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Purpose: To inform the Commissioners regarding our preliminary
analysis of the Wyhl Report.

Discussion: In an interim Commission information paper dated December 10,
1979* we provided you with some background information
on a Washington Post article entitled, "Are Nuclear
Plants Unsafe--Even Without a Mishap?" This article,
which was based primarily on a report entitled,
"Radioecological Assessment of the Wyhl Nuclear Power
Plant" (Hyh1 Report), alleged that the NRC may be
substar.c.ially underestimating dosos to individuals in
the environs of nuclear power plants. In our interim
Commission' paper, we indicated that the staff was
completing a draft review of the Wyhl Report. Enclosed
for your information is a copy of the revised translation
of the Wyhl 7' cort (Enclosure 1), and our first complete
draft of the Review of the Wyhl Report (Enclosure 2).
A brief summary of the results of our draft review
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Although the Wyhl Report'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 from 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 Wyh1 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 (Bjy)

| for cesium and strontium that are 7 to 1500 times
i larger than NRC values, (2) ingestion dose conversion
| factors (DCFs) for Sr-90 (bone) and Cs-137 (kidney)e

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, dependingfon 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 Wyh1 Report's analysis, and I-131 'in vegett 'on, meat
and/or milk that are much greater than the l' wer l~ ait ofo
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 I-131 in vegetation,' meat and/or milk
are much lower than the Wyhl Report's predictions. Conse-
quently, the Wyhl Report's estimated ~ dose from vegetation,-

- meat and milk ingestion is not a realistic dose for the
hypothetical maximum individual living near nuclaar 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 only
slightly increase (by less than 10%) our total aose
estimates from all radioactive effluents from a
nuclear. power reactor.

EL
~

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 Wyh1 Report"
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ABSTRACT

This report reviews the technical basis for the dose estimaterin a report.

entitled "Radioecological Assessment of the Wyhl Nuclear Power Plant" (Wyh1

Report). Although the Wyh1 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 Wyh1 Report estimates doses that are from 10 to 10,000 times

higher than the doses calculated using NRC's values for Regulatory Guide

paramet.ers. 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

is 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 dose conversion ' factors for Cs-137 (kidney), and Sr-90 (bone),In
'

addition, the Wyh1 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,

-ineat and milk ingestion is not a realistic dose for the hypothetical maximum

individual-living near nuclear power plants in the U.S.
_
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LSince the W9hl Report includes many references with higher averace soil to
plant transfer factors for cesium and strontium than current Regulatory
Guide 1.109 values, NRC is considering increasing the current vaines 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 only slightly increase total dose estimates from all radio-
active effluents from nuclear power reactors.
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I. INTRODUCTION.
I'

I
;>

|' ' The-Dep.ri.- 7. of Environmental Protection of the-University of Heidelberg has ;

published a report entitled "7.cdioecological Assessment of the Wyh1 Nuclear
.

Power Plant" (Wyh1 Report).1 The Wyh1 Report assesses the environmental

impact of a proposed nuclear reactor to be built near Wyhl, Germany. The Wyhl

reactor is a pressurized water reactor (PWR). The assessment is based largely

on environmental models that are used by the U.S. Nuclear Regulatory Commission

(NRC) in licensing reactors.,

*
r .

5everal Regulatory Guides (Regulatory Guides 1.109, 1.111, 1.112 and 1.113)

were developed by NRC to implement Appendix I of Title 10, Cods'of Federaf

,
. Regulations, Part 50 (i.e. ,10 CF1t Part 50).s.s.4 s Appendix I, " Numerical -

Guides for Design Objectives;and Limiting Conditions for Operation to Meet the

Criterion ' As Low As Is Reasonably Achievable' for Radioactive Material in *
. .

Light-Water-Cooled Nuclear Power Reactor Effluents," provides numerical

guidance for radioactive affluent design objectives and technical specification

requirements for limiting conditions of operation for light water-cooled
'

nuclear power plants.

|

|

Regulaton Guide 1.112 " Calculation of Released Radioactive Materials,in' |
.

. Gaseous and Liquid Effluents free Light-Water-cooled Power Reactors,"
,

" ~

provides methods for calculating releases of radioactive effluents

.(liquid and gaseous) from light water reactors.

4

e
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Regulatory Guide 1.111. " Methods for Estimating Atmospheric Transport and.,

01sperstu. af Gaseous Effluents in Routine Release from Light-Watar-cooled

Reactors," provides methods for calculating dispersion of airborne effluents.

Regulatory Guide 1.113. " Estimating Aquatic Otspersion of Effluents from.

Accidental and Routine Reactor Releases for the Purpose of Implementing

Appendix I," provides methodt for calculating dispersion of liquid affluents.4

Regulatory Guide 1.109, " Calculation of Annual Doses to Man free Routine.

Releases of Reactor Effluents for the Purpose of Evaluating Comp 11ance

with 10 CFR Part 50, Appendix I, provides methods for calculating dosas

(both sexf aum hypothetical individual, and population) from both ifquid
,

'

and airborn releases.
.

. The procedures and models provided in these guides are subject to continuing '

.

review by the staff.
:

One of the main conclusions of the Wyh1 Report is that the radiological impacts

from a proposed reactor are auch greater than the Federal Repubite of Germany's

Regulatory Agency responsible for ifconsing the reactor, Hessisches Ministerium
'

fur Wirtschaft und Technic, estinatas. The.Wyh1 Re ort estimates individual

doses .that are from 10 to.10,000 times higher than the doses calculated using

'NRC's Regulatory Guide parameters.

Some' of the reasons for' the large differences in dose estimates between the

.Wyhl Report's assessment'ana tne Gennan Regulatory Agency's assessment are
.

4
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given in the Summary section (Ch.' 11) of' the Wyh1 Report. These reasons

include:
.

1. "The meteorological long-term dispersion factor assumed in the GAS assess-
sent was about 2.5 times too low, so that the meteorological attenuation

~

was about 2.5 times too high."

' 2. "The assumed nuclide spectrum for radioactive aerosols was not conservative.
In particular, the percentage of cesium-137 that was used was-too small."

3.- "The enrichment factors for the passage of radionuclides from the soil |.i ca crop plants were between 10 and 1000 times too low in the most
: c-itical cases . . . ." !

4. "The transfer coefficients for t.% passage of radionuclides from forage
|ints beef, pork and silk were between 10 and 100 times too low in the,

most critical cases '. . . .*
5. "The transfer-factors for the passage cf radionuclides free foodstuffs

into the bloodstream via the gastrointastinal tract were between 10 and
20,000 tians too low (see, for example, plutonium on p. 91).".

6. "The value assigned for-the biological haff-lives of radionuclides in the
{

I,

. human organism were too low for scos radionuclides."'
1

. 7. "The nuclide composition of the radioactive tx: ele gases was totally *

;
unrealistic. Consequently, the calculated raciation exposure from radio - 'lactive noble gases was about 5 times too low."

||

1.1 PURPOSE OF REVIEW OF WYm. REPORT

$1nce the Wyh1 Report refers to some documents that nave been published after

publication of the documents which are cited in some of the relevant NRC. *

Guides, we have reviewed t.% Wyh1 Report to:

1. .. rite a review of the report that.would be usefui in licensing hearingsW

and responding to petitions for rulemaking.

D"*]D *]D'T
o oJu oJU.2l.k s
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2. Detamine the need to incorporate thf s more recent data in future revisions

of the Regulatory Guides relating to the radiological assessment of,.

routine releases from nuclear power plants.
- >

. _

,

1.2 METH00 0F REVIEW 0F WHt. REPORT
'

.

|

Since the Wyh1 Report primarily criticizes the $$X and only indirectly criti-
'

cizes NRC's environmental modeIs, we have reviewed the Wyh1 Report for generic

criticisms of our andels rather than site specific criticisas of the Wyh1

nuclear power plant. Since the Wyh1 Report questions the models and many of

i the values for model parameters used by MRC in radiological assessments of

routine release free nuclear power plants, we have limited oce review to the

most significant differeneas in models and model parameters.

, Chanter 2 - Criticue of Soune Tems -

This chapter is divided into an introductory section and several sections that

compare the Wyh1 Report's source tam with typical NRC sourca tars estimatas. .

The introductory section briefly describes the overall importance of source

tars models to radiological assessments. It indicates, in general tems, that

the basis for NRC models is nuclear plant operating experience and that the
,

| -source tars for a particular plant is deoendent upon these generic NRC models,

as'well as the specific teetment systaes proposed for a nuclear plant. The

| latar sections -compare the Wyh1 Report's source tams with both gener 1- NRC

sodels described in NUREG-0017. and actual data from semi-annual effluent

release recorts.s
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Chaoter 3 - Criticue of Of scorsion Models i
|

|

.This chapter includes three sections: (1) Introduction; (2) Critique of !
~

Wyhl's Dispersion models; and (3) General Description and Basis for-NRC Models.
|

The introductory section briefly describes the overall importance of dispersion,

models to radiological assessments. Important input parameters for dispersion

models are identified. The second section, " Critique of Wyht's Ofsparsion

Models," discusses the general methodology, facluding atmospheric dispersion

models, assumptions -and input data used in asking the assessment of the Wyh1

site. Otspersion models used in the Wyhi Report are compared with models used

in NRC reactor licensing hearings. The last section, " General Description and

Basis for NRC Models," describes the physical basis for NRC at . teric disper-

sion models and important NRC fnout parameters.
. .

Chaotar a - Pathway Analysis *
.

This chapter identifies the major reasons why the Wyh1 Report's dose estimates

are higher (by several orders of magnitude) than those typically estimated by *

NRC in reactor ifcensing hearings ~. The chaptar analyzes several of the pathways^ #g ...
.

fn Wyhl'for airborne releases: (1) gamma submersion, (2) external exposure (
. from contaminated ground, and (3) food ingestion. Since Wyhl's dose estimatas

for 11gufd releases are small (less than 155 for most body organs) compared

with dose estimatas for af rborne releases, the Ifquid pathway is not analyzed

. .in detail. - The dose estimatas in this chapter are based on the source tares

- sad dispersion models used'in the Wyh1 Report. Cases to the maximum individual

are estimated with variations of the models described in NRC Regulato' yr

Guide 1.109. The Wyh1 Report's dose calculations were analyzed with NRC's |
l
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computer program GASPAR. GASPAR calculates doses from airborne effluents

using the models in Regulatory Guide 1.109. GASPAR was run several times with

each run incorporating progressively more of _the Wyhl Reporti's values for

model parameters. The Wyhl Report's air-food ingestion doses are also analyzed
a

fromAradionuclide 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

Wyh1 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)
|

Soil to Plant Transfer of Strontium; (3) Ingestion Oose Conversion Factors for

Cs-137 and Sr-90; and (4) Summary and Conclusions of Critical Parameters for

Cs-137 and Sr-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 -
m

:(DCFs) for Cs-137'(kidney) and Sr-90 (bone) is analyzed. The Wyhl-Report's-

DCFs- for Cs-137 (kidney) and Sr-90 (bone) are compared with the corresponding

DCFs_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

u
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Chapter'6 - Comparison of Wyhl Report's Radiological Model with Environmental,

Monitorina 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 WVhl 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 maximum individuals and populations

living in the vicinity of a nuclear power plant first requires a knowledge of

the quantity of radioactive 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

effluents released to the environment. Federal regulations ' 2 in the U.S.I

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. Radioactive materials are

transported from the primary system to auxiliary ifquid. systems through process

<
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operations, equipment drains, or equipment leakage. System venting, gas stripping,

and . fluid leakage 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
3models are discussed in detail in NUREG-0017 . These models provide values

for the levels of radioactivity 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.

Therefore, 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 confonn to the "as low as is reasonably achievable"
c

release criteria.
;

!
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Figure 2.1 General Description of Gascous Effluent Pathways and Potential Treatment Equipment
.

;a a Pressurized Water Reactor.. -
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Figure 2.2 General Description of Liquid Ef fidnts Pathways and Potential Treatment Equipment -
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in a Pressurized Water Reactor
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12.2 LCOMPARISON=0F'WYHL'S SOURCE TERMS WITH NRC SOURCE TERM FOR A BASE CASE PWR

Sections 2', 3 and 4 of the Wyhl Report.present a discussion of the source terms

assumed'for the Wyhl nuclear power plant for both liquid and gaseous effluents.-
'

There is no specific information listed in the Wyhl Report as to the bases for

the values pia:nted, 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 Wyh1 Report and NRC

source term models.

One comparison which can be made to~get an approximation of differences is to

compare the Wyhl Report nu'mbers 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 of 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 scd 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 releases with no treatment-

'provided since PWRs do m ' diays-provide treatment ' cr these release pathways.

However, the value & ewed for the realistic base case PWR for~ noble gases

Lfrom"the waste | gas. syste ed for liquid releases of fission and corrosion-

products consider t):e presence of treatment'~ equipment since, in the-USA, all

. . 2-1.
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TABLE 2.1: COMPARISON OF.WYHL REPORT RELEASES
-WITH BASE CASE NRC RELEASES

.

.Wyh1 NRC-
. . Report PWR

Airborne Releases' (Cf/yr)a (Cf/yr)b

' Noble Gases ~ '80,000 12,000

-I-131. O.3 .O.24
'

Particulates ,. 1.0 0.4

. Tritime NV 680
'

Liquid Releases

Tritium '1,600 680-

Other Fission and.
Corrosion Products 10 1.0

. "Wyh1 Report estimates-are taken from Section 2.1 and 2.2 of the Wyh1 Report,
b
These values were de-ived from dat.a 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.
~ r%ineralization of shim bleed wastes and domineralization of. floor drain
' wastes,

i

,

c%>

%
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' reactors have had to add. treatment equipment on 'hese release pathways in order

to meet the ALARA criteria of the Federal Pegulaticas. Thus, the noble gas

release is based on a 30-day holdup in the waste gas system and the liquid

release is based on evaporation and demineralization. -We will see in the next

camparison table the validity of using this realistic base case for noble gas
-and liquid r21 eases.

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

iodine-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 Wyh1 Report estimates. These comparisons can not be car-

ried much beyond this point since, as was discussed in the introduction,

effluent treatment methods incorporated into the design of the Wyh1 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 plantIbefore source terms can be calculated. The most common' type'

_ - 'of treatment available- for the removal of iodine-131 and particulates from

effluent' streams are charcoal adsorbers and HEPA (High Efficiency P_ articulate:

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-

. 2-7-
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reduce particulate releases:by a factor of 100. In addition, PWRs can reduce .I
1

their ~ noble gas releases by keeping primary coolant gas levels low by routing

greater quantities of gas to the waste gas system where additional storage |

tanks for delay can be provided. Also, liquid releases can be reduced by
,

.

additional demineralizers~ and evaporators 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 actuel plant

. treatment equipment, Table 2.2 presents a coo arison f the NRC base case val-

ues with the average of the calculated estimates madt 20 operating PWRso

. based on specific plant 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' additional 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 mcdels 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
-T0 ESTIMATES FOR ACTUAL PLANT DESIGNS

. Average of ~ Average of
. Estimated Actual Release

A;rborne Releases' Case *'.
Releasefgr forBase

c
- 20 PWRs 20 PWRs

~

'-Nob 1e Gases 12,000 5,200 7,500

I-131 0.24 0.063 0.05

Particulates- 0.' 4 0.023 0.02

H-31 680 '550 100

,

Liquid Releases

' -Mixed Fission and
Corrosion Products 1.0 0.7 1.2

:H-3 .680 460 400

aFrom Table 2.1-
*

'b
Values.obtained from computer code runs made using NUREG-0017 models and

: parameters for specific plants.-

CValues obtained from semiannual effluent release reports for specific plants.

..
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-the above discussions, the values presented in the Wyh1Lreport'may well be-

' valid for that particular power plant given;its reactor design and treatment - |: < -

l
system design. - However, the: source terms ~ of the Wyhl. Report can not be ~

|
.

- i

generically applied to '.all PWRs' since there is 'not a. fixed source term appli-,

- cable to al) ulants. The ' source tem is a variable from _ plant' to plant -

: depending.on.the plant design proposed by the specific reactor to meet the
~

,
limiting dos'e guideline present in Federal Regulations.
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'3. CRi flQUE OF DISPERSION "0XLS
s

-

.

.3.1 If3R000CTION

[In-ordar to determine the maximum cadiation exposure (dose) from airborne releases |
~

to. Individuals, and -populations. living _in' ghe vLicinitgof a nuclear power plant, |g

-in assesseent of L the dilution characterisbcTrT"thelsitegtust be made. Theo
.v hicle for extensioH'ofithe source. term though the variouGathways and ultimately,fo

the doses is generally a transport and diffusion.model,N'
~

.

- Sik 'wMO' . concentrations of radio-
-1,2 1 -- -.- . . .

Federal reg ,ations Intheti.S. establish limits.on )
active material in effluents to unrestricted , areas, the requirements l

for operating procedures to meet.the "as low as reasonably ach.ievable" (ALAR) )
release criteria, and provide numerical guidance for design objectives and limit-
-ing conditions for operation. ;

!. . .. .

.
. Calculational procedures usd byl

- utiligy app.licants in t! eg.,S. b defermie. desgn o'o)*dm5 sineo fd cxdd uss !

+k,e ,ne q .W e pem!
(1) : An. applicant should~ be free to use as realistic a model for characterizing j

natural-phenomena, including. plant performance as he considers useful. An
applicant may take into account situations not adequately characterized by
such standardized models 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 to change significantly
. during the term of plant operation..

: ,

(2);l-|bere selection of data is strictly a matter of interpreting experimental
evidence, both the-applicant and the-Regulatory Staff should use prudent
scientific expertise to select those values which would be expected to
yield' estimates nearest 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 leaves.a substantial
range of uncertainty as to the best estinate'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. cy= ration.and anticipated
operational occurrences over the lifetime of t1e plant.

m
'

(5). The model'_of the exposed individual and the assumed characteristics of the.
-

environs with respect to human occupancy and to land and water use should be
; determined in each case in accordance with the: intent indicated below for each

-

particular category of'effluentifor which design-objective guidelines are given.

ug
, ..

, .. _



..- ,.

_ b .'2.
.-

. .. .

'(a) - For design objectives affected by assumptions as to consumption of
. water or food (other than milk) produced in .the. environs, one should
consider the model individual exposed with account taken only of such
potential occupancies and usages as could actually be realized during

' the term of. plant operation.
. . . . . .

(b) For design objectives affected by exposure as a direct result of human
occupancy (immersion exposure), the model individual should be the
-hypothetical individual maximally exposed.with account taken only of
such potential occupancies, including the' fraction of time an individual
.would be exposed, as could actually be realized during the term 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

a. 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 atmosphere from a nuclear power plant are a function of
the state of the atmosphere along the plume path, the topography.of.the region, and
:the characteristics of.the effluents thenselves. For a routine airborne. release,
' the concentration of radioactive ma.fmal. A 'd.e. sorra W q r< yon
de e4 m +-e s ov ree h , 4 .e. ke h u ..f W .ec

release; the momentum and buoyancy of the emitted
plume; the windspeed,. atmospheric stability, and airflow patterns of the site; and
various effluent removal mechanisms. GeograprJc features such as hills, valleys,
and large bodies of water greatly influence dispersian and airflow patterns. Sur .
face roughness, including vegetative cover, affects the degree .of turbulent . mixing.
Sites with similar topographical and climat.ological features can have.similar dis-
persion and airflow patterns, but detailed dispersion patterns are usually unique
for each site.

It .has .been the. practice in the U.S. to inplement an onsite meteorological program 4
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,
one year 'or more of. meteorological data cire.~ reqvtred 4. w. ceu.ceeg a-J ge/c P
% 4.s muane ele a. peM -ro e pea.+e. a .' curdW -M geu s or nace a.rer<qdr<d? % ese d. & a c< -h> b,e waAva.W-A W. U

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

'

: Cnsite or r.epresentative offsite information when used judiciously can provide use-
-ful information regarding dilution characteristics in the site. vicinity. A multitude
-of evaluations can be. performed sith such data bases, however, such information can

.
prove misleading if not applied properly.

It s not. evident from the objectives statement of the L'yhl Report that the
experts relate the various reinase conditions, to appropriate.meteoro-
clogical ccaditions. The results of any ateospheric dispersion calculation
ihave drit only (.han ~used in its proper context. Dilution estimates can only
be;as1.'orthwhile-as the'~ assumptions nade with regard to transport and diffusion,
.the plant engineering and operaticnal. configuration, and the meteorological
conditions, that could be experienced. . % c i " Plica. W is that the user

- cnsures that the :.eteorology and the codel o.re appropriate for the objective.

' ~~

.
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Threereic$se-conditions- aregener$11yconsidered.inaddressing
'

(the various U.S. regulation ~:s . normal-(routine), intermittent (purge), and
P.bnormal -(accident) . There are three attendant philosophics for estimation

'

|purposeg'*as well.faiibh"eM.dded measures of conservatismel.asthetimeframedecreases. Likewise,
'S' are incorporated

intotM a duwal -

different methodologies- .are.used to calculate dilution estimates ~that
account for: planned or unplanned-releases and short .or long-term variability

''in meteorology.

- The position est$lished in th'e Wyhl- Report w$s th$t short-term meteorologic$1
.

- data was necessary, but' unavailable, and that projecting coincident release / dose
- calculations was impossible.10n these bases, adjustments were made.to the
dilution factors' to. reflect perceived errors inherent in the insdequate meteoro-
logical information.

.

3.2 CRITIQUE OF THE ATMOSPHERIC TRAf; SPORT Af!O DIFFUSI0ft MODEL USED IN THE WYHL REPORE

In the discbssfors th$t follow the. atmospheric tr$nsport and diffusion model, .
' thel.neteorological input, and, assumptions cade '

.will be dealt
with in varying degrees of detail. At the. outset, it should be noted that the

_ . Men:afim pr. Qed. does not meet the minimum.Tevel of
specificity regarding selection of appropriate. meteorological data and proficiency.
in gdel applications, and presentation of results.which are' acceptable in the-
U.S.

. The lo$st sophistic $ted model. $ccept$ble'to the USf!RC will be .used in the com-

. parison of iaethodologies. The r..d: di.'.pcs as outlined.in .vartous reg *ulatory -guidesW*and other documents ",S hays a corxson derivative miA the model referred

.
.to in the L'yh1 Rep.3Cwmu.ortjy At that- comon point is t.here the, similarity ends.1

. .1 .
. .

.The meteorological information used in the Wyhl Report leaves.much to.be . desired.
.

To compensate for inadequacies, an attempt.was madevto introduce unsubstantiated ' !error functions.- '

'^Y Y I
'

3.2.1 ' METEOROLOGICAL-DATA
4'

It is.extremelyLdifficult to perform a diffusicn calcblation an(retain any
credible sense of realism igthe et, gate if the veteorological dataare tradoquate.

.

tir
Considerable effort was ma,8e t P 8c Wnstrate that the conditions prevailing at>

x
_ ' one location can only be: approximated by ecoditions at another.

.
.

Meteorological data-in one form or ~another were presented forfnr stations
. freiburg,--Karlsruhe, Breisach, Bremgarten,L and Strassburg) forRve meteorological
; factorsi (atmospheric stability, Lwind direction,' weather phenomena, wind speed,
;and; inversion).'.f|oTsingle station was considered to adequately represent Wyh1 on .
all accounts, further,' no single station reco'rd was presented for each of the - ,

|that.pararacters mandatory for an adequate assessment.

b .b d a dete. er4l! % M cD c5 b N *sPM)d m g - r );
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JAn undefined st$t'istical mcEsure of error w$s.attr.ibuted to thei$riEbility.batweeny
:two station location records. F'eteorological data are not m documented as to
:the period 'of. record, representativeness.of the period, representativeness of tFe
location,. exposure of_ equipment, and accuracios quality of data records, etc.'

_

. . .
. .

- The' information that was presented.would be . considered inadequate in the U.S. to
discuss climatology much less diffusion at a power reactor site. Whereas.the
Wyhliexperts concluded that erroneous assumptions were made in the construction
~of the model with regard to the interdependency of meteorological parameters, no
support.was given to -indicate caincident data ere used to estimate dilution
factors.'

- Without dwelling on one-of the major inddequacies of the entire report, there
appears to _be a misconception-of the use of _ meteorological data'in models. . This
includes not c'n7y the cianner in which they are to be applied.in the model, but the
selection of-the data _ base as well. Data synthesized from multiple' locations
for different time periods ~and for different parameters hardly.provides anything
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 fo .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
_

implicatim of summation of the estimation error is that Wyhl experts
-violated the diffusion calculation procedare by7considering dependence 4 9
wind direction and ' speed and. atmospheric stability. Clearly ~ ted in the r fecenced;a

Jdocument;describingLthe'rmodel and understood by any diffusf yspecialist, th(e/Muire-
i.that a thr.ca parame *1. ,st'atistic be availablement to use th diffusion models is

ratherthali istics for three parameters. For such a comparison, consider wind
direction i - twelve 30 degree sectors, wind speed in.seven. classes, and atmospheric
stability in six classes;.the requirement.shoy,ld. provide 504 unique pieces of ,

information,- the misarlication would provide *725. Sewd fu. wet le J a.s Meheve
that:the Wyhl expert could have erred in this fashion.

3.2. IRA!! SPORT AND DIFFUSION liODELS

'The atmospheric transport and diffusion models referenced in the Whyl Report-

analyses were given in detail in the Interior Ministry document 9 Stricty
. adherence to the. procedures of the-guide was implied to the degree that it
~ appeared superfluous to present or repeat the content. Unfortunately, the

,4

component applications of the model were never' presented. '

. . .. .. .

The guide has .a. basic premise that is generally acceptable. .In later sections
^ ofuthis' chapter, the development of the models common to US and FRG ryk% 4Gler

#u .are presented.~ Given.the. starting. point'of~the Ministry. guide, the basic diffusion
equation ~assumesia Gaussian; distribution in the horizontal (crosswind) and

(vertical plane'with total reflection'off the ground. This model is referenced
: from SladeUand)given in the form:-

.

"

h
*
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%here

(x,y,z}- -is the time averiged concentration at loc $ tion (x,y,z}

T is the rate of naterial being released

.dre the plbme.spre$d par $ meters or the standard devi$ tion .'c,azy - of the distribution o' material in the y- and z-directions.

I is-theneanwindspeedinthe$1ongLfnddirection,x.

h, is the effective height of release above the grobnd
'

. . . . . .

The guide continues in the development of short-term dilution factor as a ground
level concentration along a plume centerline of the form:

d -[ h 4 i-

6,o,o) W 03$E )s. .

Likewise, the guide continbes in the development of long-term ' dilution factor $s.
as a ground level concentration with uniform. lateral mixing; this form is comonly
referred to as the sector spread equation:

. 5. .h*-

92.0i..5 (3 -3).Z(x,0)
' -

2nx '

-

yU*a

*chere,

.N= is the nb'.mber of sectors considered 1.136b degrees (2n r$di$ns}, eg in tha Wyhl Report this was 12.

' The short-term model End the,long-terr codeldesedd*N;,, lands %%euhM Reptare identical in theory
to theWie 3tdds in the U.S.$that is t tere the sinilarity stops._

-erar%..t< L% .f%e .

of:the two sch cfrw4are mye from ' ete5. ofAee .The . .c.krtien a . .

Considerable. differences can exist t t... e a the two applications of the sar.c model;
cthase differences are'not- cosme.;e but rather require detailed investigation
to datermine sensitivity for various v ainations of mateorological conditions.
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3.2.3 RASSUMPT10tlS~

;The diffusion calculations performed in the Wyhl Report were in strict accordance
with guidelines presented in the Ministr pf the Interior document. This was the
basis for excluding.the procedure in th port. The experts embodied a limited-

. mixing djustment to the procedure, but- therwise accepted the recommendations of
the gui ine' document. The experts proceeded to criticize the model in a fashion
wM*C weds comide<au

Specifically, the assumpti6n%t -Tw rediWe. ,e
*otoow - (0 9t,.h a.

conservative evaluations. s with whi.ch they take
issue are: -

1. Gaussian distribution
-2. Independence of meteorologica7 parameters
3. Exclusion of turbulence factors

Within the introduction of the Ministry document * exist several' points which
appear to have been ignored: !,

!

1. 'The guide represents the state of the art which can be readily applied
2. L Allowance is made so that local feature characteristics can be incor-

porated _.

3. Flexibility to deviate from guide recomendations when position is
substantiated.. l

% ' W m R c%cx <.2 m sk%* A See we u a, lolt , JtnT

as are the USf;RC Regulatory Guide Series and IAEA Safety Guide Series.

For the.near field evaluation,.such as the distance to the peak projected at
~

-Wy.hl-(500 meters),thereareover25yearsoftracerstudiesconductedin~the

c' T2 tE y e t 'or t e 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 i

meteorological. data and skills identified. Local characteristics that may ;

demonstrate that steady state conditions are inappropriate can be accomodated
with' adjustment factors for stagnation ud recirculation that should be developed
for the site they are.to represent. Varicble trajectory and other time dependent
models are generally available, how:.ver, they are at the mercy of inadequate
meteorological; data bases.

The meteorological parameters incor nrated in the diffusion calculation relate
a condition or state of-the atmos- a representative of the time scale sampled. 2

-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 of these
three' parameters. Adjustments are accepted to vary sampling time and impact:-

:not only the measured variables, but the dispersion coefficients as well.

a

.
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Turbulence, t.hether thermally or mechanically induced, is implicit in the
' diffusion calculation. ,The determination ~of atmospheric stability is a
-function of the interaction tetween surface heating or cooling and ambient
wind conditions. The existence of thermal turbulence or. thermal stability'

lis dependent on theLvertical structure of the' atraosphere and its ability to
:cahance or constrain the growth of a parcel of air. Mechanical turbulence
is a function of wind speed and localized features v.hich deforms uniform flow.
These factors are expressly incorpbrated in a steady state model by virture
of the plume spread parameters assigned by stability class determinations.

At a minimum, a diffusion calculation howeNr short term or long term, must
have appropriate. meteorological data.. Without the ability to represent the
flow of the effluent (direction), the rate of transport of the effluent (speed),-
and-the growth or dispersal of-the effluent (plume spread a function of stability),
in concert, there is no calculation.

3.2.4 OISCUSSION OF RESULTS
'

The concern raised by the Wyhl experts regarding the independent treatment,

of-meteorological parameters is warranted. We express the same conser s.
The short-term and long-term models of the Ministry of the Interior $ en9. f>
be applied with meteorological data that represents 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 approximadon presented in the Ministry _ document.

-In an ' attempt to do more than just 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 accomplirhed or merely a detailed synopsis of' the application of the model .

is obtained, we can only, at best, conject e do ne Wrce c(-Hir 6sWud c41.4 Dig /M.1s I

. odhksk i.dke dn'a ^ doeausd
The simplified determination of the long-term diffusion factor is based onlya
on a wind direction distribution. 'An assumed stability and windspeed that is
representative of the long-term concentration can be reconstructQ in this fashion.
For example, 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 $therelativ concentration was estimated as 2.2 x 10-6s/m3.Qiven the
following qquati , ,ased on 12 sector segmentation: 4

% 1

1- h2 - @ - en'
2af ; (s-4)|

--

-- / hM >

*fy 4 *
~

= a3 I
.

armined form information provided from Appendix-11 (0e(Q) for
with,the % 4

, 25 meters for E), reproduced here in Table 3-1 the |- roeters for:
0 stability 15 -4.7 x 10-6m-2 and for E stability 4.1 x g0-8 -2., Attendant wind

_
m

spsedstorelatethistothe-(g.) of 2.2 x 10- s/m3' yield speeds
Jof!2.1 m/sec for D stabil.ity ano Ok$f8s=ec for E stability. This presumes the~

-

4
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wind direction for' t'.e enitrecyear'is ' univariate;~ le,100% dd% a single 300
~

sector. These. wind speed / stability class co.nbinations are rather conservative-

when considering the anticipated wind frequency distribution and stability class:

It is also.

Lfrequencydistributionthagouldbeexperienced~inthesitearea.
of note that thuse speeds"' x 'Topresentative of the 100 meters release height
not, 64.E cf ne, web.ca. teuel {~1o nek.cs).

is the
A complicating factor which could not be resolved during the review,x 10-6 s/m3),source of the estimate at'the point of maximum radiation. load (1.41
It was concluded that the meteorological data wce inadeyuate to perform a

; rigorous diffusion calculation,. therefore, strictly.following the Ministry
guide, it - y t w us' assumed that this simplified method was adopted. 2*t wu nof.NuA ' '

As discussed in'Section 3.2.1, the meteorological data was unavailable in the
form needed' for the calculation. Houever, there are several factors that 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 providing this conclusion are:

1. their con'clusion that the diffusion calculation was based on independent
.

parameter statistics

2. 'the pattern of the me.ece.masa #tNh a relative secondary peak

The NRC attempted to perform a calculation which reproduced these estimates
based'on the 12 class wind direction fr'equency at Bremagarten with an isotropic
treatment of calms, the 6 stability class distribution.at Freiburg, and the 6
wind speed class distribution at Bremgartea.' The dispersion coefficients of
Vogt, the wind speed class midpoints of .15, 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 comparable to that presented in the 11hyl Report. Differences could
have resulted from the stratification of the wind speed classes and other
assumptions that were not presented.

3 cannot e a dThe peak. X/Q in the Hyhl Report of- 1.4 x 10-6 sec/m
appropriate X/Q for the site. Thehighfrequency(27.39%)
a single sector.is disturbingly high. Sites in' the U.S. rarely have as mu s

0a 20% frequency within a single 22.5 sector. The uniform application o
speed frequency and atmospheric stability across this sector.provides se ng

Einformation. Should a X/Q be calculated correctly,the. peak value in e__ _.

'Re' s t w !d Li % W Ta.ph + 2e

-Should the @he revlew gust conclude that the X/Q estimates are worthless.gussion be representative of the procedure that the Wyhl_ Experts
.

followed .t
effect, the treatment, parameter ~

In
siculate extremely stable or.uns.indep'endence provides sufficient latitude totable' atmospheres with wind speeds'in~ excess of

~ 10 m/s ~or a ~ neutral atmosphere.(considerable mechanical turbulence) 'in a calm
environment. The atmosphere just-does not functfan this'way.-

l
,
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1Just considering the incidence of.the most frequently occurring condition (wind |
direction'and' speed and atmospheric stability) if in fact the parameters were

'

i. wind direction from 2100 for 27.39%, wind speed less than 1.5'independent: '

m/sec 41.7% and atmospheric stability class .0'29.0%. ' This element of the
.

: catrix (210, <1.5,. 0) has a " joint" frequency off3.3%. The stability
categorization scheme of Pasquill indicates that 0 stability can occur during
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'O.

The two tables in the Wyh1 Report identifying stability and wind speed frequency
-of. occurrence-(see Table 3-2) are difficult to reconcile. Since the maximum
wind speed of A, B, E, aed F. stability are 2, 5, 5, and 3.m/s, respectively.

- Beaufort class 4' and above windspeeds (5.5 m/s or greater) nust be stability
cla~sses C and O. Classes C.and 0 comprise 45.6% of the stability frequency;
Beaufort,4 and , greater make up only 19.2% of the frequency at Bremgarten and

A rwy 3 pg q 31.t y,13.g%
4-%&) ly,@some-understanding of diffusion concepts could have

.

and 28.5%. Sure
.

.

eliminated the frapossible com.binations.

The Wyhl expert resolved that the low wind speed frequency of occurrence coincided
with.the frequency of inversion conditions. For a stack release of the order

of 100 r.eters,- the location of the 0m,k concentration of conditions with 0
oa

2 'x 10m{ty is of the order of 5 x 10, and for F. stability of the order -of 5 x 10jty it is of the order.d.
,

stabi1 for E stabil
Thepeakhourly[m.>

'rel tive concentration normalized by wind, speed are of the order of 10-3 to3
- 10-0 m-8 or less; given that the frequency of h,ours for which a small fraction
of the'8760. hours ~in a year could occur w)th the came meteorological conditions,the $/Q could only.be of the order of 10- to 10-8 s/m3 The peak value could
be overestimated by an order of magnitude or more.

.
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3.3--GE! LRAL DESCRIPTION- AND 1ECHNICAL BASIS FOR fl4E i;RC ATMOSPHERIC TF.A:; SPORT
A|:0~ DIFFUSION It00ELS

-

To. simplify the discussion of atmospheric transport and diffusion models v.hich 1

tre generally acceptable to the i;RC the least comlex model.will be discussede !-

# ~ ~

_ (iefderivatives of the Gaussian-distribution) /TEalning that tlie ' time dependent
IE n:odels vould require 'a sophisticated set of meteorological .information that

was apparently unavailable for use in the Myhl Report, it trould be fruitless
to discuss.thein in great detail. . The Gaussian inodels generally provide reascnable.

estimates of concentration:in flat and gently rolling terrain with
'a minimum amount of meteorological data. Incorporating factors to represent
local stagnation and recirculation characteristics of valley and coastal'loca-

-con ervatism & Y.% hacW"j V8dj 5
tion ~ the model asmr45 ' ' '

_ be derivation of the generic ormula}| ion is preseNfirst, f llowed by theSN ~eds/.y eyts.**d *<$ WeoWNA~bf&g
t

-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
,

1

3~3.1 GE!:ERIC DIFFUSIONS EQUATIONS |
.

The traditional C$ssian for.~ulation or distribution forms the basis for the-
steplistic short- and long-tei.a transport and diffusi;n models. Soveral
asswptions are incorporated into the Gaussian version to yield the versions
censiderad for'the cvaluation of dilution factors. A consolidated outline
of this derivation follows which clearly defines the assumptions. * da~<2* H
of 4e +.d<.2 - is .pn 4 4 3, oh w p s.".82
The initial Gaussian. formulation under consideration is that for an instantaneous .

_ point sourc'e release; i.e., single discrete puff. This is given in the form:
-h

G (21r)~- |r
'

-

g%,,6 * * P f j(x-il.t)z.+}+Q ds-}.

-

(
ny zag 2ag.

r ,

where
,

,

,

%(x,y,z) is the. instantaneous concentration at a poi.nt at or. along wind
(axial) distance, x , cross wind distance,'y, and vertical
distance, z,

-Q is the total amount of material released, -

i
|

0); } Oi ~are the plume spread
. _.

_ .

1

parameters or standard deviation of'the distribution of material I

lin the x , y , z-directions, |
i-is the mean wind speed'in-the along wind direction, x,u

. tf 'is1 time.-

D"" ]D #]D T
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In. order to obtain the continuous point source formulation, the plume is presumed
to be. composed .of an infinite 6 umber of. overlapping puffs along 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 oo , the continuous point source formu-

.lation is derived: twh$ t=f ,
. -

) [5- /-)7 "MN ::: exp Y Fa
t-

#
2 E 0-) Og il a_. _ .

where

5(r,pis the time ahoraged concentration ~ at location (x, y, z)

is the,sken s
r-

- Q, 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, the assumption is made that the plume
is reflected'at'the surface yielding the form:

# 7,h 2 w tr g, 5, 2 i f [ T h"T.4 q.

t.here h, is the effective haight of release abohe' the ground

The objective of these calculations is to provide estimates of concentration -

at ground level, i.e., when s=Q.- This yields:

[(X ')o (3~8)
'

'

+"'

0}. .:: -vy og S.~ egg
I-% 2 0*f _o i

A.t this point, the deriha'tfo'n diverges to present the dehelopment of the short-
term model and long-term model. .The initial discussion' deals with the short-
tr.r.n model developacnt and the fina) discussion with the long-term.

~

"

'

The present form of the equaticn when considered for the short-term application
1

. aswmed the wind direction within -a sector,- 22.50 for U.S. and 300 for the 1.'yhl %-

Report' is directed along the centerline. This is a conservative assumption i

in :that- the probability:that the receptor will be on the centerline when the l
flow is toward the sector ~1s rather small. A conterling concentration; i.e.,

- y=0; estimated frcm an elevated continuous point source would be of the form:
g .- ,,g'L1-

C |- (3-9)R e.Yf . ~2.0-|f
i

- 6,0,0) . = -W % 0% ,

Similarily, shobid the. center 1tne concentration be estimated from ground based3

source, the calculation would be made using :a form of the following equation:

-

D""D '"
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Additional concepts incorporating the building. wake effects, plume spread, and
topography are consi,dered in the evaluation of short-term concentrations.

Returning for the derivation of the long-term model, to incorporate the variance
of mean wind conditions within the area of i.nterest.,the objective was to-
: uniformly spread the plume over an arc of a given width. This concept incorporates
the meander of the plume centerline within the sector of concern. The formula-
tion is referred to as- the crossw'nd integrated diffusion equation and is

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

~

xp): - @{3

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:

'

% = - T ) /s,- N- h- N _ . f31g).
s-

-

eg

Where,
'

0'f E
'

N3

N is the number of sectors considered in 360 degrees (2rradians),
s in the U.S. This is generally 16, in the Wyhl. Report this was

12.
'

;The Gaussian characteristic has been removed from the crosswind plane, but
still remains in the vertical. Inygform the entire sector width is assumed
toexperienceauniform~ccocentr'a' tion 1ndorporatingwindvariabilitywithin4

the sector. This form of the model 'is similar to the form addressed in the USURC
Regulatory Guides; that is;

2 03Z . 5 h**
--

* - 4Vf. (3-f3)T
- b,o) ~X Eg y.

- zg-j
t.hcre

E is the verical plume spread parameter adjusted for source cen-
7 figuration.

-Source characteristics and plant configuration should be considered in the t

practical-application of this model.- These concepts include building wake
' effects, plume rise,1 stack downwash, plume spread, topography, and removal
mechanisms.

'
' ~

LIn any~ application.of thesd 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 USNRC regulatory guides', ANSI
st andard s',5 arid:IAEA Safety Guides? -Locations not having'this level of sophis-

:tication are generally advised en alternative sources of. data or acceptable
adjustments to provide a margin of. safety _ on the estimates., As the quality

'

and representativeness of the,information decrease,.so. the usefulness
, Landf applicability of the estimates decc:.ge..

-
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3.3.2 L0t:G TEpJi !100El. .

9~ The long-term diffusion model presented is. the censte.nt f.can wind direction
nodela - The version presented in section 3.3.1 is that which is appropriate
for use when the meteorological data are in the form of hourly data. In the

: event only joint frequency information .

is available the formulation presented in USi;RC Regulatory Guide 1.111 is ,
generally ac,cepted. f

The equation for this model is: s r-.h

,n'xz,p)1'''9' e f u 2 <e\a (3'14)
--- .

[E/6)b ~ 2' n*

;

h, is the effectihe release height
'

is the leagth of. time (hours of valid data) weather conditionsng) are observed to be~ at a given wind direction', windspeed class,
i, and atmospheric stabiliti class, j;

'

N is the total hours of valid data

uj is the mid point of wind speed class, i, at a height representa- ;
4tive of- release;

x- is the~ distance down wind of the source;

0'aj6) distance,p , for stability class, j;is the vertical plume spreadwithout Yolumetric correction at'

. . .

Eq6)is the vertical plume spread with volumetric correction for arelease within the building wake ' cavity, at a distance, x, for
. stability class, j; otherwise Eaj{X)" O'aj N i

~

_ .

is the avera
.

normalized by source
strength, Q' ge effluent concentration,%, downwind direction, 0;(T/Q')0

'
.

, at ' distance, x, in a given
and

2.032 -is (2hrp/2 diYided 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 'ot described by the constant mean wind direction model. Unliken
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
model ?is to'be used, airflow characteristics in the. vicinity of any site should
be examined to determine the spatial and temporal variations of atmospheric

~ transport and diffusion conditions and the representativenm(single station
r.eteorological. data at receptors considered.

.,
.

qyu Q y u L.) ddN ^

'
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and

O.3 - 0.06 2 'II4 fE 6 SO (~5-17lg ..

. . ..

The release should be considered to be elevated 100(1-E,) sercent of the time ,
and 1001Et percent of:the time it should be considered to 'ae 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.- .

. s,\

'Other methods or relationships chat may represent a given facility mera. aff''frM
sk.wid Ebe grueM uA% justification for the alternate approaches. J

,

3.3.211 BUIL 'ING WAKE EFFECTS

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

In " ( G e* + [ 5-18),

2~, is the. vertical plume spread parameter adjusted for source
configuration .

H is the mayimum solid adjacent structure height.-

This. adjustment is' limited to a maximum of f or:.

[ 6 Qq-
-

.
.

.

3.3.2.E PLUME RISE AND AERODYNAMIC EFFECTS

~ Effluents releas'ed from stack sources generally have sufficient vertical
velocity or potential .for rise, i.e.,' a positively buoyant plume, to warrant
a plume rise consideration. 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
plume rise.4

_

.
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For neutral or unstable atmospheric conditions the equation considered is of
the form:

t.44-(E b (330)
54h=

FwhereL
'

dh is-theplumerise(meters)-

istheeffluentexitYelocity(meters /second)w
o

.

u is the mean wind speed at the. height of , release (meters /second)
h

x isthedownwinddistance(meters)
'

D istheinternalstackdiameter(meters)
When the effluent exit helocityleambient wind speed ratio is less than 1.5,
the effects due to aerodynamic stack downwash are incorporated into the plume
rise estimation in the form:

3 0 5-Q) b :- (321)e=
,3,,,

c. is-thedownwashsubstractedfrom4habohe

.TheplumeriseestiEntedandadjusted,ifneces'sary,iscomparedwiththe
--following equation and the lesser of the two estimates are used:

3 ($t). b (3-22)A h= ;

%
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:

'

I

4( ) . (3-23)4h=

and

& ib -W- [3 -24 j,

4h= 1 f.f -::--- ! 5 ,

- %;. |

vihere -

-2U2

( w, b y -r-

and.

jL . D8 (3-24)3-
.r E

fhhk h
,.,

--

I e
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where: '

's.themomentbmfluxp$r$ meter (meters / seconds)i 4 2F,

Lis the restoring deceler$ tion per unit erticEldisplacem ls1

for adiabatic motion in a stratified atposphere (seconds ~gnt') ,
i

EisthegraYit$tionalacceleration(meters /secondsk,
'

g:
'

T -is the' ambient air temperature (U )K .

.i.stheYerticElpotentialtemperaturegradient(OK/ meter)
~

.,

In An unstable atmosphere.s is negAtihe, howeYer, .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 10-3 for G.

. .

. There are numerous.'other plume rise formulations that have been proposed and
J 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 to accomodate
a more appropriate technique.

. .

- 3.3.2.3 PLUME SPREAD
,

.. '.
. .

.

.
>

.The traditional Pasquill-Gifford dispersion coefficients for cr .

2 are given in
Figure 3-2, ' . Should. the selected model'be other than the constant mean
wind direction model additional curves to represent. lateral dispersion may
be needed. 1.ikewise in~ unique. environs alternate curves may be deemed core
appropriate._-The applicant.would be expected to demonstrate the applicability
of any deviation from the traditional set of curves.

23$3.2.40 TERRdIN EFFECTS

~ .The treatment of' terrain effects an the effective stack height provides-
,c_ ' opportunities to consider. plume deformation;and. deflection when encountering &

- 3 significant : terrain displacements.. The effective stack height .is' determined
from:.g.

E. Y AW ~ O '"
. (3-2'7- g

p **e
.

.

'# 988
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zwhere-

h, , . isthephysicalst$ckheight~

h istheterr$inheight$djustment
t

Ah e d C Are the plume rise End $.erodyndmic st$ck downwash
C considered earlier. .

The.NRC treatment considers the most conserv$tive case in its c$1culdtions; 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
h =hs+Ah,c,.the calculation . reverts .to a nonwake adjusted ground level sectort
spread calculation. This may produce extremely conservative estimates in the
near field-with rapid risks in elevation. Likewise, with the presence of a
single ridge followed by lowlying areas, the tidge height would be used for ,

estimation purposes. This treatment is 11Tustrated in Figure 3-3 l.

3. . . . . .

Alternative acceptable. methods include that of the half heigh $ terrain concept
during unstable and neutral conditions and.the* valley * concept * during stable
conditions. These two methods are illustrated in Figures 3-4 and 3-5- ,

respectively.

In simple terms # the half height concept minimizes the effective stack height to owe
ha# the value of the equilibrium effective stack. height in flat 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 equilibrium stack height minus h the terrain height. All heights are
considered-relativ .to the stagk base ele'vgn. Fo.11owi Q his t j he.
unstable and neutral . conditions .the plume rema$^e/RiT.'flf of the equilibriumins761tsi* ft is'ah.concho,$a;t.underayk''Ec"r7aseIh'heightabove uifie t* *

centerline height c

plume height over flat terrain away from the surface.
. .. . . .

The valley concept is-a bit more_ complex, but represents 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
conditior.s 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--
1ine may-lift off the.10 meter minimum to impact terrain again.

'

It' should be noted th$t the v$11ey treatment may resbit in discontinuties in cence44~.
iscrfdhpatterns 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 substantiallyz

underestimated; viz,| box canyon.

.

.
, _
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J 3.3.2.5 . REMOVAL MECHAf1 ISMS
' '"

3.3.2.5.1' Deposition
-

Dry' deposition of eierant$1 r$dioiodines $nd 'other .s!mila,r reledsesare
. incorporated into the t1RC model.-

%The remaining
onsideredgo be.sugptom%ein a deplete lump is de/errdwed h. material,
e?w cLf*y lerebt p/we"W"d G

The assumptions and .simplificati'ons incoporated in th s aspect of the model were"

summarized earlier and o.re it.deM in Enclosure 7/,.To incorporate these two
factors into the model .a' series of curves were prepared which relate plume
travel.' distance to relative deposition rate and plume depletion on- a stability

-class basis.
'

.To obtain the relative deposition per. unit $rea Et $ given. point in a given sector,
the relative deposition rate must be adjusted by the arc lengi-h of the. sector

; at the point being considered. Thus, the sector averaged deposition rate is
determined as:

--- -

(~5-28)=
4 2mx-

where
*

-
_ . .

- U/Q- l' tiie sector averaged * deposition rates
' .-._ .. . ..

(D/Q) is the relative deposition rate obtained from the curves,

x isthedownwinddistEncefromthe' source-

Depletionf$ctorsc50betakendirectlyfromthecurveswithnoadjustment$s.
above as._it.would have been incorporated in the calculation of the relative concen-
tration X/Q'.

.

Thecurves.aregivenforrele$seheightsoflbO,60,30,$ndbmeterswhich$re
generally used to. represent releases at greater than 80 meters, 45 to 80 meters,
15~to 45. Nters, and less than 15 meters, respectively. The fiRC. treatment of

_ ,

topcgraphy assumes that after the equilibrium plume height is reached, the
plume cannot get higher from.the ground; it is assumed that the. plume. centerline
height will either remain level to the ground,'or'it.will approach it. 0ther-
approaches .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 depletion curve as the plume travels with distan,ce. '

<

-

<

..
c
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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 adjustcent.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 pointdthe point at which a new curve
is-read) As 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.

C$utionshouldbeexercisedwhenconsideringtheadjustment.tothedeposition
'

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 (radiciodine
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

fogging' c.opd&s, b greater than that from settling $ precipitation
plume. The efficiency of removal of plume materialdudn or ;

in a dry atmosphere. '

.
However, most sites ~ experience precipitation and fogging for a sna.ll

' portion of a long-term periodc.ad w=4/ erruj/- A a. -M cuadiRW

sw 4 s a+, yw.
.

y . .

| 3.3.2.5.2 DECAY:

Toincorpor$te.r$dioisotopedecEy.intotheestimationprocedure,anexponential -

decay factor can be determined from the isotope.hal ~. life under consideration.--

Conservative estimates o'f 2.26 days for noble. gases and 8 days for radiciodines
can be incorporated into the model.- This takes the form:

.

'

- y g (7.mirx (3-w)
'

$ N.

.
. -
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iwhere
.

.

D is the decay. factor applied to the relative concentration orh '

depleted ~ relative concentration (nondimensional)

isthedownwinddist$ncetothepoint-beingconsideredx
z t.

U is the wind speed at' release height
"

[- is the time required to. transport effluent to the point
.

~

being considered

t is'therEdioisotopehdiflife-h
~

.69315. iseqbib$1entto.ln(.5b),therefore,ifd-=.t theplbmeis
h

expected to contain only 'ed'with at the source.halfthemateriSl.atthepointofcalculation that is' start.
'

The appropriate X/Q or depleted X/Q'is multiplied by the Eppropridte decay f$ctor
- '

to consider the noble gases or radiciodines, respectively. .

~

L .3.2."6 METEOROLOGICAL DATA-3
- *

.
. . . .

The appropriate meteorological data to be used in the long-term model are wind
. direction, wind speed, and a measure of atmorpheric stability. The wind .
' conditions must be repr6sentativs _of the release height, h the case of a.

ground. level release,.the data should be represenative of 1 m 10 meter level.
In the case of an elevated release the wind speed 'may have a be. adjusted to
the height of release.. This may be accomplished using a' power let relationship
of the form:'

f (~b~~bo.

e

\%>
where*

8, .istheme$nwindspeedattheheightof.reic$se
31,

' b, . istheme$nwindspeedme$sbred$theight,h,

L [ii i'sthest$ckheightof$ release $bovethegrobnd.g

L -In-the c$se of cElms, the-wind direction shobid be $ssigned in proportion to the
wind direction frequency of the lowest noncalm wind speed class by the atmospheric

^

_ stability class. The_ wind speed should be. assigned as one half the threshold -,

-speed of the anenometer or. vane, which ever is higher, if the. system conforms to
a,USr:RC Regulatory Guide 1.23 system. Otherwise a value of 0.1 m/sec should be

- assigned as the wind speed for the(observati.on.

.

s
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-3.3.3 SHORT-TERM'MODEL

Theshorttermdiffbsioncodels.5?* presented in Section 3.3.lo.re the generic version1
- -

of the ground release mods 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 ay ag.
Recently .this model has also incorporated the lateral meander characteristics
observed under low wind speed-neutral and stable conditions; this adjustment
incorporates both~ the lateral meander (enhanced a ) with the building wake asv
the two factors are inseparable. The ground relelise models are presented' in the
section dealing with building wake.

'

3.3.3.1 BUILDING WAKE EFFECTS

Theshort,termmodelforagroundb$sedcenterlineconsider$tionw$sgivenin.

Section 3.3.1. This equation assumes that the. plume material is release .

from a point and into an area that is hommenously undisturbed. Most releases
at nuclear power p* ants are through other bmi3 ding aperatures. These type
releases would. occur within an area affected by the plant complex.

The.dpproach to accomoddte the behEvior of the.pibme throbgh the wEke cavity is
'

to adjust.the dispersion coefficients to simulate rapid mixing in the. wake of
buildings. Depending on the height of th,e 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:

% 0,o)4 (vos ' c A ) 5. (3~51)
where'

is$bbildingsh$pefEctorc

A- is the minimum cross-sectional Ered of the strbetbre
lproviding the displacement.

,

. . . . . . . .

Intuitively, this ' shape factor was censider,ed. to be in the range.of values between
and 2. Ultimately, wind. tunnel tests . supported this range of values. The %

factor ~ h itsed - fa be conservative. -

.

$ p
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Theconcernforthene$r.fieldcalcul$tionoftheorderof.Nesofmetersprovided !

an inequity in this calculation for tracing back to the source the equation would '

reduce to:

(3-321'X,(0:0:0) c,s4 %
*

'

,

B$ sed on observations $nd the f$ cts in.the literature, it is confirmed that the
effluent does not mix imediately throughout the wake.

. . . . . . . .

Based on dilution observations at' the' NRTS under comparable meteorological !

*

conditions, rough 17 a maximum of 3 times more dilution occurred in the building '

wake area than occurred in open terrain. . A second equation was formulated to
'

j

act as a limit on the first. This took the form:

f (3-33) 1

4o,d - 32f o-)q R
:

.

These two forms of the wake adjbsted grobnd release mdel $re Used exc1bsively
in.the calculation under unstable conditions. The estimated relative concen-
tration is taken to be the maxirrum of the two estimates.

For nebtr$1 And 'bnst$ble condiC c7s the s$me steps $s above $re followed, however,
this maximum value_ is compared to yet another estimate and the minimum of the
two esticates is used as that which represents the meteorological conditions.

This l$st. represent $tfon incorporates the pluce me$nder observed under. low wind
~ ~

speed' stable conditions. It is used to estimate the. relative concentration for
stable and neutral conditions when the wind speed is less than 6 m/sec. It isgiven in the form-

Q--

(3-34) '%(x,0,o) =
-*

X O's %
where

.

isthelater$1p1bmespreadpar$meterwithme$nder$nd
'

. Ey:
,

building wake effects.''

is A. function of atmospheric st$bility, wind speed, $nd distance from the ' source.I
f

'

3.3.3.2. PLUME SPREAD-

'

The traditionalLPasquill-Gilford dispersion coefficients foro and g as given,'

in Figure 3-1 and Figure 3-s, are appropr g gr most locations. Other
. diffusion curves. _ .

may app youn er certain conditions. .The-

Lapplicant would be expected.to demonstrate the applicability of any devia.-
tion from the traditional curves.-

,.

-
_
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The$dfustmentfactorsforneutr$1$nd.stableconditionstoincorporatethe
combined-effect of plume meanoer.and building wake are given in Figure 3-7

'

0.s a function of atmorpheric. stability, wind speed,'and distance from the
. source. For distances of 800 meters or.less Ey s the product ofog and thei
.maander correction factor, M. For distances greater than 800 meters,-

1 g '' (M - % (Boo) .-

.

3.3.3.3 TERRAIN EFFECTS ~ .

'The treatment of terrain effects on the effective' stack height is straight
forward.. With 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 te o + . the wind speed at- -

release height s s+i(( us44. '

N. eMecks o% elevad-e4 r elo-se ca a- escasA. % e eM 4h of o-
$ reo oof re, b e ia 4Le- vic6n of a cf.ca.,%%. ds e. k 4erchr

thct. 7 tune ec d M- M i wo.\Q W asesc4 M(uthsof.
* '

3.3.3.4 HETEOR0 LOGICAL 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 release the wind speed may have to be
adjusted to the height of release. This may be accomplished using a power
law relationship of the following: p

k .= k [3-%)
where-

b i theme $nwindspeedattheheightofrelease e
h

ii, . isthemeaitwindspeedme$sured$theight,h,

-h,- is the st$ck height of release above the ground

In the case of calms,- the. wind direction 'for the' time period (i.e., I hour),

should by assigned in proportion to the wind direction frequency of the lowe'st-
con calm wind speed class by the atmospheric stability class. The wind speed

. shoy!d be. assigned as the threshold speed of the anemometer or vane, whichever
isL higher, if the system . conforms to.a USNRC Regulatory Gui 'a 1.23 system.'

-

- Otherwise, a conservative assignment of speed as a functior f the equipment -

ishould be made, p

.
,
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3.3.4- APPLICATION'0F OILUTION ESTD'?.TES
i.. ,.

. .. .. .

. Arriving at the. point of. calculating a relative concentration does not in
'

m itself provile a result. The-objective of the. calculation must be established,

to ensure.the representation.of appropriate levels of conservatism have been .

appifed to meet this objective. -The application of results of diffusion I

calculations may be. straightforward, sucL as the average, others may require ;

significant manipulation to arrive at a level sufficiently-conservative based j
on the safety implicattons of the objective. j

|
*

,

3.3.4.l'' NORMAL (ROUTINE) RELEASES,

,

c-
. . .

.The routine. release calculation is outlined in considerable detail in the-
USMRC 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.c'onsidered depending on the plant operation
and configuration mixed mode,.and. ground level. The form of-the meteorological

_ data (hourly or- jo, int frequency table) can produce results that differ slightly'

due~to the wind speed class.stratificat' ion for summarizing the data and, in
''

the mixed mode case,1the level of met'orological data used to represent the,

release. '

-
. . ..

: Essentially th'e hourly or summary table matrix location.(wind direction X wind

speedXatmosphericLstability. class)'orthe.impactata-receptorpoint.is considered one valu'e at a time based
'on the.three' joint parameter values f This

!

: '
, calculation.isrepeatedforeveryrecep.torlocation(directionanddistance
.from the source) 'for either every hour, in' which case the relative concentra-
tionsoccumulate at each recepter through the*end of the data record, or for

'

;ever/ matrix -lodation,'in which case the relative concentration is multiplied
;by;the frequency of occurrence of that 3 parameter event and then the values4

accumulate through the end.of-the data matrix. At the conclusion.of this

. calculation-the receptor. matrix (distance X direction) 'g the undepleted relative
~

is.then divided by the .
total: number of valid hours for the data record yieldin. ,

concentration. .

.
.

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

'

.1); Stagnation / Recirculation Factor- 1

j
- .

,

is.- : Deposition-Factor i
''

-
. . . -

EepletionFEctor;13.'

D
*

,

' '

. .' .

4.1 Deepy: Factor .

:It is also; appropriate'to consider multiple factor relationship se.ch as a
Tdecayed and. depleted relative concentration./

a . ._ , , .
.

.
.

Essentially the values represent'the total i.ntegrated relative ~ concentration
* 1 divided by the valid period of record.

1 ..
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3.3.4.2 INTERMITTANT(pVRGEh, RELEASES
'

. . . .

The purge release' calculation is based on a two component evaluation using
-the long-term model. First, for those recep, tor locations to be consiLered
calculate the routine release. calculation as above and second, develop'4 ourly"h

. frequency distribution of relative. concentration for the period during which
the recep. tor location experiences the plume. '

<-. .. .. .

From the frequency distribution, the 15th percentile' highest relative concentra-
tion is selected.. The. justification for the choice of the 15 percentile.value
is given This value and the recirculation corrected average

- relative,in EnclosureE-2.. .concer.'cration 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 average annual condition. based on 8760 hours. A time vs concentration
straight line curve on a log-log scale is then prepared basing the hourly
value at.the one hour position and the annual average at.the 8760 hour

This method is summarized and|he rectronlation factor gradually is introduced.position.~ - As f: cce.pg:.*.: #
an example is presented in Enclosure E-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.

4

.

.

3.3.4.3 A3f40RMAL'(ACCIDENTALh, RELEASES

The accidental release calculation.is outlined *in considerable detail in the
USNRC Regulatory Guide 1.145, portions of thhse procedures were abstracted and

i

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 n} ode would be used frequently. The. discussion, therefore, will
be geared toward the' application for a ground level release.

- 1- The'modeloutlinedis.aldeparturefromthepreviousregulatorypositionpro-
vided in USNFC 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 distance which is the minimum :|' distance of the sector centerline plus and minus 1/2 sector to _ reflect the -(

t'

-plume meander. concept..
.- __.. . .

A . frequency: distribution of. one hour: relative concentrations using the methods

provided in section 3.3.3 at the H
Ladjusted' site boundary distances.should be constructed for each sector. From '

" W#th R r 8 a c, ga
curve of probability vs relative concentration on a receptor / sector basis
by _taking the.value associated with the esceedance probability level as

' ''
'~

.

, ,

,

e Wm
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where f

. . .

yA i is the exceedance probability of the'recep. tor / sector value/ representing the. 5% value of the total time.

N is the number of valid hours in'the data record
~

Ng is the number of hours the wind direciton was into the sector
-of' interest.

~

.

C.~.t >:.'.C.,

An alternative to this cethod is to serially list the highest Nsr.005, values
in each sector comppted at the adjusted site bou'ndary 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 temed the sector )(/Q values and the. highest of
these is considered.the maximum sector X/Q.

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 +7./Q values is identical as above..however, these values are related
to their annual average counter part'at the same location, computed using the
long-term model. Thet.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
d/Q~ plot. Selected from these curves are the 8,.16, 72 and 624 hour values
'for each receptor point.

" =

. .
. .

.

,

It should be noted that this treatment is similar for the elevated (no'nfumiga-
tion) case. Howeverp when relating the short-term estimates to the long-term !
the pl' me' rise credit of the long-term model is not incorporated into |u

the. calculation of-effective stack height. |
.

'

. .
- -. ..

.The last procedure prior to establishing the . limiting i elative concentration . .

at the exclusion area boundary and low populatfori; zone is the determination of
L he'overall: 5% R/Q.. For the exclusion area. boundary,|the ranked serial listingt
'.or' distribution of all sector hourly relative concentrations.(i.e., all 8760-

hoursin'theyear)Isconstructedtoselect-the%/Qvaluethatisexceededno
rore than 5% of the time. For the low population zone, the same procedure is
followed; hcucver, the @Q value. selected is- then related to the maximum.of -
thef annbal average $/Q's around the LPZ by a . log-log time-vs-concentration plot-

:-toselectthe.8,-216,;72,.and624hourf./Q'sthatareexceedednomorethan5%
,of:the~ time. Thesevalues'arethencomparedwith.themaximumsectorf/Qvalues,
~ heihigher. of. the two values is then. considered for.the accident evaluations.t

-

_

,-
*

V
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3.4, RECO:qEllDED REVISI0ftS TO THE USf:RC ATMOSPHERIC TRAt: SPORT At:0 OIFFUSI0ti -

MODEL

Me NRC
:Therearenojustifiedchangestothepresente.''.'.: r '.2.a gnor recommenda-
tiens for same as a result of information presented in'the Wyh1 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 f1RC 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 imp,rovement.

The bases for the models referenced 'in ths Nyhl Report' are identical.to those
of the basic models generally acceptable to the llRC. However, the evaluation of
the components are different. These differences may result in significantly
differing results under given combinations of meteorological conditions. A
comparative sumary of- the model components is given in Table 3-3.

. . . . .
. .

With respect to the traditional Gaussian applications as daalt with in _this review,
~

advances are not radical nor fast tracked. Field and wind tunnel tests are-
providing .more diverse information regarding mesoscale and microscale effects;
as each case warrants, consideration will be given to upgrade the guide's
recommendations.

.. ~

With respect to the Wyh1_ Report, there is sufficient.information pre ented herein
for.their experts to consider reevaluating the approach taken. - (

*
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Dif fusion 'coe fficients p , q , p and q, as a functiony. y, '

o f ? di f fua t on c.itegory and emission. height
'

.

~

ThoLdiffusion coefficients for~ 50 m shall be. used for
" enission. heights < 75 m, those for 100 m for emission

**he t ghts > 75 m.

N
'

0*g = p3 .

Ta.
%c~Pn.$.

Emission lleight' : Diffusion Category Diffusion Coefficient1-

-

. . . ,, ,

-
.

,

f
P 9- P, 9'

y y a,

*
"

~ 50 m A 0.369 0.81 0.222 0.968-

8 0.359 0'.810 'O.222 0.963*
,

~

.C 0.718 0.734 0.215 0.?44--

''

0- 0.625 0.767 0.205 0.936-

- .

E 1.691- 0.621- 0.162 0.809-

.. .

F 5.382 0.578 0.396 0.618
.

-
. ..'

-100 m .A 'O.229 . 1.0031 ~0.097 1.158-
.

~~

3 0.227 0.970 0.155 1.024~

,' C ~0.224 0.938- 0.247 0.590- .

,

O- 0.222 0.905 .0.398 0.755*
.

.

'E'- ' f.591 - 0.621- 0.162 0.009

.F. 5.382 '0.578 0.396 0.618'
' ''

. .

.,_
.-- ,- ,

, -

,

e

s

*

N'
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0%TOf1Cf-cS te.M !48VeWl:4 imami
TYG u)1ttt. R6 yow

Distribution of the diffusion catagories in the
upper Rhine valley (relative prcportions at each

,

sta t!.on)
*

Diffusion verf Slightly Indiff. Indiff. Very
Type- unstable unstable Unstable stable Stable stable Total

.

-

Attar
Pasquill A B C D E F i

Aftar
Klug V IV III 2 III 1 .II I

Freiburg 0.021 'O.150 0.166 0.290 0.191 0.182 1.000

Karlsruhe d.022 0 074 0,139- 10.397 . -0,218 0.150 1,000
o

. .

,

Braisach 0*.075 0,588 0,337 1,000.

._ ._ .__.

cc=parison of the wind speids according to the
Beaufort wind scale. Fre, ency of occurrence per
3eaufort force in %.

. _..
,

wind in' Beaufort 0, 1 2 '3 4 5 6
speed --

'

in m/s -c up 1,5 1,6-3,3 3,4-5*,4 5,5-7,9 8,0-10,7 >10,7
to

-
.

. .

3rw.gartan 41,7 21,2 17,9 12,3 5,1 1,3
i

Freibur9 '41,2 30,3 14,7 9,5 3,3 1,0
'

. . . , ._,

Comparison of the wind roses of 3reisach and
Bremgarten in %

f

&.

. .

. h**. '[*"*h I,est! ! : ord-
'

wind ,

?j act- { f* f I \

.L 30' 60 90 - 120 150. .180 210' 240 270~ 300 330 360 '
ector

- -

| . i
-

q.
' 3'S~"'-|;9,35 2,97 2.84 l,09 3,94 12.19 25,9826,22' 2,85' I,52 5,50 3,62
9arten.

Brei - 20,11 4~,4 6,3 - 20,6 14,2~ 4,5 5,7 14,0
sach~

^
*

-

. .
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- TABl.E 3-3 |
. . .

1-

Summary of Fad *f bra *% |

L0 ht . 95,
* '

9
_

.

'

l. .Short-term Model- -Centerline Centerline-

.

a. Plume. Rise yes no

b. Fumigation'. no yes-

c. Building Hake no . ke*gw yes
d. -Plume Spread .Vogt- - rolease 6ependent Pasquill-Turner3
e. . Topography- unknown yes-
f. Plume Meander no yes-neutral & stab".

9 Yelocity Profile power law po..er law

2. f$ng-TermMddel
' '

Sector Spread Sector Spread-

"

a. Plume Rise. yes yes
. b. ~ Buildingl!ake . no yes
c. : Aerodynamic Stack .no - yes<

Downwash -
.

d. Plume Spread Vogt - release height dapendent Pasquill-Turner.
e. Topography unknown yes.

~f. Alfpd !! ode ~ Release no yes ,
0g. Secte..- . Width 30 22.5._

h. Velocity. Profile- power law . power law
,

b

,
. k" *

.

-

f

'
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. . For purposes of estiroating a, during extremely. stable (C) atmospheric
stability conditions, the following approximation is-appropriate:
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CHAPTER 4

PATHWAY ANALYSIS

4.1. INTRODUCTION
.

In this chapter doses to the maximum individual for atmospheric releases

were estimated by models described 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 Wyh1 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 _ calculations 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

forithe air emission . pathways. The authors' results for the water-

emission pathwayszalso appear significantly larger than what we would

expect,: but are small. in comparison to the. air emission pathway results.

. Table 4.1 shows this cuantitatively. -The air emission contribution
1;

a -

%

.
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Comparison of Wyh1 Report's# oses to Maximum Hypothetical. Table 4.1: D
.

Individual from Different Pathways"

Dose (mrem /ry)

- Source / Pathway Whole Body- Bone Xfdiney
.

Thyroid

Liquid Effluents Ingestion.c 100 2,000. 1,000 100.

- Airborne Effluents.

Noble gas immersion 31. -- -- --

External exposure from
contaminated. ground 14. -- -- --

bIngestion c 800, 6,000. 10,000.- 900
,

aTh a ve dose estimates are to an adult located offsite where the doses are expected to be highest
( #1 m exposed individual).

bThe' food ingestion dose includes consumption of vegetables (leafy and root), potatoes, grains, pork,
beef, milk and wine. A1_1 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.

1

.
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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 sectio deals wi h the
(w

exposure that is received by standing on contaminated ,. The second
-

-section deals with the dose adults receive from ingestion of food that is
'

contaminated with radioactive material and is divi into ection on

vegetable consumption and a section on be'ef consump on.. The third
4

section deals h he dose infants receive via the iodine-131 air-milk-
(44

thyroid pat
,.

. ay. f kMMYI' f:. , . . .l '' - ' -- ' ' - , _ _. .. . . . . JPTTsu$te
'-

..

. . . . . . . . . . . . . .

(- 4.2 EXPOSURE BY STANDING ON CONTAMINATED GROUND

This section provides' estimates of the dose received by the maximum

exposed individual 9 + rding on contaminated ground. The results are

used for compar e of Section 7.1-2 of the Wyh1 report.

.

The mathematical methods usedKor calculating gamma exposure by standing
~ '

on contaminated gro d by :he authors is identica to that employed
'

by NRC. It basicall ts of multiplication of the source term, by
_

the decayed and depleted meteorological _ dispersion factor, times the

settling velocity, times the dose factor, times a tenn which accounts for

the buildup ~ of radioactive material on the soil during the life of thec

' ' nuclear. plant.-
.

.

A
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We used the source tems 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 detemine the cause of this

discrepancy, the authors' dose factors were incorporated into the

calculation, resulting in a slight incresse 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 1.109'. values. The remaining Wyhl dose factor values were 15-27%

k' .la rger. 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
40

are designed usually for 30 years and selecting a value of half that

period gives a better estimation of the average deposition. Furthermore,

the average value would be expected to be somewhat less than that I

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.

{ 4.3 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 Wyh1 report. The results of the layh1

calculations were, in some cases, several orders of magnitude different
~

than our results. prior. to inclusion of Wyh1 values for the soil-plant
,

h transfer ' factor, fodder to meat transfer factor, and the dose commitment

factor. While results of other sections-of the Wyh1 report are

- .significantly different from ours, this section is important as the j

'

differenc'es are greatest here.-

h, '

. ,
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For all the calculations here we utilized the authors' source tems* and

meteorological deposition factor for the location where the maximum

exposed individual would be located (D/Q = 2.55 x 10-8,-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 the very short-lived nuclides did not contribute

much in these pathways as they decayed in transport of 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.
.

i

'this section is divided 1 to two parts. The first one deals with the |
l

air-plantfood-human pathway, and the second deals with the air-fodder-

( . meat-human pathway.
J

*

|,

,

4.3.1 Doses Due To Ingestion Of Vegetables
L

The following fou'r 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.
s

The authors' parameters are' introduced in this stepwise manner in order
'

-to ascertain thefr relative importance. Our computer runs are indicated

inthetablesbyNRC(A),NRC(B),andNRC(C). There is one table for

' *Pu-234 was not included in the source tem 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.

W.

-
-
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each of the following: leafy 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 is

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);
2(4) the authors' value of 224 kg/m for the effective surface density for

2 2soil (NRC value is 240 kg/m ); (5) the authors' values of 1.5 kg/m for
2' leafy vegetable crop density, 4.0 kg/m for root vegetable crop density,

2 21.8 kg/m for potato crop density, and 0.34 kg/m for cereal grain crop j
2density (NRC value for all four crcp densities is 2.0 kg/m ); and (6) the'

authors' value of 50 years for the time period over which buildup of

radionuclides in sofi occurs. NRC (B) is similar to NRC (A) except it

incorporates the authors' values for soil to plant transfer of radio-

nuclides. NRC (C) is 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 NRC Regulatory Guide 1.109
, ,

models,. but represent' the_ parameter values that were different from those

generally ~used by NRC, hence it should be assumed that parameters that

were'not mentioned above were the same. -it should also be noted that in

calculating the radionuclide uptake by plants, either.by direct aerosol

' deposition or by soil-plant-root uptake, the authors used a slightly
,

1

different methodology than that of' NRC.. They multiply a factor for plant . I

( retention, times a factor for. translocation, times a factor for

:
,

%

'

_ J L._ - -- . _ _ _ - _ . - - . L a -- -
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preparation, whereas the NRC method relies on a single factor which

%ree.
characterizes.these these things. In all of the model runs we did weg

detemined the values for these parameters from the authors' report

(potato and root vegetables = 0.033; leafy vegetables and cereal '

grain = 0.132). |

|

|
Many of the parameters that were used by the authors that were different j

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
I three parameters that were different and which the difference was not

f 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 soil .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>'e, we concentrate on

detemining which of the latter two is most impt tee. This can be seen
~

; by examination of Tables 4.2 through 4.5.

l- The authors do not explain t' heir methodology rigorously enough to allow

exact duplication 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,

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

,
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amounted to. generally between 5% 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 bone 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 actually 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 Wyh1 results, we were able to closly reproduce

the authors' results when their parameter values were used.
.

Table 4.2 lists the expected exposure for adults from the leafy vegetable

f ingestion pathway. It indicates that the most significant increases are

due to the difference in the soil-plant transfer factor.' For each organ
<

there is at least an order of magnitude incresse in going fro:n 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

pathways. o

- ,

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,

-h 97%, to the bone pathway. On the average, the authors' soil-plant

-

.
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Table'4.2. . Leafy Vegetable' Ingestion Doses

Mode 1 - Wyh1 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 soil

.NRC (B) SamerasNRC(A)exceptWyh1 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. 11. 5.7 58. 0.6 3.9
commitment factors

WYHL- 323. 10 6.0 79. 0.6 6.4--

.

%

.. _ = _ - - - - - .s_- a____._
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transfer factors and dose canmitm'ent factors contributed an' increase in

the results by a factor of 293 over the first four pathways -listed in the

~ Table 4.2.

Table 4.3'11sts the expected exposure for adults from the root vegetable

ingestionLpathway. The table indicates that,~except for kidney, the most

'significant 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

L controlling nuclides in NRC (A), listed in order of importance. When the
|

. ' authors' soil-plant transfer factors were used, Zn-65 lost its importance

in that its. contribution dropped from an average of 3.5% to an average of
i ~

! 0.7%. Introduction of the authors' dose camnitment factors had a small
o

effect and increased the Zn-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.

(
-

- , . . ., , a
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Table.4.3 Root Vegetable' Ingestion Doses
'

- - Model: Wyh1" Parameter' values that. are Dose to Maximum Individual (mrem /yr)_'
incorporated in model' ~ -

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 soil

^NRC (B) Same as NRC:(A) except Wyh1 138. 34. 0.4 0.1 0.0 0.0
. soil-plant . tranfer. factors -

- NRC-(C)- .Same as NRC'(B) except Wyh1 1762. 42. 0.5 5.5 -0.0- 0.4
~

dose commitment factors.

WYlit. --- 1609. 39. 0.4 6.5 0.0 0.4

.

p

$-

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
i

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, !
.p

'

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 liver |

. and kidney pathway, Zn-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

. Zn-65 and Cs-134 was almost totally overshadowed by that of Cs-137. The

authors' soil-plant transfer. factors and dose commitment factors

accounted for' an average increase. of over a factor of 11,000 in the dose

for the total body, liver, and kidney pathways.
.i

' '

Table 4.5 lists-the expected exposure for adults from the cereal grain

ingestion pathway. The table indicates that, except for kidney, the most

-significant-increases occur asia result of the authors' soil-plant

! transfer factors. .For the kidney pathway the effect of the dose'

commitment factor-was also important.

-

D
j, .

c |
.

|m
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; Table 4.4. PotatoIngdstion. Doses

Model 664:1 Parameter values- that are Dose to. Maximum. Individual (mrem /yr)
. incorporated.in model

Bone Whole : Liver . Kidney Lung- . Thyroid
Body

'

INRC'(A) Transport time for? holdup at 0.5 0.2 0.0 0.0 O.0: 0.0
| vegetation after harvest, exposure
of vegetation to plume, surface .
density of soil,~ crop density, and

Jtime period for buildup of radio-
,

nuclides: in soil
*

.NRC-(B). Same as NRC (A) except Wyh1 110. 101. 153. 52 17. 0.0
soil-plant tranfer factors

NRC (C) Same as NRC (R) except Wyh1 283 130 192.- 2000 17.6' 130.
dose conmitment factors.

WYHL
'

463. 128. 145. 1925.- 16.9 125.--

;

.

#

'

4

e 4 ,
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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 ' Whole Liver- Kidney ~ Lung ' Thyroid
Body

,

: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' soil.

-NRC(B)' Same. as NRC (A) except Wyh1 34.3 11.8 6.7 2.3 ' 0.7 0. 0 '-
~

soil-plant tranfer factors

NRC'(C) Same as NRC (B) except Pyh1 390. 15, 8.7 86. 1.0 6.1-

dose commitment factors.

WYHL 415.- 13. 7.0 72. 0.7 4.0--

4

-

.

9

5,

.
.

..



_ - _ _ _ _ _ _ _ _ _ _ _ -

, ...

16

[
: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,,

andCs-134(5%)becameleastimportant. 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

Tood sources can be briefly summarized. The most significant contribu-

tion to the increase e m 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 pa'thways due mainly

to the Sr.-90 and Cs-137 nuclides.

4.3.2 Doses Due To Ingestion Of Beef

Table 4.6 lists the authors' results along with our.results for several-
~

different computer. 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
2' authors' value of 224.kg/m for the effective surface density for soil

.

2 2(NRC value' is 240 kg/m ); .(2) a value of 0.75 kg/m for the effective

.

surface density of pasture grass -(the authors do not give a value here,

k thus.weusedthestandard'NRCvalue);;(3)theauthors'valueof50 years

:
-

f
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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'normally.0.2). NRC (A) was run

with the above values.and with typic'al NRC values for toil-grass transfer

factors, fodder to meat transfer-factors, and dose commitment and

factors. NRC (8) 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

'Above 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. ;0nes that are not are the retention factor, the time period over

which buildup of radioactive materials occurs in soil (previously
4

discussed),. the soil-grass transfer factors, the fodder meat transfer;

factors,cand 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 th'e. authors' value for the
~

. buildup-of radionuclides was previously given.

f

.

.

-
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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 deposititm

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

h 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 soil-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, and Zn-65,-'with the cesium isotope's 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 . !
i

an effect on bone dose. The Co-60 and Zn-65 have no significant effect.
|
1

'

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

transfer factors, and dose commitment factors multiplicative1y inflate

%
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Table 4.6 .BeefIngeNtionDoses
.

Model Wyh1 Parameter valuesithat 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' O.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,

. soil-plant tranfer factors- -

incorporated: .

NRC.(C). Same as NRC' (B) except authors' 349, 312. 464. 158. 52.
'

fodder-meat transfer factor i,

NRC (D) Same as NRC (C) except authors' 1002. 401. 587. 6083 54.
dose commitment factors is used

WYHL- 808. 368. 510., 5287. 47.--

- i

s

'
y

.

'

|
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the dose estim. ate, with the principal contribution coming from Cs-137,
- -Cs-134, and Sr-90, listed in order of importance.

+

14.3.3 : Isotopic Analysis of Ingestion Doses--
.

i
1

: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 Wyh1 dose 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 kidney) calculated by the
,

'' authors and by NRC. The NRC dose calculations are those described as

NRC1(A)'in Table 4.2 through 4.6, hence they do not incorporate the Wyh1

{ 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 root , potato, cereal grain, and
daga 4

beef _ pathways. Only the results for tat pathways are presented in the

table because these were the ones we did calculations for.

Table 4.7. shows that, as indicated earlier, the Wyh1 dose values are' j

significantly higher than what we would expect. For the three organs

listed, the total dose estimated by the Wyh1 report is greater by a
. -

-om .d,$ we wedd enhde-
factor of 180_ for whole; body, 700 for' bone, and 7000 for kidney. _ The .,

4- 1
'

.

data-in the table: indicates that-the authors' estimates are generally

greater forg all nuclides with- the Cs-137 contribution being the greatest.>

The next chapteridiscusses'the bases for. the values used by the authors

. of. the 'Wyhl report and:by. NRC.'
.

s
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Table 4.7.~IsotopicAnalysisifWyhl' Report' sand
NRC Ingestion Dose from. Gaseous Effluents

a b-Wvhl - NRC -
'

Organ / Isotope Dose .% of total Dose. % of total.

mrem /yr- dose mren/yr- dose-

Whole Body *

.

Cs-134 -26.u - .5 0.65 22
Cs-137 445. V 83 '. 1.36 45
Sr-90- .61. - 11 0.85 28

-Other 5. 1 0.12 5
Total 537. 100 2.98- .100

Bone
Sr-90 :-ef- 2536 _6P- 3.45 64
.cs-134' -98% zy, # 0.33 6
Cs-137 GGee. *131 .E 1.52 28-

Other 207. 5 0.10 2
Total 3800 100 5.39 100

Kidney i

7036. ' M 96 0.70 66Cs-137
4 0.25' '24Cs-134 .--300 ,

'Zn-65 0 0.80 8--

Other 3. 0.16 2--

'

Total. 7347. 100 1.05 100

aDose estimates are taken from pp. of the Wyh1 Report. Doses are to tne adult maximum hypothetical-

individual. .All of the food 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 been rounded off to the nearest whole number of mrem /yr.-

bSimilar to "a".above, except NRC Pegulatory Guides 1.109 values used for soil-plant transfer factors,
f

,' . dose commitment factors, and fodder to beef transfer factors.

%
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'4.4 . DOSES TO ' INFANTS VIA THE 10DINEa131 AIR THYROID PATHWAY

'

.

.

LThis 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.Wyh1 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 pemit-(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

' estiimates in the Wyh1 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 10'8 ,-2 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. Theiirst calculation that was made incorporated the authors'
'

suggest!ed grazing periods for cows and goats, and resulted in 45 mrem /yr

' for the cow pathway and 58 mrem /yr for the cuw plus goat pathway.
.

.

Table 4.8 lists the remaining parameters that were different in:the

authors' calculation compared to ours:

k

,
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~ Table:4.8. Parameter Values for Calediating Infant Thyroid Doses

Parameter NRC value, Authors' value' Dif'ference" ratio -

Cow ingestion rate- '50 kg/ day 75 kg/ day' ' +1. 5, .

2 2Crop productivity 2.0 kg/m 2.4 kg/m +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
~

.

t

e
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C
The authors'. values for the first three parameters 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 mrem /yr. Next the authors' dose commitment

factor was incorporated and this roughly increased the values two-fold,

as would be predicte'd by. observation of the difference ratio, to
~

138 mrem /yr for the cow pathway and 143 mrsm/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

Q ours, as close as we can tell the authors neglected to include the decay-

4 - of I-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 Gennany and the

United States. When these holdup times were excluded from our calcula-

tions,: the results -increase to 386 mrem /yr for cow and 1075 mren/yr for
. - !

cow plus goat. 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 iodine on !4

\
*

grass. We used the. authors: average settling velocity of 1.3 cm/sec in ;
'

|
this calculation.- If this- value of setitling velocity is increased 40% i

for fog- deposition,- and another 50% to take into consideration' clover
'

. deposition .a settling velocity of about.2.6 cm/see would result,
'

;..

faccounting for the factor of 2 discrepancy.-
,

-
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{
EThe first two parameters in the table represent site specific values and

should be used in the calculations as long as they represent average

values ~rather than maximum ones. The authort' 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

Lother' 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 19 based 'on results obtained from fog and. snow observations and

is largely unrealistic because if not fog certainly snow conditions are .|

"not likely to frequently ,ccur during the grazing season; and second,
_

increasing the.value to allow for. clover deposition may be unrealistic as

;f clover may not amount to a significant portion of the pasture grass. i

Finally, the values of the milk transfer factors we feel are overly i

l

conservative. While we have observed larger values of them in the !
1

literature we have not adopted their use because comparisons of actual j

field measurements of iodine in milk to model predictions indicate that !

the model is conservative. For example, in a presentation to the Health i

Physics Society (22nd Annual Meeting) in July,1977, J. Steward Bland
,l.

compared I-131 concentrations in milk from several dairies around a

_

nuclear plant ~to results offthe 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.

k consistently indicate that the models are conservative, we are reluctant'

,
,

I
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131N Table _4.9:' Comparisons of Measured and Calculated 1 Levels in- -

Milk-

y g-

l$dp
? ~M 131 I Milk Concentration pC1/1

Location ' Calculated - Measured
.O

&
y
<
b Farm A 5.3 1.2

.4 Fann B 10.0 0.4
''

d Fa m 'C- 7.9 0.6

Fann' D 0.9 0.5

f.
.

'

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' res'ults' are unrealistic, caused by' a poor choice of model

. : parameter values.

,
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5. . CRITICAL PARAMETERS ~ IN RADIOLOGICAL ASSESSMENTS MODELS
.

This' chapter reviews the Whyl Report's . references on resium and strontium

. soil to plant transfer factors (899)' and dose conversion factors (DCF) for
~ 1

'Cs-137 and $r-90 . ' 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 greatestieffect on the resulting estimated dose calculations.2

: 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
1-sectionsi (1) Soil to Plant Transfer of Cesium; (2) Soil to Plant Transfer of

;

Strontium; (3) Oose 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 radionuclides to get into vegeta-

tion: (1) direct aerosol' deposition,-and (2) soil to plant uptake. These
,

major pathways. are 'lliustracted in Figure 5.1. The Bjy 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,.

5-1
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|relatiYely: minor pathway for NRC's models. Less than 10% of.the cesium

--activity.in food:is due:to the soi1~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 casium 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

pioit transfer of' cesium; (2) the-basis for'the Wyh1 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

Ma'ny. 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
3cesium: .(1) Radioactivity and Human Diet by R. Scott Russell ; and (2) Trans-

?fer of Radioactive Materials from the Terrestrial Environment to A 'mals and |

Man.by R.|J. Garner.4' Since these reviews are readily available 1d fairly.

extensive, we 'will only briefly discuss the major factors influencing soil to

plant transfer of cesium.
.

l

5-3 j
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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

soil; (2) the organic content of soil; and (3) the clay content of soil.

Fredricksson et al.'(1958) has~shown that the cesium uptake from soils

decreases |as the potassium concentrations in soils increases.5 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 material.6 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 uptake of cesium.

5.1.2 Basis for the Wyh1 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 listed in the section on cesium transport factors (i.e.
l

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- 'I
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 _a 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 {
1

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

-5-4
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;5.1.2.1: Greenhouse Experiments
1

.,

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) soil texture and
'

1

potassium content in soil on plant uptake of Cs-137, (4) caesium carr_ier on
|

uptake of' caesium from soils by different plants."
'

1

!

.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
Ilevels of Cs carrier in soil on the Cs 137 concentration in plants was '

investigated-over;a range of O 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 potassiurn.
~

-

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

c cesium concentration in red clover.

m, >

,

5-5
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In ~an attempt to derive B9y values for-typical soils, we have used 89y. 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 Bgy (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 Bgy (FW) for soils with

natural amounts of potassium in the added potassium experiment was 0.37 1 0.34.

-The soils and plants used in the cesium and potassium experiments were the

same. However, the average Bgy (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 Oa, Mg or K.

The Wyh1 Report uses a B for clover (8.5) that is more than.7 times largergy

than the highest value derived from Fredriksson et al for natural soils. '(1.2)

The Wyh1 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'Wyh1 Report ignores'one of the main-conclusions of Fredriksson

..

et al. thati"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."

E |
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~IA8tE 5.1: . Cesium Soil to Plant transfer Values for Red Clover ' "

Soil' Cs Carrier Emperiment"- K tevel Experiment *

.Orloin - Concentration,D PlantCoac.(UW),.Bh(IW)' -Plant Conc.-(DW), Sj(fW)c/.,
g:- nCl/g nCl/g nCl/g

Eupparslagargarden,'Skaraborgs tan 37.0 30.7 0.17 224.7 1.21
Skurups tantaannaskola, Malmohus Ian 32.8 11.3 0.07 73.5 'O.45Bronnestad, Malmohus tan - '33.9 4.3 0.03 25.3 0.15 :

- Jockelsta, vastaanlands Ian 35.7 14.3' 0.08 65.3 0.37Skottlandshus, Kristianstads tan 40.0 3.7 0.02 66.4 0.33'ultuna, Uppsala tan 35.7 3.2 0.02 17.4 0.10

Vesterbygard, Uppsala . 38.5 8.1 0.04 42.6 ~ 0. 22 .Corsingeholm. Sodermanlands Ian 55.6' 27.6 0.10 123.5 0.44
{. ~Stensfalt, Skaraborgs Ian 38.5 M 0.03 17.5 0.09

~

~ Average + s 38.6 * 6.8 12.1 * 10.3 ~0.06 * 0.05 72.9 + 66.2 0.37 * 0.34

*f he B , (fW), values are for the natural amounts of cesium and potassium in 9 soll types in Tables 19 and 20 of fredriksson et al. (1958).g .

b
5cil concentrations were calculated from 0.2 aCl of'Cs-137 added to each pot, and the soll weights given in Table 1.

'8 , (FW)' values are based on a fW/DW ratio of 5 for grass.g

,
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2. Release of Sr-90 and Cs-137. from Vina Loam Upon Prolonged Cropping -

Nishita et al. (1958)7

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 activitys

concentration of 170 dps/g of soil. Exchangeable cesium levels were measured

h i.-at t e beg nning 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.

1

Derived Bgy(DW) values for clover tops varied from about 0.05 for plants

- harvested after 74 days to about 0.3 for plants harvested after 516 days
1

(i.e., the ninth blooming stage-of growth). Derived Bgy (DW) values for

clover rcots were about two to three times higher than the corresponding -

values for clover tops. The average B (OW) was 0.11 0.11 and 0.38 0.15gy

for clove'r tops'and clover roots, respectively. The above B values aregy

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 Bgy.(FW) would be'O.02 for clover tops, and

- 0.08 for' clover roots.
_

1. The-Wyhl Report uses:a-B for clover (8.5) that is more than 100 times largergy

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

i

5-8
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. ' 3. Influence of- Soil Organic Matter on the Entry of Cesium-137 into Plants -

Barber:(1964)6

1

l
Barber measured concentrations of Cs-137 in ryegrass for six soil types.- Five i

of the:six soils were taken from pastures in Britain where Cs-137 had been
!-observed in milk. The sixth soil was a tropical soil. Soils were analyzed |
1

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

Bgy (FW)-values'can be derived ranging from about 0.02 for a. soil containing.

predominantly kaolia clay (13.2%) to about 0.6 for a soil containing

-predominantly mica clay (12.8%). The unweighted average Bgy (FW) for all
.

soil types is 0.16 1 0.17. The above values.are based on a FW/DW ratio of

~5 for forage grass. The Wyh1 Report uses a 8 , for. grass (5.9) that is about9

110 times larger than the highest value derived from Barber. l

~

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

Bergamini et al. (1971)8

1

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 (50 ), at three.different concentrations, were-4

added to plants in a manner' simulating irrigation and contamination through

radioactive rain. Plants were contaminated for three.different phases of

. plant development: .(1) seedling stage; (2) shooting stage; and (3) flowering

stage.

- 5-9
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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
~

r

. reported. For aerial plant parts,- the concentration factor varied from 0.01

to 166.22. . Based on a FW/0W ratio of 5 for forage grass, the above concen-

tration factors,:on'a fresh 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 e sid not be

equivalent to NR'C's B , values. In addition, Bergamini reports soil o
9

concentrations in units-(cpm /g).that are different than the units
- .for plant concentrations (pCi/g). Sinceithe counting' efficiency of

_

the-instrument is not given,. it is difficult to convert soil-
.

< concentration units ~to plant concentration units. cThis conversion .

'
t is needed to check the basis for Bergamini's concentration factors.

5-10
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The Wyhl Report uses_a B for clover (8.5) that would correspond to thegy

maximum values given in Bergamini's tables.
,

5. Accumulation of Cs-137'and Sr-85 by Florida Forages in a Uniform

. Environment - 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 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.
137Carrier-free CsCl (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 I-

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 radionucide content (FW) for Cs-137 varied from about

14.6 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 B of 8.5 for clover, and 5.9jy
_ for.. grass. The Wyhl values correspond to the values derived from Garrett-et al-

for. a~ soil. with high soil, to plant transfer characteristics for cecium.

1

l
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. TA8LE 5.2: : Cs Soil to Plant Transfer Factors for Florida Forages

,

. .

i

Forage .Bgy (DW). Bgy (FW)
, .

White 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

, Oats- 24.7. 4.9
Dallisgrass: - 27.3 ~5.5
Coastal bermudagrass~ 29.6' 5.9 '

'

'Bahiagrass 36.2 7.2

' Average 1 s- 29.3 1 6.3 5.9 1 1.3
.

J

4

8
gy (DW)' values are taken from Garrett et al. (1971).9B -

B9y_(FW) values are based on a FW/DW ratio of 5 for grass.,

, .

4
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6. Factor 10 f Transfer of'Cs-137 from Soils to Crops - Marckwordt et al.
(1971)

-Marckwordt et .21. _ estimated 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 consequence 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, where 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, l

the extractable cesium content of soil was measured. The percentage of

magnesium extractable cesium was datermined from experiments with Cs-134
!

labele(soil. Multiple regression analysis was used to relate the Mg

extractable cesium to percent organic matter and percent clay. Soils that 1

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 X - 1.1479 X1 2,

Where Y = log % Mg extractable Cs;

X = log i organic matter and '

y

X =' log % clay content.2

l
-

1 Cesium concentrations in plants were then estimated by first . paring 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.-

5-13
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Soil to plant transfer factors (P ) were reported in units of pCi/Xg productd
2per sci /Km . The upper limit estimates of P were as follows: wheat, 3;'d

lucerne, 9; lettuce,15; and grass, 22. Based on an effective surface density
2of 240 Kg/m , and the FW/0W ratios in' Appendix A, these P values convert to

d )
the following maximum 89y (FW) values: wheat, 0.65; lucerne, 0.54; lettuce,

'O.19;_and grass, 1.06.~ The average B9y (FW) of.the four types of vegetation is

about 0.6 1 0.4. !
t

I

l
The Wyh1 Report uses the following 8 values: cereal grains, 0.48; grass,

|9y

5.9; and leafy vegetables 0.75. For all items except cereal grain the Wyh1

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'a1. (1971)II

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 (I'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

5-14L
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2.at a rate of'l mci /m . Pasture grass activity was reported in pCi/g DW for

the.four soils over a period of two years.

Based on their results, B values can be derived. The average 8 , (FW) valuejy 9

for the four soils was as follows for different times after spray 4ng:

2 months, 1.8 1 0.6; 5 months, 0.6 i 0.6; 12 months, 0.3 1 0.3; and 15 months,

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

values are based on a FW/0W ratio of 5 for grass.

The Wyh1 Report uses a 8 , for grass (5.9) that is more than 2 times larger4

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)12

|

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. f
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 ' eposition because plant concentrations for. latter years,d

1

i
|
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4

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 l'6.5;.however; more data on soil concentrations is needed to obtain a

more precise value for B9y (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)l3

,

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
i

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 Bjy (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 Wyh1 Report references this paper for the migration values given above

without substantiating the experimental basis for the values.
4

..

.4. Uptake of Radiocesium from Contaminated Floodplain Sediments by

' Herbaceous Plants - Sharitz et al. (1975,)l4

i

'Sharitz et al. measured radiocesium concentrations in two herbaceous plant

: species' native to a delta region near the Savannah River Plant in' South1-

: 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
..

. . i
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- i

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 -

an average cesium concentration of about 25 pCi/g (DW), while soils classified-

!as high,leve1Lhad an. average. cesium concentration of about'540 pCi/g (DW).,

Based on-the-authors' results, derived.Bgy (FW) values for cesium range from
~

:

L : about .2 to- 6, depending on species - and plant, for low level soils.- ' For high

-level ' soils, derived 8jy (FW) ran'ge from about_0.1 to 0.2. The unweighted-
~

' average B ,:(FW)-was:3.9 for low level: soils ~and 0.15 for high level soils.9
.

'

J The~above'Bjy (FW)' values are based on a-FW/DW ratio of 4.

P 5-17.,
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The authors conjectured that the relative _ independence of plant concentrations

ti soil concentrations may be due to soil differences. Soils with high

concentrations afght contain more clay and silt sediment, and consequently

more potassium. Since potassium and cesium have similar chemical properties,

,high concentration of potassium would lead to low soil to plant transfer of

-casium.

The Wyh1 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

1. The papers that were reviewed contained a large range of soil to plant

transfer factors. The range of B values reported by the variousgy

authors is given in Tables 5.3 and 5.4 for greenhouse experiments and

. field studies, respectively.

2. The majority of the Wyh1 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 al.).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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. 3. In:most cases the Bgy. 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"Wyh1 Report'.s value for B for leafy veg'etables (0.75),

gy,

is about 4 times greater than the upper limit value (0.19)

derived from Marckwordt.et al.10

. The Wyh1 Report's 8 , for clover (8.5) is based on the largest>

9

''8 , for forage reported by Garrett et al.8 The B values derived9 jy
from Garrett et al. are base'd on a Florida soil with high soil to

Lplant transfer characteristics for cesium. Soil characteristics

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

downward movement of cesium into scils. As the cesium moves deeper
~

into soils, B values should decrease because the cesium shouldgy
,

move beyond the root zone with time. The Wyh1 Report ~ ignores the.

'much lower Bgy values for clover obtained by Fredriksson et al and

Nishita et al (1958). '(see Table 5.3).

.TheWyh1 Report'sBjy for grass-(5.9)-is based primarily on the
.

data' reported by Garrett and Marei- The Wyh1_ Report ignoes the;-

.,

much lo~wer. average values for grass obtained by Barber ~(0.2),

- d'So'uza.(0.9)L and-even Marckwordt's upper limit estimate (0.6); ' -

The Wyhl :Reportivalue for~ grass is more than 2 times higher than
-

4the highest. values measured by Barber-(0.6),;d'Souza (2.5) and.

:Marckwordt"(lil). The B values derived from Garrett et al. (1971)yy

'are' based on.plantsLgrown on Florida soil.9 Roessler et al-(1969)'

Thave.shown that the Cs-137 content; in Florida foods and the Cs-137 -
.

bodyburden11n~Floridaresidents'is;amongthehighest-in'the' nation.-

~ (Asstatedby'Roessleret'al.
- '

1,
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IA8tf 5.3: ' Range in Cesium Soil to Plant Transfer factors lleported by various Papers cited in Wyhl Report -
'_ Greenhouse Experiments. '

Sg (FW)
Re f ereixe ~ few High Unweighted Avg. 1 s Parameters Examined

e

-

Iredriksson et al. (1958)* 0.02. I.2 0.22 1 0.22 Red clover grown on 9 typical
Swedish soils.

Nishita et al. (1958) 0.01 0.I2 0.05 2 0.04 Clover tops and roots for har .
vest times up to 1.5 years.

Barber (l>64) 0.02 0.6 0.16 1 0.17
~

Rye grass' grown on 6 common'
~

,

soils.

Beru mini et al. (1970)b 0.002 33 - .A forage clever contaminated with 3:

concentrations of 137CsSO for three.
phases of plant developme|t,

b Garrett et al. (1978) ' 4. 6 8. 5 , 5.9 1 1.3 Nine types of forage grown on.
a florida soll with high soll
to plant transfer characteristics
for cesium.

Nrctwordt et al. (1971) 0. 2 1.1 0.6 1 0.4 Common food crops grown on a
hypothetical soll with high
soll to plant transfer charac-

, teristics.

,
-*

Ihe'B , soils in Sweden. values' derived'from fredriksson et al. are based on the natural amounts of cesium and potassium in 9 of the more leportantarabil

Bergamini reported only maalemme and minimum values. It is likely that some of the maximum values for B , correspond to tematurestages of harvest. g

i
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'lAutt 5.4: Range 'n Cesitas Soll to_ Plant Transfer factors Reported by Various Papers cited in Wyhl Report -
Ileid Studies

:s ,(fW)..i
Reference low liigh theselghted Avg. Parameters Examined

'D'Suuza et al. (19/l)'- 0.08 2.5 0.920.8*- Grasses grown on 4 soils for.
harvest Lines up to 15'annths

b'- Grueter (1978) 15.5 hshrooms grown on German soils.
-

over.the years 1963 to 1970
C'Harel (1913) 0.32 4.7 2.2 1 2.3 Grass grown on 3 soils with

high soll to plant transfer -

. characteristics.
dSharitz et al. (1975) 0.1 6.0 2.0 1 10.5 Two herbaceous plants grown on

soils with different cesfue .
'." concentrations5

*
The average B , values are based on average for four soll types and four. harvest times.g

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

'
18wse values.were obtained by dividing the values reported by Wrel by a FW/DW ratio of 5.

d
Based un' the unweight sd average of S , for low level soils (N25pCi/g) and 8 , for high level soils (N540 pCl/g).g g

5

I
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"The' primary factor affecting levels in animal proq35)uets in Florida appears
to be radiocesium vels in locally grown forages. One explanation
for the elevated. Cs levels in Florida vegetations is an unusually high

- uptake of this nuclide from soils which have a low cig content and in
which there is a rapid turnover of organic material."

' The physical basis for the values fro.1: Marei is not described in enough

detail to be given much weight..

. The Whyl Report's B for potatoes (15) is about 100 times higher thanjy

the -largest value referenced for potatcas in Section 6.2.3 of their

. report (0.16).
,

,

4. All of the reviewed references had higher averaae 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
A

and clovet) consumed by animals rater than vegetation directly consumed

,
by man. Marckwordt et al. estimated maximum rather than average B values.gy

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 al 5 ;Ng gives average concentrations of'100
~

5-22
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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).I7 Ng derived the' average cesium concentration in plants

(0.05 ppa on a fresh weight basis) from four references: (1) Trace Elements

in Biochemistry - Bowen (1966)18; (2) " Comparative Elemental Analyses of A

Standard Plant Material" - Bowen -(1967)l9; (3) " Trace Analysis of Biological

Materials by. Mass Spectrometry and Isotope Oilution" - Morrison (1967)20; and

(4) "The Different Distribution of Rubidium and Cesium in Natural Plants -

Yamagata (1959).21 Dry weight literature values for plant concentrations were

, converted to wet weight values by assuming the wcter concentration to be 75L

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-concentratipn (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 l

references cited by Ng. (See Appendix C.)

i

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-

Industries._22 Ng's paper was entitled " Transfer Factors for Assess' ng the Dose )i

.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-six additional papers on soil to plant transfer of cesium and

strontium. Since these papers were very briefly summarized in Ng's IAEA paper, f

we have reviewed these papers.and included a summary of them.in Appendix 0.>

5-23
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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 B values for cesium in Table 5.5 ara less than NRC'sjy

.89yLvalue for cesium (0.01). A 8 , of 0.01 would slightly underestimate cesium9

transfer for some plants (e.g., potato it, bean fruit, and wheat grain) grown I

on coarse soils.

P |Since. an individual's diet consists of many tyes of vegetation, NRC's B jy
value_should be based on an average value of vegetation grown on a soil type.

Doubling'NRC's B value for cesium would lead to a realistically conservativegy

value for fine, medium and coarse soil textures. Since aerosol deposition

dominates the air to plant transfer of cesium, a B value of 0.02 slightlygy

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 on cesium (i.e. , Section 5.1) there are two

basic pathways for airborne' radionuclides to get into vegetation: (1) direct
aerosol deposition, and (2) soil to plant uptake. The B values used by in_ gy

'the Wyhl Report 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_Re'gulatory 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

Wyh1 Report's and NRC's models estimate aerosol ~ deposition components that are
_

(- ' roughly comparable in magnitude. Since-the soil to plant pathway dominates

5-24
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. NOTE: Ng's permission is needed to include this
~

table in our ' final. paper.

Tule 5.5 '. concentration Factors in Forage, Produce, and
Grains Grown in Coarse ,' Medium , and Fine-Textured
Soils ,ba

.

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

: Soil' Texture Sr- Cs
\

Coarse. 0.02 - 1.7 9.5(-4)c - 0.031--
.

Medium 1.6(-3) - 0.43 5(-5) - 2.6(-3)Fins- 7.8(-3) - 0.38 9(-4) - 0.013 '!d
B Veg/ soil 0.017 0.019y

a
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.

-b
Based on references summarized in Appendix D.

9.5(-4) denotes 9.5'x'10~4
-c

.

d
From Table E-1 of Regulatory Guide 1.109 (2}.

i

s

I

.

m.

%
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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 .Re' port's soil to plant transfer

factors for strontium; and (3) the basis for NRC's soil to plant transfer factors

for . strontium.

5.2.1 Factors Influencino 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 radioactive 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:

i
1<

- l'. Radioactivity and Human Ofet - R. Scott Russel (1966)3; and

.

2. TransferofRadioactiveMaterialsfromtheTerrestrialEnvironmenE

to Animals and Man - R. J. Garner (1972).4

- Since.these reviews are readily available and fairly extensive, we will only

' briefly discuss.the major.. factors -influencing soil to plant transfer of.

strontium.

1
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While there are many factors that influence soil to plant transfer of

strontium, some'are mori significant than others. Garner has stated that,
!

"The avsilability 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."4 Calcium and strontium have similar chemical
~

propertie'.. The amount of strontium that is transferred from the soil

solution to plants is partially determined by the amount of calcium in the
~

soil solution. Many authors have' studied the ratio of Sr-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 roo't absorption atw found in plant reproductive organs, while the highest

concentrations are found in foliage.-

5.2.2 Basis- for the Wyhl Report's Values for Soil to Plant Transfer of

Strontium

The Wyh1_ 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 refarences Is more fully

Edescribed in Appendix 8.

5-27
. ,

e- . ', * ,

t



.
.. - _ _ - _ _

,, .

5.2.2.1 Greenhouse Experiments

- 1.' Plant Uptake of Sr-90, Ru-106, Cs-137 and Ce-144 from Three Different

Types of Soils - Romney et al. (1954)23

Romney et al. measured the cor. centration of several fission products,

including.Sr-90 and Cs-l'37, in three common food crops grown on three
i

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..

I

Strontium soil to plant transfer factors (FW) were derived from the

reportaa 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 j

. 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 B9y(FW) for human
i-

Ledible plant parts grown on the three soils was 1.6't 1.8.
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Table 5.6. Sr-90 Soil to Plant- Transfe'r 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 1 s- 3.65 1 2.42 0.89 1 0.73 0.21 1 0.01

(Animals"

. Barley / Forage

. Bean /Leav'es & Stems.
21.1 5.75 2.49

_

7.35 3.05 '1.56 '

. Radish / Top 17.3 5.05 2.28
-Average 1 s 15.3 1 7.1 4.62 1 1.40 2.11 1 0.49

u,

. L.. Humans & Animals.

.o .
~

Average 1 s' 9.5 1 8.2 2.8 1 2.6. 1.2 1 1.3
C
B , (FW) values were derived fron'Romney et al. (1954) by-dividing the reported plant concentrations by thej
reported soil concentration (100 dps/g of soil), and using the following FW/DW ratios: barley / grain, 1.1;.
bean / fruit, .9.0; radish / root, '15.6; barley / forage,1.1; bean / leaves and stems, 4; and radish / top, 4.'
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, 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 89y(FW) for animal edible plant parts grown on the three soils
~ as 7.3 t.7,0.w

The Wyh1 Report uses a 89y 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 Wyh1 Report's B for cereal grain (1.67) is about equal togy

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

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

Nishita et al. (1958)7

f

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 Sr-90 was mixed with Vina loam to give

an' activity concentration ~of 99.4 dps/g of soil. Exchangeable strontium,

-levels'were measure'd at' the beginning of the experiment. About 90% of

the Sr-90-initially added to the' soil was~in an exchangeable form at day

zero. . Plants we're 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.
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Derived. Bgy(FW)' 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 Bgy(FW) values for

~ clover roots were about 25% lower than the corresponding values for

clover tops. The average B (FW) was i l 2 0.1 and 0.75 0.05 forgy

clover tops and clover roots, respectively. The above B values aregy
.

. based on the total amount of Sr-90 added to the soil and a FW/0W ratio of

.5 for forage grass. The Lamount of exchangeable strontium in soil

gradually decreased.from about 90% at day 0 to about 65% at day 516. The-

Wyh1 Report's.Bgy' for clover (7.2) is about 5 times higher than the largest !

value-reported by Nishita et'al (1.3)

3. Influence of Stable Sr on Plant Uptake of Sr-90 from Soils - Romney et |
,

al. (1959)24 )

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
i

the addition of stable Sr to Sr-90 contaminated soils might reduce plant i

uptake of Sr-90." Two plant tpecies (i.e. bean plants and Ladino clover)
;

were grown on three soil types. The three soil types were selected

because of their wide differences in chemical properties. 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 !.

soils _ 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 sofi

. 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 Bgy(FW) 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,

'i approximate 1y 0.1.
The above B f values are based on an FW/DW ratio of 9,

for bean tops. -The average Bgy ( W) is 1.1 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
.

.B9y(FW) 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 Bgy,

values are based on an FW/DW ratio of 5 for forage grass. The Wyh1

Report's B for clover (7.2) is about twice as large as the averagegy _

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

f 4.' Optake 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

Jfor.~different forage species and different soil types. Forage species

J ~5-32
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were classified as grasses or legumes. Eight grass species and eight .1

legume species were grown in'l gallon stone crocks. Plants were grown in

the following soil 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 i

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 soil to plant transfer

factors are reported in Table 5.7. The average Bgy(M for grasses,

ranged from 0.43 for Nord fine sandy loam to 0.98 for Sacramento fine

sandy loam.- The average Bgy(FW) for grasses for all soil types was

0.67 1 0.28. The average Bgy(FW) for legumes for all soil types

(2.411.2) 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 sofis. '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 8 , for grass (3.2) is.about 2 times greater than the9

highest v_alue reported by Vose and Koontz for grass (1.4). The Wyh1
'

Report's B 'for' clover-(7.2) is larger than the highest value reported9y

by o'se ~and 'Koontz for legumes (4.8)

,-
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5. Comparative Sr-90 Content of Agricultural Crops Grown in a Contaminated

Soil - Evans et al. (1962)26.,

Evans et al. measured the Sr-90 content of 36 species of plants grown on

Greenvillo loam 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 mC1) 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 3 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 W ) for cerealgy

' crops.is about.0.7 1 0.8. The above B values are based on an FW/DWgy

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 Bgy(FW) for forage crops and tobacco is

about 0.911.1. . Soil to plant transfer factors (FW) for vegetable crops

vary from aboutL O.01 for tomato fruit to about 2.6 for cucumber tops.

The average'Bgy(FW) for vegetable crops is about 0.5 1 0.6.

The range of-B for all erops extends . from.about 0.01 for tomatogy
_

fruit to:about 2.6 for cucumber tops. .The average Bgy(FW) of cereal
'

crops (0.7),. forage crops. (0.9), -and vegetable crops (0.'5)~ is 0.71 O.2.'
'
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Table'5'.7 . Stable Strontium Soil .to Plant Transfer [ actors for
'

p Forage Species Grown on Three Soil Types-

Nord fine sandy loam Yolo fine sandy loam. Sacramento fine sandy loam
- Species- Plant Sr 5 '(FW) Plant Sr B '(FW) '

Plant Sr- B ,(FW)9 'y j
(meq/g) (seq /g) -(meq/g)^

Grasses

!T 'Bhomusinermis,Manchar 1.49 0.56- 0.83 0.70 1.25 1.42
. Lolium perenne,,0regon Commercial 1.31 0.50 0.74 0.62 0.89 1.01'

Lollum perenne, S.101 - . 1.19 0.45 0.71 0.60- 0.89 1.01
- .Festuca elatior,' Late Otofte 1.19 0.45 0.65 0.55 0.89 .1.01-

Festuca arundicacea, Alta 1.07- 0.41- 0.71 0.60- 0.89 1.01-
' Phleum pratense, American

Commercial.
.

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,' Potomac - 0.93 0.35 0.65 0.55 0.77 0.88

Average'+ s 0.43 1 0.07 0.59 1 0.06-- 0.98 1 0.22
Legumes.

Trifolius'subterraneum,
Tallarook 4.70 1.78 3.99 3.35 4.22 4.80

; Medicago sativa, Caliverde 3.81 1.44 2.44 2.05 2.65 3.01
Trifolium fragericum,' Salinas: 3.57 1.35 2.20 1.85 2.74 3.11'

Trifolium repens, S.7100 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 pratense,' 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
' ~fotus corniculatus, Los Banos 2.53 0.96 1.67 1.40 2.38 2.70

Average 1 s 1.31 1 0.24 2.13 1 0.59 3.63 1 0.79

"S il to plant' transfer factors were derived from the plant con:entrations in Vose et a',. (1959) using the followingo
~

coilextractablestrontiumsoilconcentrations'(eeq/g)reportedby'theauthgs: (1) Nord fine sandy loam, 0.528;
-(2) Yolo fine sandy loam, 0.238; and (?? Sacramento fine sandy loan, 0.176 A FW/DW ratio of 5 was used to
convert-to'FW values.
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The Wyh1 Report's B values exceed (by factors ranging from 2 to 65)9y

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 (onion); and cereal grains - Wyhl, 1.67, Evans, 0.11

(barley grain).

I

|G. Influence of Liming and Mineral Fertilization on Plant Uptake of |

Radiostrontium from Danish Soils - A. J. Anderson (1963)27 |

l

I

|

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.

89 90Typical Danish agricultural soils were used. Carrier free 5r or Sr

were mixed with soil 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 unde a number of growth conditions. Based on the plant and soil

concentrations, 8 values were derived for the control case (i.e., no9y

added lime or fertilizer). Derived Bgy(FW) values for rye grass grown

on 20.different soils ranged from 0.2 to about 0.9. The average 89y(FW)

for rye grass grown on 20 soils was about 0.5 + 0.2. Average soil to

plantLtransfer factors (FW) for red clover (1.4 + 0.6) were about three

times higherithan for rye grass. Soil'to plant transfer. factors for red

7
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'Table 5.8 Strontium Soil to Plant Transfer Factors for Cereal Crops, Flax and Corn

. Plant. Sample Plant' . B;y(FW)1-
Sr-90 -
(nci/g.)

Dat straw. 28.41 1.25
Dat 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 0.55 0.03

p- - Average 1 s 17.2 1 16.6 0.71 + 0.75.-
. O'

~ IBgy(FW) was obtained by dividing the plant concentrations given in Evans et al. (1%2) by the soil concentration
(20.64 nC1/g).26 Bgy(FW) values are based on a FW/DW ratio of 1.1 for. grains and straw.

I

, - i
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Table 5.9 Strontium Soil to Plant Transfer Factors for Forage crops and Tobacco
,

.B ,(FW)*-Plant Sample Plant y
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,~ Summit 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 3.51
Sweet clover, Erector- 107.45 1.04

' Sweet clover, Arctic- 94.73 0.92
Rid clover 91.30 0.88
Alsike clover 70.94 0.69
Wtifte clover 75.86 0.74ui

i Birdsfoot trefoil 76.44. 0.93*
Scybean, straw 99.16 4.36

.S:ybean, seed 10.82 0.47
Sugar beet, tops 83.63 1.01
Sugar beet, root 23.47 0.29
Tobacco 79.66 0.97

/.verage + s 57.1 1 32.8 0.9 1 1.1,

~#
B ,(0W) was obtained by dividing the plant concentrations in Evans et al. (1962) by the reported soilg

concentration (i.e., 20.64 nC1/g).26 89 (FW) values are derived from B ,(DW) values using the followingg

FW/0W 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.
|
,

.

4
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'. Tab 1'e 5.10 Strontita Soil to Plant Transfer factors for Vegetable Em 9s
'

Plant Material Plant B;(FW)1g
Sr-90

(nC1/g.)

Cabbage, outer leaves 89.51 0.33-,.

Cabbage, head. 19.54 0.07
|Cault flower, leaves . 79.47 0.32
Caultflower,> head 9.52 0.03

'

i , .Lettere, tops 43.82 0.11
. Spinach,: tops 77.58 0.27
, Pea, tops

. 102.94 1.28' 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 1.33
. Carrot, root 25.56 0,15

. Y' Turnip, tops 145.16 0.74
~M -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 0.04 ,

Tomato, tops 67.77 0.82 '

Tomato, fruit 4.92 0.01
. Celery tops 98.73 0.30

Average + s' 63. @ .1 0.48 + 0.62
-

IBgy(DW) was obtained by dividing the reported plant concentrations in Evans et al. (1962) by the reported soll.

concentration (i.e., 20.64 r.Ci/g).26

,

*
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clover grown on the 20 soils ranged from about 0.3 to 2.9. The average

B9y(FW) for the two plant species grown on 20 types of soils was about

1.0 2 0.6. The above 8 , values.are based on an FW/0W ratio of 5 for rye9

grass and clover. -The effect of liming and fertilizer on B was small-9y

in comparison with the range of 8 values for different plant species9y

_ grown on different soils. *

_

The Wyhl Report's' 8 , for grass (3.2)' and clover (7.2) is more than9

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.

7. Soil-Plant Relationships-of Radioactive Elements - Menzel (1965)28

Menzel estimated values for soil to plant transfer (0W)-of 40 elements.

Elements were grouped into one of five categories ranging from strongly. |

concentrated to strongly excluded. Strontium was listed in the slightly f
. concentrated category (i.e., B9y(DW) from 1 to 100).

Menzel references six papers as the basis for this classification for
1

strontium. The materials and procedures of the referenced papers is not I

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 papen in this section. Based on an FW/DW ratio of 4,.
|

then B9y(FW) ranges _from 0.25'to.25 ~with a midpoint of about 12.6 1 17.5.

.5-40
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- The Wyh1 Report's 8 , values for: strontium are within the range given9
#

by.Menzel.

8. Accumulation.of Cs-137 and Sr-85 by Florida Forages in a Uniform

. Environment - 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 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. Uptake of strontium was investigated to-

determine if there were interspecie differences in soil to plant uptake

of. other nuclides than Cs-137.

85Aqueous high specific activity Sr C1 (1 mci) was thoroughly mixed with

2500irams of soil (Leon series soil). Forage was grown in shallow (4 cm
' '

desp) containers about 2 liters in volume. Leon series _ soil is a typical i

. Florida soil-~ representing about 26% of the Florida land area. A number
~

of soi1. 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 15% 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
, b'

'was-about 1.7 + 0.6. The above B values are based-on a FW/0W ratio of- |
~

gy
; ,
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* - {5 forJforage grass. The Wyh1-Report's Bgy|forgrass-(3.2)andclover
~

,

,
, . ~.

;? (7.2)-isTaore than.1.5 times higher than the largest values (2.1 and 3.0'

.>

_ , :respectively) reported by Garrett et a1.
.

A e

- ?5.2.2.2-- Field' Studies
^

r<
i <

IL Isotopes:and Radiation in Soil-Plant-Relationships Including Forestry -

_ 0'Souza et al-(1972)"
.

t, -
-

'.D'Souza et al. studied the distribution of the radionuclides in grass' i*

l

growing _in four typical Belgium pasture soils. Soils were artificially .)
contaminated with radiostrontium and radiocesium undar both field and |

. greenhouse conditions. Soils.were sprayed with Sr-85_in amounts ranging ;,

'

2 ~

from 10 to 100 aC1/m , ; The time of| spraying grass with Sr-85 was not -

given,: and .its. is not clear _ whether_ decay has been taken into account in

' y; the reported soil' surface contaminatio'ns.

Plant cencontrations-(pCi/g (0W)) ranged from about 250 pCi/g to about
-

214000 pCi/ for: soils sprayed with 10 mci /m , Assuming.the effective3

~ 2surface' density of 240 kg/m :in Regulatory Guide-1.109,.then the surfacea

2 ~

concentration of 10 mci /m converts to.a soil concentration of-'

'.41.7.'pci/g. ' Based on thisfassumption, then Bgy(FW) values ranged from

, , 11 to'19. The average 8jy(FW);for grass _ grown on four_ soils and ; sampled
.

.
-|

.
,

. !for twoftime periods was 5.3 f 1.6. The..above B values are based'on an.gy
~

\ "

(FW/DWLra~tio off 5 for, grasses. ; The Wyhl Report's-B Lfor grass (3.2) is-3 gy

_

about one-half-of!theLaverage value obtained from d'Souza'et al.
y .:s< .

-

,

s

f

'
_
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2. Environmental. Radioactive Pollution and Man - A'. N. Marei (1973)l3
,

.

This article is contained as Chapter 7 in a book entitled Radioecolom/

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
.

The chapter contains a brief summary of the-migration of Sr-90 andman.

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

LBgy(DW) values, then-the average Bjy(FW) is about 0.2 + 0.2. The

procedures.and methods used in_ determining the above migration values is

not described in this paper. The Wyh1 Report's B for grass (3.2)jy
exceeds the highest value reported by Marei. !

|
1

'

5.2.2.3. Summary and Conclusions of Review of W9h1 References for Soil to |
,

1

Plant Transfer of Strontium

1. .The papers that were reviewed contained a large range of soil to plant

transfer factors. The range of B values reported by the variousgy

-authors.is given in Table 5.11.and 5.12 for greenhouse experiments and

field studies, respectively.

c 2.~ _ The majority. of the W9h1 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$ ul 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 falloat or of possible discharges from !
nuclear reactors, they. must be carried out under the field conditions of

normal agriculture."3

3. The.Wyhl Report uses the following B values for estimating the Srjy

concentration in plants: grass, 3.2; clover, 7.2; leafy vegetable, 2.5; i
1

potatoes, 0.75; root vegetables, 15; and cereal grains, 1.67. In most

cases the B values'for strontium used in the Wyhl Report are based on Igy

soil and plant characteristics t' hat tend to maximize the transfer of

strontium from soil to plants. For example:

. The_Wyhl Report's B for grass (3.2).is larger than the highestgy .

. values derived from Vose and Koontz (1.4), Evans (0.36), Anderson

(0.9),- Garrett (2.1), and Maret (2.3) for grass. The only B $y

, values for. grass.that are larger than those_in the Wyhl Report are

'those' contained in d'Souza.

.:The Wyhl Report's Bgi or clover (7.2) is larger than-the highestf

: values derived from Nishita et al_.(1.3),_Romney et al (3.4), Vose
~

and Koontz (4.8), Evans (3.5),JAnderson-(2.9), and Garrett'(3.0)

-for' clover and Alfalfa.
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..iThe'WyhliReport'sB- for leafy. vegetables is larger than the highestjy

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

i ~ . - The Wyh1 Report's 8 , .for potatoes (0.75) is 25 times larger than,

9

.the value derived from Evans et al for potatoes (0.03).
L' - .. The Wyhl.Reporr.'s 8 - for root vegetables is larger than the

~

_ 9y

-highest values derived-from Romney-et al (5.4).and Evans et al

(0.23)ifor 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 averaae 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.

s

5. 2. 3 . . Basis for NRC Values for Soil to Plant Transfer of Strontium.

As stat'ed: earlier,ithe soil to plant transfer values 'used.in Regulatory

Guide 1.109-are derived from' a report entitled, " Prediction of the Maximum

: Dosage to' Manl rom.the Fallout of Nuclear Devices, Handbook for Estimating the
-

f

; Maximum Internal: Dose from Radionuclides Released.to the Biosphere," (USAEC

~ Report UCRL-50163, Part IV,.0ctober 1968) by;Y. C.:Ng et al.15 - Ng gives

' average concentrations of-100 elements in typical ~agricultura14soi1 Land

: portions of the. human diet derived from plants. The average strontium
, .

concentration;in.soi1;(300 ppm) is derived from a_ book entitled, "The

~

- .
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Geochemistry of: Rare and Dispersed Elements in Soils" by Vinogre.Jov (1959).17
-

'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);29 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 strontium 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.
,

i

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

Agricultural Products."22 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 plant 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 B for strontium should be raised byjy

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,

B9y(FW) values for.' crops normally eaten by animals are slightly higher than

f
.

. 1

values 7 or plants. consumed by humans. A value of;1.0 would be real.istically '

conservative for most plants consumed by animals on most soils (see. Appendix C
'

:for a more thorough discussion o'f Ng's paper). 8 values of 0.2 and 1.0 for9y

' 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
e . Reported by.Various Papers Cited in Wyh1 Report -
L Greenhouse' Experiments

.

O IN)iv
Reference Low High Unweighted Avg. Parameters Examined.

Romney et.al. (1954) 0. 2 21.3. 4.5 1 4.0- Three' common ~ food crops grown on three
~

soils,with a wide range in chemicalo

' properties
,

Nishita et al. (1958) 0.7 1.3 0.9 1.0.2 Clover tops and clover roots'for. times up
to 1.5 years

Romney et al. (1959) 0.1 3. 9 2.3 1 1.6 Bean tops grown.on three' soil types,'and
clover harvested.up to 1.5 years- af ter -
planting

. Vose and Koontz.(1959) 0.3 4.8 1.51'1.2* Sixteen forage species grown on three soil.
types

Evans et al. (1962) 0.01 2. 6 0.7 1 0.2 Thirty-six plant species that included
cereal crops, forage crops, and vegetable
crops.

. Anderson (1963)- 0.2 2.9 '1.0 1 0.6 Two forage species grown on 20 soil. types-

Menzel (1965) .0.25 25 .12.6 1 17.5 Derived 8,lionofelementsaccordingto
values are based on a rough

classifica
their concentration factors.-

Garrett et al. (1971) 0.'8 3.0 1.7 1 0.6 Nine forage species grown on a Florida soil
with high soil to plant transfer
characteristics for cesium

i

I

.
.
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Table;5.12.. ; Range'in Strontium Soil to Plant Transfer Factors-
iReported by Various Papers Cited in Wyhl Report.-*

Field Studies
'

- '

.B ,(FW)g ,

Reference : Low :High Unweighted Avg. Parameters Examined
.

D'Souza et al! (1972)- l' -19- : 5.3 1 1.6 Grasses grown'in covered and uncovered' ~ ' ' '
'

plots on four soil types-
.

iMarei.(1973) 0.1 0.6 0.210.2 Grass grown'or three' soils with high ceslui-
soll to plantet ansfer characteristics .

.

E
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increase'the estimate.of activity in vegetation by a factor 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 Wyhl 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 !
1

|than the corresponding values used by NRC.
{

-1

5.3.l' Basis for the' Wyhl Report's Incestion Dose Conversion Factor 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 technical basis for these DCFs.

.
;

The Wyh'l Report's ingestion DCFs for Sr-90 (bone) and Cs-137 (kidney) are

comparedwithNRC'sandORNL'scorresponding'OCFsinTable5.lf.- X- l

- Strontium-90~

The Wyh1 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

gastrointe_stinal tract to bone for Sr-90 is too low. ICRP usos a transfer

~ factor _from the gastrointestinal tract to bone of 0.09 for stable strontium

5-49
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- and Sr-90, and 'a value of 0.21 ' for Sr-85, ~Sr-85m, . Sr-89, Sr-91 and Sr-92.32 -

Strontium-85,ISr-85m, 'Sr-89, Sr-91 and Sr-92 have effective half lives (Tg

less than 65 days) that are much shorter than Sr-90 (Tg = 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
iwhich 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 CCF.

l

Cesium-137

!

The Wyh1 Report uses a DCF of 0.00144 mres/pci in calculating the dose to the {

kidney from. ingestion of Cs-137. This value for Cs-137 DCF for the kidney is

.about 40 times greater than the corresponding value used by NRC (i.e.,

0.000037 mrem /pci) to calculate the adult kidney dose. The Wyh1 Report does
_|

not discuss the basis for their higher value.

5.3.2 Basis for NRC's Incestion Dose Conversion F gp;rs for Cs-137 andi

~St-90

~

:NRC's adult' ingestion dose conversion factors (DCFs) are given in Table E-11

: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 L In'take" . (NUREG-0172). 34 The equations for calculating internal dose
'

. conversion facturs in NUREG-0172 were derived from those given in ICRP-

.Pubitcation 2, " Report of ICRP Committee II on Permissible Oose for Internal
.

Radiation."32
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Table 5.1/: Comparison of Wyhl Report's Ingestion Dose
' Conversion Factors for Sr-90 (Bone) and
Cs-137-(Kidney)

-

. .

_ Adult Incestion Dose' Conversion Factors, mrem /pCi-
a b CIsoto'pe/ Organ .Wy'bl NRC ORNL

-2 -3.Sr-90/ Bone 9.6x10 7.6x10 1.2x10'3
-3 -5 -5Cs-137/ Kidney 1.44x10 3.7x10 7.73x10 j

!

!
a l

Ingestion dose conversion' factors (DCFs) are from Table 8-1 of the Wyhl' Report.
. {lb
HRC's DCFs are from Table E-11 of F.egulatory Guide 1.109.

C
ORNL'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.DCFs have'not been endorsed or recommended by ORNL.

'

i

I

'%

|

|
<

'
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TAs stated.in our Regulatory Guides, the procedures and models in Regulatory

| Guides are subje'ct to continuing review by the staff. Curre:ntly, NRC's Office

of Regulatory Research has a contract with Dak Ridge National Laboratory

(ORNL) entitled " Dosimetry and Biotremet Models to Implement ALARA." The

objective of this contract is to assemble the latest data and models to

calculate a unified set of internal dose conversion factces. 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

LComputer Implementation of Recent 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).35, 36, 37 The last document.(NUREG/CR-0150) contains

a set of DCFs 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', Se include them here for illustrative purposes. Table 5.14

. compares the Wyh1 Report's ingestion DCFs for Sr-90 and Cs-137 with ORNL's

DCFs. The Wyhl Report's Sr-90 ingestion DCF is 80 times greater than.the

value-in NUREG/CR-0150. The Wyh1 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-137 and SR-90 IN
'

. RADIOLOGICAL ASSESSMENT MODELS

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

-and Sr-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 (89y) 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 ar.d 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 (8 y) of9

,

cesium and strontium.- Most of.the Wyhl Report's references are greenhouse
.-

experiments'as opposed to field studies. Greenhouse experiments are not as
|

likely to provide good quantitative estimates of- soil to plant uptake as field

studies. :In most cases the 8 values for cesium and strontium are based on9y

soil and plant characteristics that maximize transfer ~ from soil to plants.

For example:

",

. The Wyh1 Report's B9y.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 Wyh1 Report's 8 for grass-is~ larger than the highest9y
~

. value derived from 3 of the 5 references on soil to grass transfer. l

!
!: Only the Garrett et al and Marei references support the Wyh1 Report's- !

-

|
~

;Bjy;for grass. The 8 , values derived from Garrett et'ai are for a9

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

experimental basis for the 8 values in Marei is not described in9y

! sufficient detail to give it much weight. Although the Wybl Report's-

reference on root vegetables'was not reviewed, the B$y for root-- .

tvegetables also-appears-to be based on the highest values observed.
~

-

.
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..The Wyhl' Report's B'9y 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 Wyhl |

-Report's-B for grass-is larger than the highest values derived fromjy

5 of the.6 references concerning soil to grass transfer. The Wyh1

Report's 8 for cereal grains (1.67) exceeds the highest value9y

. reported by Evans (0.11); it is about equal'to the highest value ;

. reported by Romney_et al (1.7).

.

1

Consequently,. the Wyhl Report's estimated doses from the air to food pathway

are unrealistically high because of the use of unrealitic B values for cesium |$y
,

and strontium. The use of. high values for other parameters (e.g. , feed to milk, !
l

feed to meat, and ingestion rates) in series with maximum B leads to an even j9y

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. I

NRC's 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 al.15 NRC's B values are based on soil to plant |_ gy

. transfer ~of stable elements in soil. -NRC values are based primarily on field

: studies.as opposed to greenhouse experiments.

Since the'Wyh1 Report; includes many references that have higher average soil

to. plant tranfer factors.for cesium and strontium than NRC's current values of

1
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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 Products."22 In this paper Ng presented updated values for transfer

of radionuclides to plants, milk and other animal products.

.i

I

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 I
lchanges in values for soil to plant transfer (fresh weight (FW) basis) of cesium

and strontium in future revisions of Regulatory Gufde 1.109. .These proposed

valves would be used in the interim.

1. The Bgy_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
;

.i
idominates the air to plant transfer of cesium, a B value of 0.02 slightly i$y

increases the estimate of activity'in vegetation (by less than 10%).

- 2. .The 89y 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 $y

Evalues=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 Oose 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 DCF 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 Wyhl

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 OCF for the kidney is about

:40 times greater than the corresponding'value used by NRC. The Wyh1 Report.

does 'not provide any new references to support their.use'of this much higher

. number. ' 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 t, asis for the ingestion dose conversion factors in U.S. NRC Regulatory

Guide 1|109 is described-in a document entitled " Age-Specific Radiation Oose

Committment Factors for a One-Year Chronic Intake" (NUREG-0172).34 The

equations,for calculating internal. dose' conversion-factors in NUREG-0172 were- I

derived from those'given in ICRP Publication 2,." Report of ICRP Committee II

- on Permissible Dose for-Internal Radiation."32

-
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J s stated in.NRC's Regulatory Guides, tthe 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

ob'jective of this1 contract is to assemble the latest data and models to
~

.

Tealculate a unified set =of internal: dose conversion -factors. Results from

LNRC's contract with ORNL and-~similar studies will. be incorporated into - |

Regu'latory Guide-l.109 in a timely fashion,
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-6. CCMPARISON OF WYHL REPORT'S RADIOLOGICAL MODEL
.

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 several

parameters in the Wyh1 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 C ,e of the Wyh1 Report). Concentrations b

.o'f 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,

respectively.

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 Radioactivity in the

6-1~
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Table 6.1: Concentration of Radionuclides in Vegetation
Derived from Wyh1-Report

- -Vegetation Concentrations, pCi/kg Wet Weight"

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

.Zn-65 11.4 2.9 2.4 10.1
:Sr-89 ' 1.1 <-0.1 0.2 0.1-

-Sr-90 59.7- '17. 6. 348.8 40.2
.I-131 '27.2 . O.0 0.0 0.O
Cs-134 J40.1 463.1 3.2 32.9
Cs-137 760.1 14340.0 7.0- 516.1>

Ce-144. 6.7 0.9 0.6 7.2
Pu-239 0.1' -0.1 0.1 0.1

4

9

.

;

.

t

%

Y ^ ,

! a
Radionuclide concentrations in-vegetation were derived from the-Wyhl ~ Report by
dividing:the..-adult bone dose (Table 9-1) by the product of the corresponding.
ingestion' dose conversion factor:(Table 8-1)'and the annual:-adult consumption
ofcvegetation (Table 7.1.3-4).

6-2
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- Table'6.2: - Concentration of Radionuclides in Heat
Derived from Wyh1 Report

i

laMeat Concentrations, pCi/ko j

Nuclide Beef Pork |
1

:C0-58 15.5 0.2
Co'-60 33.7 0.7
Zn-65 82.1 78.8
S r-89 0. 4 - < 0.1
Sr-90 15.6

'

64.3
1. 6

I-131 168.0
Cs-134 1476.0 761.4
Cs-137 35080.0 20600.0
Ce-144 1. 5 0.1 |

~Pu-239 < 0.1 < 0.1

|

!

.

|

|

|

..

a
Radionuclide concentrations in meat' wore ~ derived from ~the Wyhl Report' by

1 dividing the. adult. bone dose.(Table 9-1)~by the product of the corresponding.>

. ingestion dose: conversion factor (Table 8-1) and the annuhl adult consumption-

-of; meat (Table 7.1.3-4).+

!
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DTable 6.3: Annual Average Concentrations of Radionuclides in Milk
~

. Derived from Wyhl Report:

.

Milk Concentrations. DCi/l,

e bNuclide Cow" Goat ' Sheep

<Co-58 1.19.
Co-60 2.59
Zn-65

,

=64.05
.Sr-89 '0.38
- S r-90 15.1
I-131 84.0 246.0 279.0

.Cs-134: 177.2
~Cs-137: 4210.0' -

Ce-144 0.7
'Pu-239 < 0.0.

;

1

|
,

|
'

|
,

p.

t.

I:
<

'a
RadionuclideLconcentrations-in cow milk were derived from.the'W' nl- Report by |y

~ dividing the adult bone dose listed 'in ~ Table 9-1 by the- product of the ~ corre- |

H sponding' ingestion' dose conversion factors (Tablef8-1)'and the adult annual :|

[ milk' consumption (360. liters, Table 7.1.4-4)..
'

b
I-131 concentrations in goat and sheep milk were derived by dividing the

~

finfant. thyroid dose listed in Chapter 11'of the WVh]2 Report by the-product of.
| .the infant thyroid-dose' conversion fa tor (2.8 x'10 mrem /pci, Table 8-1)

'and'the infant annual milk 1consumptic4 (320 liters, Table 7.1.4-4). The:Wyhl-. L

Report'did not listidoses.due'to infsat milk | consumption from other isotopes.
i

_ ,

* ..
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Environs of Nuc1eer Power Plants," provides an acceptable basis for the design
: n

of programs to monitor levels of radiation and radioactivity in the station,

environs.1 The Radiological Assessment' Branch's Branch Technical Position (as

revised November 1979) sets-forth an example of an acceptable minimum radiological
~

monit'oring program.2 Th's radionuclide detection capabilities for analysis of
,

food and milk samples are given in Table 6.4 as stated 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, seat, and
'

milk exceed the lower limit of detection of several radionuclides. More

specifically:.
.

1

1. The' Wyhl Report's concentrations of CS-137 in leafy vegetables, potatoes,
f

and cereal grains exceed the lows.r limit of cetection o' Cs-137 in food

L . products (80 pCi/kg, wet) by a factor of 6 to 100 depending on the food.
,

. .

2.. :The Wyhl Report's estimate of Ct-134 in potatoes exceeds the lower limit
t'

E - of detection of Cs-134 in food products (60 pCi/kg, wet) by a factor of,

about 8.

3. !The ;Wyh1 Report's estimate of 2-131, Cs-134, and Cs-137 in meat exceeds -
~

'

the lower 11 fait of detection'of these isotopes in food products (60 to

80 pCi/kg,' wet)_by'_aLfactor of aoout 3 to about'440.
~

.t -
i

! i4 i The Wyhl Report's.'. estimate of.;I-131, Cs-134,- and Cs-137 in n.11k exceeds
~

.

,

' ~

_ the lower limit of., detection of these isotopes in. milk (1 to la pCi/1) cy- t

, _ 2a'factorofdbout10'toover200.L
'- '
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Table 6.~4: Detection Capabilities for Environmental Sample Analysis"

:

|. u

-Lower Limit of Detection (LLD)U
'

Indicator Nuclide Food Products (pCf /ka, wet) Milk (pCi/1)

.I-131- 60 l'
Cs-134 60 15
Cs-137 80 18
Ba-140 60
La-140 15

.

'

.

aThis list'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.-

DThe 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 LL0s
are taken from. Reference 2. - The above LLDs: for some 'nuclides are -slightly
lower than those that were in effect for the year 1977 (see Reference 3).

m
i

-
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6.2 . Comparison of Wyhl- Report's Estimated Environmental Concentrations with

Measurements

'As stated.in the Branch Technical Msition on environmental monitoring, the

NRC requires that numerous environmental samples be taken near nuclear power

plants.2 : Environmental samples include water, airborne particulates, gas,

fish, milk, food products, and sediment. Since the Wyh1 Report predicts

concentrations of Cs-137 and I-131 that exceed the lower limit of detection of

these isotopes in vegetation, meat, 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 Wyh1 Report model is'to plants in the

United States. These reports were submitted by the licensee to NRC.

.ISdividual licensee reports are'available in the NRC Public Document Room,

1717 H Street, NW, Washington, DC 05,55, and in local public document rooms v

. located near each licensed facility. Environmental moriitoring reports.of 18

. plants were arbitrarily selected by alphabetical order for review out of a
y j

~

total of about 50 plants.4~l# 2 3

' 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 environmental concentrations, unlike the Wyh1 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

'testsz in the fall of 1976.and one in September 1977, significant increases in.
.

Jenvironnintal concentrations;were measured.- Typically, a number of fission'

6-7
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C'omparisonofWyhlReport'sEstimateswithMeasurgmentsTable 6.5:
of Cs-137 in Vegetation Near Nuclear Power Plants |

c~ Nuclear Type (s) of Range of Cs-137 Concentration, pCi/ka
b dPower Plant' Vegetation Sampled Measured Wyhl Report !

Arkansas 1 grass clippings 7k-280 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

Dresden_1, 2, 3' grass, feed, hay, and < 100 - 2800 7 - 14,000
vegetables

i
Ouane Arnold alfalfa, lettuce, 10 - 200 7 - 14,000

|cabbage, oats, and corn !
,

Fitz/atrickand onions, lettuce, corn, all < 80 7 - 14,000
. |

'

,

Nine Mile Point- tomatoes, cucumbers,
squash,: peppers, cabbage, l

apples,'and pears ''

,

s

6-8
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Table 6.5-(Continued)

|

|

cNuclear . Type (s) of Ranae of Cs-137 Concentration, pCi/ka
b' dPower ~ Plant' Vegetation Sampled Measured Wyh1 Report

Fort Calhoun cattle feed.and~ < 10 - 283 7 - 14,000 |
vegetation

Haddam Neck lettuce, peaches, 3 - 20 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

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

b
Although concentrations of Cs-137 were measured in these' types of vegetation,
not all types of vegetation were necessarily sampled at all locations.

.

CConcentrations are given on a fresh weight (FW) basis. For annual environ-
- mental reports-that reported concentrations on a dry weight (DW)-basis, a
FW/0W ratio of.4 was used to convert DW concentrations to FW concentrations,

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

e'S .
'The|following plants, in alphabetical order, ~were not included in that review v'
because either the 1977 report .had not been written, or because the report -

qwas-not readily available: . Big Rock Point 1, R.; E. Ginna,) Humboldt Bay,
EIndian: Point,:and Kewaunee.

. ~

|
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Table'6.6: Comparison of v&hl Report's Estimates with Measurements
a.of Cs-137 in Heat and Poultry Near Nuclear Power Plants'

,

Nuclear; Type (s)_of Range of Cs-137 Concentration, pCi/ka,' wet
C bLPower Plant ' Meat and/or Poultry Measured Wyh1 Report

Arkansas 1 ..fnone 20,600 - 35,080
,

Beaver Valley i none-

Browns Ferry poultry all < 40 20,600 - 35,080

Brunswick none.

- Calvert Cliffs 1 none

Cook 1 none

Cooper rabbit 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
goose, and turtle

' Dresden 1, 2, 3 none

- Duane Arnold chicken, park, and all < 130 20,600 - 35,080
beef

Fitzfatrick and - meat and poultry all < 130 20,600 - 35,080
'

'

Nine Mile Point

- Fort Calhoun- none

:Haddam Neck. none
,,

Edwin I.. Hatch. none

w
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Table 6.6 (Continued)

'

Nuclear Type (s) of Range of Cs-137 Concentration, DCi/ka, wet
C bPcwer Plant - Meat and/or Poultry Measured Wyhl Report-

._

'

Lacrosse none-

Maine Yankee

Millstone 1,-21 'none

.

!

.

,

1

'

'All1 concentration measurements were taken from the environmental monitoring
reports for the operating year 1977. These' reports were submitted by the
licensee to NRC.

,

b ~A significant fraction of the Cs-137 detected in meat and/or poultry samples
is due to atmospheric-bomb tests.

CThe|following plants,|in alphabetical order, were not included-in this review
~

becausefeitherithe 1977 report'hadinot.been written, or because the report'

:.was not readily.available: -. Big Rock: Point 1, R. E. Ginna,-Humboldt~ Bay,'

Indian Point, Land Kewaunee.
..

- - . -
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Table;6.7:. Comparison of Wyh1 Report's. Estimates with pasurements-

- of Cs-137 'in Milk Hear Nuclear Power Plants

. . .

Rance'of Cs-137' Concentration,-pCi/1* I !
C DNuclear Power Plant Measured Wyh1 Report

. Arkansas 1- Range not given. 4210

~ Beaver Valley 1 3 - 17 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 .<4-7 4210

Dre'sden 1, 2, 3 <5-7 4210
~

Duane Arnold < 5 - 16 4210

:Fitz atrick'and "

:N ne Mile Point < 15 - 22 4210

Fort Calhoun < 1,8 - 6.4 .4210

"Haddam Neck 4 - 64 4210'

Edwin I. Hatch none

L' Crosse not analyzed

. .
_

v

)

^ ;;,

~

'
,
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_ Table 6.7 (Continued)
.

. .

Range of Cs-137 Concentration, pCi/1** )(
C dNuclear Power Plant Measured W h1 Reporty

Maine Yankee < 10 - 35

Millstone Point 1 4 .112 4210

|

4-

l-

|

.aConcentrations of radionuclides.in milk samples were taken from the' environ-
mental:menitoring reports. for the operating year 1977. These reports were
submitted by the licensee-to NRC.

;bA significant ' fraction of _ the Cs-137 detected' in milk samples is due to
atmospheric. bomb tests.

;cThe following plants; in alphabetical order, were not included in this review
because either the 1977 report had_ not been written, or beMe the reportz
was not'readily available: -Big. Rock' Point 1, R. E.-Ginna, Fumboldt Bay, ,I _

? Indian Point, and Kewaunee.
~

.
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Table 6.8: Comparison of Wyh1 Repor ':, Estimates with, Measurements '|of I-131'in Milk Near . sear Power Plants :
i

Rance of I-131 Concentration, pCi/1* X
CNuclear Pow r Plant Measured Wyhl Report

' Arkansas 1 Range-not given 84 - 279 ;

|
Beaver Vallev 1 0.2 - 38 84 - 279 ;

Browns Ferry 0.7'- 117 84 - 279-

1

: Brunswick' O.2 - 59 84 - 279 l
l'

'

-Calvert Cliffs none

. Cook 1 < 0.5 - 144 84 - 279 'i
|

Cooper- < 0.2 - 84 - 279
*

. Crystal River all < 11 84 - 279-

Davis Besse < 0.5 - 24 84 - 279
.. .:

> Dresden 1, 2, 3 < 0.5 - 7 84 - 279 I

l

Duane Arnold- < 0.4 - 177 84 - 279 ).

1..

Fit atrick ar.d / '

*

LN ne 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
i

Lacrosse' .< 1.0 - 270 ' 84 .279- |

^|

, |
- : -

'
-

,

. I

t

I
~
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Table 6.8 (Continued),

-

Ranoe 6f I-131 Concentration, DCi/l'" II
'

C b-Nuclear Power Plant Measured Wyhl' Report

Maine Yankee 0.1 - 24 84 - 279
^

Millstone Point 1, 2 -0.3 - 9 84 - 279

aconcentrations of radionuclides in milk samples were taken from the environ-
mentalLmonitoring reports for theLoperating-year 1977. These reports were

. submitted'by|the licensee to NRC.

b 39gnificant fraction of the I-131 detectedIin milk samples is due~to.g
=

; atmospheric bomb-tests.
..

CE,,_ The following plants, in alphabetical ' order, were -not included in this review
'

becauseLeither the :1977Lreport had not been written, or because the report '

~
~

Jwas not readily.available: . Big Rock. Point 1, R. E. Ginna, Humboldt Bayi
JIndian Point, and Kewaunee.

|
,

s
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Table 6.9: : Comparison of Wyhl Report's Estimates with Measurements
of .I-131 in Milk at gighest Annual Mean Location fot* v-. Nuclear Power Plants-

Hichest Annual Mean I-131 Concentration-
# Ifor-a' Location,' DCi/1

C D- Nuclear Power Plant ' Measured Wyh1 Report,

Arkansas:1. 60 (1/6) 84 --279'

- Beaver Valley l' 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 8 esse 11 (5/19) 84 - 279>

_

_
Dresden 1, 2, 3 12 (< 9'/37) 84 - 279

~

'

Duane Arnold- 34.5(10/36) 84 - 279-

, . Fit atrick and
#Nfne. Mile Point 0.07(11/11)' 84 - 279

'

: Fort Calhoun 25.0(5/42). 84 - 279
~

Haddam Neck 2.9(10/10) 84 - 27914

Edwin I' Hatch. 29 (not=given)_ 84 '279-.

-

,

?

.

9 '1:

"
4

. ,

.
;

s
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-
'

6-16--,

-
,

3) .- e r

.2 . - . - . - - . .



o- +: j

..

Table 6.9 (Continued)

i
1

Hichest Annual Mean I-131 Concentration !
#for a Location, DCi/1

C UNuclear 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

.

.

C |

a
concentrations of radionuclides.in afik samples were'taken from the environ-
mental monitoring reports for-the operating year 1977. These reports were
submitted by the licensee to NRC.

'

Means'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.

CThe 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 .
Lnot readily available: Big Rock Point 1, R. E. Ginna,:Humboldt Bay, Indian
Point, sand Kewaunee.

i
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' ; products (e.g. ,''Sr-89,- Sr-90,-I-131', and Cs-137) are detected 'in air and milk

. samples following atmospheric testing.-

4 Vegetation
,

' N The Wyhl Report estimates Cs-137 concentrations.in vegetation (pCf/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 Cryscal River (1760 pCi/kg) and Dresden (2800 pCi/kg).

,

The Crystal. River valha of 1760 pCi/kg is based on one measurement of the-

Cs-137 in leafy vegetablas. A' preliminary review of the data indicates that

.t.iis.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 weap~ns tests'in the:
o

fall of-1976 and-1977. .These tests could be responsible for the elevated

concentrations. Third, the quantity of Cs-137 released from Crystal River
-6

?(4.76fx-10 Cf) by:the: air pathway was.very small compared with the Wyhl
= -

,

Report's estimated release-(0.4 C1) and the releases. from a number of other
^ reactors (e.g., Cook,0.008Ci; Cooper,less'thanId'4 Ci; Calvert Cliffs,

~~

-3 -3flil'x110 Ci; and Brusnwick,~'4.6'x'10 Cf). Consequently,'it is unlikely-
a

that the'oneihighivalue of 1760'pCf/kg in leafy vegetables is due to. operation

.
- of[theCrystal:Riverplant.

-
-

-

.,
s t -

, , . .
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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 following reasons. .First, the

.high measurements were 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'we(Mrce measured 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.

g M Nf M''

:

-
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4. - Meat
{

4-- -The Wyh1 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 Wyh1 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 Wyh1 Report's

estimated dose from meat ingestion is not a realistic dose for the h'ypothetical

maximum individual living near nuclear power plants in the United States.

4-.- -Mil k
0

g -The Wyh1 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
8

-in milk (112 pCi/1) was more than a factor of 35 below the Wyh1 Repor;'s estimate.

Iodine-131 concentrations in milk ranged from 0.0 to 270 pCi/1. The highest

measured I-131 concentrations in milk for most power plants were of the same

order of magnitude as_the Wyh1 Report's estimates. However, the annual average

. me.sured values of-I-131 in mi?k are below the Wyh1 Report's annual average of

84 pCi/1.(see Table 6.9). . Consequently,-the Wyh1 Report's estimated dose from- -

milk ingestion-is not a realistic dose for'the hypothetical maximum individual

iliving near nuclear power plants in the. United States.

(f$E% (Uf W
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6.3.LSummary and Conclusions
~

'

(3
4( _ ..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.

In order to determine the applicability of the Wyhl Report's model to nuclear

power plants operating in the United States, the Wyhl Report's estimated concen-

trations were compared with enviror+aental 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 Wyh1 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 almost all cases,

-the Wyhl Report's estimated annual concentrations of Cs-137 in vegetation, meat,

tand 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 W9hl Report's estimates, a

preliminary review of the data indicates that the high values were due to I

~

, causes other than routine emissions- from the power plants. Consequently,.the -

L Wyhl, Report's estimated . dose from vegetation, meat, and milk ingestion is. not

_ Ta' realistic dose for-the hypothetical maximum individual.living near nuclear

power plants in the United. States.

|

|

f
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7. SUMARY 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 "Radioecological Assessment of the Wyh1 Nuclear

Power Plant" (Wyhl Report). Although the Wyhl Report's assessment is based

largely 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 Wyh1 Report estimates doses that are from 10 to

10,000 times higher than the doses calculated 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 release from

nuclear power plants, our detailed review has been 1.imited to the most signif-

.icant' differences. !

I

l

A chapter by chapter summary of our' findings from this review follows,

ditique'of Source Terms (Ch. '2)

It isLdifficult 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

l
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source terms estimated in the Wyhl-Report may well be valid for that particular

: power plant given its reactor design and treatment- system design. Howev'er,

the source terms of the Wyhl Report cannot be generically applied to all

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 pres'ent in Federal regulations.

' Critique of Meteorological Dispersion Models (Ch. 3)
4

.-

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 results

presented. The meteorological factors critical in diffusion calculations were
1

deemed unavailabla and yet the Wyh1 Report contained diffusion estimates. To'

further complicate-the issue, the Wyhl Report uses an undefined statistical

measure of error for various elements of their calculationsjthese errors were > |

. considered additive, implying-independence between meteorological parameters.
!

'.We conclude.that.the Wyhl Report does not adequately discuss the diffusion-

: problem.-

1

(
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Pathway 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 Wyhl Report's total dose estimate for most body

- organs. ~Radionuclide analysis of the Wyhl 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 Wyh1 Report's dose estimates: (1) soil to plant transfer factors (89y)
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
f

nuclide and type of meat, than t' r values used by NRC.

Review of Critical. Parameters 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 B , values are based on greenhousej,

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-field studies. In most,

Jcases,;the Wyhl Report's B ' values for cesium and' strontium are based on soil$y

.and plant characteristics that maximize' transfer from soil to plants.

7-3
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For example:
,

The Wyhl' Report's B for cesium exceeds or is about equal to the. gy
'

-

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 for strontium exceeds the highest value derived. gy

from the references reviewed for four of the six vegetation categories
-

(clover, leafy vegetables, potatoes, and root vegetables) investigated.

Additio' nal and more quantitativ' e examples of this tendency to overestimate these

parameters are given in Chapter 5.1.2.3 and Chapter 5.2'.2.3..

i

,

Conseque'ntly, the Wyh1 Report's estimated doses from the air to food pathway
~

!
i

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 leads to an even more unrealistic model. Thes'e unrealistic doses from thejy

air to food pathway result in total dose estimates from all sources (i.e.,-

11'iquid'and airborne effluents) that are unrealistic.
|

' I
!

The Wyhl Report does not provide any new references to support their use' of'

adult ingestion dose conversion factors for Cs-137 (kidney)'and Sr-90.(bone)
,

sthat are much greater.than the values used in Regulatory Guide 1.109,-which
~

are basad'on an International Commission on Radiological Protection

.

1 publication ~.2 Consequently,-the Wyhl Report's estimated bone and kidney-doses

_

~

I

- ;are ~ unrealistically high because .of, the use of unrealistic OCFs for Sr-90 (bone)-

-and Cs-137-'(kidney).

7-4
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, Since the Wyh1 Report includes many references that have higher average soil

to plantLtransfer factors for cesium and strontium than NRC's current values
.

of 0.01:and 0.017,;respectively, we have taken this opportunity to update NRC's

- values for these factors. W. e have also reviewed in this report a paper presented

by Y. C. Ng entitled " Transfer Factors for Assessing the Oose from Radionuclides

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 8 value for Cs-would be increased from 0.01 to 0.02. Doubling NRC's9y

present value for cesium-(0.01) would lead to a more conservative value

for fine', medium, and coarse soil textures. Since aerosol deposition
I

dominates the air to plant transfer of cesium, a 8 value of 0.029y

slightly increases.the estimate of cesium activity in vegetation (by less

than 10 percent).

2. The B value for strontium would be increased from 0.017 to 0.2 forjy
.

plants consumed by humans and to 1.0 for plants consumed by animals.

. These 8 val'ues should be realistically conservative for most plants9y

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

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

,

total doseifrom all radioactive effluents would change only slightly.
~

5

!

!
|
|
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Comparison of Wyh1 Report's Radiological Model with Environmental

Monitoring Data (Ch. 6).

The Wyh1 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 Wyh1 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 Wyh1 Report's model to

nuclear power plants operating in the United States, the V,51 Report's estimated,

concentrations were compared with environmental monitoring data for the year

1977. In almost all cases, the Wyh1 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 concentrations measured in the United States. For a few

cases in which the upper limit of the measured range was comparable to the Wyh1
'

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 plant.

Consequently, the Wyh1 Report's estimated doses from vegetation, meat, and milk

ingestion are not realistic doses for the hypothetical maximum individual living

.near nuclear power plants in the United States.
<

I

.|.

,

|
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Tablef.1: Fresh weight.(FW) to dry weight (DW). I'

ratios- for: common food crops" l

l

..

Food crop FW:0W

Vegetables-(edible portion),.

Sean 9.0 .

Cabbage 13.2
Carrots 8.5
Cauliflower 12.1
Celery 15.9
Corn 3.8.

,
C'acumber~ 25.6
Lettuce 19.2
Mus'hroom 11.2
Onion 8.0
Peas 3.9
Potato 4.5
Radish 15.6 j
Spinach 13.7 i

Turnip roots 11.0 -iTurnip greens 9. 5 !

.

Fruit (edible portion)

Tomato 17.0
.

Grains and straw 1.1

Forage,' hay, teac# )(
Grain (barley, corn, flax, ' cats,

rye,' soybean seed, wheat,

Cottonseed meal) 1.1
Stiage (alfalfa, corn, grass) 4.1

3Hay |(alfalfa,L bluegrass, cats, "
'

Forage (grass r,ie, wheat)
grass, prair 1.1

k )5.0 g
|

)
' " Data' presented in this taale is from Handbook of 81olocical Oata by W S |..

' Spector,' 1956, unless otherwise indicated. . A FW/0W ratio of 4 was used.for i
-

vegetation that. ts not included in this table.' This average value is taken -!
, from UCRL-50163, Part IV (October.1968) by Y.C. Ng.

,

Healy, W. ' 8.~, " Ingestion of Soil by Dairy Cows," N. Zealand J. Acric. Res.
11;, - a87-499 ;(1968). I

i
1
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APPENDIX 8: METHOD FOR REVIEWING REFERENCES

' ON 50!!. TO PLANT TRANSFER OF CESItM- AND STRONTILM
.

' References on soil to plant uptake factors were divided into two broad groups
.

for this review.- The first group, greenhouse references, contains references
4

in dich soil . to ' plant transfer factors were measured by growing plants in

pots and/or indoors. Greenhouse experiments have a potential advantage in

that the aerosol component to activity concentrations in vegetation can either

be controlled or. eliminated. However, greenhouse experiments suffer from a

fundamental disadvantage in that often they do not simulate field conditions

very well.

.

The second group of experiments is called field experiments. The advantage of

field experiments is that they simulate the real situation better than green-

house experiments.. The disadvantage of measuring soil to plant transfer-

factors by~ field experiments is that it is often difficult to isolate the soil

to plant component of activity in food from the aerosol deposition component..,

Other factors that tend to obscure the measurement of 3 , by either greenhouse9

or' field experiments include the resuspension of contaminated material fran
:

the ground and translocation of- incorporated nuclides from one part of the
|

olant to another.
.

- The purpose of our review was .not to criticize the technioues-of individual
1

authors'since thelstated objectives'of papers varied widely. .The purpose of |

(our review was to make sure that when 3 -vc1 es were derived frcm thet
99

literature,'the limitations-of;their use in Regulatory Guide 1.109 models was

adecuatel'y discussed.I- '

i

s ( . _ ~ .w.,--
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In reviewing the'results frem both types of experiments, the following-

- questions were addressed:
,

1. Could the author's calculation of 8, be verified mathematically9

fran the data given? If there were significant gaps in data or in

calculations, then the results were not weighted very heavily in

comparison with other studies.
,

~2. Was the exterior of the plant washed prior to counting the activity

in the plant? Failure to wash off aerosol deposition prior to

counting plant activity would result in significant overestimates of

:8 9y.

.

3. If plants were washed prior to counting, was there any evidence that

soluble ~ radionuclides were removed? Harsh washing'of plants might *.

'

result in underestimatas of. 8 , for soluble . radionuclides.9

.

- 4. . How were nuclides mixed into the soil? If nuclides were not

thoroughly mixed in the soli, then erratic B values might bejy
encountered. If nuclides were infected in . highly soluble form

into the soil- (e.g. as a nutrient solution) then 8 would be9y

-overestimated.

- 5. :'/ere plants harvested at a mature stage (f.e., when they would rest
~

likely be eaten)? Sremature harvesting of plants Would. lead to-

unrealistic 8 s. s

-9y

..

( i^

-

. - . .. - --
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In reviewing.the results from both types of experiments, the following

: questions were ' addressed:
. :

1. . Could the author's calculation of 8, be verified mathematically9

from the data given? If there were significant gaps. in data or in

calculations, then the results were not weighted very heavily in |
..

1comparison with other studies.
,

, . , .

2. Was the exterior of- the plant washed prior ta counting the activity

in the' plant? Failure to wesh off aerosol deposition prior to

counting plant activity would result in significant overestimates of

-8.

9y.

3. If plants were washed prior to counting, was there any evidence that

soluble radionuclides were removed?. Harsh washing of plants might.

-result in underestimates of 894 or soluble radionuclides.f

.

. l
-4 ..How were nuclides mixed into the soil? If nuclidcs were not l

thoroughly mixed in the soil, then erratic 3 ,_ values might'be .9

- encountered. If nuclides were infected in a highly soluble fom 1

L i.nto the soil (e.g., as a nutrient solution) then B would be99

.cverestimated..

5.- Vere olants harvested at- a mature stage-(i.e., when they would mst

likely be eaten)? Premature harvesting of. plants would lead to

unrealistic 8 s.9y .

.-
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6. :Were Sgs calculated on the bas'is of soil concentration before the

plants were grown or at the time of harvest? Using soil concent'a -
;

itions at the- time of harvest may lead to overestimates of Bgy. ,

7. Was the decay of the isotope properly taken into account in deter-

-mining 8 ,79

!

In reviewing greenhouse experiments the following questions were addressed in

addition to the above questions:

1. _ How well did the_ greenhouse experiment simulate field conditions?

!2. Were containers large enough to avoid root cramping?
-

|

3. Were containers properly drained? If soils were saturated with ~.

water, then nucli. des might leach fran the soils and be taken more

readily up into the plant. This leaching could lead 'a

unrealistically high B sgy .

In' reviewing field experiments, the following cuestions were addressed in

addition to the general questions discussed above:

-1. Was the foliar _ deposition canoonent of the nuclide in vecetation-

either eliminated or subtracted fran th,e experiment?

st
.

%

-
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i
2. : Was fallout measured during the study? If fallout were present, how

us it subtracted from the plant activity measured? Failure to sub--

tract fallout could lead to overestimates of B4y.
.

.-3. Was resuspension of contaminated material by either wind or rain

splashing ef feinated from the study? Failure to eliminate the

- effect bf_ resuspended activity could lead to overestimates of 8
49

.

4.
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REVIEW OF BASIS FOR SOIL TO PLANT TRANSFER

OF. CESIUM AND STRONTIUM,

. Theisoil to ' plant transfer values for. cesium and strontium 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

. UCPL-501'63, P' art IV,;0ctober 1968) ~ by' Y. C. Ng et al.1,2'

This appendix contains a brief review of the physical basis.upon which NRC's,

soil to plant transfer. values-(Bjy) are based.-

.

Cesium' Concentrations in Soils

- 1. The Geochemistry of Rare and Dispersed Chemical Elements in' Soils -

.
1Vinogradov'(1959)3

. Chap _ter 8.of this' book, " Lithium,- Rubidium, Land Cesium in Soils", is concerned. |

|

.:with reporting concentrations of lithium and rubidium in the soils of-the

.c ,- ; 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
'

"

unable:to determine;it~ quantitatively by spectroscopic analysis. From the
^

:sensitivitylofthemethoddit,'canbeconcludedthatthe:contentofitinsoils
lisinot' greatier than nfl0'b, Land that the Rb:Cs ratio is close to 50.

'

.
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~4D. Ivanov found approximately 5 *.10 %Cs in soils ~of the Russian Plain, and
.{

'

Yamagata found approximately 10 % s'in the soils-of Japan. Using a

spectroscopic method,'-G. Bertrand and 0.'Bertrand found from 3 ' 10-5 to 2.5 *
-310 %Cs (an average of about 5 > 10'b) in certain soils of France. In this,

._
swork, the-highest cesium content was.found in soils on granites."

~

l

' Cesium Concentrations in Plants

92.- 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 Jap'an|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, vice plants and soybeans.

,
Stable _ cesium. concentrations in plants (0W) 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 plants-(0W) was 0.137 1 0.212 ppm (n~= 61). -Based on the

- FW/0W ratio.of' 4-used by Ng,' the average plant concentration is ' O.03410.053 -

on-a' fresh we'ight basis.
,

.t i ,

TC-2
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-

- 'Extractable cesium soil concentrations ranged from 0.01 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 soil.
.

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. Elementa1' compositions in ppm are listed for 68-elements 'in 8 types
;>

of plant tissues. The plant tissues include plankton, brown algae, bryo- |

phytes, ferns, gymnosperms,~ angicsperms, bacteria and fungi. For the element

cesium two entries are listed. Smales and Salmon (1555)6 determined that the

cesium content of brown algae was 0.067 ppm. Yamagata (1950) determined the

cesium content of angiosperms.was 0.2 ppm.7 Based on the FW/DW ratio of 4
4

.used by Ng, these: concentrations convert to 0.017 and 0.050 ppm FW for brown-

-algae and angiosperms, respectively.

.AlthoughNgdoes..notreference[Bowen'sbookashisaasisforcesiumsoil - l

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

. Tsoil. Soil compositions'are reported for. oven dried soils. Soils near
~

imineralfdeposi.t's are not include'-in computing ranges. The data is taken fromd

| work by Swahe (1955),8.Vinogradov.(1959),3 Bear (1964),9 and :others.
~

~

.
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Stable cesium concentrations 1are reported to range from O'.3 to 25 ppm with a
_

~

- -meanfof6-ppa.

.

~

4. 1 Trace Analysis of Biological: Materials _ by Mass -Spectroscopy.and Isotope

: Dilution Mo'rrison (1967)10 |

1

The. purpose of this paper was to illustrate the-use of mass spectroscopy-and
_

1fisotone dilution,in detecting trace elements.in biological materials. The'

. author reported ~the concentration of 56. elements in 5 biological samples. .The
~ ~

1

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 ppe dry weight. Since the emphasis of the p per was on the

;use of: mass spectroscopy and isotope. dilution, the author;does not discuss the
1

selection or. number of.s'mples in any-detail. The cesium concentration (DW).a -

of sugar beet'leav'es was reported as 0.7 ppm.

- .5. Comparative Elemental ~ Analyses of a Standard Plant Material - Bowen
'

(1967)11.
,

4

Bowen reported valuesLfor the elemental composition.of a standard consisting.

of dried. kale powder. The purpose of the. paper was to assess the accuracy and
'

,

precisioneof 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--

Lvariety .of . techniques. These techniques included: -(1)' activation. analysis,..

.
(2) atomic 4bsorption spectroscopy, -(3)' catalytic technique, -(4) col'orimetry,-

_

.

i.

-C-5-
:

g-n 4

- -
'

>

d 9 g- g , n, + c w .s . . - --. -



a

7 . . .
,

~t

:(5)-flame ~ photometry,_ (6) fluorescence analysis, (7) gravimetry,-(8) polorog-
~

raphy,(9) spectrometry,L(10)|turbidimety,~and(11)volumetricanalysis.

In: general Bowen found that for most elements'the reported concentrations were

fairly' consistent'among laboratories'and techniques. : Concentrations in partss

:p"er-million (ppm)''were repor'ted for 40' elements, one of which was ce'sium. The

cesium concentration in the standard wa's 0.0688 +-0.0071 ppm. This value was-

' based on 6| determinations by one laboratory using activation analysis.

Summary 'of Basis for NRC Values for Soil to Plant Transfer of Cesium

The NRC'valt.e for soil to plant _ transfer of cesium (0.01 on a FW basis) is
.

based on.the soil ~ to plant-transfer of stable elements in soil. Over long
~

time' periods-(e g. 30~ years of-reactor operation) it is thought that

radioactive.. effluents from reactors'will be thoroughly bound to the soil

similar to stable elements in soil. Garner has stated that "There is ample
137evidence,to show that in many soils Cs-is firmly bound by clay minerals.

.Even in sandy soi_ls, fixation appeared to be complete about three years after

contamination;212 The availability to plants from such soils is very small."12

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.B values have been! based on the transfer of stable elements.. gy

~from~ soil to plants.
4

The average' concentration .of cesium in soils and plants is based primarily on
~

-

- : spectroscopic techniques. .An average cesium soil concentration of about 5 ppm_

3 ~

-is' found in both the Vinogradov- refere6ce .and:the Bowen (1966) reference.5
.

~
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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
.

'(DW) reported by the various authorsiis given in Table C.2. Soil to plant

1trarsfer factors are' based on an average soil cencentration of cesium (5 ppm).

Review of the 4 plant references indicates that more weight should be given to
'

' Yamagata et a1. (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 Bgy (FW) from Yamagata et al.

(1959) and Bowen (1966)-leads to an average Bgy (FW) of 0.01 for cesium.
. -

Strontium Concentrations in Soils

+

1. ..The Geochemistry of Rare and Dispersed Chemical Elements in Soils - A. P.

'Vinogradov-(1959).3

This' book concerns the geochemistry of rare and dispersed chemical

elements in soils. The book is translated from the Russian edition.
~

Chapter.9 is entitled " Strontium and Barium in Soi.ls." Strontium
!

Leoncentrations in soil 1were 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-t!o a high of 1300 ppm for Tundra soils. The unweighted average

soil concentration of strontium is about 350 ppa. Vinogradov compared

the average S.r 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 ppe.- 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-

Bow ~en et al measured ~the ' stable = strontium and barium content of plants

'and soils in England. Strontium and barium were chemically separated

from soils and plants. Concentrations of strontium and barium in the

chemically = separated-extracts from soil and plant samples were determined

by activt. ion. analysis. The amount of strontium extracted from nine

soils was measured as 'a. function of pH 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

?lowestJpH values (pH = 3.9)' reported, the amount of strontium extracted
~

was still increasing for most of the soils tested.

C-9
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# - ' Consequently, the strontium content of soils reported in this paper, for

- teven the lowest'pH, underestimate the total strontium content of soils
.

and' overestimate 8 The. strontium content of the various soils using9y.

the lowestLpH extractant is shown-in Table C.3. .The last two soils

-entered in th'e-table (i.e., H and J) are classified as strontium rich

soils. ''

'

,

I

'The strontium ~ content in 54 plant species was reported. For each soil
1

type, the strontium concentration was measured for six types of. plants. I

-The average strontium _ concentration (DW) of the six plants grown on

various soils is given in Table ~C.3. The strontium concentration (0W)

of plants varies from about 14 ppm.to 56 ppm for normal soils, and from |

about 400 to 7050 for strontium rich so'ils. The average strontium |

: concentration'(OW) of plants. grown on normal soils is_about 36 + 13 ppm.
3

1

Based on a FW/0W ratio of four, then the average strontium concentration,

(FW) of plants grown.on normal-soils is about 9 3 ppm.

'3. Strontium - 90 in the Australian' Environment,1957 to 1960 - Bryant et

.al. (1962)14
~~

-Bryant et al. measured the concentrations 'of stabie strontium and Sr-90

'in fo'ods. Stable strontium concentrations were measured in whole grain

~ wheat, andiflour. 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 j
Brisbane. Soil concentrations of-Sr-9(. were report'ed for six time-

,

!

|

1
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Table C.3. 'Strontius' Concentrations in Soils and' Plants from.Bowen 'et al.13 -
~

~

,

. . .
..

Soil ' Plants

* - 'Humusi = Soi l . Sr C Scentra- . Avg. sr Cgacentra- '>

JSoil- : Description : Content- 'pH- tion (ppa) 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

' 7.50 7.52; '27.52-'

D Light loam ~ V. high -.7. 25 ~8.37 .34.24
E- Mull from-

.1imestone c1iff' H i gh .. |7.43 198 '43.70.
f " Alluvial clay Low 7.71 143- 56.16

,

. Light,.chalkyL:G
1oam -

~

V. low . 8.30 215 42.42-
H 'Celestite rich,

loan . .High 7.30 -2840 403
'J Celestite rich

'

c1ay V..1ow 7.91 1490 7049

a ~ ~

strontium concentrations ~of. soils are based on'the amount of strontium extracted at the lowest pH (pH = 3.94)~of
the extractant.'

bStrontium concentrations; for plants are based on 'the average concentration for_ the six plant sp' cies grown on-e

each s' oil. Different plant types were-grown on different soil types.

I %

-
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.periodstover the years 1957 to 1960. Strontium-90 dietary intakes and -
'

levels;in human bone't. issue were also reported.,

Bryant et-al. found that the stable strontium concentration in whole:

grain. wheat ranged from 3.4 to 8 ppe. The. average stable strontium

concentration-in whole grain wheat was 4.40 1 0.97 ppm. . Stable strontium
~

1

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 1 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

earlier, over long time periods (e.g. ,'30 years of reactor operation) it is

thought that: radioactive effluents from reactors wil1 be thoroughly bound to
.

-the soil similar'to stable elements in soil ~. Papers that report the transfer
1 of stable elements from soils ~to plants are based on more realistic conditions

'

than.most-tracer experiments. Consequently, NRC B values have been based ongy

the' transfer of stable elements _ from soil to plants.

|

Thetaverage' concentration of strontium in soils and p1 ants 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 - Vinogradovc

H treports average. values fromiaround the world about a factor of-four higher and

a factor of 10 lower 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 1 strontium concentration of plants

(FW) grown'.on normal. soils is about 9 ppm.13 The average strontium concen-:
,

. ,

I

tration 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:

isL4.4 and 1.7,:respectively.14 The-unweighted average strontium plant

' concentration of the Bowen value for' normal. soils (i.e., 9 ppm) and the Bryant

' values for wheat and flour (i e 4 4 and 17. , respectively) is about equal to. . , .

the~ average value estimated by Ng (i.e., 5--ppm).2

I

l
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IAPPENDIX 0. SUMMARY OF REFERENCES IN Y.'C. NG'S PAPER ENTITLED " TRANSFER

FACTORS-FOR ASSESSING THE DOSE FROM RADIONUCLIDES IN AGRICULTURAL PRODUCTS"
f

|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 Industries.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 o,f radionuclides to plants,-

mi_lk~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-

: s'immarized in Ng's IAEA paper, we have reviewed these papers. A summary of

-the 6 papers ~is given below. Papers are presented in chronological order.

'All of the papers except the-paper by Hardy et al. (1977) are greenhouse-

exper.iments.

1. Transfer of Radioactive Fallout Debris From Soils to Human Investigated -

Romney et al. (1960)2
_

_ Romney 'e't al. measured 'the soil to plant transfer of several fission-products,

including Cs-137 and Sr-90, in six plants. Plants were grown in clay pots

which contained a mixture of soil and radioisotopes. Romney et al. describe

-their procedures very briefly in this paper.

;In general, Romney'et al. found higher levels of Sr-90 in~ leaves-than.in other

Jplant parts. The -accumulation of Sr-90 ~ in fruits :and grain was relatively low
~"

icompared with~ accumulation in other plant' parts. In general, plant
,

-

t W *



_

b-

. . . ..
.

-

2
,

,
~

~

accumulati Lfactors' varied by aboutfa 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 Sr-90 uptake. Calcium fertilizer (2 to 5 -tons _ per acre) reduced Sr-90-

accumulation factors by a factor of about five for plants grown on acidic

isoils.

~

' Derived Bgy (dry weight (DW) and fresh weight (FW)) values are given in-
-

TableL.'l..Bfvaluesforplantpartshave-beenplacedintooneoftwo-
.

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,
~

Bgy(FW) ranges from|0.~16 for potato tubers to 1.73 for barley grain. The
.

average Bgy(FW) for >Sr-90 for.. human consumption is 0.57 t 0.58.' The average

Bjy(FW) for animal, consumption is about 5.5-times higher than the average

value for human consumption.
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. TABLE 0.1 -

~ Sr-90 Soil to Plant Transfer Factors
For Common Food Crops Romney.et al.

4y(0W)aEdible Plant Part 8 B9y(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 / Root 6.47 0.41,

Potato / Tuber 0.72 0.16 |

Unweighted average to. 3.81 1 2.66- 0.57 1 0.58
.

! Animals ~-

Barley / 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 5.05,

JPotato/ Top 31.36- 7.84
. Unweighted average to 12.9 1 10.7. 3.2 t 2.7-

a
B9y(OW) valuat are derived from a| paper by Romney et al. (1960) by ' dividing
the Sr-90 plant concentrations by the Sr-90 soil concentration (i.e. . .

~100Nps/g).2~
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" 2. iComparative Sr-90 Content _of Agricultural Crops Grown _ in a Contaminated .-

- - <
. . .

. . _ . .. -3
.

y, Soil: Evans etr l. (1962)a.

1
-.
-

,,

*A
_

^..
,..This-paperfhas already tieen summarizedLin section 5.2.2 of this report.

,
e

P';
-

-
-

. 5 y

4

_. . '

_ +

e

--

A

( '.
}-.

i
t

/

k. ( .

c ?

'

.

J'

%

(

1 -
-'\.,

'
: q -

E

-
-

d

A
% 1

,

A-

f '

5

*t

-> '.,'--|. 'Y-

- s

<

4
' k'

, .-_ 3 t

J

p

*N
y, '. .,

- - ,
.

m

+ m p

'. . , y -,

s
,

-.

,. ,

I .3 ' - " "-

) ...--;
_~ ~

. .~ 3 _~ ?|
~^~

:
, u _, _+
. ... . w -

, -/ '
#

?. / (' , ~
" u,'[ .a

~
' - iy s

'

~ e . .,_

. A.. ., -. , , , . . .4 , -- + .



.
____ _ _ . . _ ___ _

,.
,

*1 ,
_,

~. S
.

.

'

3. . Fa11 cut Nuclide Solubility, Foliage Contamination, and Plant Part Uptake

Contour Ratios. .C. F. Miller (1963)4
,

'

:In this paper Miller summarizes sorc of the data and mathematical models for
f

food crop contamination. Miller notes that foliar deposition is the most.

,
~ important' pathway.for..short-term plant contamination. Howevor, he states

that:- |

|.

"The' uptake of radionuclides 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 (as u) .- The soil ~ uptake contamination factor has units of ;
J

(atoms /gm of dry foliage) / (atoms /gm of soil). The a factor reported in {su

this paper is equivalent to the B factor used in Regulatory Guide 1.109.jy

Values for. asu 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.su

.

For, parts -of plants eaten by humans, .Bjy(FW) values for Sr-90 range from 0.001

for. corn grain to about 0.36 for bean fruit. The average Bjy(FW) value for

~

Sp 90)for parts of plants eaten by humans is 0.11 t 0.17. ;The average
1

8jy (FW) for animal consumption (i.e. ,1.~02 ..l.78) is about 9. times-higher.

'

ithanLthe_ average value'for human consumption.
. -
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For. parts of plant eaten by humans, Cs-137 Bjy(FW) values range from 0.0015

for wheat grain to 0.014 for bean / fruit. The' average 89y(FW) value for Cs-137

- human consumption' is 0.008 t 0.'009.- The average Bgy(FW) for animal consump-_

tion (i.e.,_ 0.01 1 0.02) is about 2 times higher than the average value for

human consumption.-
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Table 0.2: Soil to Plant Transfer Factors for Common Food Crops - Miller

Edible Plant Part S r-90 Cs-137

-89y(0W) 89y(FW) 89y(0W) 89y(FW)

Humans

Corn / Grain- 0.002 0.001 - --

Wheat / Grain 0.11 0.10 0.0017 -0.0015
Pea / Seeds 0.0081 0.002 - -

Bean / Fruit 3.2 0.356 0.13 0.014
Average t a 0.83 t 1.6 0.11 t 0.17 0.0659 t 0.09 0.008 t 0.009

-

aAnimals .

-Corn / Leaves,: Stems,

.Punicle, Husk, Cob 0.151 0.038
.

- -- --

-Wheat / Leaves, Stems 1.15 0.288 0.0071 0.002.

Pea / Leaves, Stems,
i: -Pods,-Roots 0.253 0.063 -- --

Bean / Leaves, Stems 14.700 3.68 0.100 0.025
Average ~t a .4.063 7.11 1.02 1 1.78 0.0536 1 0.066 0.01~ 0.02

a
8 , values'for plant parts eaten by animals are based on an unweighted average !4

:of.the 89y(DW) for various plant parts from C. F. Miller (1963). A FW/0W
.

ratio of 4 was used for converting Bjy(OW) values.to Bjy(FW) values for plant
-parts.that may be eaten by animals.

.
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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 Bgy(FW) for various soils ranged. from. 2.7 x 10 5 for
-

tomato fruit to 0.056 for wheat grain. For plant parts eaten by humans, .the

; unweighted average Bgy(FW) of various plants ranged from.0.0004 for loam to

0.0173 for sandy soil. The unweighted average Bgy(FW):for all plant parts_

eaten'by humans, grown on the 4 soils, was 0.006 0.008. The average Bgy(FW)

for animal. consumption of clover (0.013 1 0.006)-is about 2.2 times higher
~~~

than the average value for-human consumption.

,
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' Strontium

. . ,

Stroatium soil to| plant transfer factors (FW)~are given in' Table'0.4. For

plant partsf eaten by humans 8 ,(FW)- for various ' soils ranged.from 0.002 for9

bean and tomato fruit to 0.281-for wheat grail. For plant parts eaten by

humans,;the unweighted' average Bjy(FW) ranged from 0.03 ,for plants grown on.

clay loam to about 0.16 for plants grown on' sandy soil. The unweighted

average Bjy(FW) for'all plant parts eaten by humans, grown on the 4 soils, was

0.07't'0.06. The average Bjy(FW) for. animal consumption of clover
.

. (0.52' O.38) is about 7.6 times higher than the average value for human
- consumption.
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: Table 0.3: 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 0.0005 0.0022 0.0007 |

Lettuce / Leaves & Head 0.0259 0.0010 -0.0053 !-

Radish / Roots 0.0020 0.0003 - -

5-

Tomato / Fruit; 0.0049 2.7x10 0.0010 -

Wheat / Grain 0.0561 0.0006 0.0117 0.0011
Junweighted Average 0.0173 0.0004 0.0043~ 0.0009

Animals.

Clover / Tops 0.019' O.'009 0.010 -

.a
Bjy(FW) v'alues are derived from Tables 20 to 26 of_ Sartor et_al. (1966) using-

!

the following FW/0W 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 0.4: Sr-85 Soil to Plant Transfer Factors for Common Food Crops 1

Sartor et al-(1966)a )
.

-Edible Plant Part Soil Type-

Sand Loam Clay Clay Loam
i

Humans

Bean / Fruit 0.027 0.002 0.012 -

Carrots / Roots 0.218 0.061 0.048 0.050-
. Lettuce / Leaves & Head 0.155 0.051 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 0.051 0.036 0.030 I

Animals
i

Clover / Tops 0.954 0.286 0.324 I
"

-

a
89y(FW) values are derived from Tables 20 to 26 of Sartor et al. (1966) using

-the following FW/0W ratios: bean fruit, 9.0; carrot roots, 8.5; lettuce
leaves and head, 19.2;-radish roots,Ll5.6;-tomato fruit, 17.0; wheat grain,
1.1; and clover, 5.0.
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5. . Experimental: Investigation of Plant Uptake. Contamination Factors -

nSartor 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 pontoes) grown in four different

- soil' types. 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 A are equivalent to NRC Regulatory
~

su

Guide 1.109 89y(DW) values.

- -Cesium ~ -

Soil |to plant transfer factors for cesium are given in Table 0.5 on a fresh
1

weight basis. - For plant parts eaten by humans, B_ 9y(FW)-for various soils j
: 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 Bjy(FW) for

various-plants ranged from '0.0006- for. Pleasanton loam to- 0.012 for Oakley
.

:-

d- Sandy 1r..m. The unweighted average.Bgy(FW) for all plant parts, eaten by I

'
~

, . humans,-grown on the 4 'ssils was 0.005 t:0.005. -The unweighted average
-

Bgy(FW) for animal consumption (0.012 * 0.01)' is about 2.4 times higher than

the average value'for.-human consumption.
'
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stable:D.5 .Cs-137' Soil to Plant Transf'er.Fadtors for Chamon F60d Crops *I ,
..

'

~ Sartor et al..(1968)-
: Soil. Type

'
, .. |Hanford

. .

'

. . . .

. Oakley. < Pleasanton. . Clear.. . Sandy
.

Unweighted .;-

Edible Plant Part'- . Sandy Loam. Loam Lake Clay . Clay Loam . Average Bjy(FW)

Human's~_

Tomato /Me'at- 'O.010 0.0002 0.0028 -- 0.0042.
Potato / Meat .0.021 0.0008 0.0045- .0.0088- ' --

Wheat / Grain' O.011 - 0.0013 0.0067 0.0053
,0.0029
0.0062-

Corn / Kernel 0.007- 0.0002 0.0016 0.0024 .

L C0.012 -0.0006 0.0039- 0.0039 0.005 1.'0.005. Unweighted, average.

bAnimals

Tomato /teaves, Stem,-
,

Fruit, Peel, Root. 0.0304' -0.0188 0.0102 -- 0.020
. Potato / Leaves,. Sten,

~

0.0034 0.0104Tuber,' Peel, Root- 0.0358 0.017--

Wheat / Leaves,. Stalk
..

- llead ,'. Cha f f 0.0105 0.0010 0.0041 0.0031 0.005
. Corn / Leaves," Stalk,. Cob

liusk Tassel, Silk 0.0250 0.0011- 0.0061 0.0103 0.011

C: Unweighted . average' O.025- 0.006 0.008 0.007 0.012 1 0.'01 '
i

a
Bgy(FW) values are.^ derived from Sartor et al. :(1968). <

b ~

8;y(FW) values for. plant parts-eaten by animals are based on an' unweighted' average of the Bjy(FW) for.various
plant ~ parts ~ : A FW/DW ratio of 4,was used for~ converting Bgy(DW) to Bjy(FW) values for plant parts that.

may be eaten by. animals.
C
The unweighted average Bjy|forplantsgrownonallsoilsis'basedon'theunwe,ighted

; average.value for individual soils. -

. . ..
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Strcntium
.

~

. Soi.1 to plant transfer factors for strontium are given in' Table D.6 on.a-fresh

weight basis. For plant, parts eaten by humans,.Bgy(FW) for various soils
~

ranged from 0.002 for corn kernels to about 0.24 for wheat grain. For plant

parts eaten by humans, the unweighted average Bgy(FW) for various plants

tranged from about 0.04 for Camp Parks clay to 0.09_for Oakley. Sandy loam. The

unweighted average 89y(FW) for all plant parts, eaten ~by humans, grown on the

4 soils was about 0.05 '0.03. The unweighted average B9y(FW) for animal

- consumption-(0.83 0.73)-is about 15.7 times higher than the average value

for human consumption.

~
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: Table'D.6: Sr-85 Soil b Plant 1 Transfer, Factors for Common Food Cropsa'..

'

_,.

Sartor et 'al. -(1%8)
Soil Type

,.

-

'Hanford.
Oakley . Sandy- Yolo Camp Parks: Unweight'ed

Edible Pla'nt Part (Sandy Loan ; Clay Loam -Silty Clay -Clay' Average Bgy(FW)

Humans

Tomato / Meat 0.029 0.020 .0.007- 'O.019--

-Potato / Meat 0.077' O.061 0.032. 0.057--

Wheat / Grain 0.241 0.189 ~0.029- 0.067 . 0.132. -
? Corn / Kernel 0.011 0.010 0.005 0.002J .0.007 - cUnweighted-Average 0.090: .0.070 0.018 0.035 0.053 1 0.033

bAnimals :

1 Tomato / Peel, Root,
. ..

2.40 0.35. -- 1.64'Leaves-Sten, Fruit- 2.17
. .

' Potato / Leaves,-Sten,
Tuber, Pee _1, Root 2.60 :2.48 0.53 1.87~--

Wheat / Leaves, Stalk, '
.0.60 0.49 '0.11 0.22 0.36.llead,' Chaf f.

.
Corn / Leaves, Stalk,

Ccb,' Husk, Silk,
Tassel- 0.53 0.38 0.05 0.07 0.26 -

cUnweighted Average 1.48 1.44 -0.26 0.15 0.83 1 0.73
'a

Bgy(DW) values are derived from Sartor et al. (1968)..

b
8 DW) values 'for plant parts ' eaten by. animals are based on an unweighted average of the B ,(DW) forg

various. plant parts. . A.FW/DW ratio of 4 was used for converting Bgy(DW)~to Bgy(FW) values for animal
Consumptior )

C
The unweighted average B , for plants grown on all soils is based on the unweighted averagej

.value for' individual soils.
'

:
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L6. 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, Massachusetts. 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 ton 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 |
Hdefined as (activity / unit wt.''of crop) / (activity / unit-wt. of soil).1The j

. i.C.R. values reported are equivalent to B values.jy {

Oerived Bgy(FW) values for Cs-137 and Sr-90 are reported in Table 0.7. Values

of Bgy(FW) for'Cs-137 varied from 0.0057 for shelled peas to 0.0087 for1

potatoes. ?The average B9y(FW) for Cs-137 was 0.0073 t 0.0015. Values of

~Bgy(FW) for Sr-90 varied from 0.016 for potatoes' to 0.093 for shelled ' peas..

The average Bgy(FW) for Sr-90 uptake was '0.045 t 0.042.

.
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Table D.7 Soil. to Plant Transfer Factors (FW) for. Edible Portions of
' Common Food Crops - Hardy _etcal:

.

Edible ~ Plant Part-' O fN)lv
Cs-137- S r-90

'

- !
Corn plus cob: 0.0074.1 0.0027-- 0.027 1 0.006 !'

' Potatoes- -0.0087 1 0.0020- 0.016 1 0.004
Shelled Peas 1 0.0,057 1 0.0034 0.093 1 0.024 !

Average t o - 0.00727 1 0.0015 0.0453 1 0.0417
I

a
Base'd on-wet plant and _ dry soil weights reported in Hardy et al. (1977)~
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; Summary and' Conclusions'of Review of Ng (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.,

4

. The fourth paper'(Hardy et jal.) was the only field study. The range of

' Bgy(FW) values' derived from the.various papers is given in Tables 0.8 and 0.9

.for human consumption and animal-consumption, respectively. For most plants

grown onfmost soils the Egy(FW) 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 15.6) than the NRC value of 0.01.
.

~

Most of.the crops with Bjy(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 Bgy(FW) values greater than 0.01, and -

th se: values were higher-(by a factor up to 5.6) for only one soil type.

..
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~ . Range .in~ Cesium Soi1 Lto P1hnt' Transfer | Factors 'Reportediin Various Papers Cited'in Ng (1979):- L -:
~

Table ~0.8: . ,

Human Consumption

iB;y(FW)L
. . ,

Reference. { Low; JHigh" Unweighted Avg. : Parameters; Examined
. , .

MillerJ(1963) 10.0015 .0.014' 0.008.1 0.009. . Reports data from.a paper.by Nishita'et a1. (1961). "

Four; common food crops were grown on one;soilstype.
'

.. Sartor et al. (1966) ' '0.0020 0.0561 :0.017 1 0.021 Six common food crops'grovn on sandy soil-5
: Sartor. et a1. .(1966)1 .2.7x10 0.0010 0.0004:1 0.0003 Six common food crops grown on loam:
Sartor et:al. (1966) ;0.0015 10.0117 0.004 1 0.004 Six common Tood crops' grown on. clay ., 4

' Sartor. et al. : (1966)- 20.0007 0.0011' O.0009 1 0.0003 Six. common food crops grown |on clay loam

. Sartor et al. (1968) 0.007 0.021; 0.012 1: 0.006 Four common food crops. grown'on Oakley San'dy Loam'

. Sartor. et al. (1968); .0.0002 0.0013 0.0006 1 0.0005 Four common food' crops grown on Pleasanton Loam.
Sartor et al. (1968) 0.0016- 0.0067 0.0039 1 0.0022 Four common food crops grown on Clear Lake Clay.

~ ~

Sartor et al.-(1968) 0.0024 '0.0053 0.0039 1 0.0021- Four common food crops grown on Hanford-Sand) Loam'
.

liardy et' ah (1977) . 0.0057 0.0087- 0.007 1 0.002 Three common food crops grown outdoo m c;. a
'

moist'and. sandy-loan (Cape Cod, Mass.).e

i

i

,

i .

.

'
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'
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Tab 1'e' D. 9: Range in Cesium Soil to'Pla'ntLTransfer Factors. Reported by Various Papers Cited by Ng (1979)~- -

. .

Possible' Animal Consumption
'

'

Bgy(FW),

' Reference Low .High Unweighted Avg. Parameters Examined-

Miller (1%3)- . 0.002 0.025'- 0.011 0.02- Reports' data'from a paper.by Nishita'et al.:(1961).-
' Four common food crops were grown on one soil type.

'0.019 Clover grown on sandy soil~. Sartor et.al.((1966) - -

' Sartor et al. - (1966).
''

.- 0.009 Clover grown.on| loan-

'

.0.010 Clover grown ~on claySartor et al. (1966) -
~

- Sartor et al. (1968) - 0.0105 0.0358 0.025 1 0.011 Four common food crops grown on Oakley" Sandy Loam -

Sartor et.al. (1968), -0.0010 0.0188 0.006 1 0.009 Four. common food crops grown'on Pleasanton Loam-
Sartor et al. (1%8) 0.0041 0.0104 0.008 1 0.003 Four common food crops grown.on Clear Lake Clay

' Sartor et al. (1968) 0.0031 0.0103 0.007 1 0.005 Four common food crops grown on Hanford Sandy Loan'.

.

|.

)- |
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Strontium

'All six papers that were reviewed contained values for soil to plant transfer

of strontium. : Five of t'he' six papers -were greenhouse experiments. The sixth

paper-(Hardy et.al.) was the only. field study. The range'and unweighted

-average B4y(FW)fvalues derived from the various papers is given in Tables 0.10

and 0.11 for human and animal consumption,crespectively. 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

grownLin much smaller containers.

As stated by Ng, Baker has suggested that NRC's current value of B forjy
strontium (0.017,~FW) should be raised to 0.2. In the Sartor and Hardy papers

allEplants directly consumed by humans have a Bgy(FW) value less than 0.2 with ,_

the exception of wheat. grain grown on.0akley Sandy loam. The Bjy(FW) of wheat

grain grown 'cni Oakley Sandy loam (0.24,- FW) is only slightly greater than the
=*' proposed value of 0.2.

..

'The. average'B 'y(FW) , values _ for plant parts that might be eaten by animals isj
' ~

-consistently, higher. (by a lfactorLup to u20 for Oakley Sandy -loam) than average

' !
<

_
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~ values forihuman consumption. The average Bgy(FW) values for animal:

~ consumption in Table D.11 are.artifically high bec<2se of the inclusion of a,.

number'of: plant parts .that are 'not normally consumed oln large quantities. For. :
_

'

example fif carrot tops,clettuce stalks, radish tops, and potato tops are

excluded from Romney et al.,-then the average Bjy(FW) for Romney et al.

decreases from 3.2 to 1.3. In~a similar manner, we have calculated some new

LBjy(FW) values' for the various papers by excluding-plant parts not normally

consumed by animals. :The Bjy(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 Bjy(FW) is 1.0 or less.

i
l
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Table D.10: Rangelin' Strontium ' Soil to Plant Transfer:FactorsL Reported byLVarious' Papers Cited by Ng (1979)f , s.
,

-Human Consumption

.Bjy(FW)|
,

>

:Re'ference ! . Low- IIigh ~ Unweighted Avg. -.Paramete'rs Examined- c-
.

' Romney!et al.-(1950) '0.16 1.73 .0.57 1 0.58 fSix comu n food crops grown'in clay' pots wtiich
contained Hanford Sandy 11oam.

~~

.)
.

,

Evans et 'al. (1%2)* 0.01 2.61 'O.40.1 0.58 : Thirty-six. plant species important to. Canadian-
agriculture. Plants were grown.in 5 pint pots'
which contained Greenville loam.

'

;

Mille'r (1%3) 0.001- 10.356 0.11 1 0.17 Reports data from a paper by Nishita 'et :al'. . (1%1).'
~

+

Four. common food crops were grown on one' soil type.

Sartor et;al.-(1966)'' O.018 0.281 .0.16 1 0.11 Six common food crops grown outdoors in large-
'

'

containers of sandy soil.
Sartor et al.-(1966) 0.002 0.100 0.05 1 0.04 Six common food crops grown outdoors in large

containers of loam.-
Sartor et al. ,(1%6) 0.010 0.059 ~0.04 1,0.02- Six common food crops growr, outdoors in large

~

'

'

containers of clay.- '
.

Sartor et- a1. '(1%6) . 0.050 :0.009 0.03 1 0.03 Six common food crops grown outdoors'in large
containers of clay loan.

Sartor- et al. '(1%8) - '0.01 0.24 0.09 1 0.10, , .Four common food crops grown outdoors in large .

containers of Oakley. Sandy loam.- '

"'
Sartor et 'a1. .. (1%8) 0.01 0.19 0.07 1 0.08 Four common food crops grown outdoors.in'large

containers'of Hanford Sandy Clay loam.

Sartor et al. (1%8) . .0.005 .0.032 0.02 1 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 1.0.05 Four common food crops grown outdoors in large- j
containers of Camp Parks Clay. !

. Hardy et al. (1977) -0.016 0.093 0.05 1 0.04 Three common food crops grown outdoors on a
moist and sandy loam (Cape Cod, Mass.). )

' * Entries'are based on.all vegetable values reported'in. Table 5.8 plus the values for grains (cat, rye,' wheat,
~

barley and corn) in Table 5.6.

__-__-______-__ - __ _ _ __ ____ _ _-____-_-____ .
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Table.D.11: Range in Strontium; Soil to Plant 1 Transfer Factors Reported by Various Papers. Cite'd'by Ng (1979) - ,.

Possil s Animal-Consumption

8;y(FW) .

R:ference- Low High Unweighted Avg. Parameters Examined

1Romney et al. (i960) 1.06 7.84 3.2 1 2.7 Six' common food crops grown in. clay | pots which'
contained Hanford Sandy loam.

Evans et al'-(1962)a 0.'18 4.36' 1.0.1 1.0 Thirty-six plant species important to Canadian.

agriculture. Plants were grown in 5 pint pots
which contained Greenville loam.

- Hiller (1963) 0.038 3.68 1.02'i 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'soll.
Sartor et al. -(1966) - - '0.29 Clover grown outdoors in large containers of loam.

0.32 Clover grown outdoors in large containers of clay.Sartor et al. -(1966) - --

Sartor et al." (1968)~ .0.53 2.60 1.5 i 1.1 Four common food crops grown outdoors in.large
containers of Oakley Sandy loam.

,

Tdrtor et al. (1968) -0.38 2.48 1.4 i 1.2 Four common food' crops grown outdoors in large'

containers of-Hanford Sandy Clay loam.

Sartor et al.'(1968) 0.05 0.53' O.26 1 0.22 Four common food crops grown outdoort in large
containers of Yolo Silty C1 1*

Sartor et al. - (1968) .0.07 0.22 0.15 1 0.11 Four common food crops grown outdoors in large
containers of Camp Parks Clay.

aEntries 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 1 0.98) than the values presented above.
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Table 0.12: Range in Strontium Soil to Plant Transfer Factors Reported by.Various Papers 0. ,ed by ngl (1979) --
-

' Animal Consumption

LB;y(FW)

Reference. Low High' . Unweighted Avg. Parameters Examined

- Romney.et a1. (1960)' '1.26 Barley forage grown in clay pots which contained
Hanford Sandy loam.

Evans.et al. (1962)a 0.18 4.36 1.0 1 1.0 Twenty-fivegp'ec'iehQragg/important to . Canadian g
~

e
.

agriculture. Plants were grown ln 5 pint pots
which contained Greenville loan.

Miller'(1963) ;0.15 1. '0.65 1 0.71 Reports data from a paper by Nishita et al. (1961).
- Corn and wheat plant parts grown on one soil type.

Sartor etLa1 ~(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 loan.

- Sartor et'a1. (1966) - - 0.32 Clover grown outdoors in large containers of clay.

Sartor et al. (1968) 0.53 0.60 0.57 1 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 1 0.08 Corn and wheat plant parts grown outdoors in large
containers of Hanford Sandy Clay loam.

Sartor et al. (1968)~ 0.05 0 11 0.08 1 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 1 0.11 Corn and wheat plant parts grown outdoors in larGe
containers of Camp Parks Clay.

aEntries-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 (0.8510.98) than the values presented above.

,

. _ _ . _. . _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -_ _ _ . _ _ _ _
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PUT.E DEPLETION AND RE1.ATIVE DEPOSITION
.

:

- Enclosed is a.ser:ary of' thesprocedura used to eatiskta ref.ative '
dry'. deposition rates and. attenfant. plune. depletion :for e.le. antal
Lradiciodines in Regulatory Guida l'.lli, Methods for' Estt.ath.g-
At.cospheric. Transport and Dispersion-of'Gasecus Effluents'!.a

_

Routine Releases. fros Light-k*ater-Cooled- Reactors.
w

- .4ff.:d: aj'

Earl H. Markee, Jr. , Leader -
Metaorology Section
;!ydroicsy-Mateorology Branch

- Division of Site Safety and'
Invirenmontal Analysis.

T
$ - Enclosure:

As' Stated-

cc: J. Kastner
' -J. Hickey . g

L Kornasieviez O
~ 'Metaorology Personnel
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_

;Da prol;4'ure used to estinata rn'.ative dq:situn rat:s ind attcr hnt
~

pime depletion prasented .in Kasblatory Guide 1.111 eas based on,
,

2nunarical . solutions toL the fite:-sradient ("K-th+o y") dif fusion equatica
, ,

idescribsd'in Reference 1. The effluent was not alleued to diffuse'

[brycad'a heisht of 200s in stable ccadition and M0h in neutral and
.

'unstabic condition 5 At the ' ground surface, a partial sink boundary -
' ~ 1 condition, involving the deposition velocity was assunad. . O.e vind.~

mandL eddy diffusivity profiles required :as input to the diffusion-

equation were the: sane as' those presented in Reference 1. Deposition..~
'-

~v41ocity uas 'allewed to' vary with wind. speed in accordaaca with the
eupirf cal equation presented :in .aference 2-assu=ing an areal grass:o

2;dansit;:of about 703/s . The-resultant deposition velocities _were
' 0.12, ~ 1.20, and -0.3Sc:/sec for stable, nautral:and unstable conditions ,

,
.respectively.'

Calculations were cade representing ground level rele:ses which are
initially uniformly mixed through a 30s depth acd elevated point sources

yreleases at the-30, 60'and 100s levels. Since .the esticates for ground
of two crong the. level releases did not vary by core than:a factor

stability classes, single curves for relative deposition and depletion
ware drawn. 'However, for ele'vated releases significant variations

~ >.rong the stability classes would not allow- the simplification, to one-
curve for cach release height. Other ressenable co binations of eddy

' '
, . -diffusivity'and wind profiles for each stability class and. release
- height;were used to provida deposition and depletion esti=aresLallowing

the deposition velocity to vary with wind speed in accordance with
?.eference 2. nose estfr.ates were quite similar to the original esticates
in; sach stability class, for~ elevated releasas,and for all stabilit.y .

classes asst:ning ground level releases. Since air concentration is
ir.versely proportional to. wind speed 'and. deposition ' velocity is directly
voportional to wind speed, the deposition rate is independent of wind
,; nd . - Therefore wind speed is not 'a factor in the estir.ation of

-

deposition and depletion. Hance'only;at:cspheric stability need be
considered in'taking_these estimates.

:Referencest
s

1.' E. H. Markee,.Jr., "A Paranetric Study of Caseous Plume Cepletion+

by Ground Surface Adsorption," in Froccadings-of USAEC Meteorological
, . - Information Maeting, C. A. Mawson, Editor, AECL-2787, pp. - 6022613,1967.

-

' - C. A. Pelletier and J. D. ~ Zimbrick, " Kinetics of ; Environ = ental
Radioiodine Transport Through the Milk-Tood Chain", in Environ = ental -
. Surveillance in the Vicinity of Euclear Facilitics, W. C. Reinig,
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LEditor, Charles C. Thomas Publishers, Springfield,.Ill., 1970.- .
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i _ (Uote to W. Ca=:illt

'

) Enclosed -ara 'shecific responses to the questions raise ~d by R. |H.> \'olhar
_ ..in his{ note tofyou dated February 11, 1976.- EA-copy of that note'is" 1

] yalso attached for'your referanu .
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1

-

2. .Short ter= Releases'-
I
1

a. . IItem-

1

Although 'at previous meetings on' this subject SAB had
., greed to use 50%-meteorology fsr short tern releases,
we have learned that the codel now in use by 913 uses
a value closer to 15% meteorology.

b. Response:
1,

. There appears to be a- tendency to caka shorter term
' releases during periods of poor diffurion conditions. ,

Because of this tendency to.make shor t term releases
during periods of poor diffusion conditions, and the -

-resulting order,,to, magnJude differences in X/Lesti=ates
~ that =ay result. during such releases, we hava elected
to use the 15" meteorology for . the one hour X/Q values. .
The 15% one hour X/Q value is ' approximately one standard
deviation from the cean. Yhe'15% one hour X/Q value ,|

.,

is used to establish a poetr law relationship betwaan
one one-hour release 'and the annual. average X/Q value ' ,

l

(8760 hour release). .The X/Q value for the appropriate I

nu ber 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
15% value as one -point on the curve for esses where we

.do'nor know when short term releases will be esde, we
may substantially underestimate X/Q values.- If we had
better definition of when short - term releases would be ? *

made, or when releases could be restricted, we would change
the -distribution we are presently usin'g. We conclude
that the use of the 15% one hour X/Q value to - es tablish .
a X/Q distribution, at sites wh(re we do not know when
short term releases are to be made,- precludes substantial
underestimates of 'X/Q ~while at the same' time preventing
sub~stantialy overestica'tes..-If tech specs were available
to- control the time of short term releases we would codify
our' computational: techniques.
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,

.IN?UTS' FORLEACH' SET' DISTANCE A"D DIRECTION CF; INTER'EST.
'

:

1.---(X/Q)15 1 -PERCENTILE U.NCECAYED. UNDEPLETED X/Q ASS'.21NG '

'A) PART-TIME: ELEVATED,1PART-TII E . GROUND LEVEL RELEASE (PER R.G.1.111, C2)-

LB)' FOR RELEASE > 8 HOURS, OR MANY?SHORT TETdi RELEASES THE:
' EFFL'JENT IS U'iIFORMLY DISTRIBUTED IN-THE HORIZONTAL UITHIN THE.:

-22:l/2 M SECTOR.

.

/0)AA - UNDECAYED, UNDEPLETED ant:UAL AVERAGE X/Q, ASSUMING:E' 4

A) PART-TIME ELEVATED, PART-TII E GR0s.;D = LEVEL RELEASE (PER R.G.1.111, C2)

'B); EFFLUENT IS Uti1F0rdiLY DISTRIBUTED IN THE HORIZONTAL WITHIN THE
22-l/2' SECTOR.

3. TOTAL-HOURS OF PURGE RELEASE PER YEAR.

iiETHOD

STEP 1: ON LOG-LOG PAPER (X/Q VS.'TIliE), PLOT (X/Q)lS AT ONE HOUR, A'iD'
(X/Q)g AT 8760 HOURS AND CONNECT THESE POINTS'WITH A STRAIGHT LINE.

'

OR THE PURGE
READ THE UNDECAYED, UNDEPLETED .X/Q, (X/Q) PURGE,THE TOTAL TIME OFSTEP 2:
RELEASE FROM THE GRAPH CORRESP0" DING TO '
PURGE- RELEASE PER YEAR.

STEP 3: DETERMINE THE RATIO: (X/Q) PURGE -

(X/Q)g

- STEP 4 : 'T0;CETAIN DEPLETED AND/0R ' DECAYED X/Q'S AND zDEPOSITION VALUES |
FOR THE FURSE Til:E PERIOD,1ULTIPLY.THE RESPECTIVE ANNUAL
AVERAGE VALUES BY THE A50VE PATIO.-
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MEM07.MiDUM FOR: Harold R. Ce1 ten, Director
Office of ::t: clear Reactor Rasulation

FROM: Caniel R. Muller, Acting Director
Division of Site Safety and Environmantal Analysis

.

SUBJECT: METEOROLOGICAL MODEL FOR PART 100 EVALUATI0!iS.

The-Regulatory Requirements Review Comittee (RRRC) has considered proposed
revisions to the Meteorological Model for Part 100 evaluations on several
occasions,'specifically in February 1977, flovember 1977, ar : Ma; 1978.

During the most recent maeting on this subject, May 2,1978, the staff
discussed several alternatives of sector and overall probabilities for4

use in the Regulatory Guide being developed. Historical approaches ware
discussed in some detail as bases for the selection of the probability of
dispersion conditions in limiting sectors, and the everall limiting site-
probability level of H anaio;ous to the SRP codal was also discussed.

The staff presented infor:ation based on a parametric study of representative
; sites which indicated that the average of worst sector probabilities experi-
enced in case review *,tas about 0.6%. There was a considerable spread in
the worst sector probability levels for the sites examined in the parametric
e.udy.. In additicn, the staff identified the. relative centribution of both

.

caander and variable exclusion-area beundaries to anticipated changes in
estimated dispersion conditions at the exclusion area boundary, and
compared tSese changes to die rsion dtimates produced by the .c'P model.

At the conclusion of the RRRC meeting of May 2,'1978, the staff views en
what had been accepted, recomended, or decided at the testing varied,
except that the staff should proceed with production of the standard and

,

preparation of a Comission Information Paper.-
-
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Subsequent to the F.RRC meeting, the staff of the Divisicn of Site !afety
and Envir:r.=antal Analysis has further c:nsidar2d the sector avera;e and-

the everall site probability level, concluding that the cvsrall site
pr:bability specification was not necessary, and that datafied analysis
of the parametric study results indicated a sector pr:bability lavel of
0.5% would accurately reflect the averaga of the parametric . study. These
matters, and the numerous cercants on the extensive and ccmplex guide,
have restrained, to seca dagrae, progress in mcving the guide into a more
final form. Some major staff c:= ants are includad in mar:randa from
0.. Bunch to H. D4.nten (dated June 19,1973) and L. Mu kan to H. Danten
(dated June 26,1978). The staffs of ::F.R and CSD have been proceeding
with resolution of those co..mants which are within the context of the
proposed guide. Detailed ce=ents for final wording of the guide are
ready for transmittal- to 050.

While progress in cuide ifevelopment is being made, .the resolution of the
sector probability level, and the question of whether the overall site
probability level should be included, have not been fully resolved. I
therefore request that you approve the following positions for tiRR:

1. A limiting sector probability level of 0.5% be used in the r.aw
model (the basis for this is described in the memo from L. Hulman
to.H. Denton on 6/23/78).

.

2. An overall site probability limit of 5% be retained. It cay well be
that this factor has no influence in practice, but it will provide
a limit for sites where adverse dispersion is ncn-directional.

~

-Thes'e would apply to the standard.being prepared and to the Hydrology-
!!eteorology Branch Technical Fcsition on the sector dependent mcdel.

k &'. ' #M*

. Daniel R. !!uller, Acting. Director-
Division of Site Safety and-~

Envircnmental Analysis-

Office of ituclear Reactor Regulation
~

-

cc: E. G. Case
'R. P..Denise
~L. Hulman
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P i .* 7.: *. : U. . C ?.: Can: 41 R. .wulier,.t.tti..g 0;rev tr, ?!E
,

~ ::1: Marold R. Centon, ||rtctor, *.:.R

S '.'!J E CT: F AOPCSED 4Ek' METEtFOLC'ilC.tl .MODEL

Sy the c.eco of Fay 16,~ 1.78,. DSE was di rected to allew h;plicants
~

2

to use either the current rodel-or the pre;csed new codel (.,h i ch
was to be redified to include 's 5% site X/q criterion), ;ending
' the prepa ration ' and P.RRC review of an infer:.3 tion ?sper on the
above subject. Your request for clarification has been considered

~ and addi tional guidance is f as folie.vs:

1. The sector probability level to be used in connection with the
interim position is 0.5%. I undsrstand that this value repre-

. sents _the Mr.3's present judg.. ant of_ the val ue that will nor al-
ize results from the new odel to those from the old. 'ihether.

this value is ultir.ately adopted as a final positiori will rest
first on the revic-s of the Infor. ation Paper and secondly on
the results of subsequent reviews of the proposed new model fol-
lewing its issuance for ccreent.

,

2. Since there re:.ain substantive questions regarding the propesed
.cdel, you should include the staff's analyses supporting the
0.5% value, and a sureary of. key issues, as input to 50 for in-
clus ion :in the "for cc c.snt"' pac' age. l ..ould al so suggest- that

" any c:nr.en t's tha t you provide to 50 not foreclose viable opticas
such as retention of the current rodel, or al terna tive sector
prcbability criteria (should inferr.stion be deveio;ed that such
_ alternatives are appropriate).,

,

_.

3 If it appears that 'a significant cer.:iteent of nRR resourcas
',

will be-requirtd to address.and resolve the issues surrounding
the propesed new codel, or to'implerent t h a t rnod e l ', that matter
should be discussed in the Infor: ation_ Paper-and at the next

-briefing before the RRRC.

~ () d i,,..,x - ~, .

Harold R. Canton, Di rector
Office of Nuclear Reactor. Regulation

.'
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- 5:*3-iTP-2 (?EVI5!0N I)
(A'; GUST 2,1973)

I';TERIM. 3RA';CH TECMt!ICAL FOSITION
HY;FOLOGY-! ETEC70 LOGY i?JfiCH

ACCICE!li ::ETECROLOGY l'00EL

It is 'our position that:either the draft' Regulatory Guide 1.XXX,

" Ate: spheric Dispersion !bdals for Fotantial .a cidant Censequencec

Assessmants at "uclear F:uer plants" (datad Septs;bar 23, 1977),

or'the procedures described in Standard Review Plan Section 2.3.4

may be used to evaluate atmospheric transport conditions for analysis

of accidents with the follcwing amandments to the draft regulatory

guide r:odel: (a) a limiting sector X/Q value at the 0.5% probability

level be used*, (b) the accumulated fre'quency of the limiting sector

X/Q or higher value in all sectors may not exceed 5% for the site,

and;- (c) norcalization of individual sector prchabfif ty distributions
.

-is not used.

71:and . ant based on Macorandum from H. R. Cantsn to D. R. "uller,.
Subject: Proposed |:ew fietaorological Model, dated August 2,1978. .

.

s
.

g~

- . .

. .
.

- <

.

s . j .
,

'

( < ,

,


