced mixing as a function of the building dimensions of the form:

-

- R o
(x,0,0) (noym +cA) I (3'31)
where
E is a building shape factor
A is the minimum cross-sectional area of the structure

providing the displacement.

Intujti;ely, this shape féctor wis considered to be in the rénge.of values between
s and 2. Ultimately, wind. tunnel tests supported this range of values. The %
factor js useof 7% be  conservative. .
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The concern for the nea'r.field ca'lcula'tion of the order of.?érs of meters provided
an insquity in this calculation for tracing back to the source the equation would

reduce to: el a—
= e 3-32
x(’,%) cAR : ( )

Based on oi:servdtions'ind the ficts in.the Hteratf;rc, it is confirmed that the
effluent does not mix immediately throughout the wake.

Based on dilution observations at the NRTS under comparable meteorological '
conditions, roughly a maximum of 3 times more dilution occurred in the building
wake area than occurred ir open terrain, A second equation was formulated to
act as a limit on the first., This took the form:

DR &K (3-33)
(xloz?) 37{0‘30512 |

These two forms of the wake adjﬁsted gro[md release model are used excl[:sh?e'-y
in the calculation under unstable conditions. The estimated relative concen-
tration is taken to be the maxinum of the two estimates.

For neﬁtril and t.msta.bh condi. ns the same steps as above are followed, however,
this maximum value is compared tu et znother estimate and the minimum of the
two estimates s used as that which represents the meteorological conditions.

This Tast. representition incorporates the plume mea.nder observed under .Tow wind
speed stable conditiuns., It is used to estimate the relative concentration for
stable and neutral conditions when the wind speed is less than 6 m/sec. It is

given in the form: —-
- Q
= = 3-34
x(x, 0,0) T Zy 0N ( )
where ‘
ty " is the lateral ph.zme spread parameter with meander and
2 building wake effects.

ty is a function of atmospheric stai:ility. wind speed, énd distance from the source.

3.3.3.2 PLUME SPREAD
The traditional Pasquill-Gilford dispersion coefficients for 03 and Ty as given

in Figure 3-2 and Figure 3-6 are approprizte. for most locations. Other
diffugion curves. : may appl&f&h’& r certain conditions, The

applicant would be expected.to demonstrate the applicability of any devia-

tion from the traditional curves. ¢
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The adjustment factors for neutral and.stable conditions to incorporate the
combined effect of plume meancder and building wake are given in Figure 3=7
as a function of atmocsheric.stability, wind speed, and distance from the
source, For distances of 300 meters or less Zy is the product of 0y and the
meander correction factor, M. For distances greater than 300 meters,

z‘i‘ (M-1) 0:3(3«:) +073 ‘ (5'35)

3.3.3.3 TERRAIN EFFECTS

The treatment of terrain effects on the effective stack height is straight
forward,. Aith no plume rise credit, the treatment is the most conservative
method available. Essentially, the terrain height that represents the max-
imum elevation between the source and the receptor is substracted from the
physical stack height. This application is illustrated in Figure 3-8. Once.
the terrain displacement equals or exceeds the physical stack height, a ground
release equation is achieved Cut the wind speed at y
release height is sHll Useel .

The effecks of om clevatel release Caa evceel e effreiy ot o
sz.af release (w e vitini et a. dreawate rse i derrava
tnecet ?luv‘e m2asaler gl fou. y ux,\(( Latiors ace wot o.:cf-acl;.acc".

3.3.3.4 METEOROLOGICAL DATA

The appropriate meteorological data to. be used in the short-term model are
wind direction, wind speed, and a measure of atmospheric stability. The
wind conditions must be representative of the release height. In the.case
of .a ground level release, the data s’ »uld be representative of the 10 meter
level, In the case of an elevated relcase the wind spead may have to be
adjusted to the height of release. This may be accomplished using a power
law relationship of the following:

ho\P
Uy = Uy, (';"") (3-36)
" |
where |
ﬁh is the mean wind speed at the height of release T
ﬁm is the mean wind speed measured at height, hy ‘
hs is the stack height of release above the ground

In the case of calms, the wind direction for the time period (i.e., 1 hour)
should bg assigned in proportion to the wind direction frequency of the lowest
mon calm wind speed class by the atmospheric stability class. The wind speed
shou'd be assigned as the threshold speed of the anemometer or vane, whichever
is higher, if the system conforms to a USNRC Regulatory Gui'e 1.23 system.
Otherwise, a conservative assignment of speed as a functior f the equipment

should be made. P@@R @Rﬂ@{}m &K\:’
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3.3.4 APPLICATION OF DILUTION ESTIV'TES

Arriving at the point of calculating a relative concentration does not in
itself provi.a a result. The objective of the.calculation must be established
to ensure the representation of appropriate levels of conservatism have been
applied to meet this objective. The application of results of diffusion
calculations may be straightforward, suci s the average, others may require
significant manipulation go arrive at a level sufficiently conservative based

on the safety implicaitons of the objective.

3.3.4.1 NORMAL (ROUTINE) RELEASES

The routine release calculation is outlined in considerable detail in the
USHRC Regulatory Guide 1.111; portions of these procedures were abstracted and
presented in the discussion of the long-term model. Essentially, there are
three release modes that can be considered depending on the plant operation

and configuration, mixed mode, and ground level, The form of the meteorological
data (hourly or joint frequency tab?e) can produce results that differ slightly
due to the wind speed class.stratification for summarizing the “ata and, in

thf mixed mode case, the level of met orological data used to represent the
release,

Essentially the hourly or summary table matrix location.(wind direction X wind
spead X atmospheric stability.class) is considered one value at a time based
on the three joint parameter values for the impact at a receptor point. This
calculation. is repeated for every receptor location (direction and distance
from the source) for either every hour, in which case the relative concentra-
tions occumulate at each receptor through the'end of the data record, or for
every matrix location, in which case the relative coocentration is multiplied
by the firequency of occurrence of that 3 parameter event and then the values
accumulate through the end of the data matrix. At the conclusion.of this
calculation the receptor matrix (distance X direction) is then divided by the .
total numb:r of valid hours for the data record yielding the undepleted relative
concentration,

Other factors are applied to this calculation after each hourly or matrix
location relative concentration value is determined. These include:

1. Stignation/ﬂecirculation Factor
S. Deposition Factor

: R Depletion Factor

4, Decﬁy Factor

It is also appropriito to consider mdltiple factor relationship Such as a
decayed and depleted relative concentration.

Essentially the values represent the total integrated relative concentration

divided by the valid period of record. S an
FNEINAL
OOR ORI
P
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3.3.4.2  INTERMITTANT (PURGE) RELEASES

The purge release calculation is based on a two component evaluation using
the long-term model., First, for those receptor locations to be considered
calculate the routine release calculation as above and second, developpnourly
frequency distribution of relative concentration for the period during which

the receptor location experiences the plume. .

. e - .
From the frequency distribution, the 15th percentile highest relative concentra-
tion is selected.. The justification for the choice of the 15 percentile.value
is givenin Enclosure£-2 . This value and the recirculation corrected average
relative concencration are considered to form a relationship to provide inter-
mittant release values for any purge release period, The relation ip assumes
the average condition to represent :
the avera?e annual condition based on 8760 hours. A time vs concentration
straight line curve on a lo?-Iog scale is then prepared basing the hourly
value at. the one hour position and the annual average at the 8760 hour
position. As .2 asingil.s x:d"‘,"t\e recirculation factor gradually is introduced.
This mathod is summarized and an example is presented in Enclosure &3 . To
approximate the appropriate depletion and deposition associated with tne purge
release period, the ratios between these values and the annual average are
determined and applied to the relative concentration value.

3.3.4.3  A3NORMAL (ACCIDENTAL) RELEASES

The accidental release calculation is outlined ‘in considerable detail in the
USKRC Regulatory Guide 1,145, portions of thése procedures were abstracted and
presented in the discussion of the short-term model. The restrictions placed

on using the elevated version of the short-term model, release point higher

than nearest adjacent structure by a factor of 2.5, make it highly unlikely that
the elevated mode would be used frequently., The.discussion, therefore, will

be geared toward the application for a ground level release.

The model outlined is a departure from the previous regulatory position pro-

vided in USNRC Regulatory Guides 1.3 and 1.4 which assumed a circular site boundary
and omnidirectional 5 percentile highest relative concentration for the 0-2

hour accident condition. For the exclusion area boundary the model presently-
considers a direction dependent site boundary uistance which is the minimum
distance of the sector centerline plus and minus 172 sector to reflect the

plume meander.concept.

A frequency distribution of one hour relative concentrations using the methods
provided in section 3.3.3 at the
adJ:st:d site boundary distances should be construc?ed fo: ea$h sector, From
each of these distributiong the relatiyve congentra wh gded 0.
of the tine ShAi 1S SEAEetH i TRE e A e F IR 1 A R MR O Fheerures 4o
curva of probability vs relative concentration on a receptor/sector basis
by taking the value associated with the esceedance probability level as
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below:

?‘(.g.) d _A’;’; .0.008 (3-37)

where -

‘p(i) is the exceedance probability of the receptor/sector value
dMa./ representing the .5% value of the total time.

N is the nﬁmber of v&lid hours in the data record

N‘ is the number of hours the wind direciton was into the sector
of interest.

the rois
An alternative to this method is to serially list the highest N¥.005 values
in each sector computed at the adjusted site boundary distance. Extracting'the
one value corresponding to this level presents the value of concern i.e., with
8760 valid hours, one must select the value corresponding to the 44th highest
hour value, These values are termed the sector X/Q values and the highest of
thase is considered the maxinmum sector X/Qs

For the low population zone (LPZ) the concern is for accident periods of longer
duration thap the 0-2 hour period. Essentially, the calculation to determine
the sector #/Q values is identical as above, .however, these values are related
to their annual average counter_part at the same location, computed using the
Tong-term model, Theh.ohour values are graphed with the counter_part 8760.
hour values for each sector location as a straight time on a log-log time vs
¢4/Q plot. Selected frem these curves are the 8, 16, 72 aud 624 hour values

for each receptor point,

It should be noted that this treatment is similar for the elevated (nonfumiga-
tion) case. However, when relating the short-term estimates to the long-term
the plume rise credit of tbe long-term model is not incorporated into
the calculation of effective stack height.

The last procedure prior to establishing the .limiting »glative conceqtration
at the exclusion area boundary and low population zcne is the determination of
the overall 5% X/Q. For the exclusion area.boundary, the ranked serial listing
or distribution of all sector hourly relative concentrations (i.e., all 3760
hours in the year) is constructed to select the %/Q value that is excesded no
ore than 5% of the time, For the low population zone, the same progedure is
followed, hovever, the A/Q value selected is then re!aged to the maximum of
the annual average &/G"s around the LPZ by a log-log time-vs-concentration plot
to salect the 8, 16, 72, and 624 hour 4/Q's that are excesded no more than 5%
of the time. These values are then compared with the maximum sector 4U/Q values,
the higher of the two values i§ then considered for the accident evaluations.

@@@R Qx’g&\\@&&k
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3.4 aggEEHENDED REVISIONS TO THE USNRC ATIOSPHERIC TRANSPORT AND DIFFUSION

; . 4 NR
There are no justified changes to the present ¢:.' ' i:x:ﬁt%gr :icommenda-
ticns for same as a result of information presented in'the Wyhl Report. The
development of techniques presented in the regulatory guides are issued to
provide acceptable methods of implementing the Commission's regulations;
regulatory guides are not regulations. The NRC staff maintains a flexible
stature on evaluating applications on their own merits. As improvements in
the state of the.art become evident and warranted the guides will be revised
to accomodate advancements and suggestions on improvement.

The bases for the models referenced in the Wyhl Report are identical to those
of the basic models generally acceptable to the HRC. However, the evaluation of
the components are differcat, These differences may result in significantly
differing results under given combinations of meteorological conditions. A
conparative susmary of the model components is given in Table 3-3,

With respect to the traditional Gaussian applications as dealt with in this review,
sdvances are not radical nor fast tracked, Field and wind tunnel tests are
groviding more diverse information regarding mesoscale and microscale effects;

as each case warrants, consideration will be given to upgrade the guide's
vecommendations,

Kith respect to the !lyhl Report, there is sufficient information pre'ented herein
for their experts to consider reevaluating the'approach taken,

PUR s
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TABLE

Diffusion coefficients Pyr Ay P, and q, as a function
of diffusion citegory and emission height

The diffusion coefiicients for SO m shall bs used for
enission heights < 75 m, those for 100 m for enmission

hetghts D 75 .

gL = . x?j
e 9a
0R  Pa: X
Enission leight Diffusien Ca:qgory Diffusion Cloefficient

Py ay Py a,
50 m A 0.269  0.810 0.222 ~ 0.368
3 0.359 0.310  0.222 0.563
5 c 0.713 0.73¢  0.21§ 0.544
b) 0.625 0.767  0.20% 0.926
£ 1.631 0.621  0.162 0.329
B 5.382 0.578  0.338 0.618
100 @ A 0.229- 1.003 ° 0.097 1.158
; 3 0.227 0.970  0.15§ 1.024
c 0.224 0.938 = 0.247 0.630
0 0.222 0.905 0.3%8 0.753
: 1.551 0.621  0.162 0.229
F 5,382 0.578  0.3%6 0.518
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METEDILLORILAL (N TEARNIIN TS m
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Distribution of the diffusion catagories in the

upper Rhine Vallay (relative prcorortions at each
station)
Diffusion  Very Sligatly Indiff. Indiff, Very
Type unstzbla unstable Unstable stabla Stable stable Total
After
Pasquill A - | c D E 4
Aftasr
Cug v v e 1223 Iz b4
freiluryg 0.021 0.150 0.1686 0.290 0.191 0.182 1.000
Xarlsrohe a.022 0.-074 0,139 0.397 0.218 0.150 1.000
3raisach 0.075 0,528 0.337 1,000
Cemparison of the wind sprds according to the
3aaufort wind scale. Ffre ancy of occurrence gper
Seaufort force in %.
wind in Beaufort 0, 1 2 3 4 s §
speed . -
in m/s=¢ wp 1,5/1,6-3,3]3,4-5,4|5,5-7,5/8,0-10,7>0,7
to
Irengarten a7t artnd fus st 18
Fraiburg 41,2 30,3 | 147 9,5 3,3 1,0
Comparison of the Qind roses of Sreisach and
Bremgarten in %
= ‘ | ! | i =
- wiad L l "-.'es‘ | North
| 2izect- | e ‘!““’” = i 2 |
g I ! 150 |
%cc:o: 30 Q ‘ S0 120 |13Q ‘ 210 ! 240 270 | 3C0 ' 33C ‘300 i
e | i . 7wl ¢ sl o]
: 9,35{2,37!2,84{1,0913, 94 12,19;¢ 8 8, ZZ.Z 85 1,52!5,50!8,62!
garten | l l P e
jraie » 0.5 l 1,2 &5 | 87! 14,0
sach ey DM l - - : :
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TASLE 3-8

Sx.mniry of Medel Componenry

l: Short-term !‘odel

a, Plune Rise

b. Fumigation.

c. Building Make

d., Plume Spread

e. Topography

f. Plume lecander

g. Velocity Profile

2. Léng-Term zdel

a, Plune Rise.

b, Building Yake .

c. Acrodynamic Stack
Downwash

« Plune Spread

Topography

. Miyad liode Release

. Sectepr Width

Velocity Profile

TG Mo o
- - .

Wyl

Centérline

yes

no

no . hﬁ}hf

Vogt - release,dependent
unknown

no .

pouer law

Sector Spreéd

yes
no
no

Vogt - release height dapendent

unknown
no

30°

pover law

us

Centerline

no

yes

yes
Pasquill-Turner
yes -
yes-neutral & stab’
power law

Sector Spread

yes
yes
yes

Fasquill-Turner
yes

yes

22.5°

pover law
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Figure3-2 Vertical diffusion vithout meander and building wake effects,
04, v8. downwind distance from source for Pasquill’s turbulence

types (atmospheric stability)

For purposes of estimating o, during extremely :‘able (G) atmospheric
stabili'y conditions, the following approximation is appropriate:

o0lR QRIS

3
c:(c) = sv'(l)
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For purposes of estimating o
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Figure3=¢ Lateral diffusion without meander and building wake effects, 3y v8. down-

wind distance from source for Pasquill’s turbuience typas (atmospheric
stability)

the following approximation is appropriate:

e
c,(G) 50,(!')

during extremely stable (G) atmospheric
stability conditions, without pl!nc meander or other lateral enhancement,
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CHAPTER 4
PATHWAY ANALYSIS

INTRODUCTION

In this chapter doses to the maximum individual for atmospheric releases
were estimated by models describ>4 in NRC Regulatory Guide 1.109 with
data values given in the Wyhl report. All of the dose estimates in this
chapter are based on the source terms and dispersion models presented in
the Wyhl Report. The dose estimates are made here to discern the
relative significance of data values in the Wyhl report to the overall
results and thereby determine the cause of the large values of doses
presented in the report. The NRC models gave essentially the same
results as those presented in the Wyhl report when all the Wyhl data
values were used. This indicated that the models were essentially the
same as those of NRC Regulatory Guide 1.109 and that the differences were

a result of input data values.

In this chapter calcuiations and analyses are presented only for the air
emission pathways. This is because the most significant differences
between results we would expect and those presented by the authors are
for the air emission pathways. The authors' results for the water
emission pathways also appear significantly larger than what we would
expect, but are small in comparison to the air emission pathway results,

Table 4.1 shows this auantitatively., The air emissien contribution



Table 4.1: Comparison of Wyhl Report's ‘Doses to Maximum Hypothetical
Individual from Different Pathways®

Dose (mrem/ry)

Source/Pathway Whole Body Bone Kidney Thyroid
Liquid Effluents Ingestion © 100, 2,000, 1,000, 100.
Airborne Effluents

Noble gas immersion 31. - -- .

External exposure frem

contaminated ground 4, -- -- -
Ingestion®*C 800. 6,000, 10,000, 900.

3The akove dose estimates are to an adult located offsite where the doses are expected to be highest
(maxigpum exposed individual).

bThe food ingestion dose includes consumption of vegetables (leafy and root), potatoes, grains, pork,
beef, milk and wine. A1l of the food eaten is assumed to be grown or raised at the point offsite
where the doses are expected to be highest.

Cvalues rounded off to one significant figure.



accounts for an average of 85% of the doses listed in Table 4.1, and the

water emission pathways account for the remaining 15%.

This chapter is organized as follows: The first sectiop/deals with the

exposure that is received by standing on contaminated

EXPOSURE BY STANDING ON CONTAMINATED GROUND

This section provides estimates of the dose received by the maximum
exposed 1nd1v1dW1ng on contaminated ground. The results are
used for compar those of Section 7.1-2 of the Wyhl report.

The mathematical methods used or calculating gamma exposure by standing

on contaminated gr

by NRC. It basicall

dé/‘«’ by the authors is identica: to that employed
ts of muitiplication of the source term, by
the decayed and depleted meteorological dispersion factor, times the
settling velocity, times the dose factor, times a termm which accounts for
the builduvp of radioactive material on the soil during the life of the

nuclear plant.



We used the source terms and the meteorological dispersion factor given
in the report to calculate the contribution to total dose by this pathway
at the maximum receiving point (500 m,) described in the report. The
result that was obtained (4.91 mrem/yr-total body) was somewhat smaller
than the authors' result of 14,6 mrem/yr. To determine the cause of this
discrepancy, the authors' dose factors were incorporated into the
calculation, resulting in a slight increise of 6.02 mrem/yr. Next the
time period for buildup was changed from 15 years, which is used by NRC,
to 50 years, the value used by the authors. This change had a fairly
significant effect on the result as it increased it to 10.2 mrem/yr. In
these calculations we used the authors' average settling velocity of

1.3 cm/sec. The authors do not describe the settling velocity they used,
but in the section on deposition 5.1, they do suggest that it should be
increased by 40% or so over the average value to account for atmospheric
washout, Increasing the value we used by about that much would account
for the difference between 10,2 mrem/yr we calculated and 14,6 mrem/yr

calculated by the authors.

Our comparison of data in the Wyhl report with data in NRC Regulatory
Guide 1.109 found that the dose factors used by the authors were all
slightly larger than the ones used by NRC., We did not investigate the
underlying cause for this discrepancy but are suspect of the authors'
values as they are all consistently larger than those in 1,109, For
example, the Wyhl values for Zn-65 and I-131 were 72% and 41% larger than
the 1,102 values, The remainina Wyhl dose factor values were 15-27%

larger. The authors' value for buildup of radionuclides on the ground
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surface of 50 years is equivalent to the duration of operation of the
nuclear facility and represents the dose at the 50th year of operation.
This is an overly conservative value from our standpoint as our plants
are designed usually for 30';::rs and selecting a value of half that
period gives a better est1mat;on of the average deposition. Furthermore,
the average value would be expected to be somewhat less than that
calculated by this method because weathering and soil washoff would tend
to decrease the buildup by as it would disperse overtime. We feel that
even in the authors' case the 15 year time value is a more realistic one.
If the authors had used it, their result would have been smaller by 39%,

or 8.9 mrem/yr.
DOSES TO ADULTS VIA THE AIR FOOD INGESTION PATHWAY

This section provides estimates of the dose received by the maximum
exposed individual from the food ingestion pathway based on models of NRC
Regulatory Guide 1.109, The calculations are made for comparison to
those in Section 9.0 of the Wyhl report, The results of the lyhl
calculations were, in some cases, several orders of magnitude different
than our results prior to inclusion of Wyhl values for the soil-plant
transfer factor, fodder to meat transfer factor, and the dose commitment
factor. While results of other sections of the Wyhl report are
significantly different from ours, this section is important as the

differences are greatest here.



For all the calculations here we utilized the authors' source terms* and
meteorological deposition factor for the location where the maximum
exposed individual would be located (D/Q = 2.55 x 10°% m"2), Also, the
authors' site specific values for the vegetation period and the grazing
period were used. The results of our calculations, as well as the |
authors', indicated that tiie very short-lived nuclides did not contribute
much in these pathways as they decayed in transport cf food goods to the
consumer. The important nuclides for the authors' release spectrum are

Co-58, Co-60, Zn-65, Sr-83, Sr-90, I-131, Cs-134, Cs-137, and Ce-144,

This section is divided i~*o two parts. The first one deals with the
air-plantfood-human pathway, and the second deals with the afir-fodder-
meat-human pathway.

4.3.1 Doses Due To Ingestion Of Vegetables

The following four tables (Tables 4.2 through 4.5) list the authors' dose
estimates along with our dose estimates for several different computer
runs, each incorporating progressively more of the authors' parameters.
The authors' paraﬁeters are introduced in this stepwise manner in order
to ascertain the'r relative importance. Our computer runs are indicated

in the tables by NRC (A), NRC (B), and NRC (C). There is one table for

*Pu-234 was not included in the source term spectrum as our model was not set
up to handle it. The rate of release of Pu-239 was small in comparison to
other nuclides, hence the results are not much different by not including it.



each of the following: 1leafy vegetable consumption, root vegetable
consumption, potato consumption, and cereal grain comsumption. The
values for parameters that were used in each of the NRC runs are as
follows: NRC(A) incorporates (1) the authors' value of 30 days for the
transport time for holdup of vegetation after harvest (NRC value {s

60 days); (2) the authors' value, 30 days, for holdup of leafy vegetation
after harvest (NRC value is 1 day); (3) the authors' value, 30 days, for
the exposure of man's vegetation to the plume (NRC value is 60 days);

(4) the authors' value of 224 kg/mz for the effective surface density for
sofl (NRC value is 240 kg/m’); (5) the authors' values of 1.5 kg/m’ for
leafy vegetable crop density, 4.0 kg/m2 for root vegetable crop density,
1.8 ig!mz for potato crop density, and 0,34 I:g/ln2 for cereal grain crop
density (NRC value for all four crop densities is 2.0 kg/nz); and (6) the
authors' value of 50 years for the time period over which buildup of
radionuclides in soil occurs, NRC (B) is similar to NRC (A) except it
incorporates the authors' values for soil to plant transfer of radio-
nuclides. NRC (C) fs similar to NRC (B) except it incorporates the
authors' values for the dose commitment factors. These are not the only
parameters that are necessary for running the NKC Regulatory Guide 1.109
models, but represent the parameter values that were different from those
generally used by NRC, hence it should be #ssumed that parameters that
were not mentioned above were the same, It should also be noted that in
calculating the radicnuclide uptake by plants, either by direct aerosol
deposition or by soil-plant-root uptake, the authors used a slightly
different methodology than that of NRC. They multiply a factor for plant

retention, times a factor for translocation, times a factor for



preparation, whereas the NRC method relies on a single factor which
t™wree

characterizes thewe thesca§h1ngs. In all of the model runs we did we

determined the values for these parameters from the authors' report

(potato and rcot vegetables = 0,033; leafy vegetables and cereal

grain = 0,132),

Many of the parameters that were used by the authors that were different
than that which would typically be used by the NRC may be justifiable as
they represented site specific characteristics. However, we have not
done a detailed analysis of the basis of these site parameters as they
generally did not have a significant effect on the final results. The
three parameters that were different and which the difference was not
Justified on the basis of site specificity were the period over which
radionuclides build up and remain in the soil (discussed in the preceding
section), the sofl to plant transfer factors, and the dose commitment
factors. By far, the latter two of these, and especially the soil to
plant transfer factor, were the most important in terms of the final
model results, and in the model calculations we m>“~, we concentrate on
determmining which of the latter two is most imp( . This can be seen

by examination of Tables 4.2 through 4.5.

The authors do not explain their methodology rigorously enough to allow
exact duplicatior of their calculations. For some parameters such as the
deposition velocity, we had to guess at the value the authors used,
hence, our final results, after incorporating all of the authors' values,

NRC (C), were not exactly the same as the authors'. The difference



amounted to generally between £% and 30%, with most of the value less
than 10%, except for the bone-potato consumption pathway. For this
pathway the difference was about 160%. The authors did not indicate that
they handled pone any differently from other organs, and as we were able
to reproduce their values for the other organs of the potato pathway, we
concluded that the authors either ac*ually used a different methodology
in making this calculation, or the number they presented is erroneous.

In general, as the Tables 4.1 through 4,4 indicate by comparison of

NRC (C) results with the Wyhl results, we were able to closiy reproduce
the authors' results when their parameter values were used.

Table 4,2 1ists the expected exposure for adults from the leafy vegetable
ingestion pathway, It indicates that the most significant increases are
due to the difference in the sofl-plant transfer factor. For each organ
there is at least an order of magnitude increase in going frum NRC (A) to
NRC (B). The importance of the dose commitment factor is ascertained in
going from NRC {B) to NRC (C). Table 4.1 indicates it to have a fairly
signficant effect, more than an order of magnitude, for bone and kidney

pathway= .

The nuclides which contribute most significantly to the dose in NRC (A)
are Sr-90, Cs-134, and Cs-137, In NRC (B) the same nuclides contribute
most significantly, except Sr-90 strongly dominates over both cesium
isotopes, and Cs-134 becomes only marginally significant. NRC (C) is
similar to NRC (B) except that Sr-90 becomes almost the sole contributor,
97%, to the bone pathway. On the average, the authors' soil-plant



Table 4.2, Leafy Vegetablé Ingestion Noses
Mode 1 Wyhl Parameter values that are Dose to Maximum Individual (mrem/yr)
incorporated in model
Bone Whole Liver Kidney Lung Thyroid
Body
NRC (A) Transport times for holdup at 0.6 0.3 0.3 0.0 0.0 0.0
vegetation after harvest, exposure
of vegetation to plume, surface
density of soil, crop density, and
time period for buildup of radio-
nuclides in sofil
NR® (B) Same as NRC (A) except Wyhl 26 8.6 4.5 1.5 0.5 0.0
soil-plant transfer factors
NRC (C) Some as NRC (B) except Wyhl dose 304, 1. 5.7 58. 0.6 3.9
commi tment factors
WYHL - 323, 10, 6.0 79, 0.6 6.4
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transfer factors and dose commitment factors contributed an increase in
the results by a factor of 293 over the first four pathways listed in the
Table 4,2,

Table 4.3 1ists the expected exposure for adults from the root vegetable
ingestion pathway. The table indicates that, except for kidney, the most
significanc increases occur as a result of the authors' soil to plant
transfer factors. For the bone and kidney pathway, a significant
increase occurs when the authors' dose commitment factor is added, as
well as their soil-plant transfer factor.

For NRC (A) over 98% of the dose was from Sr-90, Cs-134, and Cs-137 for
whole body and bone. When the authors' soil-plant transfer factors were
used, Sr-90 became the sole controlling nuclide and accounted for over
99% of the dose. Addition of the authors' dose commitment factors did
not change this. For liver and kidney Cs-137, Cs-134, and Zn-65 were the
controlling nuclides in NRC (A), listed in order of importance. When the
authors' soil-plant transfer factors were used, In-65 lost its importance
in that its contribution dropped from an average of 3.5% to an average of
0.7%. Introduction of the authors' dose commitment factors had a small
effect and increased the In-65 importance to an average of 1.3%. The
overall effect of incorporation of the authors' soil-plant transfer
factors and dose commitment factors averaged over the first four pathways

in the Table 4.3 was to increase the results by a factor of 4525,



Table 4.3, Root Vegetableélngestion Doses
Model Wyhl Parameter values that are Dose to Maximum Individual (mrem/yr)
incorporated in model
Bone Whole Liver Kidney lung Thyroid
Body
NRC (A) Transport time for holdup at 0.2 0.1 0.1 0.0 0.0 0.0
vegetation after harvest, exposure
of vegetation to plume, surface
density of soil, crop density, and
time period for buildup of radio-
nuclides in sofil
NRC (B) Same as NRC (A) except Wyhl 138, 34, 0.4 0.1 0.0 0.0
soil-plant tranfer factors
NRC (C) Same as NRC (B) except Wyhl 1762, 42, 0.5 5.5 0.0 0.4
dose commitment factors.
WYHL - 1609, 39, 0.4 6.5 0.0 0.4
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Table 4.4 lists the expected exposure for adults from the potato
ingestion pathway. The data indicate that the most significant increases
are due to the authors' soil to plant transfer factor, except for the
kidney pathway where significant increases occurred as a result of the

authors' dose commitment factor as well.

The most important nuclide contribution to NRC (A) was Sr-90, and Cs-137
in the total body and bone pathways with Sr-90 accounting for 42% and 75%
respectively. When the authors' soil plant transfer factor was used,
Cs-137 completely overwhelmed Sr-90, accounting for 94-97% of the dose.
Addition of the dose commitment factor did not change this. In the Tiver
and kidney pathway, In-65, Cs-134, and Cs-137 carried most of the
contribution for NRC (A), in the reverse order of importance. When the
author's soil-plant transfer factors were employed, the contribution of
In-65 and Cs-134 was almost totally overshadowed by that of Cs-137. The
authors' soil-plant transfer factors and dose commitment factors
accuunted for an average increase of over a factor of 11,000 in the dose

for the total body, liver, and kidney pathways.

Table 4.5 lists fhe expected exposure for adults from the cereal grain
ingestion pathway. The table indicates that, except for kidney, the most
significant increases occur as a2 result of the authors' soil-plant
transfer factors. For the kidney pathway the effect of the dose

commitment factor was also important.



Table 4.4, Potato Ingéstion Doses

Model Wyhl Parameter values that are Dose to Maximum Individual (mrem/yr)

incorporated in model
Bone Whole Liver Kidney Lung Thyroid
Body

NRC (A) Transport time for holdup at 0.5 0.2 0.0 0.0 0.0 0.0
vegetation after harvest, exposure
of vegetation to plume, surface
density of soil, crop density, and
time period for buildup of radio-
nuclides in soil

NRC (B) Same as NRC (A) except Wyhl 110, 101, 153. 52, 17. 0.0
soil-plant tranfer factors

NRC (C) Same as NRC (B) except Wyhl 283, 130, 192, 2000, 17.6 130.
dose commiiment factors.

WYHL - 463, 128, 145, 1925, 16.9 125.
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Table 4.5. Cereal Grain fngestion Doses

Model Wyhl Parameter values that are Dose to Maximum Individual (mrem/yr)
incorporated in model
Bone gggle Liver Kidney Lung Thyroid
Y

NRC (A) Transport time for holdup at 3.6 1.9 1.9 0.6 0.0 0.0
vegetation after harvest, exposure
of vegetation to plume, surface
density of soil, crop density, and
time period for buildup of radio-
nuclides in sofl

NRC (B) Same as NRC (A) except Wyhl 34.3 11.8 6.7 & 0.7 0.0
sofl-plant tranfer factors

NRC (C) Same as NRC (B) except ¥yhl 390. 15. 8.7 86. 1.0 6.1
dose commitment factors.

WYHL -- 415, 13. 7.0 72, 0.7 4.0
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The most significant differences in nuclide contribution was in adding
the soil-plant transfer factors in the whole body pathway. Prior to
this, the main nuclide contributions were Cs-134 (22%), Cs-137 (44%), and
Sr-90 (30%). When these transfer factors were incorporated, Sr-90 (61%)
became the most important contribution, Cs<137 (32%) dropped a little,
and Cs-134 (5%) became least important. Overall, the authors' soil-plant
transfer factors and dose commitment factors resulted in an average

increase in dose of a factor of 62 for the first four pathways.

The results of our study of the authors' parameter values for all four
food sources can be briefly summarized. The most significant contribu=-
tion to the ‘ncrease cwme from the Sr-90 and Cs-137 nuclides and was due
to the soil-plant transfer factors. The dose commitment factor had a
lesser, but significant effect in the bone and kidney pathways due mainly
to the Sr-90 and Cs-137 nuclides.

4.3.2 Doses Due To Ingestion Of Beef

Table 4.6 Tists the authors' results along with our results for several
different computér runs, each incorporating progressively more of the
authors' parameters, for beef consumption. The values for parameters
that were held constant in each of the NRC runs are as follows: (1) the
authors' value of 224 kg/m2 for the effective surface density for soil
(NRC value is 240 kg/mz); (2) a value of 0,75 kg/m2 for the effective
surface density of pasture grass (the authors do not give a value here,

thus we used the standard NRC vaiue); (3) the authors' value of 50 years
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for the time period over which buildup of radionuclides in soil occurs;
and (4) the authors' value of 1.0 for translocation and 0.33 for
retention (NRC value for this product is nommally 0.2). NRC (A) was run
with the above values and with typical NRC values for coil-grass transfer
factors, fodder to meat transfer factors, and dose commitment and
factors. NRC (B) is similar to NRC (A) except it incorporates the
authors' values for the soil to grass transfer factors, NRC (C) is
similar to NRC (B) except it incorporates the authors' fodder to meat
transfer factors, and NRC (D) is similar to NRC (C) except it incor-
porates the authors' dose commitment factors. These paremeters mentioned
ibove represent ones that the authors used which were different than
those typically used by NRC, and are not all of the parameters necessary
to run the model. It should be assumed that parameters that were not

mentioned were the same,

As was discussed in the preceding section on vegetable consumption, many
of the parameters here are similarly justifiable on a site specific
basis. Ones that are not are the retention factor, the time period over
wnich buildup of radioactive materials occurs in soil (previously
discussed), the soil-grass transfer factors, the fodder meat transfer
factors, and the dose commitment factors. The first two have an effect
to increase the final result, but only marginally in comparison to the
other three. Our basis for not agreeing with the authors' value for the

buildup of radionuclides was previously aiven,
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In this section, as in previous sections, we could not duplicate the
authors' results exactly, as their methodology and numeric values, were
not fully explained or given. For some parameters, such as depositiun
velocity and pasture grass density, we had to guess the value they used.
For the purposes of this review we consider the values of "NRC (D)" to be
adequate as the percent difference ranges from 8% to 24% with a mean and
a mode of about 15%. Selection of a value for pasture grass density

could have accounted for this by itself.

Averaging the relative increase over the five organs in Table 4.6 results
In an increase of a factor of 33 for the soil-plant transfer factor, 23
for the fodder to meat transfer factor, and 6 for the dose commitment
factor. Detailed analysis of output (not included here) indicated that
dose commitment factor has a small effect on the whole body, liver, and
lung pathway, and has its largest effect with the kidney pathway. Both
the sofl-plant transfer factor and the fodder-meat transfer factor have

important effects in all pathways.

The most important nuclide contributors in NRC (A) are Cs-137, Cs-134,

Co-60, Sr-90, an& In-65, with the cesium isotopes dominating. Once these
other factors are incorporated, the dose becomes almost totally dominated
by Cs=137, with Cs-134 accounting for a few percent, and Sr-90 still have

an effect on bone dose. The Co-60 and Zn-65 have no significant effect.

In summary, the authors' soil-plant transfer factors, fodder-meat

transfer factors, and dose commitment factors multiplicatively inflate



Table 4.6. Beef Ingestion Doses

Model Wyhl Parameter values that are Dose to Maximum Individual (mrem/yr)
incorporated in model
Bone Whole Liver Kidney Lung

Body

NRC (A} Soil surface density, time 0.4 0.4 0.6 0.2 0.1
period for buildup of radio-
nuclides, translocation and
retention.

NRC (B) Same as NRC (A) except authors' 16. 13. 19. 6.3 2.1
sofl-plant tranfer factors
incorporated

NRC (C) Same as NRC (B) except authors' 349, 312. 464, 158, 52.
fodder-meat* transfer factor

NRC (D) Same as NRC (C) except wuthors' 1002, 401, 587. 6083, 54,

dose commitment factors 1s used

WYHL - 808. 368. 510. 5287. 47,
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the dose estimate, with the principal contribution coming from Cs-137,
Cs-134, and Sr-90, listed in order of importance.

4.3.3 Isotopic Analysis of Ingestion Doses

In the previous sections some comments were made regarding the importance
of the various isotopes in contributing to dose within each food pathway.
In this section the Wyhl decse calculations are compared to our dose
calculations for the total dose for all food pathways. Table 4.7 lists
the dose for 3 organs (W. body, bone, and kidnay) calculated by the
authors and by NRC. The NRC dose calculations are those described as

NRC (A) in Table 4.2 through 4.6, hence they do not incorporate the Wyhl
values for soil-plant transfer of radionuclides, dose commitment factors,
and fodder-meat transfer factors. The food pathways represented in

Table 4.7 are the vegetable (leafy and ::f:%;‘ggtato, cereal grain, and
beef pathways. Only the results for {he pathways are presented in the

table because these were the ones we did calculations for.

Table 4.7 shows that, as indicated earlier, the Wyhl dose values are
significantly higher than what we would expect. For the three organs
listed, the total dose estimated by the Wyhl report is greater by a

“hon WX wea wey'd CaNuate
factor of 180 for whole body, 700 for bone, and 7000 for kidng{. The
data in the table indicates that the authors' estimates are generally
greater for all nuclides with the Cs-137 contribution being the greatest.
The next chapter discusses the bases for the values used by the authors

of the Wyhl report and by NRC.
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Table 4.7. Isotopic Analysis 6f Wyhl Report's and
NRC Ingestion Dose from Gaseous Effluents

Wyh1® NRCP
Organ/Isotope Dose % of total Dose % of total
mrem/yr dose mrem/yr dose
Whole Body :
Cs-134 26, o 5 0.65 22
Cs-137 445, o~ 83 1.36 45
Sr-90 61, n 0.85 28
Other D 1 0.12 5
Total 537. 100 2,98 100
Bone
Sr-90 7 25%0 . (93 3.45 64
Cs-134 289, 29. ' 0.33 6
Cs-137 25686, 989 2¢ 1.52 28
Other 207. 5 0.10 2
Total 3800. 100 5.39 100
Kidney
Cs-137 7036, * 96 0.70 66
Cs-134 —~308r sfel 4 0.25 24
In-65 0 - 0.80 8
Other 3. - 0.16 2
Total 7347, 100 1.05 100

q-102
%Dose estimates are taken from pp.ﬁerrzo of the Wyhl Report. Doses are to ine aduli maximum hypothetical
individual. A1l of the fcod that the adult eats is assumed to be given or raised at the point maximum
exposure. The ingestion dose includes ingestion of vegetables (leafy and root), potatoes, grains, and
meat (beef only). Doses have beer rounded off to the nearest whole number of mrem/yr.

bSimHar to "a" above, except NPC Pequlatory Guides 1.109 values used for sofl-j.iant transfer factors,
dose commitment factors, and fodder to beef transfer factors.
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4.4 DOSES TO INFANTS VIA THE IODINE-131 AIR THYROID PATHWAY

This section presents our results of infant thyroid dose estimates from
the milk pathway for comparision with the Wyhl estimates contained in
Chapter 11 of the Wyhl Report. The authors' calculations resulted in a
thyroid dose to infants from the cow milk consumption pathway of 753 mrem
per year and from the goat milk plus cow milk consumption pathway of
2,204 mrem per year. The above thyroid doses are much larger than our
current standards permit (e.g., 40 CFR 190 limits the thyroid dose to
7.5 mrem/yr.). We have analyzed the infant thyroid dose from the milk
pathway, rather than adult doses, because the infant thyroid dose
estimates in the Wyhl Report are from 4 to 12 times greater than the
corresponding dose for the adult, depending on the type of milk (i.e.,

cow, goat, or sheep).

The calculations we made utilized the authors' source tem:, 0.3 Ci/yr for
I-131 and a meteorological deposition factor of 1.82 x 108 m2 for the
nearest point of exposure to the population (500 m) in an attempt to
duplicate the authors' result of 753 mrem/yr cow, and 2204 mrem/yr cow
plus goat. The first calculation that was made incorporated the authors'
suggested grazing periods for cows and goats, and resulted in 45 mrem/yr
for the cow pathway and 58 mrem/yr for the cow plus gcat pathway.

Table 4,8 lists the remaining parameters that were different in the

authors' calculation compared to ours:



Table 4.8, Parameter Values for Calculating Infant Thyroid Doses
Parameter NRC value Authors' value M fference ratio
Cow ingestion rate 50 kg/day 75 kg/day +}.5
Crop productivity 2.0 l(g/ln2 2.4 kg/|n2 +1.2
Storage time for fodder 90 days 182 days +2.0
Dose commitment factor 1.4 x 10'2 2.8 x 10°2 +2.0
Cow milk transfer factor 6.0 x 10"3 1.0 x 10'2 +1.6
Goat milk transfer factor 6.0 x 10'2 4.7 x 10"l +7.8
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The authors' values for the first three param:ters of this table were
next incorporated into the calculations. This had small effect on the
results, increasing the cow pathway to 69 mrem/yr and increasing the cow
plus goat pathway to 71 mrgm/yr. Next the authors' dose commitment
factor was incorporated and this roughly increased the values two-fold,
as would be predicted by observation of the difference ratio, to

138 mrem/yr for the cow pathway and 143 mrem/yr for the cow plus goat
pathway. Finally, the cow and goat milk transfer parameters of the
authors were used and this increased the resultant values to 230 mrem/yr
for cow and 640 mrem/yr for cow plus goat.

Beyond differences in parameter values in the authors' model compared to
ours, as close as we can tell, the authors neglected to include the decay
of 1-131 from animal feeding to receptor (about 2 days) and transport
time to the population (about 4 days). This may be legitimate however as
it may reflect food and fodder building differences in Germany and the
United States. When these holdup times were excluded from our calcula-
tions, the results increase to 286 mrem/yr for cow and 1075 mrern/yr for
cow plus goat.i Both of these values are approximately a factor of

2 smaller than the results of the authors. The authors described the
settling rate of iodine on clover to be about twice that of fodine on
grass., We used the authors average settling velocity of 1.3 cm/sec in
this calculation. If this value of settling velocity is increased 40%
for fog deposition, and another 50% to take into consideration clover
deposition, a settling velocity of about 2.6 cm/sec would result,

accounting for the factor of 2 discrepancy.
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The first two parameters in the table re;resent site specific values and
should be used in the calculations as long as they represent average
values rather than maximum ones. The author:' values for storage time
for fodder is probably more reasonable than ours as the growth period is
during one half of the year and the consumption period is during the
other half of the year, with an effect of decreasing the end result. The
authors' use of the high value for the settling velocity is conserva-
tively unrealistic for two reasons. First, increasing the value to allow
for fog i, based on results obtained from fog and snow observations and
is largely unrealistic because if not fog certainly snow conditions are
hot likely to frequently .ccur during the grazing season; and second,
increasing the value to allow for clover deposition may be unrealistic as
clover may not amount to a significant portion of the pasture grass.
Finally, the values of the milk transfer factors we feel are overly
conservative, While we have observed larger values of them in the
literature we have not adopted their use because comparisons of actual
field measurements of fodine in milk to model predictions indicate that
the model is conservative. For example, in a presentation to the Health
Physics Society (22nd Annual Meeting) in July, 1977, J. Steward Bland
compared [-13] cdncentrations in milk from several dairies around a
nuclear plant to results of the NRC Regulatory Guide 1,109 model. The

Table 4,9 lists some of his results.

The results indicate that on the average, the model is conservative by a
factor of approximately 9. Because the actual measured results

consistently indicate that the models are conservative, we are reluctant
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Comparisons of Measured and Calculated 1311 Levels in

Table 4.9:
Milk
]311 Milk Concentration pCi/1l
Location Calculated Measured
Farm A 5.3 1.2
Farmm B 10.0 0.4
: Farm C 7.9 0.6
Fam D 0.9 0.5

to make adjustments on parameters without being sure that they do not

radically alter the overall results.

On this basis, it is concluded that

the authors' results are unrealistic, caused by a poor choice of model

parameter values,



5.  CRITICAL PARAMETERS IN RADIOLOGICAL ASSESSMENTS MODELS

This chapter reviews the Whyl Report's references on resium and strontium
soil to plant transfer factors (va) and dose conversion factors (OCF) for
Cs=137 and §r-901. The chapter focuses on these model parameters because,
as was shown in chapter 4, they are the parameters which are in most
disagreement with those of Regulatory Guide 1.109, and ultimately have

the greatest effect on the resulting estimated dose calculations.z

For the most part this chapter reviews the author's references to assess
their use of these references in generating soil to plant transfer factors
and the dose conversion factors. This chapter is divided into four major
sections: (1) Soil to Plant Transfer of Cesium; (2) Soil to Plant Transfer of
Strontium; (3) Dose Conversion Factors for Cs-137 and Sr-90; and (4) Summary

and Conclusions.
5.1 SOIL TO PLANT TRANSFER OF CESIUM

There are two major pathways for airborne radionuciides to get into vegeta-
tion: (1) direct aerosol deposition, and (2) soil to plant uptake. These
major pathways are illustracted in Figure 5.1. The 81v values used in the
Wyhl Report for cesium lead to the conclusion that the soil to plant pathway
accounts for the majority (from 76% for cereal grains to over 95% for pota-
toes, root vegetables, grass and clover) of the cesium activity in vegetation.
The remainder is due to direct aerosol deposition. Based on NRC values in
Regulatory Guide 1.109, the aerosol deposition pathway is the major contri~

butor to cesium activity in vegetation. The soil to plant pathway is a

o |
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relatively minor pathway for NRC's models. Less than 10% of the cesium
activity in food is due to the soil to plant pathway using NRC values. The
Wyhl Report's and NRC's models estimate aerosol deposition components that are
roughly comparable in magnitude. Since the soil to plant pathway dominates
the cesium acti. ty in vegetation, according to the Wyhl Report, this
parameter not only leads to higher doses from humans consuming fruits and

vegetables, but it also leads to higher doses from milk and meat pathways.

This section contains a brief review of: (1) factors influencing soil to
piant transfer of cesium; (2) the basis for the Wyhl Report's soil to plant
transfer factors for cesium; and (3) the basis for NRC's soil to plant

transfer factors for cesium.

5.1.1 Factors Influencing Soil to Plant Transfer of Cesium

Many studies have been done on the uptake of cesium by plants. These studies
include both greenhouse experiments and field studies. While most of the studies
have used radioactive tracers techniques, there have been a few studies that
have measured concentrations of stable cesium in soils and plants. At least

two fairly extensive reviews have been made of soil to plant transfer of

cesium: (1) Radioactivity and Human Diet by R. Scott RussoIla; and (2) Trans-

fer of Radicactive Materials from the Terrestrial Environment to ? ‘mals and
4

Man by R. J. Garner.  Since these reviews are readily available d fairly
extensive, we will only briefly discuss the major factors influencing soil to

plant transfer of cesium.
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There are many factors that influence the soil to plant transfer of cesium.
Some of the factors that have been identified as significantly influencing the
uptake of cesium into plants include: (1) the potassium concentration of
s0ii; (2) the organic content of soil; and (3) the clay content of soil.
Fredricksson et al. (1958) has showr that the cesium uptake from soils
decreases as the potassium concentrations in soils increases.s This is
thought to occur because of the similar chemical properties of cesium and
potassium and the competition of cesium and potassium in the absorption
process. Barber (1964) has shown that cesium uptake is greater for soils with
a high concentration of organic nater1a1.5 Soils with a high clay content

tend to entrap cesium ions and limit plant absorption.3 Consequently soils

with a high clay content typically show low soil to plant uptike of cesium.

5.1.2 Basis for the Wyhl Report's Values for Soil to Plant Transfer of Cesium

The Wyhl Report gives soil to plant transfer values for cesium for six types

of vegetation. The soil to plant transfer values on a fresh weight basis (FW)
range from 0.07 for root vegetables to 15 for potatoes. These values are based
on 13 references licted in the section on cesium transport factors (i.e.
Section 6.2.3). We have obtained and reviewed 10 of the 13 references. The
Wyhl Report references have been divided into two groups (1) greenhouse experi-
ments, and (2) field studies. Since most references report plant radionuclide
concentrations on a dry weight basis (DW), rather than a fresh weight basis
(FW), it was necessary to assume 3 FW/DW ratio to convert plant radionuclide
concentrations to a fresh weight basis. The basis for the FW/DW conversion
factors, used in this review, is dascribed in Appendix A. The method of

reviewing the Wyhl Report's references is more fully described in Appendix B.



5.1.2.1 Greenhouse Experiments

1. Studies on Soil-Plant-Animal Interrelationships with Respect to Fission

Products - Fredriksson et al. (1958)5

The purpose of this study was "to study under specific Swedish conditions the
influence of: (1) liming on the uptake of Sr-90 from soils by different
crops, (2) strontium carrier on plant uptake of Sr-90, (3) soi] texture and
potassium content in soil on plant uptake of Cs-137, (4) caesium carrier on

uptake of caesium from soils by different plants."

As part of this study, Fredriksson et al. measured the uptake of Cs-137 in red
clover for eleven different soils. The eleven soils represented the more
important arable soils in Sweden. Experiments were conducted by adding

0.2 mCi of Cs-137 to pots containing from about 4 to about 6 kg of soil.
Cs-137 activity per gram of dry matter was reported. The effect of different
levels of Cs carrier in soil on the Cs-137 concentration in plants was
investigated over a range of 0 to 500 mg of Cs carrier added per pot. The
effect of different potassium levels in soil on the Cs-137 concentration in

plants was investigated over a range of 0 to 2500 mg of potassium.

Fredriksson et al. found that the cesium concentration in soil has a large
effect on the cesium concentration in red clover. Fredriksson et al. also
found that the potassium content of soils has a significant effect on the

cesium concentration in red clover.



In an attempt to derive Biv values for typical soils, we have used Biv values
for the 9 soil types with their natural amounts of cesium and potassium (i.e.
no added cesium or potassium) in Table 5.1. The soil to plant transfer
factors for the cesium carrier experiment ranged from about 0.02 for the high
density clay soil to 0.17 for the low density soil with a relatively high
organic content. The average va (FW) for soils with natural amounts of

cesium in the cesium carrier experiment was 0.06 + 0.05.

The soil to plant transfer factors for the potassium added experiment range
from 0.09 for the very high density clay soil to 1.21 for the low density soil
with a relatively high organic content. The average Biv (FW) for soils with
natural amounts of potassium in the added potassium experiment was 0.37 & 0.34.
The soils and plants used in the cesium and potassium experiments were the
same. However, the average Biv (DW) values from the potassium experiment are
higher than the respective values from the cesium experiment. The cause for
this discrepancy is not due to different plant yields per pot, or different

levels of cation uptake for Za, Mg or K.

The Wyhl Report uses a B1v for clover (8.5) that is more than 7 times larger
than the highest value derived from Fredriksson et al for natural soils. (1.2)
The Wyhl value of 8.5 is based on soils in which significant quantities of
cesium carrier were added to soil. The addition of cesium carrier leads to
transfer factors that are much larger than those for the natural soils investi-
gated. The Wyhl Report ignores one of the main conclusions of Fredriksson

et al. that "The experiments with caesium show that this element, when applied
to the soil in a carrier-free form, is so powerfully adsorbed that it cannot

be taken up by the plants to any important extent."
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IABLE 5.1): Cesium S01) to Plant Transfer Values for Red Clover

Soil Cs Carrier tm: K Level Experiment® e
Origin Concmtnl.ion," Plant Coac. (W), l“ (W)‘ Plant Conc. (DW), I“ (fu)c
- nCi/g nCi/g nCi/y

Koppars lagargarden, Skaraborgs lan 37.0 30.7 0.17 224.1 .21
Skurups Lantmannaskola, Malmohus lan 32.8 11.3 0.07 73.5 0.45
Bronnestad, Malmohus lan 33.9 4.3 0.03 25.3 0.15
Jockelsta, Vastmanlands lan 35.7 4.3 0.08 65.3 0.37
Skotllandshus, Kristianstads lan 0.0 .7 0.02 66 4 0.33
Ultuna, Uppsala lan 35.7 3.2 0.02 17 4 0w
Vaslerbygard, Uppsala 38.5 8.1 0.04 2.6 0.22
Gorsingeholm, Sodermanlands lan 55.6 21.6 0.10 123.5 0.4
Stensfalt, Skaraborgs lan 38.5 6.1 0.03 2.5 0.0%

Average * s 8.6 + 6.8 12.1 + 10.3 0.06 + 0.05 72.9 ¢+ 66.2 0.37 + 0.4

“ihe 'iv (FW) values are for the natural amounts of cesium and potassium in 9 soil types in Tables 19 and 20 of Fredriksson et al. (1958).
Yool concentrations were calculated from 0.2 mCi of Cs-137 added Lo each pot, and the soil weights given in Table 1.
CI“ (W) values are based on a FW/DW ratio of 5 for grass.



2. Release of Sr-90 and Cs-137 from Vina Loam Upon Prolonged Cropping -
Nishita et al. (1958)’

Nishita et al. measured Sr-90 and Cs-137 activity concentrations in Ladino
clover. The objective of this study was "to study the release of Sr-90 and
Cs=137 from contaminated soils as a function of intensive and prolonged
cropping.” Carrier-free Cs-137 was mixed with Vina loam to give an activity
concentration of 170 dps/g of soil. Exchangeable cesium levels were measured
at the beginning of the experiment. About 25% of the Cs-137 initially added
to the soil was in an exchangeable form at day zero. Plants were grown in 600
g of soil in 4 inch clay pots. Fertilizer was added to the pots at the
beginning of the experiment and after the fifth harvest (day 286). Plant
activity was reported in dps/gram of dry soil.

Derived aiv(ow) values for clover tops varied from about 0.05 for plants
harvested after 74 days to about 0.2 for plants harvested after 516 days
(i.e., the ninth blooming stage of growth). Derived Biv (OW) values for
clover roots were about two to three times higher than the corresponding
values for clover tops. The average Biv (OW) w2s 0.11 £ 0.11 and 0.38 £ 0.15
for clover tops and clover roots, respectively. The above Biv values are
based on the total amount of Cs-137 added to the soil. Based on a FW/DW ratio
of 5 for grass, then the average B{v (FW) would be 0.02 for clover tops, and

0.08 for clover roots.

The Wyhl Report uses a Biv for clover (8.5) that is more than 100 times larger

than the highest value derived from Nishita et al for clover tops (0.06).



3. Influence of Soil Organic Matter on the Entry of Cesium=137 into Plants -
Barber (1964)6

Barber measured concentrations of Cs-137 in ryegrass for six soil types. Five
of the six soils were taken from pastures in Britain where Cs-137 had been
observed in milk. The =ixth soil was a tropical soil. Soils were analyzed
for clay content, organic matter, cation exchange capacity, and exchangeable
potassium. Soils were uniformly contaminated with Cs=137 prior to sowing

ryegrass.

Experimental procedures were described very briefly. Based on the data given

Biv (FW) values can be derivea ranging from about 0.02 for a soil containing

predominantly kaolia clay (13.2%) to abodt 0.6 for a soil containing
predominantly mica clay (12.8%). The unweighted average B, (FW) for all

. soil types is 0.16 + 0.17. The above values are based on a FW/OW ratio of

S for forage grass. The Wyhl Report uses a Biv for grass (5.9) that is about

10 times larger than the highest value derived from Barber.

4. Absorption and Distribution of Cs=137 by Trifolium Pratense -

Bergamini et al. (1971)8

Bergamini et al. measured the absorption and distribution of Cs-137 in a
forage clover grown on one soil type. Plants were grown in large wooden
boxes. Solutions of Cs-137 (504). at three different concentrations, were
added to plants in a manner simulating irrigation and contamination through
radioactive rain. Plants were contaminated for three different phases of
plant development: (1) s2edling stage; (2) shooting stage; and (3) flowering
stage.
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Bergamini et al. report maximum and minimum values of concentration factors on

a dry weight basis. Average values for concentration factors were not
reported. For aerial plant parts, the concentration factor varied from 0.0)
to 166.22. Based on a FW/DW ratio of 5 for forage grass, the above concen-
tration factors, on a fresk weight basis, range from 0.002 to 33 (the latter

value being reported in the Wyhl Report).

It is unlikely that the concentration factors reported by Bergamini are

equivalent to NRC's soil to plant transfer factor for two reasons:

1. The harvest time for the maximun concentration factors is not
. reported. It is probable that some of the high values correspond
to immature stages of growth when plants are unlikely to be eaten by

grazing animals.

2. Bergamini reports soil concentrations as a function of depth;
however, the average soil concentration is not given. If Bergamini
used average soil concentrations that were different than the soil
concentrations that NRC would calculate for the top 15 cm of soil,
then the concentration factors reported by Bergamini v .1d not ba
equivalent to NRC's Biv values. In addition, Bergamini reports soil
concentrations in units (cpm/g) that are different than the units
for plant concentrations (pCi/g). Since the counting efficiency of
the instrument is not given, it is difficult to convert soil
concentration units to plant concentration units. This conversion

is needed to check the basis for Bergamini's concentration factors.
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The Wyh! Report uses a Biv for clover (8.5) that would correspond to the

maximum values given in Bergamini's tables.

5.  Accumulation of Cs-137 and Sr-85 by Florida Forages in a Uaiform
Environment - Garrett et al. (1971)9

Garrett et al. measured the ratio of soil to plant radionuclide content for
doth Cs-137 and Sr-85 in nine forage species that are common to Florida.
Following periods of radioactive fallout, the Cs-137 level in Florida milk was
consistently higher than the national average. This study was designed to

identify the causes of the higher than average Cs-137 levels in Florida milk.

137

Carrier-free CsC1 (4 microcuries) was thoroughly mixed with 2500 grams of

soil (Leon series soil). Forage was grown in shallow (4 cm deep) containers
about 2 liters in volume. Leon series soil is a typical Florida soil
representing about 26% of the Florida land area. A number of soil parameters
for Leon series soil are given; however, the potassium concentration of the
soil was not given. Soil moisture was controlled to about 15% moisture
content by daily watering. Samples were oven-dried and analyzed by gamma
spectroscopy. Soil to plant transfer factors are given in Table 5.2. The
ratio of plant to soil radionuclde content (FW) for Cs=-137 varied from about
4.6 for pangolagrass to about 8.5 for white clover. The unweighted average
ratio of plant to soil radionuclide content (FW) for Cs=137 for the nine
grasses was 5.9 + 1.3. The Wyhl Report uses a Biv of 8.5 for clover, and 5.9
for grass. The Wyhl values correspond to the values derived from Garrett et al

for a sofl with high soil to plant transfer characteristics for cesium.




TABLE 5.2: Cs Soil to Plant Transfer Factors for Florida Foragesa

Forage Biv (DW) Biv (FW)
wWhite Clover 42.6 8.5
Crabgrass 27.1 5.4
Pangolagrass 22.8 4.6
NK-37 Bermudagrass 24.7 4.9
Common bermudagrass 28.9 5.8
Dats 24.7 4.9
Dallisgrass 27.3 5.5
Coastal bermudagrass 29.6 5.9
Bahiagrass 36.2 1.2

Average + s 29.3 + 6.3 9+ 1.3
a

B{v (DW) values are taken from Garrett et al. (1971).9

Biv (FW) values are based on a FW/DW ratio of 5 for grass.
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6. Factorioof Transfer of Cs-137 from Soils to Crops - Marckwordt et al.
(1971)

Marckwordt et :1. estimatec upper bound for the soil to plant transfer of
Cs-137 in four types of vegetation. The authors state in the introduction to
their paper:
"In censequence of the low mobility of Cs=137 in the soil, contamination
of crops by this radioelement has proved via the soil, to be mostly of
little importance compared with the direct contamination due to
radioactive fallout. There are, however, cases, depending on the soil
type, whare an appreciable indirect contamination might occur."
Since the amount of cesium measured in plants is more dependent on the amount
of exchangeable cesium in soils rather than the total cesium content of soils,
the extractable cesium content of soil was measured. The percentage of
magnesium extractable cesium was datermined from experiments with Cs-134
labeled soil. Multiple regression analysis was used to relate the Mg
extractable cesium to percent organic matter and percent clay. Soils that
represented a range of soil types found in Italy, France and Germany were
used. The organic content of soils ranged from 1.3 to 63.0%. The clay
content of soils ranged from 1.7 to 61.8%. The equation relating Mg

extractable cesium to organic matter and clay content is as follows:

Y = 0.9874 + 0.2099 Xl - 1.1479 Xz

Where Y = log % Mg extractable Cs;
X;= log % organic matter and

x2= log ¥ clay content.

Cesium concentrations in plants were then estimated by first .aparing the

Cs/K ratio in plants with the "available” Cs/K ration in soils. An upper

bound for this ratio was estimated to be about 0.5 for most soils.
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Soil to plant transfer factors (Pd) were reported in units of pCi/Kg product
per lCi/an. The upper limit estimates of Pd were as follows: wheat, 3;
lucerne, 9; lettuce, 15; and grass, 22. Based on an effective surface density
of 240 Kg/lz. and the FW/OW ratios in Appendix A, these Pd values convert to
the following maximum B1v (FW) values: wheat, 0.65; lucerne, 0.54; lettuce,
0.19; and grass, 1.06. The average 8, (W) of the four types of vegetation is
about 0.6 £ 0.4,

The Wyhl Report uses the following Biv values: cereal grains, 0.48; grass,
5.9; and leafy vegetables 0.75. For all items except cereal grain the wWyhl

values are 4 or more times greater than the upper limit values estimated by

Marckwordt et al.
5.1.2.2 Field Studies

1. Distribution of Radiostrontium and Radiocesium in the Organic and Mineral
Fraction of Pasture Soils and Their Subsequent Transfer to Grasses -

D'Souza et al. (1971)']

0'Souza et al. measured the transfer of Sr-85 and Cs=134 to grasses. Soils were
taken from four permanent pastures in Belgium. The four soil types, with
their percent clay content in parenthesis, were as follows: (1) Sandy (2.2)-

(2) Brown-acid alluvial (15.8); (3) Schisty (8.8); and (4) Brown-acid (6.0).

Four experimental pastures (1 m x 10 m) were set up by placing the soil
organic fraction on a 15 cm layer of sand on polyester sheets. Plants were

watered regularly, and excess water was drained. Soil was sprayed with Cs-134




at a rate of | mCi/az. Pasture grass activity was reported in pCi/g OW for

the four soils over a period of two years.

Based on their results, Biv values can be derived. The average Biv (FW) value

for the four suils was as follows for different times after sprawing:

2 months, 1.8 + 0.6; 5 months, 0.6 + 0.6; 12 months, 0.3 ¢+ 0.3; and 15 months,

0.3 £ 0.3. The highest value of any soil for any time was about 2.5 The above

values are based on a FW/DW ratio of 5 for grass.

The Wyhl Report uses a B‘v for grass (5.9) that is more than 2 times larger
than the highest value derived from D'Souza et al.
2. Radioactive Fission Product Cs=137 in Mushrooms in W. Germany during

1963-1970 - Grueter (1971)'2

Grueter measured the Cs-137 activity in mushrooms grown on different German
soils. Mushrooms were collected at the same places in the months of September
and October over the years 1963 to 1970. Rough soil contamination was removed
prior to drying and ashing. Investigations were carried out in connection

with fallout from nuclear weapons tests.

Grueter reports mushroom concentrations of cesium on a fresh weight basis.
Cesium=-137 concentrations in mushrooms ranged from about 0.29 to 30.6 pCi/g.
Soil concentrations of Cs-137 are not reported. One value is given for the
ratio of plant to soil concentrations (16.5) for the year 1966. It is
probable that this value includes a significant amount of activity incor-

porated by direct deposition because plant concentrations for latter years,
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years in which aerosol deposition is much less, are much lower. Soil to plant
transfer cf Cs=137 in mushrooms is probably a factor of 3 or more below the
value of 16.5; however, more data on soil concentrations is needed to obtain a

more precise value for Biv (FW) for mushrooms.

The Wyhl Report references Grueter for a transport factor of 16:5 for cesium.
However, the Wyhl Report fails to note that the plant to soil concentration
factor of 16.5 for the year 1966 probably includes a significant amount of
activity from direct deposition in addition to the activity from root uptake.

3. Environmental Radioactive Pollution and Man - A. N. Marei (1973)]3

This article is contained as Chapter 7 in a book entitled Radiocecology edited
by V. M. Klechkovskii and G. G. Polikarpov. The chapter is mainly concerned
with the migration of Sr-90 and Cs-137 from the environment to man. The
chapter contains a brief summary of the migration of Sr-90 and Cs-137 from
soils into grass and milk. The chapter also discusses human intake and
metabolism of these isotopes. The author states that there is an opinion that
the concentration of Cs-137 in plants is mainly due to aerial contamination,
and that soil to plant transfer of Cs-137 is slight. The author points out
that for some soils the soil to plant pathway is the dominant pathway for
Cs=137 in food. Values are given for the migration of Cs-137 from soil to
grass for several soil types: (1) loamy sod-podzolic soil, 1.62; (2) sandy-
loamy sod-podzolic soil, 7.95; and (3) sandy sod-podzolic soil, 23.6. It is
not clear whether these migration values are for fresh weight or dry weight.
If Marei's values are based on dry weight, then the average Biy (FW) would be

2.2 + 2.3 assuming a FW/DW ratio of 5 for grass. The values reported in this
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Chapter are extracted from other references. The procedures and methods used

in determining the above soil to plant transfer factors are not described.

The Wyhl Report references this paper for the migration values given above

without substantiating the experimental basis for the values.

4. Uptake of Radiocesium from Contaminated Floodplain Sediments by
Herbaceous Plants - Sharitz et al. (1975)'%

Sharitz et al. measured radiocesium concentrations in two herbaceous plant
species native to a delta region near the Savannah River Plant in South
Carolina. Concentrations of radiocesium in soil (primarily kaolinite clays)
were also measured. The original source of the radiocesium in soil samples
was from heat exchange cooling water discharged from two nuclear production
reactors between 1954 and 1968. Both plant and soil samples were dried prior
to counting by gamma spectroscopy. Although no attempt was made to distin-
guish between Cs-137 and Cs-134 activity, the amount of Cs-134 was estimated
to be small (less than 5%) compared with Cs-137. The authors found that the
average concentration of cesium in plants was fairly constant (i.e., about
200-700 pCi/g dry weight, depending on species, and plant part), while soil
concentrations fit a bimodal distribution. Soils classified as low level had
én average cesium concentration of about 25 pCi/g (DW), while soils classified
as high level had an average cesium concentration of about 540 pCi/g (DW).
Based on the authors' results, derived Biv (FW) values for cesium range from
about 2 to 6, depending on species and plant, for low level soils. For high
level soils, derived Biv (FW) range from about 0.1 to 0.2. The unweighted
average siv (FW) was 3.9 for low level soils and 0.15 for high level soils.
The above Biv (FW) values are based on a FW/DW ratio of 4.
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The authors conjectured that the relative independence of plant concentrations
to soil concentrations may be due to soil differences. Soils with high
concentrations might contain more clay and silt sediment, and consegquently
more potassium. Since potassium and cesium have similar chemica!l properties,
high concentration of potassium would lead to low soil to plant transfer of

cesium.,
The Wyhl Report references Sharitz et al. for similar transport factors.

5.1.2.3 Summary and Conclusions of Review of Wyhl References for Soil to

Plant Transfer of Cesium

R The papers that were reviewed contained a large range of soil to plant
transfer factors. The range of Biv values reported by the various
authors is given in Tables 5.3 and 5.4 for greenhouse experiments and

field studies, respectively.

2. The majority of the Wyhl Report's references (6 out of 10) that were
reviewed are greenhouse experiments, as opposed to field studies.
While greenhouse experiments allow better control of variables, they
often suffer from a fundamental disadvantage in that they may not
simulate field conditions as well as field studies. The amount of soil
in which plants grew ranged from 0.6 kg/pot for Ladino clover (Nishita
et al.)7 to 6 kg/pot for red clover (Fredriksson et a1.).5 Larger pots
allow more room for roots to develop in normal field conditions. None of

the papers discussed root cramping.
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In most cases the Biv values for cesium used in the Wyhl Report are
based on soil and plant characteristics that tend to maximize the

transfer of cesium from soils to plants. For example:

. The Wyhl Report's value for Biv for leafy vegetables (0.75)
is about 4 times greater than the upper limit value (0.19)

derived from Marckwordt et al.‘o

. The Wyhl Report's Biv for clover (8.5) is based on the largest
B1v for forage reported by Garrett et al.g The Biv values derived
from Garrett et al. are based on a Florida soil with high soil to
plant transfer characteristics for cesium. Soi) characteristics

that would lead to high B, values should also result in increased

iv
downward movement of cesium into s-ils. As the cesium moves deeper

into soils, Biv values shouid decrease because the cesium should
move beyond the root zone with time. The Wyhl Report ignores the
much lower Biv values for clover obtained by Fredriksson et al and
Nishita et al (1958). (see Table 5.3).

. The Wyhl Report's Biv for grass (5.9) is based primarily on the
data reported by Garrett and Marei. The Wyhl Report ignoes the
much lower average values for grass obtained by Barber (0.2),
d'Souza (0.9), and even Marckwordt's upper 1imit estimate (0.6).

The Wyhl Report value for grass is more than 2 times higher than
the highest values measured by Barber (0.6), d'Souza (2.5) and
Marckwordt (1.1). The B;, values derived from Garrett et al. (1971)
are based on plants grown on Florida soil.9 Roessler et al (1969)
have shown that the Cs-137 content in Florida foods, and the Cs-137
body burden in Florida residents is among the highest in the nation.
As stated by Roessler et al.
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TABLE 5 3 Range in Cesium Soil to Plant Transfer Factors Reported by Various Papers Cited in Wyhl Report -

Greenhouse Experiments

B (Fw)
W

Relerence Low High Unweighted Avg. ¢ s Parameters Examined

Iredriksson et al. (1958)% 0.02 1.2 0.22 % 0.22 Red clover o o 9 typical
Swedish soils.

Nishita et al. (1958) 0.01 Q.12 0051004 Clover tops and roots for har-
vest Limes up Lo 1.5 years.

Barber (1J64) 0.02 0.6 0.16 £t 0.V7 Rye grass grown on 6 cosmon
soils.

Bergamini et al. (1970)° 0.002 33 - A forage clover contaminated with 3
concentrations of 137Cs50, for three
phases of plant -hnlq-n‘t

Garrvett et al. (19/)) 46 8.5 592 1) Nine types of forage grown on
a Florida soll with high soil
to plant transfer characteristics
for cesiua.

Marchwordt et al. (1971) 6.2 [ ] 0.6 104 Common food crops grown on a

hypothetical soil with high
soil to plant transfer charac-
teristics.

® Ine B, values derived from Fredriksson et al. are based on the natural amounts of cesium and potassius in

arabl"soi Is in Sweden.

stages of harvest.

Bergamint reported only maxisum and minimum values.

It is likely that some of the maximus values for l“ correspond Lo vamature

9 of Lhe wore important



25

IALE 5.4 Ray

‘n Cesium Soil to Plant Transfer Factors Reported by Various Papers Cited in Wyhl Report -
Field Studies

8. (W)
iv

Relerence Low Hiigh " Unweighted Avg. Parameters Examined

D' Seuza et al. (1971) 0.08 2.5 0.9108° Grasses grown on 4 soils for
harvest Limes wp to 15 months

Grueter (1971) . . 16.8° Mushrooms grown on German soils
over the years 1963 to 1970

Mavel (19/73) 0.32 4.7 221 2.3° Grass grown on 3 soils with
kigh soil to plant Lransfer
characteristics.

Sharitz et ol (1975) 0.1 6.0 201105 Two herbaceous plants grown on

soils with different cesiua
concentrations

€ Ihese values were obtained by dividing the values reported by Marei by a FW/DW ratio of 5.

Ihe average l“ values are based on average for four soil types and four harvest times.

Since this value includes a significant amount of aclivity incorporated by direct deposition,
it is  vobably high by a factor of 3 or more.

Based on the unweigh! :d average of l“ for low level soiis (N25pCi/g) and l“ for high level soils (N540 pCi/g).



"The primary factor affecting levels in anima) progucts in Florida appears
to be radiocesium levels in Tocally grown forages.'35) One explanation

for the elevated 137Cs levels in Florida vegetations is an unusually high
uptake of this nuclide from soils which have a low 5128 content and in
which there is a rapid turnover of organic material.”

The physical basis for the values from Marei is not described in enough

detail to be given much weigt.

. The Why!l Report's Biv for potatoes (15) is about 100 times higher than
the largest value referenced for potavces in Section 6.2.3 of their

report (0.16).

All of the reviewed references had higher average soil to plant transfer

of cesium than NRC's current value of 0.01. All of these refereces, except
for two (Marckwordt et al., and Grueter) are limited to vegetation (grass

and clove#y consumed by animals raéhr than vegetation directly consumed

by man. Marckwor<t et al. estimated maximum rather than average Biv values.
The mushroom contamination reported by Grueter is not suitable for estimating
soil to plant transfer because it includes significant quantities of

contamination from the direct deposition pathway.

5.1.3 Basis for NRC Values for Soil to Plant Transfer of Cesium

The soil to plant transfer values used in Regulatory Guide 1.109 are derived

from a report entitled "Prediction of the Maximum Dosage to Man from the Fallout

of Nuclear Devices, Handbook for Estimating the Maximum Internal Dose from

Radionuclides Released to the Biosphere." (USAEC Report UCRL-50163, Part IV,

October, 1968) by Y. C. Ng et 31.15 Ng gives average concentrations of 100
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elements in typical argicultural soil, and portions of the human diet derived
from plants. The average cesium concentration in soil (5 ppm) is derived from
a book entitled "The Geochemistry of Rare and Dispersed Elements in Soils" by
Vinogradov (1959).‘7 Ng derived the average cesium concentration in plants
(0.05 ppm on a fresh weight basis) from four references: (1) Trace Elements
in Biochemistry - Bowen (1966)'%; (2) “Comparative Elemental Analyses of A

Standard Plant Material" - Bowen (1967)]9; (3) "Trace Analysis of Biological
Materials by Mass Spectrometry and Isotope Dilution" - Morrison (1967)20; and
(4) "The Different Distribution of Rubidium and Cesium in Natural Plants -
Yamagata (1959).2] Ory weight Titerature values for plant concentrations were
converted to wet weight values by assuming the water concentration to be 75%.
The soil to plant transfer factor for cesium, used in Regulatory Guide 1.109,
was obtained by dividing the average plant concentration (0.05 ppm, FW) by the
average soil concentration (5 ppm) to get a value of 0.01. The physical basis
upon which this value is based is presented in brief summaries of the 5

references cited by Ng. (See Appendix C.)

Since the NRC periodically reviews the models in Regulatory Guide 1.109, we
have also included in this report a recent paper by Y. C. Ng. In March of 1979,
Y. C. Ng presented a paper at the International Atomic Energy Agency's (IAEA)
Symposium on Biological Implications of Radionuclides Released from Nuclear

Industrios.zz

Ng's paper was entitled "Transfer Factors for Assessing the Dose
from Radionuciides in Agricultural Products.” In this paper Ng presented updated
values for transfer of radionuclides to plants, milk and other animal products.
Ng referred to six additional papers on soil to plant transfer of cesium and
strontium. Since these papers were very briefly summarized in Ng's IAEA paper,

we have reviewed these papers and included a summary of them in Appendix D.
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Table 5.5 is a reproduction of Table VIII from Ng's IAEA paper. For most plants
grown on most soils, the va values for cesium in Table 5.5 ar2 less than NRC's

B, value for cesium (0.01). A Biv of 0.01 would slightly underestimate cesium

iv
transfer for some plants (e.g., potato - (i, bean fruit, and wheat grain) grown

on coarse soils.

Since an individual's diet consists of many tyfg of vegetation, NRC's Biv
value should be based on an average value of vegetation grown on a soil type.
Doubling NKC's Biv value for cesium would lead to a realistically conservative
value for fine, medium and coarse soil textures. Since aerosol deposition
dominates the air to plant transfer of cesium, a Biv value of 0.02 slightly

increases the estimate of activity in vegetation (by less than 10%).
5.2 SOIL TO PLANT TRANSFER OF STRONTIUM

As stated earlier in the section in cesium (i.e., Section 5.1) there are two
basic pathways for airborne radionuclides tu get into vegetation: (1) direct
aerosol deposition, and (2) soil to plant uptake. The 81v values used by in
the Wyh! Repert for strontium lead to the conclusion that the soil to plant
pathway accounts for over 90% of the Sr-90 activity in all types of vegetation
considered. The remainder is due to aerosol deposition. Based on NRC values
in Regulatory Guide 1.109, the aerosol deposition pathway is the major
contributor to Sr-90 activity in vegetation. The soil to plant pathway is a
relatively minor pathway for NRC's models. Less than 15% of the Sr-90
activity in flood is due to the soil to plant pathway using NRC values. The
Wyhl Report's and NRC's models estimate aerosol deposition components that are

roughly comparable in magnitude. Since the soil to plant pathway dominates
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NOTE: Ng's permission is needed te include this

table in our final paper.

Tadle 5.5 Concentration Factors in Forage, Produce, and
Grains Grown in Coarse-, Medium=, and Fine-Textured
S0i1s3:P

Range of CF (pCi/kg wet plant matter ' pCi/kg dry soil)

Soil Texture Sr Cs

Coarse . - 0.02 ~1.7 9.5(=4)¢ - 0.031
Med1um 1.6(=3) - 0.43 5(=5) =~ 2.6(=3)
Fine 3 7.8(=3) - 0.38 9(-4) - 0.013
B;, Veg/soil 0.017 0.01

This table is taken from Table VIII of Y. C. Ng's IAEA paper entitled
"Transfer Factors for Assessing the Dose from Radionuclides in Agricultural
Products,” Vienna, March 26-36, 1979.

bBased on references summarized in Appendix D.
¢ -4
9.5(-4) denotes 9.5 x 10 .

9 rom Table E-1 of Regulatory Guide 1.109 [2].
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the strontium activity in vegetation according to the Wyhl Report, this parameter
not only leads to higher doses from humans consuming fruits and vegetables,

but it also leads to higher doses from the milk and meat pathways.

This section contains a brief review of (1) factors influencing soil to plant
transfer of strontium; (2) the basis for the Wyhl Report's soil to plant transfer
factors for strontium; and (3) the basis for NRC's sofl to plant transfer factors

for strontium.

5.2.1 Factors Influencing Soil to Plant Transfer of Strontium

Many studies have been done on the uptake of strontium into plants. These
studies include both greenhouse experiments and field studies. While most of
the studies have used radicactive tracers, there have been a few studies that
have measured concentrations of stable strontium in soils and plants. At least
two fairly extensive reviews have been made of soil to plant transfers of

strontium;

Radicactivity and Human Diet - R. Scott Russel (1965)3; and

- Transfer of Radioactive Materials from the Terrestrial Environnené

to Animals and Man - R. J. Garner (1972).%

Since these reviews are readily available and fairly extensive, we will only
briefly discuss the major factors influencing soil to plant transfer of

strontium.
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While there are many factors that influence soil to plant transfer of
strontium, some are mor. significant than others. Garner has stated that,
“The availability of Sr 90 to plants is determined mainly by the exchangeable
calcium content of the soil, the degree of calcium base saturation and the

total base exchange capacity.“‘

Calcium and strontium have similar chemical
propertie.. The amount of strontium that is transferred from the soil
solution «o plants is partially determined by the amount of calcium in the
soil solution. Many authors have studied the ratio of 5r=90 to calcium in
plants and the ratio of Sr-90 to calcium in soil solutions. In general, the
ratio of Sr-90 to calcium in plant shoots is about equal to the ratio of Sr=90
to calcium in soil solutions. Some plant parts have higher concentrations of
strontium than others. In general, the lowest concentrations of strontium

from root absorption ar. found in plant reproductive organs, while the highest

concentrations are found in foliage.

5.2.2 Basis for the Wyh! Report's Values for Soil to Plant Transfer of

Strontium

The Wyh)l Report gives soil to plant transfer values for strontium for six

types of vegetation. The soil to plant transfer values (FW) range from 0.75
for potatoes to 15 for root vegetables. These values are based on 12 references
listed in the section on strontium transport factors (i.e, Section 6.2.7). We
have obtained and reviewed 10 of the 12 references. The Wyhl Report references
have been divided into two groups: (1) greenhouse experiements and (2) field
studies. The methodology used in reviewing these references is more fully

described in Appendix 8.
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5.2.2.1 Greenhouse Experiments

r Plant Uptake of Sr-90, Ru~106, Cs~137 and Ce~144 from Three Different
Types of Soils - Romney et al. (19!54)23

Romney et al. measured the corcentration of several fission products,
including Sr=90 and Cs=137, in three common food crops grown on three
different types of soils. Plants were grown in 1.6 Kg of soil in
plastic-lined clay pots. Watering of plants was carefully controlled.
Activity was measured in the following plant species and plant parts:

(1) barley - forage and grain, (2) bean - leaves, stems and fruit, and
(3) radish - top and root. Plants were grown on three agricultural soils
which had a wide range of chemical properties: (1) Sassafras sandy loam,

(2) Hanford sandy loam, and (3) So-rento fine sandy loam.

Strontium soil to plant transfer factors (FW) were derived from the
reportza ~oil and plant concentrations. Strontium soil to plant transfer
factors are given in Table 5.6. Plant parts are classified into two
groups: (1) the edible plant part eaten by humans; and (2) the edible
plant part that could be eaten by animals. Soil to plant transfer
factors (FW) for plant parts eaten by humans ranged from 0.2 for bean
fruit grown on Sorrento soil to about 5.4 for radish roots grown on
Sassafras soil. Soil to plant transfer factors (FW) varied by about an
order of magnitude for different soils. The average Biv(FH) for human

edible plant parts grown on the three soils was 1.6 ¢ 1.8.

5-28



Table 5.6. Sr-90 Soil to Plant Transfer Factors (FW) for Common Food Crops‘
Soil Type
Edible Plant Part Sassafras Hanford Sorrento
Humans
Barley/Grain - 1.73 -
Bean/Fruit 1.94 0.54 0.20
Radish/Root 5.36 0.41 0.21
Average + s 3.65 + 2.42 0.89° +0.73 0.21+ 0.01
Animals
darley/Forage 21.1 5.75 2.49
Bean/Leaves & Steas 7.35% 3.05 1.56
Radish/Top 17.3 5.05 2.28
Average + s 15.3+ 7.1 4.62 + 1.4 2.11'+0.49
§ Humans & Animals
Average + s 9.5 +8.2 2.8+ 2.6 1.2+ 13

—_

‘Biv (FW) values were derived from Romney et al. (1954) by dividing the reported plant concentrations by the

reported soil concentration (100 dps/g of soil), and using the following FW/DW ratios:

tarley/grain, 1.1;

bean/fruit, 9.0; radish/root, 15.6; barley/forage, 1.1; bean/leaves and stems, 4; and radish/top, 4.



Soil to plant transfer factors (FW) for plant parts that may be eaten by
animals ranged from 1.6 for bean leaves grown on Sorrento soil to 21.1
for barley forage grown on Sassafras soil. Soil to plant transfer
factors varied by about an order of magnitude for different soils. The
average B'V(FH) for animal edible plant parts grown on the three soils

was 7.3 ¢ 7.0.

The Wyhl Report uses a Biv for root vegetables (15) that is about 3 times
higher than the largest value derived from Rmoney et al for radish roots
(5.4). The Wyh! Report's Biv for cereal grain (1.67) is about equal to

the value derived from Romney et al for barley (1.7).

Release of Sr-90 and Cs-137 from Vina Loam upon Prolonged Cropping =

Nishita et al. (1958)7

Nishita et al. measured Sr-30 and Cs-137 activity concentrations in
Ladino clover. The objective of this study was "to study the release of
Sr-90 and Cs-137 from contaminated soils as a function of intensive and
prolonged cropping." Carrier-free Sr-90 was mixed with Vina loam to give
an activity concentration of 99.4 dps/g of soil. Exchangeable strontium
levels were measured at the beginning of the experiment. About 90% of
the Sr-9C initially added to the soil was in an exchangeable form at day
zero. Plants were grown in 600 g of soil in 4-inch clay pots.

Fertilizer ~as added to the pots at the beginning of the experiment and
after the fifth harvest (day 286). Plant activity was reported in

dps/gram of dry soil.
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Derived a1v(rw) values for clover tops varied from about 1.0 for plants
harvested after 74 days to about 1.3 for plants harvested after 516 days
(i.e., the ninth blooming stage of growth). Derived Biv(FH) values for
clover roots were about 25% lower than the corresponding values for
clover tops. The average B, (FW) was 1.0 £ 0.1 and 0.75 £ 0.05 for
clover tops and clover roots, respectively. The above aiv values are
based on the total amount of Sr-90 added to the soil and a FW/OW ratio of
5 for forage grass. The amount of exchangeable strontium in soi)
gradually decreased from about 90% at day 0 to about 65% at day 516. The
Wyhl Report's Biv for clover (7.2) is about 5 times higher than the largest
value reported by Nishita et al (1.3)

Influence of Stable Sr on Plant Uptake of $r-90 from Soils - Romney et
al. (1959)%4

Romney et al. investigated the effect of different concentrations of
stable strontium in soil on the soil to plant uptake of a strontium
tracer. The purpose of the experiment was "to determine to what extent
the addition of stable Sr to Sr-90 contaminated soils might reduce plant
uptake of Sr-90." Two plant ¢Decies (i.g. bean plants and Ladino clover)
were grown on three soil types. The three soil types were selected
because of their wide differences in chemical propercties. The three
soils used were (1) Sassafras sandy loam, (2) Hanford sandy loam, and
(3) an alkaline - calcareous sandy loam from Yucca Flat, Nevada. The
sofls contained exchangeable native strontium in the following concen-
trations (meg./100g of air-dry soil): (1) Sassafras sandy loam, 0.002;
(2) Hanford sandy loam, 0.032; and (3) Yucca Flat sandy loam, 0.172.
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Bean plants were grown in 1.6 Kg of soil per pot for the three soil
types. Clover was grown in 20 Kg lots for only one soil type - Hanford
sandy loam. The concentration of Sr=90 in equilibrium with Y=90 was
100 dis./sec/g of soil,

The strontium uptake of bean tops varied for different soils by a factor
of about 20. For the control case (i.e., the case in which stable
strontium was not added to the soil) the following 91v“”) values were
derived for bean tops: (1) Sassafras sandy loam, approximately 2.2;

(2) Hanford sandy loam, approximately 1; and (3) Yucca Flat sandy loam,
approximately 0.1. The above 81v values are based on an FW/DW ratio of 9
for bean tops. The average Biv (FW) is 1.1 + 1.1.

The strontium uptake of clover grown on Hanford soil for the control case
decreased with the age of harvest. For the control case the following
Biv(FU) values were derived for different harvest times: (1) 252-day
cutting, 3.9; (2) 304-day cutting, 3.6; (3) 329-day cutting, 3.7;

(4) 423-day cutting, 3.2; and (5) 551-day cutting, 2.6. The above aiv
values are based on an FW/DW ratio of 5 for forage grass. The Wyhl
Report's B1v for clover (7.2) is about twice as large as the average

value derived from Romney et al for clover (3.4).

Uptake of Strontium by Pasture Plants and its Possible Significance in
Relation to the Fall-out of Strontium=90 - Vose and Koontz (1959)25

Vose and Koontz investigated the soil to plant uptake of stable strontium

for different forage species and different soil types. Forage species
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were classified as grasses ur legumes. Eight grass species and eight
legume species were grown in l-gallon stone crocks. Plants were grown in
the following sofl types (1) Nord fine sandy loam; (2) Yolo fine sandy
loam; and (3) Sacramento fine sandy loam. The strontium content of
plants and soils was determined by X-ray spectrograph. Soils were
extracted with ammonium acetate - ammonia at pH 9.0. Plants were
harvested at eight weeks when the plants were beginning to flower or

reach maximum vegetative growth,

Strontium plant concentrations and strontium soi] to plant transfer
factors are reported in Table 5.7. The average Biv(FV) for grasses
ranged from 0.43 for Nord fine sandy loam to 0.98 for Sacramento fine
sandy loam. The average Biv(Fw) for grasses for all soil types was
0.67 + 0.28. The average 8;,(FW) for legumes for all soil types

(2.4 + 1.2) was about 3.5 times greater than for grasses.

The author does not discuss the relation between extractable strontium
from soils and total strontium in soils. If the total strontium soil
concentration is significantly greater than the extractable strontium
concentration, then the above soil to plant transfer factors would be too

high.

The Wyhl Report's Biv for grass (3.2) is about 2 times greater than the
highest value reported by Vose and Koontz for grass (1.4). The Wyhl
Report's B1v for clover (7.2) is larger than the highest value reported

by ose and Koontz for legumes (4.3)
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Comparative Sr-90 Content of Agriculturai Crops Grown in a Contaminated
Soil = Evans et al. (1962)%°

Evans et al. measured the Sr-90 content of 36 species of plants grown on
Greenville Toam obtained from Ontario, Canada. The plant species used in
this study represent cereal, forage, and vegetable species important to
Canadian agriculture. Plants were grown in 2.5 kg of soil in 5-pint
plastic pots. Strontium=90 (51.6 mCi) was mixed with the soil prior to
planting.

Strontium-90 concentration and soil to plant transfer factors (FW) of
various species are given in Tables 5.8, 5.9, and 5.10 for cereal
crops, forage crops, and vegetable crops, respectively. Soil to plant
transfer factors (FW) for cereal crops vary from about 0.03 for corn
grains to about 2.2 for flax straws. The average B‘V(Fw) for cereal
crops is about 0.7 + 1.8, The above Bw values are based on an FW/DW
ratio of 1.1. Soil to plant transfer factors (FW) for forage crops and
tobacco vary from about 0.2 for wheat grass to about 1.0 for sweet
clover, erector. The average B,v(FH) for forage crops and tobacco is
about 0.9 + 1.1. Soil to plant transfer factors (FW) for vegetable crops
vary from about 0.01 for tomato fruit to about 2.6 for cucumber tops.
The average a,v(rw) for vegetable crops is about 0.5 + 0.6.

The range of Biv for all crops extends from about 0.01 for tomato

fruit to about 2.6 for cucumber tops. The average Biv(Fw) of cereal
crops (0.7), forage crops (0.9), and vegetable crops (0.5) is 0.7+ 0.2.
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Table 5.7 Stable Strontium Soil to Plant Transfer gactors for
Forage Species Grown on Three Soil Types

. Nord Tine sandy Toam Yolo fine sau_\_g! loam Sacramento fine sgﬁ loam
Species PTant Sr ‘I’WIFFS ant Sr iv “Plant Sr iv
(meq/g) (meq/g) (meq/g)
Grasses
Bromus inermis, Manchar 149 0.56 0.83 0.70 1.25 1.42
Lolium perenne, Oregon Commercial 1.31 0.50 0.74 0.62 h.89 1.01
Lolium perenne, S.101 1.19 0.45 0.71 0.60 0.89 1.01
Festuca elatior, Late Ctofte 1.19 0.45 0.65 0.55 0.89 1.01
;fe'siuca arundinacea, Alta 1.07 0.41 0.71 0.60 0.89 1.01
leum pratense, American
”Co-e_e"ﬂ—rc a 1.01 0.38 0.59 0.50 0.59 0.67
Phalaris puberosa, Harding-grass 0.95 0.36 0.71 0.60 0.71 0.81
Dactylis glomerata, Potcmac 0.93 0.35 0.65 0.55 0.77 0.88
v Average + s 0.43 + 0.07 0.59 + 0.06 0.98 + 0.22
un
Legumes ‘
Trifolium subterraneum, |
Tallarook 4.70 1.78 3.99 3.35 4.22 4.80
Medic sativa, Caliverde 3.81 1.44 2.44 2.05 2.65 3.0l ‘
lrifo“m fragericum, Salinas 3.57 1.35 2.20 1.85 2.74 3.11 |
Trifolium repens, 5.100 3.51 1.33 1.96 1.65 2.62 2.98 |
Trifolium repens, Dutch White 3.27 1.24 2.84 2.39 3.45 3.92 |
Trifolium | l-p'%_'ra ense, Kenland 3.20 1.21 2.47 2.08 3.99 4.53 |
Trifolium repens, Landino 3.09 1.17 2.74 2.30 3.57 4.06
[otus cornirulatus, Los Banos 2.53 0.96 1.67 1.40 2.38 2.70
|
Average + s 1.31 + 0.24 2.13 + 0.59 3.63 + 0.79 |

4S0i1 to plant transfer factors were derived from the plant concentrations in Vose et a . (1959) using the following
z0il extractable strontium soil concentrations (meg/g) reported by the authggs: (1) Nord fine sandy loam, 0.528,
(2) Yolo fine sandy loam, 0.238; and (2’ Sacramento fine sandy loam, 0.176. A FW/DW ratio of 5 was used to
convert to FW vaiues.




The Wyh! Report's va values exceed (by factors ranging from 2 to 65)
the maximum values reported in Evans as follows: grass - Wyhl, 3.2,
Evans, 0.36; clover - Wyhl, 7.2, Evans 1.0, (Sweetclover) and 3.5
(alfalfa); leafy vegetables - Wyhl, 2.5, Evans 1.3 (pea tops);
potatoes - Wyhl, 0.75, Evans, 0.03; root vegetables - Wyhl, 15,
Evans, 0.23 (onfon); and cereal grains = Wyhl, 1.67, Evans, 0.11
(barley grain).

Influence of Liming and Mineral Fertilization on Plant Uptake of
Radiostrontium from Danish Soils - A. J. Anderson (1963)27

The purpose of this study was to determine the uptake of strontium by rye
grass and red clover, and to investigate the effect of moderate liming
and mineral fertilization on strontium uptake. Plants were grown in a
greenhouse for 11 months during which period six harvests were made.
Typical Danish agricultural scils were used. Carrier free 895r or 90Sr
were mixed with soi] samples. Rye grass and red clover were grown in PVC

pots, each containing 800 g air-dried soil.

Plant and soil concentrations were reported in this paper for plants
grown undo; a number of growth conditions. Based on the plant and soil
concentrations, Biv values were derived for the control case (i.e., no
added l1ime or fertilizer). Derived Biv(FH) values for rye grass grown
on 20 different soils ranged from 0.2 to about 0.9. The average B1V(FH)
for rye grass grown on 20 soiis was about 0.5 + 0.2. Average soil to
plant transfer factors (FW) for red clover (1.4 + 0.6) were about three

times higher than for rye grass. Soil to plant transfer factors for red
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Table 5.8 Strontium Soil to Plant Transfer Factors for Cereal Crops, Flax and Corn

Plant Sample Plant Biv(ﬂl)l
Sr-90
(nCi/g.)
Oat straw 28.41 1.2%
Oat grain 2.18 0.10
Rye straw 31.97 1.40
Rye grain 1.65 0.07
Wheat straw 22.33 0.98
Wheat grain 1.25% 0.05
Barley straw 34.61 1.53
Barley grain 2.50 0.11
Flax straw 50.77 2.24
Flax seed 14.28 0.63
Corn stalks 15.56 0.18
Corn grain 0.5% 0.03
Average + s 17.27+ 16.6 0.7+ 0.75

{E=S

lBiv(F\i) was obtained by dividing the plant concentrations given in Evans et al. (1962) by the soil concentration
(20.64 n(:i/g).?6 B'V(FH) values are based on a FW/DW ratio of 1.1 for grains and straw.



BE-S

Table 5.9 Strontium Soil to Plant Transfer Factors for Forage Crops and Tobacco

Plant Sample Plant 8, (Fw)?
Sr-90
(nCi/g.)
Brome grass 31.26 0.30
Timothy 19.11 0.19
Crested wheat grass, Fairway 19.36 0.19
Crested wheat grass, Sumait 29.45 0.29
Creeping red fescue : 36.94 0.36
Reed canary grass 30.37 0.29
Green needle grass 24.05 0.23
Alfalfa 80.01 3.5
Sweet clover, Erector 107.45 1.04
Sweet clover, Arctic 94.73 0.92
Red clover 91.30 0.88
Alsike clover 70.94 0.69
White clover 75.86 0.74
Birdsfoot trefoil 76.44 0.93
Soybean, straw 99.16 4.36
Soybean, seed 10.82 0.47
Sugar beet, tops 83.63 1.01
Sugar beet, root 23.47 0.29
Tobacco 79.66 0.97
fverage t s 57.T + 32.8 0.9+1.1

‘Biv(ﬂw) was obtained by dividing the plant concenirations in Evans et al. (1962) by the reported soil
concentration (i.e., 20.64 n(:i/g).z6 Biv(FH) values are derived from Biv(DH) values using the following
FW/DW ratios: (1) all grasses, 5.0; (2) alfalfa is assumed to be in the form of a hay (1.1) rather than
a grass (5.0); (3) clover, 5.0; (4) birdsfoot trefoil, 4; (5) soybean straw and seed, 1.1; and
(6) sugarbeets and tobacco, 4.
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Table 5.10 Strontium Soil to Plant Transfer Factors for Vegetable (. 2s

Plant Material Plant Biv(“n
Sr-90
(nCi/g.)
Cabbage, outer leaves 89.51 0.33
Cabbage, head 19.54 v.07
Cauliflower, leaves 79.47 0 32
Cauliflower, head 9.52 0.63
Lettuce, tops 43.82 0.11
Spinach, tops 77.58 0.27
Pea, tops 102.94 1.26
Pea, seed (green shelled) 4.41 0.05
Bean, tops 115.43 0.62
Bean, seed (green shelled) 17.18 0.09
Carrot, tops 108. 29 1.3
Carrot, root 25.56 015
Turnip, tops 145.16 0.74
Turnip, root 30.32 0.13
Potato, tops 77.45 0.94
Potato, tuber 3.09 0.03
Onion, bulb and tops 38.54 0.23
Cucumber, tops 215.43 2.61
Cucumber, fruit 21.47 .04
Tomato, tops 67.77 0.82
Tomato, fruit 4.92 0.01
Celery, tops 98.73 0.
Average + s 63.5+54.1 0.48 + 0.62

—_—

lﬂiv(W) was obtained by dividing the reported plant concentrations in Evans et al. (1962) by the reported soil
concentration (i.e., 20.64 n(:i/;;).26



clover grown on the 20 soils ranged from about 0.3 to 2.9. The average
Biv(Fw) for the two plant species grown on 20 types of soils was about
1.0 £ 0.6. The above B, values are based on an FW/OW ratio of 5 for rye
grass and clover. The effect of liming and fertilizer on Biv was small
in comparison with the range of 81v values for different plant species

grown on different soils.

The Wyhl Report's Biv for grass (3.2) and clover (7.2) is more than
2.5 times higher than the largest values (0.9 and 2.9 for grass and

clover respectively) reported by Anderson for the control case.
Soil-Plant Relationships of Radioactive Elements - Menzel (1965)28

Menzel estimated values for soil to plant transfer (OW) of 40 elements.
Elements were grouped into one of five categories ranging from strongly
concentrated to strongly excluded. Strontium was listed in the slightly

concentrated category (i.e., Biv(D“) from 1 to 100).

Menzel references six papers as the basis for this classification for
strontium. The materials and procedures of the referenced papers is not
described in detail. However, only papers in which water soluble forms
of strontium were added to soil were considered in obtaining references.
Menzel does not state whether the classification of strontium is based on
field or greenhouse experiments. Since most of the strontium references
cited by Wyhl are greenhouse experiments, we have somewhat arbitrarily
included this pape~ in this section. Based on an FW/DW ratio of %,

then Biv(FW) ranges from 0.25 to 25 with a midpoint of about 12.6 + 17.5.
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The Wyhl Reoort's B‘V values for strontium are within the range given

by Menze!.

Accumulation of Cs-137 and Sr-85 by Florida Forages in a Uniform
Envirconment - Garrett et al. (1971)9 '

Garrett et al. measured the ratio of soil to plant radionuclide content
for both Cs~137 and Sr-85 in nine forage species that are common to
Florida. Following periods of radicactive fallout, the Cs-137 level in
Florida milk was consistently higher than the national average. This
study was designed to identify the causes of the higher than average
Cs=137 levels in Florida mi1k. Uptake of strontium was investigated to
determine if there were interspecie differences in soil to plant uptake

of other nuclides than Cs-137.

Aqueous high specific activity 85Sr Cl (1 mCi) was thoroughly mixed with
2500 Qraas of soil (Leon series soil). Forage was grown in shallow (4 cm
de2p) containers about 2 liters in volume. Leon series soil is a typical
Florida soil representing about 26% of the Florida land area. A number
of soil parameters for Leon series soil are given; however, neither the
potas.ium nor calcium concentration of the soil was given. Soil moisture
was controlled to about 158 moisture content by daily watering. Samples
were oven-dried and analyzed by gamma spectroscopy. The ratio of plant
to soil radionuclide content (FW) for Sr-85 varied from a 0.8 for
bahiagrass to 3.0 for white clover. The unweighted average ratio of
plant to soil radionuclide content (FW) for Sr-85 for the nine grasses

was about 1.7 + 0.6. The above B, values are based on a FW/OW ratio of
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5 for forage grass. The Wyhl Report's Biv for grass (3.2) and clover
(7.2) is more than 1.5 times higher than the largest values (2.1 and 3.0
respe..ively) reported by Garrett et al.

5.2.2.2 Field Studies

1. Isotopes and Radiation in Soil-Plant Relationships Including Forestry -

0'Souza et al (1972)'

0'Souza et al. studied the distribution of the radionuclides in grass
growing n four typical Belgium pasture soils. Soils were artificially
contaminated with radiostrontium and radiocesium under both field and
greenhouse conditions. Soils were sprayed with Sr-85 in amounts ranging
from 10 to 100 nC1/n2. The time of spraying grass with Sr-85 was not
given, and its is not clear whether decay has been taken into account in

the reported soil surface contaminations.

Plant cencentrations (pCi/g (DW)) ranged from about 250 pCi/g to about
4000 pCi/y for soils sprayed with 10 mCi/nz. Assuming the effective
sur‘ace density of 240 kg/nz in Regulatory Guide 1.109, then the surface
concentration of 10 mC1/n2 converts to a soil concentration of

41.7 pCi/g. Based on this assumption, then B,v(Fw) values ranged from

1 to 19. The average Biv(FH) for grass grown on four soils and sampled
for two time periods was 5.3 + 1.6. The above 8;, values are based on an
FW/OW ratio of 5 for grasses. The Wyhl Report's Biv for grass (3.2) is

about one-half of the average value obtained from d'Souza et al.
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- Environmental Radioactive Pollution and Man - A. N. Marei (1973)]3

This article is contained as Chapter 7 in a book entitled Radioecology

edited by V. M. Klechkovskii and G. G. Polikarpov. The chapter is mainly
concerned with the migration of Sr-90 and Cs-137 from the environment to
man. The chapter contains a brief summary of the migration of Sr-90 and
Cs=137 from soils into grass and milk. The chapter also discusses human

intake and metabolism of these isotopes.

Marei references a previous publication by the author for migration
values of Sr-90 from three soil types to grass: (1) 0.72; (2) 2.34, and
(3) 0.50. If it is assumed that these migration values are equivalent to
Biv(nw) values, then the average Biv(FH) is about 0.2 + 0.2. The
procedures and methods used in determining the above migration values is
not described in this paper. The Wyhl Report's Biv for grass (3.2)

exceeds the highest value reported by Marei.

5.2.2.3. Summary and Conclusions of Review of Wyhl References for Soil to

Plant Transfer of Strontium

1. The papers thai were reviewed contained a large range of soil to plant
transfer factors. The range of Biv values reported by the various
authors is given in Table 5.11 and 5.12 for greenhouse experiments and

field studies, respectively.

2. The majority of the Wyhl Report's references (8 out of 10) that were

reviewed are greenhouse experiments. The other two references are field
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studies. As noted earlier, greenhouse experiments are use'u] for
comparing plant uptake in different soils and determining the relative
effect of liming and fertilizer on plant uptake. However, greenhouse
experiements are not as likely to provide good quantitative estimates of
soil to plant uptake. Russell has stated, "However, even if large
containers are used, the development of roots is likely to contrast with
that where plants are grown under field conditions. If experiments are
to provide reliable quantitative information for predicting the long=-term
consequences either of world-wide falloJut or of possible discharges from
nuclear reactors, they must be carried out under the field conditions of

normal agriculturt.“3

The Wyhl Report uses the following Biv values for estimating the Sr
concentration in plants: grass, 3.2; clover, 7.2; leafy vegetable, 2.5;
potatoes, 0.75; root vegetables, 15; and cereal grains, 1.67. In most
cases the aiv values for strontium used in the Wyhl Report are based on
soil and plant characteristics that tend to maximize the transfer of

strontium from soil to plants. For example:

. The Wyhl Report's Biv for grass (3.2) is larger than the highest
values derived from Vose and Koontz (1.4), Evans (0.36), Anderson
(0.9), Garrett (2.1), and Marei 72.3) for grass. The only Biv
values for grass that are larger than those in the Wyhl Report are
those contained in d'Souza.

. The Wyhl Report's Biv for clover (7.2) is larger than the highest
values derived from Nishita et al (1.3), Romney et al (3.4), Vose
and Koontz (4.8), Evans (3.5), Anderson (2.9), and Garrett (3.0)
for clover and Alfalfa.
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. The Wyhl Report's Biv for leafy vegetables is larger than the highest

value derived from Evans et al (1.3) for leafy vegetables.

. The Wyhl Report's Biv for potatoes (0.75) is 25 times larger than
the value derived from Evans et al for potatoes (0.03).

. The Wyhl Repor 's Biv for root vegetables is larger than the
highest values derived from Romney et al (5.4) and Evans et al
(0.23) for root vegetables.

4. The amount of soil in which plants grew ranged from 0.6 kg/pot for Ladino
clover (Nishita et al.)7 to 2.5 kg for 36 species of plants (Evans et
al.).26 Larger pots allow more room for roots to develop in normal field

conditions. None of the papers discussed root cramping.
5. All of the reviewed references had higher average soil to plant transfer
of strontium than NRC's current value of 0.017. The references included

a variety of crops grown on many soil types.

5.2.3 Basis for NRC Values for Soil to Plant Transfer of Strontium

As stated earlier, the soil to plant transfer values used in Regulatory

Guide 1.109 are derived from a report entitled, "Prediction of the Maximum
Dosage to Man from the Fallout of Nuclear Devices, Handbook for Estimating the
Maximum Incernal Dose from Radionuclides Released to the Biosphere," (USAEC
Report UCRL-50163, Part IV, October 1968) by Y. C. Ng et ‘].15 Ng gives
average concentrations of 100 elements in typical agricultural soil and
portions of the human diet derived from plants. The average strontium

concentration in soil (300 ppm) is derived from a book entitled, "The
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Geochemistry of Rare and Dispersed Elements in Soils" by Vinograuov (1959).]7
Ng derived the average strontium concentration in plants (5 ppm on a fresh
weight basis) from two references: (1) Strontium and Barium in Plants and
Soils - Bowen (AERE-SPAR-4, 1955);%% and (2) Strontium-90 in the Australian
Environment, 1957 to 1960 - Bryant (1962).30 Dry weight literature values for
plant concentrations were converted to wet weight values by assuming the water
concentration to be 75%. The soil to plant transfer factor for st=ontium used
in Regulatory Guide 1.109, was obtained by dividing the average plant concen-
tration (5 ppm, FW) by the average soil concentration (300 ppm) to get a value
of 0.017. The physical basis upon which this value is based is presented in

Appendix C.

As part of our effort to periodically update the models in Regulatory
Guide 1.109, we have also included in this report a recent paper by Y. C Ng
entitled "Transfer Factors for Assessing the Dose from Radionuclides in

Agriculturai Products.”zz

Soil to plant transfer factors, as a function of
soil texture, are reproduced from Ng's paper in Table 5.5. This table shows
that NRC's soil to piant transfer factors for strontium (i.e., 0.017) is low
for a number of plants grown in three soils with different soil texture. Baker
has suggested that NRC's current value for Biv for strontium should be raised by

about an order of magnitude to 0.2.31

A value of 0.2 would be realistically
conservative for most plants consumed by humans grown on most soils. However,
B{V(FH) values for crops normally eaten by animals are slightly higher than
values for plants consumed by humans. A value of 1.0 would be realistically
conservative for most plants consumed by animals on most soils (see Appendix C
for a more thorough discussion of Ng's paper). Biv values of 0.2 and 1.0 for

crops consumed by humans and crops consumed by *nimals, respectively, would
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Table 5.11 Range in Strontium Soil to Plant Transfer Factors
Reported by Various Papers Cited in Wyhl Report -
Greenhouse Experiments

B. (FW)
iv

Reference Low High Unweighted Avg. Parameters Examined

Romney et al. (1954) 0.2 3.3 4.5+ 4.0 Three common food crops grown on three
soils with a wide range in chemical
properties

Nishita et al. (1958) 0.7 1.3 0.9+0.2 Clover tops and clover roots for times up
to 1.5 years

Romney et al. (1959) 0.1 3.9 2.3 *+ 1.6 Bean tops grown on three soil types, and
cliover harvested up to 1.5 years after
planting

Vose and Koontz (1959) 0.3 4.8 .5 %3.2° Sixteen forage species grown on three soil
types

Evans et al. (1962) 0.01 2.6 0.7 + 0.2 Thirty-six plant species that included
cereal crops, forage crops, and vegetable
crops.

Anderson (1963) 0.2 2.9 1.0 + 0.6 Two forage species grown on 20 soil types

Menzel (1965) 0.25 25 12.6 + 17.5 Derived B. values are based on a rough
classifica¥ion of elements according to
their concentration factors.

Garrett et al. (1971) 0.8 3.0 1.7 + 0.6 Nine forage species grown on a Florida soil

with high soil to plant transfer
characteristics for cesium
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Table 5.12. Range in Strontium Soil to Plant Transfer Factors
Reported by Various Papers Cited in Wyh] Report -
Field Studies
B,, (W)
Reference Low High Unweighted Avg. Parameters Examined
D'Souza et al. (1972) 1 19 5.3 + 1.6 Grasses grown in covered and uncovered
plots on four soil types

Marei (1973) 0.1 0.6 9.2 +0.2 Grass grown o1 three soils with high cesium

soil to plant  ‘ansfer characteristics




‘ncrease the estimate of activity in vegetation by a facto~ of about 2.6 to 5
for Sr-90, depending on vegetation type.

5.3 INGESTION DOSE CONVERSION FACTORS FOR CS-137 and SR-90
The Wyh! Report's ingestion dose conversion factors (DCFs) for Sr-90 and
Cs=137 for the kidney and bone, respectively, are more than 10 times larger

than the corresponding values used by NRC.

$.3.1 Basis for the Wyhl Report's Ingestion Dose Conversion Factar for
Sr-90 and Cs-137

Chapter 8 of the Wyhl Report, "Examination of the Dose Factors," presents the
ingestion dose conversion factors that were used in calculating doses to

adults and children, and the technica) basis for these DCFs.

The Wyhl Report's ingestion DCFs for $r=-90 (bone) and Cs-137 (kidney) are
compared with NRC's and ORNL's corresponding DCFs in Table 5.1ji

Strontium=90

The Wyhl Report's Sr-90 DCF for the bone (0.096 mrem/pCi) is more than 12
times greater than the value used by NRC (i.e., 0.0076 mrem/pCi). In their
discussion of DCFs for strontium, the Wyhl Report states that the Interna-
tional Commission on Radiological Protection's (ICRP) transfer factor from the
gastrointestinal tract to bone for Sr-90 is too low. ICRP uscs a transfer

factor from the gastrointestinal tract to bone of 0.09 for stable strontium
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and Sr-90, and a value of 0.2 for Sr-85, Sr-85m, Sr-89, Sr-91 and Sr-92.32
Strontium=85, Sr-85m, Sr-89, Sr-91 and Sr-92 have effective half lives (Tli
less than 65 days) that are much shorter than S$r-90 (T& = 17.5 years) and
stable strontium. Since the transfer factor of 0.09 for Sr-90 is based on "a
personal communication (Durbin to Morgan 8/7/58)33 which cannot be checked and
which apparently is unpublishable," it is dismissed. However, even increasing
the Sr-90 transfer factor by about 2.3 (i.e, from 0.09 to 0.21) does not

explain a more than 12 fold increase in the OCF.

Cesium=137

The Wyhl Report uses a OCF of 0.00144 mrem/pCi in calculating the dcse to the
kidney from ingestion of Cs=137. This value for Cs-137 DCF for the kidney is
about 40 times greater than the corresponaing value used by NRC (i.e.,
0.000037 mrem/pCi) to calculate the adult kidney dose. The Wyhl Report does

not discuss the basis for their higher value.

5.3.2 Basis for NRC's Ingestion Dose Conversion F -t .rs for Cs-137 and

Sr-90

NRC's adult ingestion dose conversion factors (DCFs) are given in Table E-1]
of U.S. NRC Regulatory Guide 1.109. The basis for the ingestion dose
conversion factors in Regulatory Guide 1.109 is described in a document
entitled "Age-Specific Radiation Dose Committment Factors For a One-Year
Chronic Intake" (NUREG-0172).34 The equations for calculating internal dose
conversion facturs in NUREG-0172 were derived from those given in ICRP
Publication 2, "Report of ICRP Committee II on Permissible Dose for Internal
Radiation. "32
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3
Table 5.1#: Comparison of Wyhl Report's Ingestion Dose
Conversion Factors for Sr-90 (Bone) and
Cs=137 (Kidney)

Adult Ingestion Dose Conversion Factors, mrem/pCi

Isotope/Organ wyh12 NRC® ORNL®
Sr-90/Bone 9.6x1072 7.6x1073 1.2x1073
Cs=137/Kidney .44x10"3 3.7x107° 7.73x107°

aIngostion dose conversion factors (DCFs) are from Table 8-1 of the Wyhl Report.
bNRC's OCFs are from Table E-11 of jegulatory Guide 1.109.

CORNL's DCFs are from p. 312 of NUREG/CR-0510, "Estimates of Internal Dose
Equivalent to 22 Target Organs for Radionuclides Occurring in Routine Releases
from Nuclear Fuel-Cycle Facilities." The ingestion DCF for Sr=90 is based
on a transfer fraction of 0.20 from the GI tract to blood. The DCFs in
this document are presented primarily to compare the results of various
methodologies. These UCFs have not been endorsed or recommended by ORNL.
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As stated in our Regulatory Guides, the procedures and models in Regulatory
Guides are subject to continuing review by the staff. Currantly, NRC's Office
of Regulatory Research has a contract with Oak Ridge National Laboratory
(ORNL) entitied "Dosimetry and Biotrsr-~art Models to Implement ALARA." The
objective of tnis contract is to assemble the latest data and models to
calculate a unified set of internal dose conversion factrrs. ORNL has
published three documents under this contract: (1) "SFACTOR: A Computer Code
for Calculating Dose Equivalent to a Target Organ per Microcurie-Day Residence
of a Radionuclide in a Source Organ" (ORNL/NUREG/TM-85); (2) "INREM II: A
Computer Implementation of Recert Models for Estimating the Dose Equivalent to
Organs of Man from an Inhaled or Ingested Radionuclide" (NUREG/CR-0114); and
(3) "Estimates of Internal Dose Equivalent to 22 Target Organs for Radio-
nuclides Occurring in Routine Releases from Nuclear Fuel-Cycle Facilities,
Vol. 1" (NUREG/CR-0150).3%» 38+ 37 1he 1ast document (NUREG/CR-0150) contains
a set of OCFs that were calculated by ORNL primarily to compare the results of
various methodologies. Although these DCFs have not been endorsed or recom-
mended by ORNL, we include them here for illustrative purposes. Table 5.14
compares the Wyhl Report's ingestion DOCFs for Sr=90 and Cs=137 with ORNL's
OCFs. The Wyhl Report's Sr-90 ingestion DCF is 80 times greater than the
value in NUREG/CR-0150. The Wyhl Report's CS-137 ingestion DCF is about 19
times greater than the corresponding value in NUREG/CR-0150.

5.4 SUMMARY AND CONCLUSIONS OF CRITICAL PARAMETERS FOR CS-127 and SR-90 IN
RADIOLOGICAL ASSESSMENT MODELS

This chapter reviews the technical basis for several parameters for Cs-137

and S5r-90. These nuclides are critical to the Wyhl Report's ingestion dose
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estimates for the maximum individual. Most of the Wyhl Report's references
for soil to plant transfer (Biv) of Cs and Sr, as well as their basis for
ingestion dose conversion factors (DCFs) for Cs=137 (Kidney) and Sr-90 (bone)
have been reviewed. The technical basis for corresponding NRC values for

Cs=137 and Sr-90 is given.

5.4.1 Soil to Plant Transfer of Cesium and Strontium

The Wyhl Report references over 20 papers for soil to plant transfer (Biv) of
cesfum and strontium. Most of tie Wyhl Report's references are greenhouse
experiments as opposed to field studies. Greenhouse experiments are not as
Tikely to provide good quantitative estimates of soil to piant uptake as field
studies. In most cases the Biv values for cesium and strontium are based on
soil and plant characteristics that maximize transfer from soil to plants.

For example:

. The Wyhl Report's B1v for cesium exceeds or is about equal to the
highest values derived from the reviewed references for 4 of the 6
vegetation categories (clover, leafy vegetables, potatoes and cereal
grain). The Wyhl Report's Biv for grass is larger than the highest
value derived from 3 of the 5 references on soil to grass transfer.
Only the Garrett et al and Marei references support the Wyhl Report's
Biv for grass. The Biv values derived from Garrett et al are for a

soil with high soil to plant transfer characteristics for cesium. The

experimental basis for the B, values in Marei is not described in

iv
sufficient detail to give it much weight. Although the Wyhl Report's
reference on root vegetables was not reviewed, the Biv for root
vegetadles also appears to be based on the highest values observed.
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. The Wyhl Report's Biv for strontium exceeds the highest values derived
from the references reviewed for four of the six vegetation categories
(clover, leafy vegetables, potatoes, and root vegetables). The Wyh]
Report's B, for grass is larger than the highest values derived from
5 of the 6 references concerning soil to grass transfer. The Wyhl
Report's Biv for cereal grains (1.67) exceeds the highest value
reported by Evans (0.11); it is about equal to the highest value
reported by Romney et al (1.7).

Consequently, the Wyhl Report's estimated doses from the air to food pathway
are unrealistically high because of the use of unrealitic Biv values for cesium
and strontium. The use of high values for other parameters (e.g., feed to milk,
feed to meat, and ingestion rates) in series with maximum B;, leads to an even
more unrealistic model. Chapter 6 compares results from the Wyhl Reports
radiological model with measured concentrations of radionuclides in the environ-

ment around operating nuclear power plants.

NRC's soil to plant transfer values used in Regulatory Guide 1.109 are derived
from a report entitied "Prediction of the Maximum Dosage to Man from the Fallout
of Nuclear Devices, Handbook for Estimating the Maximum Internal Dose from
Radionuclides Released to the Biosphere." (USAEC Report UCRL-50163, Part IV,
October, 1968) by Y. C. Ng et “.15 NRC's va values are based on soil to plant
transfer of stable elements in soil. NRC values are based primarily on field

studies as opposed to greenhouse experiments.

Since the Wyhl Report includes many references that have higher average soil

to plant tranfer factors for cesium and strontium than NRC's current values of
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0.01 and 0.017, respectively, we have taken this opportunity to update NRC's

values for these factors.

As part of our effort to periodically update the models in Regulatory

Guide 1.109, we have also included in this report a paper presented by Y. C. Ng
at the International Atomic Energy Agency's (IAEA) Symposium on Biological
Implications of Radionuclides Released from Nuclear Industries. Ng's paper

was entitled "Transfer Factors for Assessing the Dose from Radionuclides in
Agricultural P'oducts."22 In this paper Ng presented updated values for transfer

of radionuclides to plants, milk and other animal products.

Based on our review of Ng's paper, the references cited in Ng's paper (see
Appendix D), as well as the Wyhl Report, we are considering the following
changes in values for soil to plant transfer (fresh weight (FW) basis) of cesium
and strontium in future revisions of Regulatory Gu'de 1.109. These proposed

valves would be used in the interim.

1. The Biv value for Cs would be increased from 0.01 to 0.02. Doubling NRC's
present value for cesium (0.01) would Jead to a more conservative value
for fine, medium, and coarse soil textures. Since aerosol deposition
dominates the air to plant transfer of cesium, a Biv valdé of 0.02 slightly

increases the estimate of activity in vegetation (by less than 10%).
2. The Biv value for strontium would be increased from 0.017 to 0.2 for plants

consumed by humans and to 1.0 for plants consumed by animals. These B‘.v

values should be realistically conservative for most plants grown on fine
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medium and coarse soil textures. Use of these values would result in an
increase in previous estimates of activity in vegetation by a factor of

about 2.6 to 5 for Sr-90, depending on vegetation type.

5.4.2 Ingestion Dose Conversion Factors for Strontium=90 and Cesium=137

The Wyhl Report's ingestion DCFs for Sr-90 and Cs-137 for the kidney and bone,
respectively, are more than 10 times larger than the values used by NRC. The
Wyhl Report's main criticism of the Sr-90 OCF for bone is that the transfer
factor (0.09) used by the International Commission on Radiological Protection
(ICRP) is based on "a personal communication (Durbin to Morgan 8/7/58) which
cannot be checked and which is apparently unpublishable." However, the wWyhl
Report does not reference any new documents that would discredit the ICRP's
value of 0.09. The Wyhl Report's value for Cs-137 DCF for the kidney is about
40 times greater than the corresponding value used by NRC. The Wyhl Report
does not provide any new references to support their use of this much higher
numoer. Consequently, the Wyhl Report's estimated bone and kidney doses are
unrealistically high because of the use of unrealistic DCFs for Sr-90 (bone)

and Cs-137 (kidney).

The Lasis for the ingestion dose conversion factors in U.S. NRC Regulatory
Guide 1.109 is described in a document entitled "Age-Specific Radiation Dose
Committment Factors for a One-Year Chronic Intake" (NUREG-OI72).34 The
equations for calculating internal dose conversion factors in NUREG-0172 were
derived from those given in ICRP Publication 2, "Report of ICRP Committee II

on Permissible Dose for Internal Radiation."32
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As stated in NRC's Regulatory Guides, the procedures and models in Regulatory
Guides are subject to continuing review by the staff. Currently, NRC's Office
of Regulatory Research has a contract with Oak Ridge National Laboratory
(ORNL) entitled "Dosimetry and Biotransport Models to Implement ALARA." The
objective of this contract is to assemble the latest data and models tu
calculate a unified set of internal dose conversion factors. Results from
NRC's contract with ORNL and similar studies will be incorporated into
Regulatory Guide 1.109 in a timely fashion.
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6. CCMPARISON OF WYHL REPORT'S RADIOLOGICAL MODRL
WITH ENVIRONMENTAL MONITORING DATA

Earlier chapters in this review have analyzed individual components of the Wyhl
Report's radiological model. A number of deficiencies in values of severai
parameters in the Wyhl Report's model have been identified. However, the ultimate
test of a model is to compare its predictions with measured values. This chapter
compares the Wyhl Renort's estimate of radionuclide concentrations in the environ-
ment with measured concentrations around nuclear power plants in the United

States.

6.1 Environmental Concentrations of Radionuclides Predicted by the Wyhl Report

Although the Wyhl Report does not give predicted values of radionuclides in
environmental samples, these values can be derived from the Wyhl Report in the
following manner. The Wyhl Report contains several tables listing expected
radiation exposure to adults (see Cﬁgfg)ﬁf the Wyhl Report). Concentrations
of radionuclides in foods were derived by dividing the expected dose by the
product of the corresponding ingestion dose conversion factors and the annual
consumption of the food. Concentrations of radionuclides due to airborne
releases are listed in Tables 6.1, 6.2, and 6.3 for vegetation, meat, and milk,

*espectively.

10 CFR Parts 20 and 50 require that radiological environmental monitoring
programs be established to provide data on measurable levels of radiation and
radioactive materials in the site environs of nuclear power plants. NRC

Regulatory Guide 4.1, Rev. 1, "Programs for Monitoring Radicactivity in the
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Table 6.1: Concentration of Radionuclides in Vegetation
Derived from Wyhl Report

Vegetation Concentrations, pCi/kg Wet woight‘
Nuclide Leafy Vegetables Potatoes Root Vegetables Cereal Grains

Co-58 7.4 0.3 0.1 2.1
Co=-60 14.9 4.3 3.9 21.6
In-65 11.4 2.9 & 10.1
Sr-89 1.1 < 0.1 0.2 0.1
Sr-90 59.7 17.6 348.8 40.2
[-131 27.2 0.0 0.0 0.0
Cs-134 40.1 463.1 3.2 32.9
Cs-137 760.1 14340.0 7.0 516.1
Ce~144 6.7 0.9 0.6 1.8
Pu-239 0.1 0.1 0.1 0.1

3Radionuclide concentrations in vegetation were derived from the Wyhl Report by
dividing the adult bone dose (Table 9-1) Ly the product of the corresponding
ingestion dose conversion factor (Table 8-1) and the annual adult consumpt.ion
of vegetation (Table 7.1.3-4).
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Table 6.2: Concentration of Radionuclides in Meat
Derived from Wyhl Report

Meat Concentrations, pCi/kg®

Nuclide Beef Pork
Co-58 15.5 0.2
Co=60 33.7 0.7
In=65 82.1 78.8
Sr-89 0.4 £ 0.1
Sr-90 15.6 1.6
[-131 168.0 64.3
Cs~134 1476.0 761.4
Cs=137 35080.0 20600.0
Ce-144 1.5 0.1
Pu-239 < 0.1 <0.1

dRadionuc]ide concentrations in meat were derived from the Wyhl Report by
dividing the adult bone dose (Table 9-1) by the product »* the corresponding
ingestion dose conversion factor (Table 8-1) and the annuil adult consumption
of meat (Table 7.1.3-4).



Table 6.3: Annual Average Concentrations of Radionuclides n Milk
Derived from Wyhl Report

Milk Concentrations, pCi/l

Nuc]lide Cow’ Goatb Shupb
Co-58 1.19

Co~60 2.59

in=65 64.05

Sr-89 0.38

Sr=90 15.1

[-131 84.0 246.0 279.0
Cs~134 177.2

Cs~137 4210.0

Ce-144 0.7

Pu=-239 < 0.0

3Radionuclide concentrations in cow milk were derived from the Wynl Report by
dividing the adult bone dose listed in Table 9-1 by the product of the corre-
sponding ingestion dose conversion factors (Table 8~1) and the adult annuai
milk consumption (360 liters, Table 7.1.4-4),

b1-131 concentrations in goat and sheep milk were derived by dividing the
infant thyroid dose listed in Chapter 11 of the wyhlzRoport by the product of
the infant thyroid dose conversion fz tor (2.8 x 10 “ mrem/pCi, Table 8-1)
and the infant annuai milk consumptir . (320 liters, Table 7.1.4-4). The wWyhl
Report did not 1ist doses due to infe it milk consumption from other isotopes.



Environs of Nuclea- Power Plants," provides an acceptable basis for the design
of programs to monito-~ levels of radiation and radioactivity in the station

onvirons.l

The Radiological Assessment Branch's Branch Technical Position (as
revised November 1979) sets forth an example of an acceptable minimum radinlogical
monitoring progran.z The radionuclide detection capabilities for analysis of
food and milk samples are given in Table 6.4 as.statcd in the Branch Technical

Position.

Comparison of Tables 6.1 through 6.3 with Table 6.4 indicates that the Wyhl
Report's predicted concentrations of radionuclides in vegetation, meat, and
milk exceed the lower limit of detection of several radionuclides. More

specifically:

1. The Wyhl Report's concentrations of Cs-137 in leafy vegetables, potatoes,
and cereal grains exceed the lowrr lim‘t of cetection of Cs-137 in food

products (80 pCi/kg, wet) by a f:ctor of 6 to 140 depending on the food.

2. The Wyhl Report's estimate of C:-134 in potatoes exceeds the lower limit
of deteccion of Cs-134 in food [roducts (60 pCi/kg, wet) by a factor of
about 8.

3. The Wyhl Report's estimate of =131, Cs-134, and Cs-137 in meat exceeds
the lower l1imit of detection of these isotopes in food products (60 to

80 pCi/kg, wet) by a factor of about 3 to adout 440.

4. The Wyhl Report's estimate of I-131, Cs=134, and Cs-137 in mi'k exceeds
the lower limit of detection of these isotopes in milk (1 to 13 pCi/1) LY}
a factor of about 10 to over 200.
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Table 6.4: Detection Capabilities for Environmental Sample Analysisa

Lower Limit of DctoctiongiLLD)b

Indicator Nuclide Food Products (pCi/kg, wet) Milk (pCi/1)
[-131 60 1
Cs-134 60 15
Cs-137 80 18
Ba-140 60
La-140 15

This 1ist does not mean that only these nuclides are to be detected and
reported. Other peaks which are measurable and identifiable, together with
the above nuclides, shall also be identified and reported.

bTho LLD is defined as the smallest concentration of radioactive material in
a sample that will yield a net count (above system background) that will be
detected with 95 percent probability with only 5 percent probability of falsely
concluding that a blank observation represents a "real" signal. The above LLDs
are taken from Reference 2. The above LLDs fur some nuclides are slightly
lower than those that were in effect for the year 1977 (see Reference 3).



6.2 Comparison of Wyhl Report's Estimated Environmental Concentrations with

Measurements

As stated in the Branch Technical “asition on environmental monitoring, the
NRC requiras that numerous environmental samples be taken near nuciear power
plants.z Environmental samples include water, airborne particulates, gas,
fish, milk, food products, and sediment. Since the Wyhl Report predicts
concentrations of Cs-137 and I-131 that exceed the lower limit of detection of
these isotopes in vegetation, meai, and/or milk, we have reviewed the environ-
mental monitoring data in environmental monitoring reports for the operating
year 1977 to see how applicable the Wyhl Report model is to plants in the
United States. These reports were submitted by the licensee to NRC.
Individual licensee reports are available in the NRC Public Document Rcom,
1717 H Street, NW, Washington, DC€f50555. and in local public document rooms
located near each licensed facility. Environmental moiitoring reports of 18
plants were arbitrarily soloctcd,by alphabetical ordor/for review out of a

total of about 50 plants,¥"#€ 332

Ranges of measured concentrations of Cs-137 in vegetation, meat and poultry,

and milk near nuclear reactors are given in Tables 6.5 through 6.7, respectively.
Ranges of measured concentrations of I-131 in milk samples near nuclear power
reactors are given in Table 6.8. The environmental monitoring data contained

in Tables 6.5 through 6.9 include measurements from both indicator and control
stations. The measured env.ronmental concentrations, unlike the Wyhl Report's
estimated concentrations, are the result of atmospheric bomb tests as well as
operating reactors. Since the Peoples Republic of China conducted two nuclear
tests in the fall of 1976 and one in September 1977, significant increases in
environm ntal concentrations were measured. Typically, a number of fission
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Table 6.5:

Comparison of Wyhl Report's Estimates with Measur

of Cs~137 in Vegetation Near Nuclear Power Plants

smnts

Nuclear Type(s) of Range of Cs-137 Concentration, gCi/kgc
Power Plant® Vegetation Slaplodb Measured wyhl Report
Arkansas 1 grass clippings 7% - 250 7 - 14,000
Beaver Valley 1 feed, forage, <20 -70 7 = 14,000
and garden crops

Browns Ferry tomatoes, potatoes <15 - 95 7 - 14,000
green beans, peaches,
cabbage, and soy beans

Brunswick fodder, feed, food 10 - 140 7 - 14,000
crop, and terrestrial
vegetation

Calvert Cliffs tobacco and corn no range given, 7 - 14,000

average = 50

Cook 1 grapes and grape all < 100 7 - 14,000
leaves

Cooper vegetation, feed, < 3 = not 7 - 14,000
forage, garden crops, available
and apples

Crystal River 3 green leafy vegetables, 19 - 1760 7 - 14,000
grass, citrus, and
watermelon

Davis Besse cabbage, beets, grass, < 10 - 45 7 - 14,000
and feed

Oresden 1, 2, 3 grass, feed, hay, and < 100 - 2300 7 = 14,000
vegetables

Duane Arnold alfalfa, lettuce, 10 - 200 7 - 14,000
cabbage, oats, and corn

-y
Fitzpatrick and onions, lettuce, corn, all < 80 7 - 14,000

Nine Mile Point

tomatoes, cucumbers,

squash, peppers, cabbage,

anples, and pears



Table 6.5 (Continued)

Nuclear Type(s) of Range of Cs-137 Concentration, pCi/kg®
Power Plant®  Vegetation Sampled® Measured® Wyh! Report
Fort Calhoun cattle feed and < 10 - 283 7 - 14,000

vegetation
Haddam Neck lettuce, peaches, 3~ 2 7 - 14,000

swiss chard, cabbage,
plums, and apples

Edwin I. Hatch none

LaCrosse type not stated all < 331 7 - 14,000
Maine Yankee type not stated 100 - 320

Millstone 1, 2 grass, strawberries, 37 - 74 7 - 14,000

cabbage, peaches,
broccoli, apples,
and turnips

311 concentration measurements were taken from the environmental monitoring
reports for the year 1977 submitted by the licensee to NRC.

bAlthouqh concentrations of Cs-137 were measured in these types of vegetation,
not all types of vegetation were necessar’'y sampled at all locations.

Concentrations are given on a fresh weight (FW) basis. For annual environ-
mental reports that reported concentrations on a dry weight (OW) basis, a
FW/OW ratio of 4 was used to convert OW concentrations to FW concentrations.

aa significant fraction of Cs-137 detected in vegetation samples is due to
atmospheric bomb tests.

-]
®The following plants, in alphabetical order, were not included in thet review
because efther the 1977 report had not been written, or because the report
was not readily available: B8ig Rock Point 1, R. E. Ginna, Humboldt Bay,
Indian Point, and Kewaunee.



Table 6.6:

Comparison of Wyh! Report's Estimates with Mnasurononts‘
of Cs~137 in Meat and Poultry Near Nuclear Power Plants

Nuclear Type(s) of Range of Cs-137 Concentration, pCi/kg, wet
Power Plant® Meat and/or Poultry Measured Wyhl Report
Arkansas 1 none 20,600 - 35,080
Beaver Valley 1 none
Browns Ferry poultry all < 40 20,600 - 35,080
Brunswick none
Calvert Cliffs 1 none
Cook 1 none
Cooper raboit muscle 54 - 20,600 - 35,080
Crystal River meat and poultry all < 37 20,600 - 35,080
Davis Besse chicken, raccoon, all <7 20,600 - 35,080
gecose, and turtle

Oresden 1, 2, 3 none

Duane Arnold chicken, pork, and all < 130 20,600 - 35,080
beef

Fitﬁ;;trick and meat and poultry all < 130 20,600 - 35,080

Nfne Mile Point
Fort Calhoun
Haddam Neck
Edwin I. Hatch

none

none

none
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Table 6.6 (Continued)

Nuclear Type(s) of Range of Cs-137 Concentration, pCi/kg, wet
Pewer Plant® Meat and/or Poultry Measured” Wyhl Report
LaCrosse none

Maine Yankee

Millstone 1, 2 none

A11 concentration measurements were taken from the environmental monitoring
reports for the operating year 1977. These reports were submitted by the
licensee to NRC.

bA significant fraction of the Cs-137 detected in meat and/or poultry samples

is due to atmospheric bomb tests.

“The following plants, in alphabetical order, were not included in this review
because either the 1977 report had not been written, or because the report
was not readily available: Big Rock Point 1, R. E. Ginna, Humboldt Bay,
Indian Point, and Kewaunee.
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Table 6.7: Comparison of Wyhl Report's Estimates with goasureaonts

of Cs~137 in Milk Near Nuclear Power Plants

Range uf Cs=137 Concentration, pCi/1® X

Nuclear Power Mant® Measured” Wyhl Report
Arkansas 1 Range not given 4210
Beaver Valley 1 31 4210
Browns Ferry 10 - 15 4210
Brunswick 7 - 86 4210
Calvert Cliffs none
Cook 1 all < 10 4210
Cooper <3~ 4210
Crystal River 14 - 91 4210
Davis Besse <§=7 4210
Dresden 1, 2, 3 <5=-7 4210
Duane Arnold <§5-16 4210
Fftﬁthrick and

Nine Mile Point <15 - 22 4210
Fort Calhoun <18 ~-6.4 4210
Haddam Neck 4 - 64 4210
Edwin I. Hatch none

L. .Crosse

6-12
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Table 6.7 (Continued)

Range of Cs-137 Concentration, pCi/1*®
Nuclear Power Plant® Hcasurqu Wyhl Report
Maine Yankee <10 - 35
Millstone Point 1 4 - 112 4210

3Concentrations of radionuclides in milk samples were taken from the environ-
mental mcaitoring reports for the operating year 1977. These reports were
submit.ed by the licensee to NRC.

B significant fraction of the Cs-137 detected in milk samples is due to
atmospheric bomb tests.

because either the 1977 report had not been written, or b e the report
was not readily available: Big Rock Point 1, R. =, Ginna, oldt Bay,
Indian Point, and Kewaunee.

“The following plants, in alphabetical order, were not includég in this review
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Table 6.8: Comparison of Wyhl Repo Estimates withamnurmnts
of I-131 in Milk Near (ear Power Plants

Range of I-131 Concentration, pC1/1"

Nuclear Powar Plant® HusurLdi Wyhl Report
Arkansas 1 Range not given 84 ~ 279
Beaver Vallev 1 0.2 - 38 84 - 279
Browns Ferry 0.7 - 117 84 - 279
Brunswick 0.2~ 59 84 - 279
Calvert Cliffs none
Cook 1 <0.5- 14 84 - 279
Cooper <0.2- 84 - 279
Crystal River all < 11 84 - 279
Davis Besse <0.5-24 84 - 279
Oresden 1, 2, 3 <0.5+7 84 - 279
Duane Arnold <0.4-177 84 - 279
Fitzg‘atrick and

Nine Mile Point 0.0 - 49 84 - 279
Fort Calhoun < 0.5 - 286 84 - 279
Haddam Neck 0.0 - 26 84 - 279
Edwin I. Hatch <0.1-88 84 - 279
LaCrosse < 1.0~ 270 84 - 279
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Table 6.8 (Continued)

Range of I-131 Concentration, pci/1®

Nuclear Power Plant® Measured” Wyhl Report
Maine Yankee 0.1~ 24 84 - 279
Millstone Point 1, 2 0.3 -9 84 - 279

3Concentrations of racdionuclides in milk samples were taken from the environ=
mental monitoring reports for the operating year 1977. These reports were
submitted by the licensee to NRC.

bh s'gnificant fraction of the I-131 detected in milk samples is due to
atmospheric bomb tests.

“The following plants, in alphabetical order, were not included in this review
because either the 1977 report had not been written, or because the report
was not readily available: Big Rock Point 1, R. E. Ginna, Humboldt Bay,
Indian Point, and Kewaunee.
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Table 6.9: Comparison of Wyhl Report's Estimates with Measurements
of I-131 in Milk at gfghcst Annual Mean Location for
Nuclear Power Plants A

Highest Annual Mean I-131 Concentration

for a Location, pCi/1® X

Nuclear Power Plant® Measured® Wyhl Report
Arkansas 1 60 (1/6) 84 - 279
Beaver Valley 1 16 (6/44) 84 - 279
Browns Ferry 17.5(7/51) 84 - 279
Brunswick 10.3(16/43) 84 - 279
Calvert Cliffs None 84 - 279
Cook 1 144 (1/12) 84 - 279
Cooper 23.2(7/52) 84 - 279
Crystal River <11 84 - 279
Davis Besse 11 (5/19) 84 - 279
Dresden 1, 2, 3 12 (< 9/37) 84 - 279
Ouane Arnold 34.5(10/36) 84 - 279
FitéZLtrick and

Nine Mile Point 0.07(11/11) 84 - 279
Fort Calhoun 25.0(5/42) 84 - 279
Haddam Meck 2.9(10/10) 84 - 279
Edwin I. Hatch 29 (not given) 84 - 279
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Table 6.9 (Continued)

Highest Annual Mean [-131 Concentration )(
for a Location, pCi/)

b

c

Nuclear Power Plant Measured Wyhl Report
LaCrosse 130 (4/18) 84 - 279
Maine Yankee 11 (5/17) 84 - 279
Millstone Point 1, 2 10 (13/13) 84 - 279

‘Concontrations of radionuclides in milk samples were taken from the environ-
mental monitoring reports for the operating year 1977. These reports were
submitted by the licensee to NRC.

chans are based upon detectable measurements only. The fraction of samples
with concentrations greater than the lower limit of detection for I-131 is

given in parentheses. A significant fraction of the I-131 detected in milk
samples is due to atmospheric bomb tests.

“The following plants, in alphabetical order, were not included in this review
because either the 1977 report had not been written, or because the report was
not readily available: B8ig Rock Point 1, R. E. Ginna, Humboldt Bay, Indian
Point, and Kewaunee.
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products (e.~., Sr=89, Sr-90, I-131, and Cs-137) are detected in air and milk

samples following atmospheric testing.

&—Vegetation

«—=The Wyhl Report estimates Cs-137 concentrations in vegetation (pCi/kg,

FW) as follows: root vegetables, 7; cereal grains, 516; leafy vegetables, 760;
and potatoes, 14340. Table 6.5 shows that the measured concentrations range
from less than 3 to 2800 pCi/kg. The two plants reporting the highest concen-
trations were Crys al River (1760 pCi/kg) and Oresden (2800 pCi/kg).

The Crystal River valus of 1760 pCi/kg is based on one measurement of the
Cs=137 in leafy vegetables. A preliminary review of the data indicates that
L2is high value is probably not due to plant operations for several reasons.
First, the preoperational monitoring report reported a median concentration of
Cs-137 in grass of 1363 pCi/kg with a standard deviation of about 2000.
Consequently, the value of 1760 is within the 95 percent confidence interval
for grass. Second, there were several Chinese nuclear weapons tests in the
fall of 1976 and 1977. These tests could be responsible for the elevated
concentrations. Third, the quantity of Cs-137 released from Crystal River
(4.76 x 10-6 Ci) by the air pathway was very small compared with the Wyhl
Report's estimated release (0.4 Ci) and the releases from a number of other
reactors (e.j., Cook, 0.008 Ci; Cooper, less than 10°4 Ci; Calvert Cliffs,

) 5 W 10.3 Ci; and Brusnwick, 4.6 x ].0'3 Ci). Consequently, it is unlikely
that the one high value of 1760 pCi/kg in leafy vegetables is due to operation
of the Crystal River plant.
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The Dresden plants recorded several high values in vegetation. A preliminary
review of the Dresden data indicates that the highest concentrations are
probably not due to plant operations for the foilowing reasons. First, the
high measurements ware recorded for only a few collection times. These
collection times were in the fall when fallout from the Chinese nuclear tests
was observed in the U.S. Second, the farm at which the highest concentration
of Cs=137 w&gtaioasured was also the collection farm furthest away from the
plant (i.e., more than 15 miles away). Consequently, it is unlikely that the

high values of Cs-137 in grass is due to operation of the Dresden units.

&jyIIQJLL.“47tLt[
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& Meat

«—The Wyh] Report estimates Cs-137 concentrations in meat (pCi/kg, FW) as
follows: beef, 35080; and pork, 20600. Table 6.6 indicates that the measured
concentrations of Cs-137 in meat and/or poultry for al' plants were less than
130 pCi/kg. The Wyhl Report's estimated concentrations of Cs-137 in meat are
over 150 times greater than measured concentrations in the vicinity of nuclear
power plants operating in the United States. Consequently, the Wyhl Report's
estimated dose from meat ingestion is not a realistic dose for the hypothetical

maximum individual 1iving near nuclear power plants in the United States.
&——Milk

&——The Wyhl Report estirates concentrations of Cs-137 and I-131 in cows' milk
of 4210 and 84 pCi/1, respectively. The highest measured Cs-137 concentration

in milk (112 pCi/1) was more than a factor of 35 below the Wyhl Repor.'s estimate.
Iodine-131 concentrations in milk ranged from 0.0 to 270 pCi/1. The nighest
measured I-131 concentrations in milk for most power plants were of the same
order of magnitude as the Wyhl Report's estimates. However, the annual average
me.sured values of I-131 in mik are below the Wyhl Report's annual average of

84 pCi/1 (see Table 6.9). Consequently, the Wyhl Report's estimated dcse from
milk ingestion is not a realistic dose for the hypothetica! maximum individual

living near nuclear power plants in the United States.

(ot wf Rk
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6.3 Summary and Conclusions

&——The Wyh] Report estimates concentrations of Cs-137 and [-131 in vegetation,
meat, and/or milk that exceed the lower limits of detection for these nuclides.
In order to determine the applicability of the Wyhl Report's mode! to nuclear
power plants operating in the United States, the Wyhl Report's estimated concen-
trations were compared with enviroraental monitoring data. Data was taken from
environmental monitoring reports submitted by the licensee for the operating
year 1977. The measured environmental concentrations of Cs-137 and I-131, unlike
the Wyhl Report's estimated concentrations, are the result of atmospheric bomb
tasts as well as operating reactors. A significant fraction of Cs-137 and I-131
detected in samples is due to atmospheric bomb tests. In a'most a)) cases,

the Wyhl Report's estimated annual concentrations of Cs-137 in vegetation, meat,
and milk, and of I-131 in milk exceeded the upper limit of the range of con-
centrations measured in the United States. For a few cases in which the upper
limit of the measured range was comparable to the Wyhl Report's estimates, a
preliminary review of the data indicates that the high values were due to

Causes other than routine emissions from the power plants. Consequently, the
Wyhl Report's estimated dose from vegetation, meat, and milk ingestion is not

a realistic dose for the hypothetical maximum individual living near nuclear

power plants in the United States.
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7. SUMMARY AND CONCLUSIONS OF REVIEW OF THE WYHL REPORT

The purpose of this report was to review the technical basis for the dose
estimates in a report entitled "Radicecological Assessment of the Wyhl Nuclear
Power Plant" (Wyhl Report). Although the Wyhl Report's assessment is based
largeiy on environmental models described in NRC's Regulatory Guides, the Wyhl
Report uses values for some model parameters that are much higher than the values
NRC uses. As a result, the Wyhl Report estimates doses that are from 10 to
10,000 times higher than the doses calcuiated using NRC's values for Regulatory

Guide parameters.

Since the Wyhl Report primarily criticizes the German Regulatory Agency's
assessment of the Wyhl power plant and only indirectly criticizes NRC's environ-
mental assessment, we have reviewed the Wyhl Report for generic criticisms of
our models rather than site-specific criticisms of the Wyhl nuclear power plant.
Since the Wyhl Report questions the models and many of the values for model
parameters used by NRC in radiological assessments of routine relsase from
nuclear power plants, our detailed review has been limited to the most signif-

icant differences.

A chapter by chapter summary of our findings from this review follows.

critique of Source Terms (Ch. 2)

It is difficult to come to any definitive conclusion concerning the validity
of the Wyhl Report's estimate of source terms without more knowledge of the

treatment systems employed and the bases for their release estimates. The



source terms estimated in the Wyh] Report may well be valid for that particular
power plant given its reactor design and treatment system design. However,

the source terms of the Wyhl Report cannot be generically applied to al)
pressurized water reactors (PWRs) since there is not a fixed source term
applicable to all plants. The source term is a variable from plant to plant
depending on the plant design proposed by the specific reactor to meet the

limiting dose guideline present in Federal regulations.

Critique of Meteorological Dispersion Models (Ch. 3)

While the theoretical basis of the atmospheric transport and diffusion model
and the simplistic models acceptable to the USNRC share the identical form,
the evaluation of the component parts are only remotely similar. The Wyhl Report

does not contain sufficient supporting information relative to the estimate of

dilution factors.

No definitive conclusions can be drawn from the information presented. An
attempt to conjecture the approach taken could not reproduce the resuits
presented. The meteorological factors critical in dirfusion calculations were
deemed unavailabl2 and yet the Wyhl Report contained diffusion estimates. To
further complicate the issue, the Wyhl Report uses an undefined statistical
measure of error for various elements of their calculationsjthoso errors were ¥

considered additive, implying independence between meteorological parameters.

We conclude that the Wyhl Report does not adeguately discuss the diffusion

problem.




Pltgggx Analysis (Ch. 4)

Comparison of the Wyhl Report's dose to the maximum individual from various
pathways indicates that airborne effluents, as opposed to liquid effluents,
contribute the majority of the dose (over 75 percent of the dose to the whole
body, thyroid, kidney, and bone). The air-food ingestion pathway contributes
the largest fraction of the Wyh! Report's total dose estimate for most body
organs. Radionuclide analysis of the Wyh! Report's air-food pathway indicates
that cesium-137 and Sr-90 account for the majority of the ingestion dose to
most body organs. Values for the following parameters are in most disagreement
with those of Regulatory Guide 1.109, and ultimately have the greatest effect
on the Wyh' Report's dose estimates: (1) soil to plant transfer factors (Biv)
for cesfum and strontium that are 7 to 1500 times larger than NRC values, (2)
ingestion dose conversion factors (DCFs) for Sr-90 (bone) and Cs-137 (kidney)
that are 12 to 40 times larger, respectively, than NRC values, and (3) forage
to meat transfer factors (Ff) that are from 5 to 65 times higher, depending on
nuclide and type of meat, than t'; values used by NRC.

Review of Critical Parameter; in Radiological Assessment Models (Ch. 5)

The Wyhl Report references over 20 papers for soil to plant transfer of cesium
and strontium. Most of the Wyhl Report's 81; values are based on greenhouse
experiments as opposed to field studies. While greenhouse experiments allow
better control of variables, they are not as likely to provide good
quantitative estimates of soil to plant uptake as fieid studies. In most
cases, the Wyhl Report's Biv values for cesium and strontium are based on soil

and plant characteristics that maximize transfer from soil to plants.
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For example:
The Wyhl Report's Biv for cesium exceeds or is about equal to the
highest value derived from the references reviewed for 4 of the 6
vegetation categories (clover, leafy vegetables, potatoes and cereal
grain) investigated. -

The Wyhl Report's B{v for strontium exceeds the highest value derived
from the references reviewed for four of the six vegetation categories

(clover, leafy vegetables, potatoes, and root vegetables) investigated.

Additional and more quantitative examples of this tendency to overestimate these

parameters are given in Chapter 5.1.2.3 and Chapter 5.2.2.3.

Consequently, the Wyhl Report's estimated doses from the air to food pathway

are unrealistically high because of the use of unrealistic soil to plant transfer
values for cesium and strontium. The use of high values for other parameters
(e.g., feed to milk, feed to meat, and ingestion rates) in series with maximum
B;, Teads to an even more unrealistic model. These unrealistic doses from the
air to food pathway result in total dose estimates from all sources (i.e.,

liquid and airborne effluents) that are unrealistic.

The Wyhl Repori does not provide any new references to support their use of
adult ingestion dose conversion factors for Cs-137 (kidney) and Sr-90 (bone)
that are much greater than the values used in Regulatory Guide 1.109, which

are basad on an International Commission on Radiological Protection
publication.z Consequently, the Wyhl Report's estimated bone and kidney doses
are unrealistically nigh because of the use of unrealistic DCFs for $r-90 (bone)

and Cs=137 (kidney).



Since the Wyhl Report includes many references that have higher average soil

to plant transfer factors for cesium and strontium than NRC's current values

of 0.07 and 0.017, respectively, we have taken this opportunity to update NRC's
values for these factors. We have also reviewed in this report a paper presented
by Y. C. Ng entitled "Transfer Factors for Assessing the Dose from Radionuc)ides

in Agricultural Products.”3

Based on our review of Ng's paper and the references
cited in Ng's paper and the Wyhl Report, we are considering the following changes
in values for soil to plant transfer of cesium and strontium in future revisions

of Regulatory Guide 1.109. The values proposed below would be used in the interim.

1. The Biv value for Cs would be increased from 0.01 to 0.02. Doubling NRC's
present value for cesium (0.01) would lead to a more conservative value
for fine, medium, and coarse soil textures. Since aerosol deposition
dominates the air to plant transfer of cesium, a Biv value of 0.02
slightly increases the estimate of cesium activity in vegetation (by less

than 10 percent).

2. The 8;, value for strontium would be increased from 0.017 to 0.2 for
plants consumed by humans and to 1.0 for plants consumed by animals.
These 81v values should he realistically conservative for most plants
grown on fine, medium, and coarse soil textures. Use of these values
would increase NRC's estimate of activity in vegetation by a factor of
2bout 2.6 to 5 for Sr-30, depending on vegetation type. However, the

total dose from all radicactive effluents would change only slightly.



Comparison of Wyhl Report's Radiological Mode! with Environmertal

Monitoring Data (Ch. 6).

The Wyhl Report estimates concentrations of Cs-137 and I-131 in vegetation,
meat, and/or milk that exceed the lower limits of detection for these nuclides.
However, the Wyhl Report does not provide any environmental monitoring data to
support its predictions of high concentrations of power plant radionuclides in
food. In order to determine the applicability of the Wyhl Report's model to
nuclear power plants operating in the United States, the ¥,h1 Report's estimated
concentrations were compared with environmental monitoring data for the year
1977. In almost all cases, the Wyhl Repoert's estimated annual concentrations

of Cs=137 in vegetation, meat, and milk, and of I-131 in milk exceeded the upper
limit of the range of concentrations measured in the United States. For a few
cases in which the upper 1imit of the measured range was comparable to the Wyhl
Report's estimates, a preliminary review of the data indicates that .he high
values were due to causes other than routine emissions from the power plant.
Consequently, the Wyhl Report's estimated doses from vegetation, meat, and milk
ingestion are not reaiistic doses for the hypothetical maximum individual living

near nuclear power plants in the United States.
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APPENOIX A. FRESH WEIGHT TO ORY WEIGHT CONVERSION
FACTORS FOR VEGETATION
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rable 4..1: Fresh waight (FW) to dry weight (OW) X
ratios for common fcod crops‘

Feod Crop FWw: 0w

Vegetables (edible portion)
Bean

—

Carrots
Cauliflower
Calery

Carn
Cucumber
Lettuce
Mushroom
Onion

Peas

Potato
Radish
Spinach
Turnip roots
Turnip greens
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Fruit (edible nortion)
Tomato 17.0
Grains and straw 1.1
Forage, hay, fud. s

Grain (barley, corn, flax, ocats,
rye, soybean seed, wheat,
Cottonseed meal)

Silage (alfalfa, corn, grass)

Hay (alfalfa, bluegrass, cats,
grass, prur-fl, wheat)

Forage (gnu)‘

‘Dau prasentad in this table is from Handbook of gwlogﬂ:ll Data by W.S.
Spector, 1956, unless otherwise indicated. A FW/OW ratio of & was used for
vegetation that s not included in this table. This average value s taken
from UCRL-50163, Part [V (October 1963) by Y.C. Ng.

Healy, W. 8., "Ingestion of Soil by Dairy Cows," N. Zealand J. Agric. Res.
11, 487-499 (1968).
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APPENDIX 3: METHOD FOR REVIEWING REFERENCES
ON SOIL TO PLANT TRANSFER OF CESIUM AND STRONTIUM

References on soil to plant uptake factors were divided into two broad groups
for this review. The first group, greenhouse referances, contains references
in which sofl to plant transfer factors were measured by growing plants in
pots and/or indoors. Greonhoyso experiments have a potential advantage in
that the aerosol component to activity concentrations in vegetation can efther
be controlled or cl;n1natnd. Howaver, greenhouse experiments suffer from a

fundamental dfsadvantage inn that oftan they do not simulate field conditions
very well,

The second group of axperiments is called field experiments, The advantage of
field axperiments is that they simulate the real situation better than green-
house experiments. The disadvantage of measuring sofl to plant transfer
factors by field experiments is that it 1s often difficult to isolate the soi!
to plant component of activity in food from the aerssol deposition component,
Other factors that tend to cbscure the measursment of 3“ by either greenhouse
or field experiments include the resuspensicn of contaminated matsrial #rom
the ground and translocation of incorporated nuclides from ane part of the

slant to another.

The purpose of our review was not to criticize the technigues of fndividual
duthors since the stated objectives of papers varied widely, The pursose of
our review was to make sure that when SW ve' @S ware derived from the
literature, the limitations of their use in Requlatory Guide 1,109 models was

adequately dfscussed.’
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In reviewing the results from both types of experiments, tha following
questions were addressed:

1,

Could the author's calculation of BW be verified mathematically
fram the data given? [f there were significant gaps in data or in
calcuiations, then the results were not weighted very heavily in
comparison with oth?r studies.

Was the exterior of the plant washed prior to counting the activity
fn the plant? Failure to wash off aerosol deposition prior to

counting plant activity would result in significant overestimates of
3

iv*
[f plants were washed prior to counting, was there any evidence that
scluble radionuclides were removed? Harsh washing of plants might

result in underestimatas of Bw for soluble radionuclides.

How were nuclides mixed into the s0i1? If nuclides were not
thoroughly mixed in the so1i, then erratic Bw values might be
encountered. [f nuclides were injected in « highly soluble form
into the sofi (e.3., as a nutrient solution) then 3,, would be

overestimated.

Were plants harvested at 2 mature stage (i.a., when they would =os:
Tikely be eaten)? Premature harvesting of plants would lead =

unrchs:?c a,vs.
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In reviewing the results from both types of experiments, the following
questions ware addressed:

1.

2.

Could the author's calculation of Bw be verified mathematically
fraom the data given? [f there were significant gaps in data or in
calculations, then the results were not weighted very heavily in
comparison with other studies.

Was the exterior of the plant washed prior t3 counting the activity
in the plant? Fa'lure to wash off aerosol deposition prior to

counting plant activity would result in significant overestimates of
8

v

[f plants were washed prior to counting, was there any evidence that
soluble radfonuc!ides were removed? Harsh washing of plants might

result in underestimates of a,v for soluble radfonuc)ides.

How were nuclides mixed fnto the soil? I[f nuclidcs were not
thoroughly mixed in the soil, then erratic BW values might be
encountered, [f nuclides were injected in a highly soluble form
into the sof! (e.3., as a nutrient solution) then 8,, would be

cverestimated,

Were plants harvested at a mature stage (1.e., when they would most
Tikaly be 2aten)? Premature harvesting of plants would lead %o

ynrealistic B,vs.
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Were B,Vs calculated on the basis of soil concentration before the
plants were grown or at the time of harvest? Using soil concentrz-

tions at the time of harvest may lead to overestimates of B,v.

Was the decay of the {sotape properly taken ints account in deter-
mining BW?

In reviewing greenhouse experiments the following questions were addressed in
addition to the above gquestions:

T.

How well did the greenhouse experiment simulate field conditions?
Were containers large enough to aveid root cramping?

Were containers properly drained? If soils were saturated with
water, then nuclides might leach from the soils and be taken more
readily up into the plant., This Teaching could lead to
unrealistically high Bws.

In reviewing field experiments, the following questions were addressed in

dudition to the general questions discussed abaove:

L

das the foliar deposition component of *he nuclide in veagetztion

2ither eliminated or subtracted from the axperiment?
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2. Was fallout measured during the study? [f fallout were present, how

was 1t subtracted from the plant activity measured? Failure to sub-
tract fallout could lead to overestimates of 8".

3.~ Was resuspension of contaminated materfal by either wind or rain
splashing eliminated from the study? Failure to eliminata the
effect of resuspended activity could lead to overestimates of Bw.
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APPENDIX C

REVIEW OF BASIS FOR SOIL TO PLANT TRANSFER
OF CESIUM AND STRONTIUM

The soil to plant transfer values for cesium and strontium used in Regulatory
Guide 1.109 are derived from a report entitled "Prediction of the Maximum Dosage
to Man from the Fallout of Nuclear Devices, Handbook for Estimating the Maximum
Internal Dose from Radionuclides Released to the Biosphere" (USAE" Report

UCPL-50163, Part IV, October 1968) by Y. ¢. Ng et al,1»2

This appendix contains a brief review of the physical basis upon which NRC's

soil to plant transfer values (aiv) are based.

Cesium Concentrations in Soils

1. The Geochemistry of Rare and Dispersed Chemical Elements in Soils -

Vinogradov (1959)3

Chapter 8 of this book, "Lithium, Rubidium, and Cesium in Soils", is concerned
with reporting concentrations of lithium and rubidium in the soils of the

Russian Plain. The author concludes the chapter as follows:

"Finally, we must say a few words on the content of cesium in soils. We were
unabie to determine it quantitatively by spectroscopic analysis. From the
sensitivity of the method, it can be concluded that the content of it in soils

is not greater than n'10-4%, and that the Rb:Cs ratio is close to 50.



0. Ivanov found approximately 5 ° 10'4%Cs in soils of the Russian Plain, and
Yamagata found approximately 10 “%Cs in the soils of Japan. Using a
spectroscopic method, G. Bertrand and D. Bertrand found from 3 ° 10°5 to 2.5 °
10-3%Cs (an average of about 5 ° 10'4%) in certain soils of France. In this

work, the highest cesium content was found in soils on granites.”

Cesium Concentrations in Plants

2. The Different Distribution of Rubidium and Cesium in Natural Plants -
Yamagata et al. (1959)4

Yamagata et al. reported measurements of stable rubidium and cesium in plants.
Native plants from various districts in Japan were analyzed by a spectro-
graphic method using cathode-layer arc excitation. The lea. .s of sixty=-one
samples o’ fifty plant species were analyzed. The plant species consisted of
25 dicotyledons, 11 monocotyledons, 7 ferns, 5 gymnosperms, and two mosses.
Rubidium and cesium contents of 15 soils in Japan were also measured. Cesium
and rubidium concentrations in soil were determined by extracting these
elements with hot hydrochloric acid. Distribution factors for Rb=K and Co=-K

were also reported for cucumbers, rice-plants and soybeans.

Stable cesium concentrations in plants (OW) are given in Table C.1.

Yamagata et al. found that the stable cesium concentration in plants ranged
from 0.002 to 1 ppm on a dry weight basis. The unweighted average cesium
concentration of plarts (OW) was 0.137 +0.212 ppm (n = 61). Based on the
FW/OW ratio of 4 used by N3, the average plant concentration is 0.034 + 0.053

on a fresh weight basis.



Extractable cesium soil concentrations ranged from 0.0] to 3 ppm. An
approximate average concentration for extractable cesium in soil was given as
about 0.3 ppm. The paper did not relate extractable cesium concentrations in

soil to total cesium concentrations in so0il.
3. Trace Elements in Biochemistry - Bowen (1956)5

Trace Elements in Biochemistry contains two chapters related to the deter-

mination of soil to plant transfer factors: Chapter 3, "The Composition of

the Soil," and Chapter 5, "Elementary Composition of Living Matter."

Chapter 5 contains a table that lists elemental composition of dry plant
tissues. Elemental compositions in ppm are listed for 68 elements in 8 types
of plant tissues. The plant tissues include plankton, brown a'gae, bryo-
phytes, ferns, gymnosperms, angicsperms, bacteria and fungi. For the element
cesium two entries are listed. Smales and Salmon (1955)6 determined that the
cesium content of brown algae was 0.067 ppm. Yamagata (1950) determined the
cesium content of angiusperms was 0.2 ppm.7 Based on the FW/DW ratio of 4
used by Ng, these concentrations convert to 0.017 and 0.050 ppm FW for brown

algae and angiosperms, respectively.

Although Ng does not reference Bowen's book as his vasis for cesium soil
concentrations, Chapter 3 contains a list of elemental composition of soils.
Chapter 3 contains a table that gives a range and a mean for 52 elements in
soil. Soil compositions are reported for oven dried soils. Soils near
mineral deposits are not included in compuiing ranges. The data is taken from

work by Swaive (1955),% vinogradov (1959),3 Bear (1964).% and others.
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Stable cesium concentrations are reported to range from 0.3 to 25 ppm with a

mean of & ppm.

4. Trace Analysis of Biological Materials by Mass Spectroscopy and [sotope
Dilution - Morrison (1967)10

The purpose of this paper was to illustrate the use of mass spectroscopy and
isotone dilution in detecting trace elements in biological materials. The
author reported the concentration of 56 elements in 5 biological samples. The
5 biological samples that were examined were human whole blood, human kidney
tumor, shcep lung, sheep bone and sugar beet leaves. Elemental concentrations
were reported in ppm dry weight. Since the emphasis of the p-der was on the
use of mass spectroscopy and isotope dilution, the author does not discuss the
selection or number of samples in any detail. The cesium concentration (DW)

of sugar beet leaves was reported as 0.7 ppm.

5. Comparative Elemental Analyses of a Standard Plant Material - Bowen
(1967)12

Bowen reported values for the elemental composition of a standard consisting
of dried kal~ Zouwder. The purpose of the paper was to assess the accuracy and
precision of analytical techniques used in analytical measurements. A
standard consisting of dried kale powder was submitted to 29 laboratories for
analysis. Concentrations of 40 elements were measured in the standard by a
variety of techniques. These techniques included: (1) activation analysis,

(2) atomic-sbsorption spectroscopy, (3) catalytic technique, (4) colorimetry,



(5) flame photometry, (6) fluorescence analysis, (7) gravimetry, (8) polorog-
raphy, (9) spectrometry, (10) turbidimety, and (11) volumetric analysis.

In general Bowen found that for most elements the reported concentrations were
fairly consistent among laboratories and techniques. Concentrations in parts
per million (ppm) were reported for 40 elements, one of which was cesium. The
cesfum concentration in the standard was 0.0688 + 0.0071 ppm. This value was

based on 6 determinations by one laboratory using activation analysi.

Summary of Basis for NRC Values for Soil to Plant Transfer of Cesium

The NRC value for soil to plant transfer of cesium (0.01 on a FW basis) is
based on the soi! to plant transfer of stable elements in soil. Over long
time periocs (e.g. 30 years of reactor operation) it is thought that
radicactive effluents from reactors will be thoroughly bound to the soil
similar to stable elements in soil. Garner has stated that "There is ample
evidence to show that in many soils ]37Cs is firmly bound by clay minerals.
Even in sandy soils, fixation appeared to be complete about three years after
contanination.Z]Z The availability to plants from such soils is very small."lz
Papers that report the transfer of stable elements from soils to plants are
based on more realistic conditions than most tracer experiments. Conse-
quently, NRC aiv values have been based on the transfer of stable elements

from soil to plants.
The average concentration of cesium in soils and plants is based primarily on
spectroscopic techniques. An average cesium soil concentration of about § ppm

is found in both the Vinogradov rofcroﬂc03 and the Bowen (1966) reforenco.s
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Both references report values about an order of magnitude higher and lower

than the average value.

The average cesium plant concentration (0.05 ppm, FW) given by Ng is based on
four references. The unweighted average and range of cesium concentrations
(OW) reported by the various authors is given in Table C.2. Soil to plant

trarsfer factors are based on an average soil cracentration of cesium (5 ppm).

Review of the 4 plant references indicates that more weight should be given to

Yamagata et al. (1959)4 and possibly Bowen (1966).5 Morrison (1967) reports

higher concentrations of cesium in plants, but only a very few samples were
analyzed in his paper and in Bowen's paper (1967).10’11 The emphasis of the
Morrison (1967) and Bowen (1967) papers was on the analytical techniques used
rather than on determining an average value for cesium concentrations in
plants. Rounding off the unweighted average Biv (FW) from Yamagata et al.

(1959) and Bowen (1966) leads to an average Biv (FW) of 0.01 for cesium.

Strontium Concentrations in Soils

The Geochemistry of Rare and Dispersed Chemical Elements in Soils - A. P.

Vinogradov (1959).°

This book concerns the geochemistry of rare and dispersed chemical
elements in soils. The book is translated from the Russian edition.
Chapter 3 is entitled "Strontium and Barium in Soils." Strontium

<

concentrations in soil were determined spectrographically. Chapter 9
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reports Sr contents for seven types of Russian soils: Tundra soils,

Podzolic, Grey forest, Chestnut, Serozems, Chernozems and Red soils.

The average Sr content for Russian soils ranges from a low of 30 ppm for
red soils to a high of 1300 ppm for Tundra soils. The unweighted average
soil concentration of strontium is about 350 ppm. Vinogradov compared
the average Sr content of Russian soils to the soils of other countries.
The average Sr content varied from about 270 ppm for Northern Scotland to
1000 ppm for Spain. The average concentration for U.S. soil is about

350 ppm. Based on data from five countries, the world average is about
510 ppm + 280. It is not clear whether the Sr concentrations reported

are total soil concentrations or only exchangable soil concentrations.

Strontium Concentrations in Plants

2. Strontium and Barium in Plants and Soils - Bowen et al. (1955)13

Bowen et al measured the stable strontium and barium content of plants
and soils in England. Strontium and barium were chemically separated
from snile and plants. Concentrations of strontium and barium in the
chemically separated extracts from soil and plant samples were determined
by activi.ion analysis. The amount of strontium extracted from nine
soils was measured as a function of LH of the extracting solution. For
all soils examined, the amount of strontium extracted from soils
increased with decreasing pH of the extracting solution. Even at the
lowest pH values (pH = 3.9) reported, the amount of strontium extracted

was still increasing for most of the soils tested.
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Consequently, the strontium content of soils reported in this paper, for
even the lowest pH, underestimate the total strontium content of soils
and overestimate Biv. The strontium content of the various soils using
the lowest pH extractant is shown in Table C.3. The last two soils
entered in the table (i.e., H and J) are classified as strontium rich

soils.

The strontium content in 54 plant species was reported. For each soil
type, the strontium concentration was measured for six types of plants.
The average strontium concentration (DW) of the six plants grown on
various soils is given in Table C.3. The strontium concentration (DW)
of plants varies from about 14 ppm to 56 ppm for normal soils, and from
about 400 to 7050 for strontium rich soils. The average strontium
concentration (DW) of plants grown on normal soils is about 36 + 13 ppm.
Based on a FW/DW ratio of four, then the average strontium concentration

(FW) of plants grown on normal soils is about 9 + 3 ppm.

Strontium - 90 in the Australian Environment, 1957 to 1960 - Bryant et
al. (1962)14

Bryant et al. measured the concentrations of stak.e strontium and Sr-90
in foods. Stable strontium concentrations were measured in whole grain
wheat, and flour. Strontium=90 concentrations were measured in cabbages,
whole grain wheat, flour and milk. Strontium=90 soil concentrations were
reported for five coastal cities: Perth, Adelaide, Melbourne, Sydney and

Brisbane. Soil concentrations of Sr-9( were reported for six time
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Table C.3. Strontium Concentracions in Soils and Plants from Bowen et al.n

Soil Plants
Humus Soil Sr Cogcentra- Avg. Sr Csncentra-

Sail Description Content pH tion® (ppm) tion (DW)" (ppm)
A Coarse sand V. high 4.67 0.918 35.25
B Fine sand V. low 5.59 0.627 14.31
C Light Loam High 7.30 7.52 27.52
D Light loam V. high 7.25 8.37 34.24
3 Mull from

limestone cliff High 7.43 198 43.70
F Alluvial clay Low 7.71 143 56. 16
G Light, chalky

loam V. low 8.30 215 42.42
H Celestite rich

loam High 7.30 2840 403
J Celestite rich

clay V. low 7.91 1490 7049

dtrontium concentrations of soils are based on the amount of strontium extracted at the lowest pH (pH = 3.94) of
Lhe extractant.

bStron!iun concentrations for plants are based on the average concentration for the six plant species grown on

each soil. Different plant types were grown on different soil types.



periods over the years 1957 to 1960. Strontium=90 dietary intakes and -

levels in human bone tissue were also reported.

Bryant et al. found that the stable strontium concentration in whole
grain wheat ranged from 3.4 to 8 ppm. The average stable strontium
concentration in whole grain wheat was 4.40 + 0.97 ppm. Stable strontium
concentrations in flour were about one-third of the concentration in
whole grain wheat. Stable strontium concentrations in flour ranged from

1.3 to 2.4 with an average of 1.71 + 0.23.

5.2.3.3 Summary of Basis for NRC Values for Soil to Plant Transfer of

Strontium

The NRC value for soil to plant transfer of strontium (0.017 on a FW basis) is
based on the soil to plant transfer of stable elements in soil. As noted
eariier, over long time periods (e.g., 30 years nf reactor operation) it is
thought that radioactive effluents from reactors will be thoroughly bound to
the soil similar to stable elements in soil. Papers that report the transfer
of stable elements from soils to plants are based on more realistic conditions
than most tracer experiments. Consequently, NRC B1v values have been based on

the transfer of stable elements from soil to plants.

The average concentration of strontium in soils and plants is based primarily
on spectroscopic techniques. An average strontium soil concentration of about
350 ppm is found in the Vinogradov reference for the U.S soil.3 Vinogradov

reports average values from around the world about a factor of four higher and

a factor of 10 Jower than the average value for the U.S.
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The average strontium plant concentration (5 ppm, FW) given by Ng is primarily
based on two references. Bowen's average strontium concentration of plants

(FW) grown on normal soils is about 9 990.13

The average strontium concen=
tratfon of plants grown on strontium rich soils (931 ppm, FW) is about two
orders of magnitude higher than the comparable value for normal soils,
Bryant's average strontium concentration (FW) in whole grain wheat, and flour
is 4.4 and 1.7, rcspoctiv.ly.14 The unweighted average strontium plant
concentration of the Bowen value for normal sofls (i.e., 9 ppm) and the 8ryant
values for wheat and flour (1.e., 4.4 and 1.7, respectively) is about equal to

the average value estimated by Ng (f.e., § ppa).2
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APPENDIX D. SUMMARY OF REFERENCES IN Y. C. NG'S PAPER ENTITLED "TRANSFER
FACTORS FOR ASSESSING THE DOSE FROM RADIONUCLIDES IN AGRICULTURAL PRODUCTS"

In March of 1979, Y. C. Ng presented a paper at *he International Atomic
Energy Agency's (IAEA) Symposium on Biological Implications of Radionuc!!des
Released from Nuclear Industrios.1 Ng's paper was entitled "Transfer Factors
for Assessing the Dose from Radionuclides in Agricultural Products." In this
paper Ng presented updated values for transfer of radionuclides to plants,
milk and other animal products. Ng referred to 6 additional papers on soil to
plant transfer of cesium and strontium. Since these papers were very briefly
summarized in Ng's [AEA paper, we have reviewed these papers. A summary of
the 6 papers is given below. Papers ara presented in chronological order.

A1l of the papers except the paper by Hardy et al. (1977) are greenhnyse

expariments.

I.  Transfer of Radioactive Fallout Debris From Soils to Human Investigated -

Romney et al. (1960)2

Romney et al. measured the soil to plant transfer of several fission products,
including Cs=137 and 5r-90, in six plants. Plants were grown in clay pots
which contained a mixture of soil and radfoisotopes. Romney et al. describe

their procedures very briefly in this paper.

[n general, Romney et al. found higher levels of Sr=30 in leaves than in other
piant parts. The accumulation of Sr<90 in fruits and grain was relatively low

compared with accumulation in other plant parts. [n general, plant



accumulati factors varied by about a factor of 10 for different soil types.
Plants grown on acidic soils which had low calcium content had the highest
Sr-90 uptake. Plants grown on clay type soils with calcium content had the
lowest 5r-90 uptake. Calcium fertilizer (2 to 5 tons per acre) reduced Sr-9G
accumulation factors by a factor of about five for plants grown on acidic

soils.

Derived siv (dry weight (DW) and fresh weight (FW)) values are given in
Table L.1. Biv values for plant parts have been placed into one of two
categories: (1) edible plant parts eaten by humans, and (2) edible plant
parts that may be eaten by animals. For parts of plants eaten by humans,
aiv(Fw) ranges from 0.16 for potato tubers to 1.73 for barley grain. The
average Biv(FH) for Sr-90 for human consumption is 0.57 + 0.58. The average
Biv(Fw) for animal consumption is about 5.5 times higher than the average

value for human consumption.



TABLE 0.1
Sr~90 Soil to Plant Transfer Factors
For Common “ood Crops Romney et al.

Edible Plant Part 8, (0w)* B, (FW)
Humans
Barley/Grain 1.90 1.73
Bean/Fruit 3.20 0.36
Carrot/Root 2.97 0.35
Lettuce/Leaf 7.57 0.39
Radish/Reot 6.47 0.4
Potato/Tuber 0.72 0.16
Unweighted average :o 3.81 ¢ 2.66 0.57 ¢ 0.58
Animals
3arley/Forage 6.32 1.26
Bean/Leaf 6.18 1.55
Carrot/Top 9.1 2.3
Lettuce/Stalk 4.24 1.06
adish/Top 20.20 5.08
Potato/Top 31.36 7.84
Unweighted average o 12.9 £ 10.7 2227

aBW(DH) values are derived from a paper by Romney et al. (1960) by dividing
the Sr=30 plant concentrations by the $r-90 soil concentration 18,
100 dps/g). %



2. Comparative Sr~30 Content of Agricultural Crops Grown in a Contaminated

Soil = Evans et al. (1962)°

This paper has already been summarized in section 5.2.2 of this report.



3. Fallcut Nuclide Solubility, Foliage Contamination, and Plant Part Uptake
Contour Patios - C. F. Miller (1963)

In this paper Miller summarizes sor . of the data anc mathematical models for
food crop contamination. Miller notes that foliar deposition is the most
important pathway for short-term plant contamination. However, he states

that:

"The uptake of radioruclides by plants through their root system would be

the major uptake path in the long-term period after a nuclear war."

This paper contains several tables which list values for soil uptake contami-
nation factors (asu). The soil uptake contamination factor has units of
(atoms/gm of dry foliage) / (atoms/gm of soil). The a, f-ctor reported in
this paper is equivalent to the Biv factor used in Regulatory Guide 1.109.
Values for a., are reported for 6 radionuclides in 7 common food crops. These
values were taken from a paper by Nishita, Romney, and Larson (1961). The
materials and procedures used by Nishita et al. (1961) is only briefly
reported in this paper. Table 0.2 contains a, values for Sr-90 and Cs-137.
For parts of plants eaten by humans, aiv(ru) values for Sr-30 range from 0.001
for corn grain to about 0.3€6 for bean fruit. The average Biv(FH) value for
Sr=90 for parts of plants eaten by humans is 0.11 £ 0.17. The average

Biv (FW) for animal consumption (i.e., 1.02 £ 1.78) is about 9 times higher

than the average value for human consumption.
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For parts of plant eaten by humans, Cs-137 Biv(FW) values range from 0.0015
for wheat grain to 0.014 for bean/fruit. The average Biv(FW) value for Cs-137
human consumption is 0.008 + 0.009. The average Biv(Fw) for animal consump-
tion (i.e., 0.01 £ 0.02) is about 2 times higher than the average value for

human consumption.



Table 0.2: Soil to Plant Transfer Factors for Common Food Crops - Miller

Edible Plant Part Sr=90 ~ Cs-147

Biv(DH) Biv(Fw) aiv(ow) Biv(FW)
Humans
Corn/Grain 0.002 0.001 - -
Wheat/Grain 0.1 0.10 0.0017 0.0015
Pea/Seeds 0.0081 0.002 - -
Bean/Fruit 3.2 0. 356 0.13 0.014
Average t o 0.83 £ 1.6 0.11 £ 0.17 0.0659 £ 0.09 0.008 = 0.009
Animals?
Corn/Leaves, Stems,

Punicle, Husk, Cob 0.151 0.038 .- .-
wWheat/Leaves, Stems 1.15 0.288 0.007N 0.002
Pea/Leaves, Stems,

Pods, Roots 0.253 0.063 .- -
Bean/Leaves, Stems 14.700 3.68 0.100 0.025
Average t o 4,063 £ 7.11 1.02+1.78 0.0536 £ 0.066 0.01 £ 0.02

aﬂiv values for plant parts eaten by animals are based on an unweighted average
of the aiv(nw) for various plant parts from C. F. Miller (1963). A FW/OW
ratio of 4 was used for converting Biv(Dw) values to Biv(Fw) values for plant

parts that may be eaten by animals.



4. Uptake of Radionuclides by Plants - Sartor et al. (1966)

Sartor et al. measured the uptake of five radionuclides (Sr-85, Zr-95, Nb-95,
Ru-106, Cs-137, and Ce-144) in seven common food crops. Crops were chosen
from each important botanical family. Crops included a seed crop (beans), a
root crop (carrots and radishes), a leafy crop (lettuce), a fruit crop
(tomatoes), a grain crop (wheat), and an animal fodder crop (clover). Soil to
plant transfer factors were measured for four types of soil that represent the
major soil classes on a texture basis. The experimental procedures used in
this study were designed to reproduce actual field conditions as close as
possible. Plants were grown outdoors in large containers (three feet on each

side).
Cesium

Cesium soil to plant transfer factors (FW) are given in Table 0.3. For plant
parts eaten by humans Biv(FW) for various soils ranged from 2.7 x 10'S for
tomato fruit to 0.056 for wheat grain. For plant parts eaten by humans, the
unweighted average Biv(FN) of various planis ranged from 0.0004 for loam to
0.0173 for sandy soil. The unweighted average Biv(FH) for all plant parts
eaten by humans, grown on the 4 soils, was 0.006 + 0.008. The average Biv(FW)
for animal consumption of clover (0.013 £ 0.006) is about 2.2 times higher

than the average value for human consumption.



Strontium

Stroitium soil to plant transfer factors (FW) are given in Table D.4. For
plant parts eaten by humans va(F”) for various soils ranged from 0.002 for
bean and tomato fruit to 0.281 for wheat grais. For plant parts eaten by
humans, the unweighted average Biv(FH) ranged from 0.03 for plants grown on
clay loam to about 0.16 for plants grown on sandy soil. The unweighted
average Biv(Fw) for all plant parts eaten by humans, grown on the 4 soils, was
0.07 £ 0.06. The average Biv(FH) for animal consumption of clover

(0.52 £ 0.38) is about 7.6 times higher than the average value for human

consumption.
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Table D.3: Cs-137 Soil to Plant Transfer Factors for Common Food Crops

Sartor et al (1966)a

Edible Plant Part Soil Type &
Sand Loam Clay Clay Loam
Humans
Bean/Fruit 0.0051 0.0002 0.0015 -
Carrots/Roots 0.0098 C.0005 0.0022 0.0007
Lettuce/Leaves & Head 0.0259 0.0010 0.0053 -
Radish/Roots 0.0020 0.0003 - -
Tomato/Fruit 0.0049  2.7x10™° 0.0010 -
Wheat/Grain 0.0561 0.0006 0.0117 0.0011
Unweighted Average 0.0173 0.0004 0.0043 0.0009
Animals
Clover/Tops 0.019 0.009 0.010 -

‘Biv(FU) values are derived from Tables 20 to 26 of Sartor et al. (1966) using

the following FW/DW ratios:

bean fruit, 9.0; carrot roots, 8.5; lettuce

leaves and head, 19.2; radish roots, 15.6; tomato fruit, 17.0; wheat grain,

1.1, and clover, 5.0.
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Table D.4: Sr-85 Soil to Plant Transfer Factors for Common Food Crops
Sartor et al (1966)%

Edible Plant Part Soil Type

Sand Loam Clay Clay Loam
Humans
B8ean/Fruit 0.027 0.002 0.012 -
Carrots/Roots 0.218 0.061 0.048 0.050
Lettuce/Leaves & Head 0.155 0.081 0.036 -
Radish/Roots 0.244 0.087 0.052 -
Tomato/Fruit 0.018 0.002 0.010 -
Wheat/Grain 0.281 0.100 0.059 0.009
Unweighted Average 0.157 0.081 0.036 0.030
Animals
Clover/Tops 0.954 0.286 0.324 -

aBiv(FH) values are derived from Tables 20 to 26 of Sartor et al. (1966) using
the following FW/DW ratios: bean fruit, 9.0; carrot roots, 8.5; lettuce
leaves and head, 19.2; radish roots, 15.6; tomato fruit, 17.0; wheat grain,
1.1; and clover, 5.0.
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5. Experimental Investigation of Plant Uptake Contamination Factors -

Sartor et al. (1968)
Sartor et al. measured the uptake of Sr-85, Ru-106, Ce-144 and Cs-137 for four
plants species (wheat, tomatoes, corn and pot..oes) grown in four different
soil *ypes. The soils used in the experirent are typical of agriculture soils
in California. Extensive soil analysis was performed and plants were grown
outdoors in large containers (3 x 3 x 3 cubic feet). Plant uptake contamina-
tion factors (Asu) were reported in units of (atoms/gm of dry plant) /
(atoms/gm of soil). Values for Asu are equivalent to NRC Regulatory
Guide 1.109 8,,(0W) values.

Cesium

Soil to plant transfer factors for cesium are given in Table 0.5 on a fresh
weight basis. For plant parts eaten by humans, Biv(Fw) for various soils
ranged from 0.0002 for corn kernels and tomato meat to about 0.02 for potato
meat. For plant parts eaten by humans, the unweighted average Biv(Fw) for
various plants ranged from 0.0006 for Pleasanton loam to 0.012 for Oakley
Sandy 1z.m. The unweighted average Biv(Fw) for all plant parts, eaten by
humans, giown on the 4 s>ils was 0.005 ¢+ 0.005. The unweighted average
Biv(Fw) for animal consumption (0.012 £ 0.01) is about 2.4 times higher than

the average value for human consumption.



Table D.5 Cs-137 Soil to Plant Transfer Factors for Common Food Cropsa
Sartor et al. (1968)

Soil Type
Hanford
Oakley Pleasanton Clear Sandy Unweighted
Edible Plant Part Sandy Loam Loam Lake Clay Clay Loam Average Biv(FH)
Humans
Tomato/Meat 0.010 0.0002 0.0028 - 0.0042
Potato/Meat 0.021 0.0008 0.0045 » 0.0088
Wheat/Grain 0.011 0.0013 0.0067 0.0053 0.0062
Corn/Kernel 0.007 0.0062 0.0016 0.0024 0.0029
Unweighted average 0.012 0. 0006 0.0039 0.0039 0.005 t 0.005°
Animals®
fomato/Leaves, Stem,
Fruit, Peel, Root 0.0304 0.0188 0.0102 - 0.020
Potato/lLeaves, Stem,
Tuber, Peel, Root 0.0358 0.0034 0.0104 - 0.017
Wheat/lLeaves, Stalk
Head, Chaff 0.0105% 0.0010 0.004) 0.0031 0.005
Corn/lLeaves, Stalk, Cob
Husk, Tassel, Silk 0.0250 0.001 0.0061 0.0103 0.011
Unweighted average 0.025 0. 006 0.008 0.007 0.012 t 0.01°

aBiv(FH) values are derived from Sartor et al. (1968).

bﬂiv(fw) values for plant parts eaten by animals are based on an unweighted average of the Biv(FU) for various

plant parts. A FW/DW ratio of 4 was used for converting Biv(DU) to Biv(FH) values for plant parts that
may be eaten by animals.

“The unweighted average Biv for plants grown on all soils is based on the unweighted
average value for individual soils.
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Strentium

Soil to plant transfer factors for strontium are given in Table D.6 on a fresh
we ght basis. For plant parts eaten by humans, Biv(FH) for various soils
ranged from 0.002 for corn kernels to about 0.24 for wheat grain. For plant
parts =2aten by humans, the unweighted average Biv(FH) for various plants
ranged from about 0.04 for Camp Parks clay to 0.09 for Oakley Sandy loam. The
unweighted average Biv(Fw) for all plant parts, eaten by humans, grown on the
4 soils was about 0.05 £ 0.03. The unweighted average Biv(FH) for animal
consumption (0.83 + 0.73) is about 15.7 times higher than the average value

for human consumpticn.



Table D.6: Sr-85 Soi! > Plant Transfer Factors for Common Food Cropsa -
Sartor et al. (1968)

Soil Type
Hanford
Dakiey Sandy Yolo Camp Parks Unweighted
Edible Plant Part Sandy Loam Clay Loam Silty Clay Clay Average Biv(FH)
Humans
Tomato/Meat 0.029 0.020 0.007 e 0.019
Potato/Meat 0.077 0.061 J.032 - 0.057
Wheat/Grain 0.24) 0.189 0.€29 0.067 0.132
Corn/Kernel 0.011 0.010 0.005 0.002 0.007 c
Unweighted Average 0.090 0.070 0.018 0.035 0.053 £ 0.933
Animals®
Tomato/Peel, Root,
Leaves Stem, Fruit 2.17 2.40 0.35 - 1.64
Potato/Leaves, Stem,
Tuber, Peel, Root 2.60 2.48 0.53 s 1.87
wheat/lLeaves, Stalk,
Head, Chaff 0.60 0.49 0.1 0.22 0.36
Corn/lLeaves, Stalk,
Ceb, Husk, Silk,
Tassel 0.53 0.38 0.05 0.07 0.26 ~
Unweighted Average 1.48 1.44 0.26 0.15 0.83 ¢+ 0.73

aBiv(ﬂw) values are derived from Sartor et al. (1968).

bBiV(DH) values for plant parts eaten by animals are based on an unweighted average of the Biv(DH) for

various plant parts. A FW/DW ratio of 4 was used for converting Biv(DH) to Biv(FH) values for animal
consumptior
“The unweighted average Biv for plants grown on all soils is based on the unweighted average

value for individual soils.
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€. Radionuclide Uptake by Cultivated Crops - Hardy et al. (1977)

Hardy et al. measured the soil to plant uptake of Cs-137, Sr-90, and several
transuranics in three common vegetables (potatoes, peas and corn). Crops were
grown in Cape Cod, Ma:sachusetts. Cape Cod soil is a moist and sandy loam
soil. The soil had been exposed to global fallout as a source of radio-
nuclides. Soil profiles were taken. The average Cs-137 soil concentration
(DW) was about 405 fCi for the tor 30 cm. of soil. The average Sr-90 soil
concentration (DW) was about 59 fCi for the top 30 cm. of soil. Special
attention was given to minimizing the foliar deposition component of activity
in plants. Concentration ratios (C.R.) for edible portions of crops that had
been shielded from direct deposition were reported. Concentration ratios were
defined as (activity/ unit wt. of crop) / (activity/unit wt. of soil). The

C.R. values reported are equivalent to Biv values.

Derived va(F“) values for Cs=137 and Sr-90 are reported in Table D.7. Values
of Biv(FH) for Cs=137 varied from 0.0057 for shelled peas to 0.0087 for
potatoes. The average Biv(FV) for Cs=137 was 0.0073 £ 0.0015. Values of
Biv(Fw) for Sr-90 varied from 0.016 for potatoes to 0.093 for shelled peas.
The average Biv(Fw) for Sr-90 uptake was 0.045 = 0.042.



17

Table 0.7 Soil to Plant Transfer Factors (FW) for Edible Portions of
Common Food Crops - Kardy et al

Edible Plant Part B, (W

Cs=137 Sr=90
Corii plus cob 0.0074 + 0.0027 0.027 + 0.006
Potatoes 0.0087 + 0.0020 0.016 + 0.004
Shelled Peas 0.0057 + 0.0034 0.093 + 0.024
Average t o 0.00727 + 0.0015 G.0453 + 0.0417

3Based on wet plant and dry soil weights reported in Hardy et al. (1977).
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Summary and Conclusions of Review of No (1979) References for Soil to Plant

Transfer of Cesium and Strontium

Cesium

Four o the six papers that were reviewed contained values for soil to plant
transfer of cesium. Three of the four papers were greenhouse experiments.
The fourth paper (Hardy et al.) was the only field study. The range of
Biv(FH) values derived from the various papers is given in Tables 0.8 and D.9
for human consumption and animal consumption, respectively. For most plants
grown on most soils the Eiv(FH) value is about equal to or less than the NRC
value of 0.01. However, there were several crops grown on Oakley Sandy loam
that were slightly higher (by a factor up to 5.6) than the NRC value of 0.0].
Most of the crops with Biv(Fw) greater than 0.01 were crops which might be fed
to animals. Potato meat, bean fruit and wheat grain were the only important
crops for human consumption that had Biv(FH) values greater than 0.01, and

thise values were higher (by a factor up to 5.6) for only one soil type.



lable D.8: Range in Cesium Soil to Plant Transfer Factors Reported in Various Papers Cited in Ng (1979) -
Human Consumption
Biv(FH)

Reference High Unweighted Avg. Parameters Examined
Miller (1963) 0.014 0.008 + 0.009 Reports data from a paper by Nishita et al. (1961).

Four common food crops were grown on one soil type.
Sartor et al. (1966) 0.0561 .017 £ 0.021 Six common food crops grovn on sandy soil
Sartor et al. (1966) 0.0010 0004 + 0.0003 Six common food crops grown on loam
Sartor et al. (1966) 0.0117 004 t 9.004 Six common vood crops grown on clay
Sartor et al. (1966) 0.0011 Six common food crops grown on clay loam
Sartor et al. (1968) 0.021 012 ¢ 0.006 Four common food crops grown on Oakley Sandy Loam
Sartor et al. (1968) 0.0013 . Four common food crops grown on Pleasanton Loam
Sartor et al. (1968) 0.0067 h Fou: common food crops grown on Clear Lake Clay
Sartor et al. (1968) 0.0053 Four common food crops grown on Hanford Sandy Loam
Hardy et al. (1977) 0.0087 7 1 0.002 Three common food crops grown outdoors r., a

moistL and sandy loam (Cape Cod, Mass.).

i



Table D.9: Range in Cesium Soil to Plant Transfer Factors Reported by Various Papers Cited by Ng (1979) -
Possibie Animal Consumption
Biv‘ﬂ')

Reference Low High Unweighted Avg. Parameters Examined
Miller (1963) 0.002 0.025 0.01 £ 0.02 Reports data from a paper by Nishita et al. (1961).

Four common food crops were grown on one soil Lype.
Sartor et al (1966) . » 0.019 Clover grown on sandy soil
Sartor et al. (1966) ” - 0.009 Clover grown on loam
Sartor et al. (1966) - " 0.010 Clover grown on clay
Sartor et al. (1968) 0.0105 0.0358 0.025 t 0.011 Four common food crops grown on Jakley Sandy Loam
Sartor et al. (1968) 0.0010 0.0188 0.006 t 0.009 Four coemmon food crops grown on Pleasanton Loam
Sartor et al. (1968) 0.0041 0.0104 0.008 £ 0.003 Four common food crops grown on Clear Lake Clay
Sartor et al. (1968) 0.0031 0.0103 0.007 ¢t 0.005 Four common food crops grown on Hanford Sandy Loam




Strontium

All six papers that were reviewed contained values for soil to plant transfer
of strontium. Five of the six papers were greenhouse experiments. The sixth
paper (Hardy et al.) was the only field study. The range and unweighted
average Biv(FN) values derived from the various papers is given in Tables 0.10
and 0.11 for human and animal consumption, respectively. The unweighted
average value reported for all papers is higher (by a factor up to about 100)
than NRC's value of 0.017. The growth conditions reported in the paper by
Sartor et al. (1966 and 1968) and Hardy et al. (1977) were more realistic than
in most papers that were reviewed. Sartor et al. reported results from plants
grown outdoors in large containers on four types of soil. Hardy reported
results from field studies. Since plants were grown outdoors in cultivated
plots, growth conditions were very similar to plants exposed to airborne
effluents from reactors. The three other papers reported results for plants

grown in much smaller containers.

As stated by Ng, Baker has suggested that NRC's current value of Biv for
strontium (0.017, FW) should be raised to 0.2. In the Sartor and Hardy papers
all plants directly consumed by humans have a Biv(Fw) value less than 0.2 with
the exception of wheat grain grown on Oakley Sandy loam. The Biv(Fw) of wheat
grain grown on Qakley Sandy loam (0.24, FW) is only slightly greater than the
proposed value of 0.2.

The average Biv(FH) values for plant parts that might be eaten by animals is

consistently higher (by a factor up to 20 for Qakley Sandy loam) than average




22

values for human consumption. The average Biv(FW) values for animal
consumption in Table D.11 are artifically high bec. .ise of the inclusion of a
number of plant parts that are not normally consumed in large gquantities. For
example, if carrot tops, lettuce stalks, radish tops, and potato tops are :
excluded from Romney et al., then the average va(F“) for Romney et al.
decreases from 3.2 to 1.3. In a similar manner, we have calculated some new
Biv(Fw) values for the various papers by excluding plant parts not normally
consumed by animals. The Biv(Fw) values based only on crops normally eaten by
animals are given in Table D.12. This table shows that for most forage

species grown on most soils Biv(FU) is 1.0 or less.



Table D.10: Range in Strontium Soil tc Plant Transfer Factors Reported by Various Papers Cited by Ng (1979) -
Human Consumption

Biv(FH)

Reference Low High Unweighted Avg. Parameters Examined

Romney et al. (1960) 0.16 1.73 0.57 £ 0.58 Six common food crops grown in clay pots which
contained Hanford Sandy loam.

Evans et al. (1962)* 0.01 2.6 - 0.40 ¢ 0.58 Thirty-six plant species important to Canadian
agriculture. Plants were grown in 5-pint pots
which contained Greenville loam.

Miller (1963) 0.001 0.356 0.11 £ 0.17 Reports data from a paper by Nishita et al. (1961).
Four common food crops were grown on one soil type.

Sartor et al. (1966) 0.018 0.281 0.16 £ 0.11 Six common food crops grown outdoors in large
containers of sandy soil.

Sartor et al. (1966) 0.002 0.100 0.05 t 0.04 Six common food crops grown outdoors in large
containers of loam.

Sartor et al. (1966) 0.010 0.059 0.04 £ 0.02 Six common food crops grow:.. outdoors in large
containers of clay.

Sartor et al. (1966) 0.050 0.009 0.03 £ 0.03 Six common food crops grown outdoors in large
containers of clay loam.

Sartor et al. (1968) 0.01 0.24 009¢t0.10 Four common food crops grown outdoors in large
containers of Oakley Sandy loam.

Sartor et al. (1968) 0.01 0.19 0.67 + 0.08 Four common food crops grown outdoors in large
containers of Hanford Sandy Clay loam.

Sartor et al. (1968) 0. 005 0.032 0.02 £ 0.01 Four common food crops grown outdoors in large
containers of Yolo Silty Clay.

Sartor et al. (1968) 0.002 0.067 0.03 £ 0.05 Four common food crops grown outdoors in large
containers of Camp Parks Clay.

Hardy et al. (1977) 0.016 0.093 0.05 t 0.04 Three common food crops grown outdoors on a

moist and sandy loam (Cape Cod, Mass.).

%ntries are based on all vegetable values reported in Table 5.8 plus the values for grains (oat, rye, wheat,
barley and corn) in Table 5.6.



Table D.11: Range in Strontium Soil to Plant Transfer Factors Reported by Various Papers Cited by Ng (1979) -
Possil. : Animal Consumption

Biv(Fw)

Reference Low High Unweighted Avg. Parameters Examined

Romney et al (960) 1.06 7.84 3.2 387 Six common food crops grown in clay pots which
contained Hanford Sandy loam.

Evans et al. (1962)2 0.18 4.36 1.0t 1.0 Thirty-six plani species important to Canadian
agriculture. Plants were grown in 5-pint pots
which contained Greenville loam.

Miller (1963) 0.038 3.68 1.02 t 1.78 Reports data from a paper by Nishita et al. (1961).
Four common food crops were grown on one soil type.

Sartor et al. (1966) “ - 0.95 Clover grown outdoors in large containers of sandy soil.

Sartor et al. (1966) " " 0.29 Clover grown outdoors in large containers of loam.

Sartor et al. (1966) - - 0.32 Clover grown outdoors in large containers of clay.

Sartor et al. (1968) 0.53 2.60 1.5 ¢ 0.) Four common food crops grown outdoors in large
containers of Oakley Sandy loam.

“artor et al. (1968) 0.38 2.48 1.4 + 1.2 Four common food crops grown outdocrs in large
containers of Hanford Sandy Clay loam

Sartor et al. (1968) 0.05 0.53 0.26 t 0.22 Four common food crops grown outdoors in large
containers of Yolo Silty C1 /.

Sartor et al. (1968) 0.07 0.22 0.15 ¢t 0.11 four common food crops grown outdoors in large

containers of Camp Parks Clay.

%ntries are based on all values reported in Tables 5.6 and 5.7 except for grains and tobacco. If grains were
included then the unweighted average would be slightly lower (0.85 £ 0.98) than the values presented above.



fable D.12: Range in Strontium Soil te Plant Transfer Factors Reported by Various Papers - .ed by Ng (1979) -
Animal Consumptlion
Biv(FH)

Reference Low High Unweighted Avg. Parameters Examined

Romney et al. (1960) 1.26 Barley forage grown in clay pots which contained
Hanford Sandy loam.

Evans et al. (1962)% 0.18 4.36 1.0+ 1.0 Iuenty-five,‘ﬁZZ?;?\(ggq?yh-portant to Canadian X
agriculture. Plants were grown in 5-pint pots
which contained Greenville loam.

Miller (1963) 0.15 1. 0.65 t 0.71 Reports data from a paper by Nishita et al. (1961).
Corn and wheat plant paris grown on one soil type.

Sartor et al. (1966) - - 0.95 Clover grown outdoors in large containers of sandy soil.

Sartor et al. (1966) - - 0.29 Clover grown outdoors in large containers of loam.

Sartor et al. (1966) - - 0.32 Clover grown outdoors in large containers of clay.

Sartor et al. (1968) 0.53 0.60 0.57 £ 0.05 Corn and wheat plant parts grown outdoors in large
containers of Oakley Sandy loam.

Sartor et al. (1968) 0.38 0.49 0.44 + 0.08 Corn and wheat plant parts grown outdoors in large
containers of Hanford Sandy Clay loam.

Sartor et al. (1968) 0.05 cn 0.08 £+ 0.04 Corn and wheat plant parts grown outdoors in large
containers of Yolo Silty Clay.

Sartor et al. (1968) 0.07 0.22 0.15 ¢ 0.11 Corn and wheat plant parts grown outdoors in large

containers of Camp Parks Clay.

d%ntries are based on all values reported in Tables 5.6 and 5.7 except for grains and tobacco.

If grains were

included then the unweighted average would be slightly lower (0.85 t 0.98) than the values presented above.
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lure ui2d to -s.L.ahs patasicg darasitisn Fatas and axtarfang
zplation préesanted ia Razulatory G ”a 1.111 w28 Bazed on
cal solutions to the flui-gradient ("K-thzory") diffusion eguaticn
d tn Raterence 1. The effluent was not aTlc.cd to diffuse
Siyond & heisht of 2202 in scadle ceadition and 13301 ia nautiral and
unstadle comézti**s. At tha ground surface, a partial siak dourdagy
condition {nvolving tha depesition valocity was assimad., The vind
and eidy diffusivity profilas required as input to the diffusiom
r'c.at..cn wera the same as thesa presanted in \Q.sfcnuﬂ 1. Depositi
valocity was allewad to vacy with wiad s;zed in accordanca with ch
s_,ir'cnl a3uation prosanted in Rafarznce 2 29su2ing an areal grass
~sit, of atorut :C;/:z. Tae te:witanc derositisn velocities were
0-12. 1.20 and 0.3Sc=/sec for stabdle, nautval aad unstadble conditicens,
respectively.

o o

Calsulations were made rapresanting ground level relc:ses which are
fnitially uniformly wixed through a 30a depth and 11:\1~ed point sources
rela2ases at the 30, 60 and 1002 lavels. Since the asti: ates for ground
level releases did not vary by more than a factor 9f two szong the
stability classes, single curves for relative dcposition and depletion
vara drawn. Howaver, for elevated rel:ases significant variations

among the stability classas winld not allow the simplification to one
curve for cach release height. Other reascnable cozbinations of eddy
diffusivity and wind profiles for each stability clsss and release
Liaight were used to provide deposition and depletion estimares allowing
the deposition velocity to vary with wind speed in accordznce with
Referance 2. Those estirates ware quite similar to the original estizates
fa zach stability class for elevated relaasasand for all stability
classes assuning ground lavel releszses. Since 2ir concentration is
invsrsely proportional to wind speed and daposition veloecity is directly
sroportional to wind speed, the deposition rate is independent of wind
s;22d, Therefore wind sp2ed is not a factor in the estization of
deprsition and depletion. Fance only at=cspheric stidbility reed be
considered in making thase esticates.

Refarences:®

1. E. K, Yarkee, Jr., "A Paramatric Study of Caseous Plume Cepletion
5y Ground Surface Adsorption,” in Procesdings of USAEC Mateorolegical
Information Meeting, C. A. Mawson, Editor, AECL-2787, pp. 602-613, 1967.

% C. A, Pelletier and J. D. Zinbrick, "Kinctics of Environmental
Radiciodine Transport Through the !Milk-Food Chain", in Environzental
Surveillance in the Vicinity of Nuclear Facilities, W. C. Reinig,
Editor, Charles C. Thomas Publishers, Springfield, Ill., 1970.

pOgR ORIGHAL



fote to W. Carmill

Enclesad ara s;acific responses to the quastions raised by R. H. Vollzar
in his note to you dated February 11, 1976. A copy of that note is

also attachad for your referance.

\%d _Q,-_,.‘_:.“-io
S4-G. Yulrman, Chief

Hydrologic and lieteorology Branch
Division of Site Safety and
Environzantal Analysis

Enclusures:
As stated

ce w/encl:

fat. W
L S
~ Personnel Q@@% '



At Ay
s LD SMuS Aot ald

G -
AVIRAGE A0WAL X/Q CC

> <
o v B e
- iy e s mylm

S AL LdrD

y Short ter= Releases

a. Ttem

Although at previous meetings on this subject SAB had
.greed to use 50% meteorology [{.r short term releases,
we have learned that the model now in use by MB uses
a value closer to 15% meteorology.

b. Response

There appears to be a tendency to maks shorter term
releases during periods of poor diffu ion conditions.
Because of this tendency to make short term releases
during periods of poor diffusion conditions, and the
resulting order to magnitude differences in X/Q esti-ates
that zay result during such releases, we hava elzcted
to use the 151 mateorology for the one hour X/Q values.
The 15X one hour X/Q value is approxirtately one standard
" ceviaction froa the mean. he 157 ome hour X/Q value
is used to establish a powrr law relationship betwean
one one-hour release and the annual average X/Q value
(8750 hour release). The X/Q value for the appropriate
nuzber of hours of release from a given source is then
calculated by extrapolation between the one hour value
and the annual average value. Without the use of the
15X value as one point on the curve for cases wvhere we
do nor know when short term releases will be zade, we
may substantially underestimate X/Q values. If we had
better Jefinition of when short term relecases would be
cade, or when releasas could be restricted, we would change
the distribution we are presently using. We conclude
that the use of the 15Z one hour X/Q value to establish
a X/Q distribution, at sites where we do not know when
short term releuses are to be made, precludes substantial
underestimates of X/Q while at the same time preventing
substantialy overestimates. If tech specs were available
to control the time of short term releases we would modify
our computational techniques.
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B) FOR RELEASE > 8 HOURS, OR MANY S=ORT TERM RELEASES, THE
EFFLUENT IS UNIFCAMLY DISTRIBUTED IN THE KCRIZCNTAL WITHIN THE
22 1/2 ® SECTOR.

¢ (X/Q)AA - UNDECAYED, UNDEPLETED ALLUAL AVERAGE X/Q, ASSUMIN
A) PART-TIME ELEVATED, PART-TIME G20..D LEVEL RELEASE (PER R.G. 1.111, c2)
8) EFFLUENT IS UNIFORMLY DISTRIBUTED IN THE =QRIZCNTAL WITHIN THE
22 1/2° SECTOR.

3. TOTAL HOURS OF PURGE RELEASE PER YEAR.

HMETHOD

STEP 1: O LOG-LOS PAPER (X/Q VS. TINE), PLOT (X/Q)15 AT CNE HOUR, AND
(X/Q) ,, AT 3760 HCURS AND CONKECT THESE POINTS WITH A STRAIGHT LINE.

STEP 2: READ THE UNDECAYED, LNDEPLETED X/Q, (X/Q)pnqps FOR THE PURGE
RELEASE FR0M THE GRAPH CCRRESPOLDING TO "7 THE TOTAL TIME OF
PUGE RELEASE PER YELR.

STEP 3: DETERMINE THE RATIO: (X/Q)5y25e
(X/WM

DEPLETED £ND/C0R DECAYED X/Q'S AhD DEPOSITIQN VALUES
URGE Til'E PERIOD, MULTIPLY THE RESPECTIVE ANLIJAL
/ALUES BY THE ASOVE RATIO.
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MINDRANDUM FOR: Harold R, Cazaton, Diractor
Qffica of ! clear Raactur Rzjulaticn

Fz0M: Caniel R. Muller, Acting Dirsctor
Division of Site Safaty and Envircnmantal Analysis

SUBJECT: METECROLCGICAL MODEL FOR PART 100 EVALUATICON

The Regulatory Requiremants Review Committee (RRRC) has considered progosed
revisions to the Meteorological Model for Part 100 evaluations cn saveral
occasions, specifically in Februarv 1977, Noverber 1977, ar . M2 1978.

Ouring the most recant meeting on this subject, May 2, 1978, the staff
discussed several alternatives of sector and overall probabilities or
use in the Regulatory Guide being daveloped. Historical azpproaches were
discussed in some detail as bases for the selection of the probability of
dispersion conditions in limiting sectors, and the cverall 1fmiting site
probability level of 5% analozous to the SAP mocal was also discussad.

The staff presented inforration basad on a paramstric study of representative

sites which indicated that the averzge of worst sector probabilities experi-

enced in case raviaw was zbout 0.6%. There was a ccnsiderable spread in

the worst sactor probability levaels for the sites examined in the parametric
‘udy. In additicn, the staff identified the relative centribution of both

meander and variable exclusion area boundaries to anticipated changes in

estimated dispersion conditions zt the exclusion area boundary, and

compared *4ese changes io ¢is;=rsiun c3timates produced by the £°P model.

At the conclusion of the RARC meeting of lNay 2, 1978, the staff visws con
what had b2en accepted, recormandad, or decidad at the reeting varied,
except that the staff should procead with producticn of the standard and
preparaticn of a Cormission Information Paper. :



\
~“argld R. S:inton -2 - 2 2

Subsac.ant to the FRAC meating, the staff of tha Uivisica of Site Sa
ind Savirznmantal Analysis hes furthar considarad tha saclor 3varize @
the cvarall site prosability laval, concluding thar the cvarall site
pratability specification nas not nacessary, 2nd that datailad znalysis
of the sarametric study resuits indicatad a sector protability laval of
o.5% would accurately reflect the averaga of the saramatric study. Thase
mattars, and the numarcus cormints on the axtansive and cemplex guide,
have rastrainad, to scma degrae, zrograss in meving the guide into a more
final form. Some -ajor staff ccmnints are includad {n maroranca From

0. 3unch to H. 3anton (Jated June 19, 1378) 2nd L. Hulran to H. Cznicn
(dated June 26, 1$78). The staffs of AR and OSD have besn procezding
with razsolution of those commants which are within the contaxt of the
proposed guide. Oetailed commants for final wording of the guica are

ready for transmittal to CSD.

while progress in guide davelopmant is being made, the resoluticn of the
sactor probability level, and the quasticn of whether the overall site
srobability level should te included, have not bren fully resolved, [
therefore request that you zpprove the following positions for NRR:

1. A limiting sector probability level of 0.5% be used in the naw
model (the basis for this is described in the memo from L. Hulman

to H. Denton on 6/23/78).

2. An cverall site probability limit of 5% ba retained., It ray well e
that this factor has no influance in practica, Lut it will provide
a linit for si*es where adverse disparsion is ncn-directicnal.

Thesa would apply to the standard being preparad 2nd to the Hydralogy-
ttateorology Sranch Tachnical Fesition on the sactor dapendant mccel,

o AT K

LDzniel R. !uller, Acting Director
Division of Site Safety and

- Envirenmzntal Analysis
Office of Nuclear Rsacior Regulation

cc: E. G, Case
R. P. Cenise
L. Hulman
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al bagust 2, 1378
Wit n vy sohs - Santat R, Wuller, Ssting Jirestor, :
FEgN: “arald R. Zenton, Ti-sctor, SR
SUSJECT: FRACPOSED NEW METIZFOLOSICAL MO0EL

8y the ==mo of May !5, 1378, OSE was cdirected to allow azplicants
to use eiiter the current ~odel or tt2 prozcsed sew modal (vhich
~48 t0 52 m:difiad to include 3 5% site ¥/Q critarion), ;2nding
the zrezaration and RARC review of an iafcormaticn %szer on the
atcove subject. Your raguest for clarificatica has Sean c3nsiferad

and additional guicdance is as follows:

1. The sector protadbility level to Se usad in connecticn with the
interim position is 0.53. | undsrstand that this value repre-
sents the HM3's prasent judz~:nt of the value that will normal-
ize results from the new =ocel to thcse from the old. Whether
this value is ulticately adoptad as a final pesition will rest
First on the reviaws of the Infer=mation Paper and secondly on
the results of subsaquant revisws of the proposed rew model fol-
lewing its issuance for cormment.

2. Since there ra~ain substantive guestions regarding the propesed
~odel, you should include the staff's analyses suzporting the
0.5% value, and a su~ary of “ey issues, as input to SO for ia-
clusion in the "for comrant' paclage. | ~ould also suggest that
any cammants that you previde to SO not forsclcse viatie cpticns
such as retantion of the current model, or altzrnative sacilor
sreSability criteria (should information be Zavelczed that such
altarmatives are appropriate).

3. If it appears that a significant commitmant of NAR resourcas
will Se requir:d to address and resolve the issuss surrouncing
the propesed new model, or to implement that model, that matiler
should e discussed in the Information Pager and at the ~ext

bl;.ni-‘g cefore the RARC.
/{ é
/{f 'zf‘/ -

Yarold R, Centon, Director
0ffice of Muclear R2actor Tagulation

e
@@@3‘%&



.......

It is our position that either the draft Regulatory Guide 1.XXX,
"st-sezharic Jisparsion [fodals far Potantial fccicant Consequance
2ssassmants at Nuclear Powar Plants® (datad Saptamber 23, 1277),

or the procedures described in Standard Review Plan Section 2.3.4

=2y be used to evaluate atrospheric transport conditions for analysis
of accidents with the follcwing amandrments to the draft regulatory
guide modal: (a) a limiting sector X/Q value at the 0.35% probability
lavel ba used*, (b) the accunulated fraquency of the 1imiting seclor
X/Q or higher value in all sectors may not exceed 5% for the site,
end; (c) norcalization of incividual sectsr protability distributions

is not used.

*ioinc-:ant Sasad on “ararandum from H. R. Cantan to D. R. Mullar,
Subject: Proposed lew !"atasrological Model, dated August 2, 1878.

\
e



