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CONTROLLED ENVIRONMENT RADIOIODINE TESTS
AT THE NATIONAL REACTOR TESTING STATION

PRELIMINARY EXPERIMENT REPORT
C. A, Hawley, Jr., C. W, Sill, G. L. Voelz,
Health and Safety Division, ID-AEC, and
N. F. Islitzer, U. S, Weather Bureau

SUMMARY

The CERT project consists of a series of planned releases of radioiodine
over different vegetation and during various meteorological conditions, with
the prime objective being to measure the amountsof radioiodine through the
air-vegetation-cow-milk-human chain. This paper deals with the first, or
preliminary, experiment in the CERT series at the National Reactor Testing
“Station (NRTS) in southeastIdaho. The preliminary experiment consisted basically
of releasing radioiodine (iodine-lSl) gas over a natural Crested Wheatgrass
pasture and using the contaminated grass for milk cow grazing. The resultant
radioactive milk was fed to seven human volunteers. It was desired from this
experiment to determine if the experimental design would establish, under
known natural release conditions, three basic relationships:

(1) The amount. of radioiodine iri.the air to that on the soil and

vegetation,
(2) The amount of radioiodine on the vegetation to that in the milk,

and
(3) The quantity in the milk to that in the human thyroid after

drinking the milk.

Two 4.6 x 10% m? pasture areas withan initial grass density of 150 g/m2 and
an average height of 13 cm were established, one for contaminétion (hot) and
one for control and background (cold). Five iodine-131 generators were oriented
along a 150-meter line normal to the expected prevailing wind to simulate a short
line 'éource. The source line was 50 meters upwind from the “hot” pasture.
A sampling grid based on pretest meteorological studies extended 300 meters
downwind. Background activities on soil and vegetation, as well as grass con-
sumption and growth rates, were measured before and after the release. Milk
production and activity levels were measured. The six cows used during the

test were 1200- to 1600-pound fresh purebred Holsteins. Arrangements were
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made to maintain the cows on their normal feed supplements; the cows were
acclimated to the natural grass and new surroundings for two weeks prior to
placing them on the contaminated pasture. The cows were milked at 6 a.m. and
6 p.m. daily. Milk from the evening and morning milking of one cow was daily
combined, pasteurized, and counted each day. A 500 ml portion was consumed by
seven volunteers over an 18-day period. Humanthyroid activities were measured
periodically over a 39-day period with a 256-channel gamma spectrometer em-
ploying a 3-inch thallium activated sodium iodide crystal in a low background
whole-body counting vault.

A total of 970 millicuries of iodine-131 gas was released at 1500 MST
on May 27, 1963, near ground level over a 30-minute period under moderately
unstable meteorological conditions and an average wind speed of 6.6 meters
per second.

About 13 percent of the total released iodine was deposited on the grid,
with 1.5 percent being actually on grass. The Crested Wheatgrass covered
about 15 percent of the total plot, the remaining surfaée being soil. Deposition
velocities ranged from 0.4 to 0.8 cm/sec with an average of 0.6 cm/sec. The
activity on the carbon fallout plates was found to be proportional to the grass
measurements.

Controlled grazing, which consisted of daily changesof 2 x 103m2 crosswind
grazing strips, progressed from 300 meters downwind, toward the source,
permitting quantitative measurement of grass consumption and acti(rity. The
effective half-life on grass was found to be about 3.5 days. The “effective”
cow consumption measurement, which repreéents the accumulation of activity
within the cow from the current and previous days’ grazing, based on a one day
“half-life” retention factor, and the measured activity in the milk showed good
correlation. The ratio of activities of milk andgrass (pCi/1:pCi/g)was240 £
35. The average human thyroid uptake of ingested iodine~131 in milk was 19
percent. A model to predict thyroid activity levels was developed and shown to-
be accurate. Thyroid doses to the volunteers averaged 0.39 rad.

The preliminary experiment showed that the basic experimental procedures |
were adequate. Further tests in the series will employ the same general
procedures in investigating the behavior of radioiodine under various meteor-

ological and physical conditions.

1067529 v |  DOE/HQ



CONTROLLED ENVIRONMENT RADIOCIODINE TESTS
AT THE NATIONAL REACTOR TESTING STATION

CONTENTS
ACKNOWLEDGMENTS . . .. o i i it e e ot e vt e s s s aaanss e e e v e i1
SUMMARY ... ... esn et e i e e R § b
I. INTRODUCTION .. ... et s e e et e s ety : 1

II. CONSIDERATIONS IN DESIGN OF PRELIMINARY EXPERIMENT ... 2

1. GENERAL INFORMATION .+ . vvuunn.. e .. 2

2. DESIRED MEASUREMENTS .« v v v vme e enennenennn, v, 2

III. PRERELEASE PREPARATIONS .« e v v vveenenennannnnenn . 6
1. METEOROLOGICAL PLANNING .+ v o vv v veienenennnnn ... 6

2. DESIGN OF GRID . s vt vttt et ettt eeeeeeeennns AU

3. QUANTITY ESTIMATES ....... J 9

4. ANIMAL AND EQUIPMENT ARRANGEMENTS ... evvvuunn.. 10

4.1 Equipment . ............. e 10

4.2 Animals . .....¢. .. e e e bt e e st e e e e e e e 11

5. PRELIMINARY GRASS MEASUREMENTS ... ..ovvverennnnn 12
5.1 Quantity ....... T e e e 12

5.2 Background Activity . . . . v i v it i i i e i i e e e 12

6. SOIL MEASUREMENTS . v o v vveveenemneeeenenennns L. 12

7. IODINE RELEASE SYSTEM .+ o v e vt eeieeneenenenens .13

8. SAFETY « v ettt eteeste e et .. 13

9. HUMAN THYROID UPTAKE . . v v ovvvenvenenrnnennns c.. 14

1V. RELEASE CONDITIONS _ ...... e Cheee.. 16
1. METEOROLOGICAL CONDITIONS DURING THE TEST ........ 16

2. RADIOIODINE RELEASE ........ e .. 17

V. POST-RELEASE DATA .+ v vovvvnnenenennnnns e, 18
1. METEOROLOGICAL . . v vt veeaanennennns e 18

10b7b30



2. GRASS COLLECTION AND ANALYSIS ............... ee. 21 (

2.1 Initial Deposition . . . v v v v i ittt e e e e e 21
2,2 Daily Sampling ... ... i iiiaiiiiiiii 22
2.3 Consumption Measurements . ... ... ..ot ivensan. 22
3. SOIL COLLECTION AND ANALYSIS .. ..ttt tetesensenn 22
4. MILK COLLECTION AND ANALYSIS ....... cee s eseeee. 23
5. MILKINGESTION ... .0 v vt v v o onnennn e eee. 27
VI, DATA ANALYSIS AND COMPARISONS .. ......¢:00.0. “es.. 33
1. METEOROLOGICAL EVALUATIONS OF AIR
" CONCENTRATION AND DEPOSITION DATA .......... ee.. 33
1.1 Todine-131 DiSPersion . .. v v v v v v vt et n e e e nnns 33
1.2 Deposition Velocities .. .. ... .. it ittt ottt v teennn 39
1.3 Prediction of Deposition Velocities '
from Micrometeorological Variables ,.............. . 46
1.4 Post-Test Iodine~-131 Behavior .........cce00. e v e 50
2. CALCULATED INHALATION VERSUS INGESTION DOSES ..... 52
3. ACTIVITY CONSUMED BY COWS VERSUS MILK
ACTIVITY LEVELS - . ... ittt et ss s et seerennaans 56
4, HUMAN THYROID LEVELSANDRATES .............. w. 07
VII. CONCLUSIONS .. .......0vueu.n. e e 59
VII, REFERENCES . ... ..t it teoeonenas et e e ,.. 60
APPENDIX A - SAFETY ANALYSIS ............. e ce.. 61
1. CONTROLLED ENVIRONMENTAL RADIOIODINE TEST ...... 61
1.1 Introduction . .. ....evsveensonnonnnons e 61
1.2 Radiological Safety of Experlment Personnel ....... ce.. 61
1.3 Radiological Safety of NRTS Personnel ........ eeve... 62
1.4 Radiological Safety of General Population ........... ... B3

2. RADIOLOGICAL SAFETY OF EXPERIMENTERS ,,......... 64

FIGURES

1. Map of NRTS showing location of preliminary CERT experiment ... 3

2. Layout of CERT experimental area .. .....eeoeovenoseneenss 4

1051631 ~ DOE/HQ



10.
11.
12,
13.

14.

15.
16.

17,

18.

19.

20.
21.
22,
23.

24.

25.

. Computed deposition of iodine-131 on the vegetation at several

downwind distances for the designof thegrid . ............

. The estimated deposition of fodine as a function of distance

initially and also available for cow-intake at the time of grazing

The variation of the horizontal and vertical win direction standard

. Schema of {odine generator ........

. Alr and vegetation sampling grid ...... i e e et s e et

deviation, 04 and 0¢, with averaging time for two heights ......

Average daily jodine-131contentinmilk . ..... ...t

. Average thyroid uptakes and milk levels ........c000c..n

Individual thyroid uptakes ........ D .

Thyroid activity prediction mode!l ....... e s e e e e e e

Urinalysis results . ......... et s e s e e e s ecacsansoe . e

Urinalysisresults . ........... s e s s e e e s e s e e e s e

The isopleths of measured iodine-131 activity on the grass in terms

of pCi/g. Isopleths are labeled by the horizontal numbers (x 100) . ..

Measured total integrated concentrationonarcs AandB .....
Measured total integrated concentration on arcs CandD .....

Measured deposition of iodine-131 on the vegetation on
arcs AandB...... I

Measured deposition of iodine-131 on vegetation ..........

Measured deposition of lodine-131 on vegetation on arcs
O, Iv,and V. ... cc...

Measured deposition of iodine-131 on vegetation on arcs C and D

The crosswind integrated deposition on the vegetation as a function

of distance downwind . .. v v.o e oeeeanscosenss e e e e oo

The crosswind integrated concentration as a function of '
distance downwind . .. ve. ettt etintatc st test s

Total integrated concentration versus height .............
Isopleths of activity on carbon fallout plates (pCi/mz) e e e

Percenfage activity on grass versus time .......c00000..

10b7b32 | "

10

11

13

20
24
28
29
31
32

32
34
35
35

36

31

38

39
40

41
45
48

51

DOE/HQ



[

26. Cow activity consumed versus milk activity . ...

A-1. Integrated iodine-131 concentration as a function of distance

TABLES

1. Average Meteorological Data During Release
1. Values of Turbulence Parameters

II1. CERT Rainfall Data (Inches) ....

s o s 0 0 g 8 0 % 02 0 0

IV. Detailed Wind and Temperature Data During CERT

V. Average Grass Activity ...

VI. Activity of Pasture Samples in pCi/g, Wet Weight ..

V. Consumption Measurements

VI, Average Production per Day ...
IX. uCi/l of 1-131 Activity in Milk .....

X. Ratios of Carbon Trap to Prefilter Measurements on the

High Volume Air Samplers ...

XI1. Comparison of Air Concentration Values Between the

Hanford and NRTS Samplers ..

XII. Deposition Velocity Computations

* 4 & o 0 0 s 0 o

XIII. Soil to Vegetation Comparisons of Deposition « « . e oo ee o

XIV. Ratio of Carbon Plate to Vegetation Deposition Velocities

XV. Ratio of Deposition Velocities on Carbon to Sand, Sticky Paper,
andGrass ...... ® & & & 9 & O & & ¢ 0 O & O 6 ¢ O 6 O s 9 s 0 e ae 0

XVI. Potential Iodine-131 Activity in Lungs from Inhalation Compared

to Milk Activity on a Daily Basis .. ..

XVII. Accumulated lodine-131 Ingestion from Daily Consumption of one
Liter of Milk Compared to Potential Inhalation Uptake ........

XVII. Picocuries Consumed X 107 ..

XIX. Ratio of Grass Activity to Milk Activity

A-1. Calculated Infinite Dose Due to lodine Cloud Pasgage ........

10b1b33

viii

« e s 86 & & o 8 00 0 000

® @ 06 6 06 v 8 ¢ 2 0 0 0 8 0 8 0 8

56 (

62

16

16

18

19
22
23
23
24

25
42

42
43
44

46
47
53

54
57

58

63 . (

DOE /HQ



I. INTRODUCTION

Recently, the well defined and rather universal questions pertaining to the
behavior and effects of radioiodine have received much attention. Many of these
questions are directed toward the fate of radioiodine after release from its
point of origin. Studies in the laboratory can yield only iimited information
which can be applied to a large segment of a natural environment. When radio-
iodine is released Into the environment, the size and degree of influence on
this segment depend on a large number of variables. '

The primary objective of this experiment was to ascertain, in part, if these
variables could be defined, controlled, reproduced, and measured under actual
field conditions without exorbitant expenditures of effort and money.

The results of the preliminary experiment are encouraging. Further
controlled environmental radioiodine tests are being designed which will

~ yield more general information. The CERT project is aimed at furnishing
radioiodine information directly applicable to the NRTS and its environs in
practical ways. These include establishing a basis upon which rapid, accurate
decisions can be made during and after an accident situation, as an aid to
developing realistic NRTS reactor siting criteria, and in the preparation and

review of safety analvsis reports.
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11, CONSIDERATIONS IN DESIGN OF PRELIMINARY EXPERIMENT - (

1. GENERAL INFORMATION . .

During the formative stages of the CERT project two major approaches .
to experiment design, as dictated by NRTS “conditions”, were discussed. One
was to utilize large areas of Crested Wheatgrass (Agropyron desertorum) which
are in existence as a result of noxious weed control programs, and the other
was to establish, maintain, and utilize pasture grasses in accordanée with
local practices.

Both these approaches had merit. The overall project was divided into
the “open-range” phase, with which this report deals, andthe “established-
pasture” phase, which is presently in the construction stage,

After surveying various open-range 'areas, an area was chosen which
had good grass, accessibility, a safe release area, and would not likely be
affected by reactor operation. This area also possessed topographic features
which aided in contamination and animal control (Figures 1 and 2). The ex~ .
periment called for two grazing areas: one was designated the “cold pasture”;
and the other the “hot pasture”, onto which the radiolodine was released.

The selected pastures were mowed to a uniform height of 10 centimeters
to remove and pulverize previous years’ growth of grass ahd sagebrush. Using
information obtained from various sources, it was determined that about two
thousand square meters would be needed to feed six cows for one day. The
pasture areas were fenced with battery powered electric fencing. These areas
also were designed so that electric cross-fencing would separate the desired
2 x 103m2/day.

Each area was designed to feed adequately six cows for at least three
weeks. The plan was to place the cows on the cold pasture for one week in order’
to acclimate them to local conditions, move the cows to the hot pasture im-
mediately following the release of radioiodine for a period of time (estimated.

at two wéeks), then put them back on the cold pasture for a cleaning-out period. .

2. DESIRED MEASUREMENTS

In planning the CERT project, it became evident that the information !
desired could be broken into three major categories. These are the relétionships (

between: (a) quantity of radioiodine in the air andv the amount on the soil and
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vegetation; (b) the amount on the vegetation and the amount appearing in the
milk; and (c) the relationship between the activity in the milk and that in thyroid
after ingesting the milk, Withthesethree rélationships in mind, arrangements

were made to measure the following parameters during the preliminary
~ experiment:
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(1) The meteorological conditions existing during the release of
radioiodine into the atmosphere and throughout the entire test;
(2) The unit-weight, growth rates, percentage of ground cover,
activity per unit-weight, rates and quantities of consumption of
the grass;
(3) The concentrations of radioiodine per unit volume of air, the
chemical and physical form of the released isotope;
(4) The amount of radioiodine deposited on the soil per unit area;
(5) The rate of uptake of radioiodine in milk and milk production
rate;
(6) The effective half-times of milk activity; and
(7) The rate of human uptake and effective half-times of radioiodine
metabolized by the cows. _
. The experimenters were aware that several other parameters could be
measured, but did not attempt to measure them during this preliminary

experiment.
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I1l. PRERELEASE PREPARATIONS

i. METEOROLOGICAL PLANNING

Meteorological studies were undertaken at the CERT site in advance of the
planned date for the test in order to insure that the sampling grid would be
properly oriented and to secure the desired amount of iodine-131 activity in the
cows’ milk. Further, since the conduct of the test involved the synchronization
of a number 6f events, the most accurate weather forecasts possible were
required.

Wind data collection at the CERT site was begun on April 12, 1963, The
experiment was scheduled for about May 15, 1963; hence, little time was
available to collect a history of meteorological data. Long period climatological
records exist for the Central Facilities Area (CFA), which is about 11 kilometers
NW of the CERT site. Comparisons of meteorological data at CERT and CFA
were made, This method was used for the Special Power Excursion Reactor
Test (Spert I) destructive test in the fall of 1962, and proved quite satisfaétory.
The experiment was under meteorological control with the required conditions
being wind direction downgrid (WSW), wind speed 5-10 m/sec, lapse stability
conditions, and no precipitation. Since the release was to take place over
a one-hour period the meteorological conditions had to prevail for at least two
hours to allow adequate preparation time after meteorological conditions were
suitable. It was ‘desirable, though not mandatory, that the probability of pre-
cipitation be slight for several days after the release of the iodine-131 to
eliminate any effect from this variable for the initial phase of the expex;iment.
The layout of the sampling grid was based on the observed meteorological
data, '

Scatter diagrams of CFA versus CERT wind directions were made for 242 |

>

cases. Wind speeds were restricted to < 2 m/sec. The prevailing wind at

the CERT location was found to be westsouthwest, and this occurred most

frequently when the wind .at CFA was -in its prevailing direction, which is -

southwest. To reduce any bias introduced by the short period of sample, the
observed distribution of the Cert winds was corrected by the ratio of the short-
period to the long-period average wind direction frequencies observed at CFA.
The corrected frequency of the maximum direction, WSW (11), observed at
CERT was 28.6 percent. The next most frequent direction was wést (12) at
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18.0 percent which indicates a considerable tendency for the westsouthwest
direction. The CFA wind -frequencies indicated a similar strong tendency to
southwest (10). A similar type of correlation was shown between the CFA winds
and other areas on the southern part of the NRTS. This correlation held very
well operationally which added confidence to the CERT data even though it
was a short sample.

Due to the short period allotted for preparation for the CERT experiment
a practice forecast program was not conducted. The first test day for which
preparations were completed was May 20, 1963. Forecasting was commenced
on this date. Two forecasts a day were made. A ten-hour forecast was issued
at 0830 MST and a 27-hour forecast issued at 1530 MST for the next day. Six
morning forecasts and five afternoon forecasts were all that were issued before
the test was successfully completed on May 27. All of the forecasts issued were

for unsatisfactory meteorological conditions until the date of the final forecast.

2. DESIGN OF GRID

It was desired to have as uniform as possible lateral distribution of iodine~
131 upon the vegetation and soll over the entire test area.. Further, as the cows
were allowed to graze onnarrow strips begihning with the outermost strip (refer-
enced with the release line) and proceeding successively inward with time, a more
constant daily intake of iodine for the cows could be achieved. A level of iodine
activity in the cows' milk between 103 to 104 picocuries per liter was desired,

The radioiodine generator line and air sampling lines were laid out normal
to the expected wind direction which was WSW (247°). The grazing plots were
about 150 meters wide and 300 meters long. To achieve a uniform crosswind
distribution of iodine-131, five iodine generators were spaced 30'meters apart
along the upwind side of the plot, thereby simulating a short-line source. Air
sampling arcs were established at 50, 100, 200, 300, and 1000 meters downwind
normal to the center line of the grid and equal in length to the 150-meter width
of the iodine release line, plus an additional 10° spread from the source line
to allow for lateral plume dispersion. Twelve high-volume air samplers were
equally spaced on each of the first four air sampling arcs and five air samplers
were operated on the 1000-meter arc. Deposition surveys were made along the

first four sampling arcs and also along an additional five arcs placed between
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the air sampling arcs. The entire air and vegetation sampling grid is shown (

in Figure 3.
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A 16-meter tower was installed just off the east side of the test plot for
micro-meteorological obserwations pertinent to calculations of dispersion and
deposition. High-speed bivanes were installed at the 1 and 16-meter levels
for the fecording of the vertical and horizontal fluctuations of the wind direction
at those two levels. The vane has a time response of 0.5 second, so that eddies
with a period of one second or longer are recorded. This information is recorded
on a multi-channel, high~-speed data acquisition system, in which the information
is stored on punched tape. Wind spe.eds were recorded at the 1, 4, and 16-meter
heights by Beckman and Whitley anemometers. The air temperatures were
measured at the same three levels using unaspirated copper- constantin
thermocouples shielded from the radiation of the sun and sky. At the center of

the grazing plot, an aerovane was installed at the 6-meter level for use in the

forecast program.

3. QUANTITY ESTIMATES

In order to estimate the amount of iodine-131 that had to be released to
secure the desired iodine activity in the cows’ milk, the following equations

and parameters were used:

Q 2
ﬁx2—n y )

exp (’ )
Cy x 2-n)

(1) Air concentration (x): = X 2
‘ T Cy CZ

(2) Activity on the grass (Dep): Dep = vg/x
(3) Activity in the milk (C): C = 50 Dep

The values of the parameters used were as follows:

Cy - Lateral dispersion coefficient = 0.35
CZ - Vertical diffusion coefficient = 0.35
u - Wind speed = 7 m/sec
n - Stability parameter = 0.2

Vg - Deposition velocity = 0.002 m/sec
d ~ Vegetation density = 50 grams/m2 ‘
Q - Source strength = 0.1 curies per generator
X

- Air concentration

The ratio of activity in milk to activity on grass (picocuries per liter to pico-
curies per gram) was assumed to be 50 [1]. The concentrations and expected

deposition were computed by adding the contributions from the five sources,
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each being 0.1 curie. The estimated
activity on the grass at the several
sampling arcs is shown in Figure 4.
The expected activity on the grass for
each strip at the time of grazing was
estimated from the initial deposition

and the radioactive decay, and is shown

>

ALA
J\

150 m

s
N
et

in Figure 5. It can be seen from the

DEPOSITION  Lwe/m)

constants given above that iodine-131 . 200
activity in the milk of 104 picocuries/ O:

liter should be expected from the first i

day’s grazing. A level of 1.5 x 10% || o sewematons

picocuries/liter in the milk should be

'6,0 : p o) 60 90 l20>0_ljbo

CROSSWIND DISTANCE (meters)

expected from the last day’s grazing.

A release time of between 30 and 60
' Fig. 4 Computed deposition of iodine-131 on

minutes was planned so that the normal  the vegetation at several downwind distances
. . . L for the design of the grid. :
wind direction variations could smooth

the activity as much as possible over the plot. Comparisons of the actual

measured deposition values to those predictedin Figures4and$ are made below.

4. ANIMAL AND EQUIPMENT ARRANGEMENTS

4.1 Equipment ‘
A 4 x 7 meter metal building (barn) was erected on temporary foundatiqns

about halfway between the hot and cold pastures. Lanes were conducted from

the barn to each pasture using single strand electric fencing. A corral was

constructed of picket-type snow fencing. Two trailer houses were established

adjacent to the barn. One was used for sample preparation and feed storage and
the other was used for contamination control in the sense of a “change room”.
Electric power to the barn and. trailer houses was supplied by a 9-kW trailer-
mounted gasoline-powered generator. All water needs were satisfied by.hauling
water from CFA in a 500-gallon trailer-mounted tank. Installed in the barn were
six metal stanchions and a bucket-type milking machine. Also in the barn was
a constant radioiodine-in-air monitor which‘operated whenever the generator

was being used.

C
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[ cy=C,  G=7mss ]
- n=0.20 vg=0.002 m/s DEPOSITION REMAINING T
L Q=10%4Ci FROM EACH GENERATOR | FOR GRAZING -
| SEPARATION OF GENERATORS: 30m !
GRAZING STRIP MOVING RATE:

L 15.25 m/daoy J
PLOT SIZE =150m X 305m

i |
0 10° 10

DISTANCE DOWNWIND FROM SOURCE (meters)

Fig. 5 The estimated deposition of jodine as a function of distance initially and also available
for cow-intake at the time of grazing.

4.2 Animals :
Six 1200 - 1600 pound fre.sh ‘pure-bred Hereford cows were obtained. The

cows were placed on the cold pasture on May 14, and were milked at 0600 and 1800

hours, daily, Before the test, the cows were fed a 14 percent protein grain sup-

plement with a fixed amount fed to eachcow. This diet supplement was continued
while the cows were at the NRTS. The cows also had available blocks of jodized
salt. Milk production of each cow was recorded throughout the test.
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5. PRELIMINARY GRASS MEASUREMENTS A (

5.1 Quantity

Just prior to the time the cows were placed on the cold pasture, the grass
quantities were measured. Random sampling was carried out by throwing a
circular loop which encloses one square meter. The grass within the hoop was
then clipped to the grazing height of 10 cm. The samples collected were taken to
the laboratory and weighed for fresh weight, air-dried for 15 to 20 days, and
reweighed. This was done threetimes duringthetest to measure growth changes.
At the time the cows were placed on cold pasture, the average grass height was
13 cm and produced 130 g/m2 fresh weight and 46 g/m2 dry weight [a],

5.2 Background Activity
Random samplingswere taken from both the cold and hot pastures prior to

the arrival of the cows. These samples were then fresh weighed and gross

counted. Samples were then combined and the radioactivity contributors were
identified by gamma spectroscopy. The average background activity was about
34 c/m/g fresh weight. Isotopes identified were Ce-144, K-40, Ru-106, and
Zr-Nb-95. The fission products were considered to be a result of weapon

testing fallout.

6. SOIL MEASUREMENTS

Since the hot pasture area was designed to be roughly square, with release
points along one side, three lines of soil sample stations were established down-
wind from the mid-release line: one along the center line and two radiatin.g from
it by 15 degrees from either side (Figure 3). This would permit an approximate
downwind sample line within 30 degrees of wind shift.

Eleven background samples were taken according to this plan on the day.
prior to the radioiodine release, The samples were 0.1_ m2 by 1 cm deep.
(approximately one liter), Spectrometer analysis showed the same actlivities

as are listed in the preceding section,

[a] This first series of measurements was made by clipping the grass down to
a 5-cm level, rather than a 10-cm level. When the coWs started grazing the
grass, it was noted that they grazed down only to 10 cm, so the system was
changed éccordingly. ' (
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7. JODINE RELEASE SYSTEM

Several methods of releasing the radioiodine into the atmosphere were
discussed. All these methods presented problems in the field. A system of
release known as “sparging” (ie, to bubble a relatively nonreacting gas through
a solution which purges another gas or substance) was used. Nitrogen gas was
bubbled through a water solution containing iodine gas which released the iodine
to the atmosphere. The mechanisms employed are schematically presented in
Figure 6. Five curies of carrier-free Na I-131 solution were obtained from Oak
Ridge. When the radioiodine was received, Nal carrier and additional sodium

sulfite was added to maintain the ;odide in the reduced state.

ADJUSTABLE GLASS TUBE
FLOW VALVE TYGON TUBING
RELEASE POINT
O ASPIRATOR FLASK
IODINE
SOLUTION METAL PLATE
METAL POST
COMMERCIAL.
WATER PUMPED
NITROGEN

not 10 scale
_ al

Fig. 6 Schema of iodine generator.

8. SAFETY

A safety analysis was performed using the conditions specified. These pa-
rameters were (a) the release of one curie ofiodine-131 under strong lapse
conditions (n = 0.2) and (b) a moderate wind speed (7 m/sec). This analysis
showed that the expected inhalation dose at any NRTS facility which could

10bTblb - 13 ~ DOE/HQ



conceivably be affected would be less than 1 mrad, and that the maximum dose

from milk ingestion off-site also would be less than 1 mrad.
Direct radiation doses to those handling the radioiodine were estimated to

be not more than 250 mrad/person. Appendix A contains a complete safety

analysis of the CERT experiment.

9. HUMAN THYROID UPTAKE

The experimental plan to collect milk fromcows grazing on the contaminated
pasture for a period of two weeks followingthe single iodine~131 release afforded
an opportunity to follow the radioactivity chaintohumans. The primary purposes
for feeding the milk to volunteers were:

(1) To test the applicability of this type of experimentation in an
industrial setting. The use of ultra-sensitive counting equipment
permitted the administration of small quantities of iodine-131 to
working personnel without introducing significant radiationdosesto
the thyroid, and yet provide statistical accuracy which is better than
the usual clinical methods available in hospitals.

(2) To provide a curve of thyroid uptake from a daily dietary
feeding of milk containing a quantity of iodine-131 which may be
representative of a milk activity curve anticipated from cows grazing
on outdoor- pasture following an iodine-131 release. A constant
daily milk volume was fed so that the iodine-131 intake could be
determined accurately.

(3) To determine actual human thyroid uptake values from the
experiment would provide an opportunity to determine the re-
lationships between activity values in air concentrations and

vegetation samples as well as in milk.

Six malt_e and one female volunteers were interviewed for initial medical

history. There was no history of thyroid disease in any of the volunteers. Basal -

metabolism rates and radioactive iodine uptake studies or other thyroid function

tests had never been performed on any of them.
A history survey also was taken for sources of stable iodine intake which

might influence iodine uptake results. None had x-ray studies performed in
which organic iodides might provide an unusual source of stable iodine in the

system. Five of the volunteers were using iodized salt regularly at home. In
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addition, volunteer No. 2 was supplementing his diet with two kelp extract
tablets daily. This materia] was labeled as containing 0.1 mg iodine per tablet.
Volunteer No. 4 had been using plain table salt (not {odized) regularly at home
since the fall of 1962, Volunteer No. 1 was using salt from a bulk sack at home
which did not contain a label as to whether it was iodized or not. No other drug
or vitamin-mineral preparation containing iodine was taken.

The group ranged from29to43 yearsof age. They were all of average height
and weight. Volunteer No. 2 was slightly overweight but otherwise each member
of the group was within the desirable weight 1imits established by a major life

Insurance company.
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IV. RELEASE CONDITIONS : (

1. METEOROLOGICAL CONDITIONS DURING THE TEST

The average meteorological conrditions during the release of iodine-131
(1355-1545 MST) over the sampling grid are shown in Table 1. The turbulence

parameter values are shown in Table II.

TABLE I

AVERAGE METEOROLOGICAL DATA DURING RELEASE

Winds : Temperatures
Location Height (m) Direction (") Speed (m/s) (°c)
Grid € 2k2 6.6
Tower 1 31 ' 5.2 22.3
Tower i 236 T.1 21.1
Tower 1€ , £35 8.4 20.5
TABLE II
VALU=ZZ 0 TURRULENCE PARAMETERS
Height Bivar.”: Star.d&l‘i Deviations . Log Linear Wind
(m) (Gegrees) Profile Evaluation
oé[a‘i 0,la) U* = 61 cm/s
1 20.0 8.0 z2,=31cm
4.3 6.1 R, = -0.07 (1-16m) -

16

1

[a] For period 1455 - 1604 from instantaneous 2-sec readings

Og - horizontel wind diregtion standard deviation

0, - vertical wind direction standard deviation

W - friction velocity

Zo - roughness length

Ri - Richardson number _ (
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2. RADIOIODINE RELEASE

Just prior to the time of release five drops of 30 percent sodium sulfite
and 5 mg of sodium iodide carrier (to dampen side reactions) were added to
8 l-curie solution of the Nal-131. This solution was then diluted to 200 ml and
separated into five 40 ml aliquots.

At the release site the 2-liter suction flasks (described in paragraph III-7)
were affixed three feet above the ground onsteel posts. In each flask was 200 ml
of 2 N sulfuric acid. The nitrogen tanks were connected by tygon tubing to the
release flasks. One of the 40-ml aliquots was added to each flask.

At release time, 3 ml of 10 percent sodium nitrite was added through
the outlet in the suction flask. This oxidized the iodide into molecular iodine
gas. The nitrogen bubbling was started, and the flow rates of the nitrogen were
adjusted so that the iodine wasreleased over a period of 30 minutes. The release
‘rate was monitored through the use of pre-calibrated *Cutie-Pie” type portable

ionization chamber instruments. Final readings indicated thatabout 95 percent of

the total radioiodine was released,
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V. POST-RELEASE DATA (

1. METEOROLOGICAL

The wind speed, air temperature, and hourly precipitation were recorded
for several weeks after the test for possible meteorological evaluation of the
change of the iodine-131 activity on the grass with time.

The hourly. précipitation is shown in Table IIl. The record from the rain
gage commenced on the afternoon of May 29, two days after the test. Howevér,

no precipitation was observed in the area during the two days following the test.

TAEBLE III

CERT RAINFALL DATA (INCHES)

Dewe 3} 2 3 & 5 € 7 & 5 10 1 Moo 1 2 3 b 3 6 J_ & 9 101 Mt tm
26 - - - - .- - -- - .- - . .-
21
28 .- . e e -
29 c 008 ee ee e e 0,08
5 ... 0.0 X
n = 0T es ee ee me ee e ee en e 047
1 e 0O == e ee 0,03 e-  ee e en as e ee ee 0,07
2 e e ee e 0
B ee e e ee ae e ee e ee 005 0.03 0. =+ = me e me me ee es ae oan Tee 000
& e e e . 0.2 0.1 C.e C.OX 0.2 0.6 0.06 ¢.00 T Islool T T o T 0O T T T T .- 0.3
s e C.& G T T es e ms es ee em me ee ae es aa 0.08
6 - 0.07 0.7 - e - . e - - 0.2%
7 e me me ee e B €L T D02 T T 0. es - == ee  ae se an ws ae ae ws 0,05
] 0.02 c.CL C.0L 0.02 0.01 0,02 0.01 ~-- - - ves e - .- e ee e ee 0,10
9 . e e e meee e e . 001 0.0 == s s+ me ae en ee ae e 0,08
10 ce 0.0k 0.09 0.2C C.1C 0.05 C€.0C T T 0.08 =2 se  es O0R  es s es. wr  es am e ae =n 0.63
n [
12 °
p . -- . -]
n . €.07 0.61 0.01 T es  se  se  es  es OO T e e 6.13
15 - 6. 0.04 0.02 0.00 T e 0@ - e 0.0 008 .- es  ex ae e 0.29
16 (-]
{s) T = Truce

A more detailed tabulation of the wind and temperature is shown in Table IV, |
The turbulence quantities, g6 and o¢, shown in Table II were obtained from -
instantaneous readings of the bivanes every two seconds. The wind direction
standard deviations also were computed from time-averaged data, which will
tend to eliminate the effect of overshoot and the finite time constant of the
bivane from the records. This time averaging of the record of wind direction

also eliminates the eddies which are too short to be of value in the dispersion ' (
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TABLE IV

. DETATILED WIND AND TEMPERATURE DATA DURING CERT

Temperatures (°C)

Winds
(5 min. averages) (4 min. instantaneous)
Tower Tower
Grid 1im Ly 16m lm km 16m
ppledyy B pp w oD W DD W
25k 7.6 240 6.7 248 8.5 242 9.8 22.4 21.2 20.4
261 8.1 250 5.8 25% 8.1 252 11.2 22.7 20.9 20.4
oLz 7.2 20 5.4 243 7.2 240 8.5 23.4 21.7 20.6
253 €.7 27 L.g 243 7.2 235 8.1 22.6 21.3 20.4
227 6.3 225 5.L 225 6.7 23 8.1 22.3 21.0 20.2
oLk €.2 cee LG 225 6.7 227 7.6 22.0 20.9 20.3
228 5.8 220 L.s 225 7.2 232 8.1 21.4 20.5 19.8
225 & £15 5.. 225 6.7 225 8.1 21.1 20.5 20.4
227 6.3 £15 L.s 225 6.3 223 7.2 21.9 20.8 20.3
2L0o 6.2 ees " L.s 230 6.3 233 7.6 22.4 21.2 20.4
23.1 21.3% 21.4
Averege : 22.5 21.1 20.7
2 23 7.1 235 8.4 22.3 21.1 ° 20.5

b2 6.6 221 5.

(a] DD - Direction (degrees)
(6] VW - velocity (m/sec)

and deposition processes over the sampling plot. The variation of the horizontal
and vertical wind direction standard deviation, 06 and o¢, with averaging
time is shown in Figure 7. The average time of travel from the jodine-131

release line to the various sampling arcs on the plot was about 30 seconds.

The Lagrangian-Eulerian time scale factor, B, has been found in previous
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Fig. 7 The variation of the horizontal and vertical wind direction standard deviation, 0y and og,
with averaging time for two heights.

studies at the NRTS to have a value of about three. This means that an ap--
propriate averaging time for the wind direction records before computation
of gustiness would be about 10 seconds. These standard deviations obtained
from Fig-ure 7 are probably more appropriate than the standard deviations
from instantaneous readings listed in Table II, and will be used for the compu-
tation of deposition and dispersion quantities.
The wind profile with height was non-legarithmic in appearance. A log
linear wind profile was assumed. From this profile, with measurements at three
levels, the friction velocity, U*, and the roughness length, Zo, are obtained. (

10b1b53 2 | DOE/HQ



Both are useful in characterizing the roughness of the site and the turbulence
in the lower layers. The =value of the friction velocity, 61 cm/sec, derived
from the measurements, is typical for a moderately unstable atmosphere. The
grazing plot was 150 meters wide and 300 meters long and was flat. However,
the terrain in that area is rolling. There were knolls about six meters high on
the upwind side and also on the east side on which the meteorological tower was
located. Sixteen percent of the test area itself was covered by grass plants about
25 cm high at the time of the test. The grass was observed to have grown to
greater heights at later times. There were about 7 to 10 plants per square meter
of surface with an average weight at the time of the test of about 150 g/m2. The
Z, value of 3 cm does not appear to be unreasonable in view of the measured

heights of the grass at the time of the test.

2. GRASS COLLECTION AND ANALYSIS

2.1 Initial Deposition
Samples were collected immediately following the release in accordance

with the following description: Nine crosswind sampling arcs, or lines, inter-
sected the pasture downwind from the release point; arcs designated A through
D (Figure 3) were both air and vegetatioh sampling é.rcs, with grass samples
collected at the base of the air sampling locations; arcs designated by Roman
numerals were vegetation sampling points only. In effect, such an arrangement
vielded four air sampling arcs and nine vegetation sampling arcs. On arcs I
through III the vegetation samples were collected at approximately 23-meter
intervals. On arcs 1V and'V, the samples were collected at 24-meter intervals.
Each vegetation sample was composed of portions of several different clumps
of grass selected at random, rather thanonly one grass clump cut in its entirety.
The grass was cut at varying heights, but never lower than about 10 cm from
the ground. Each sample was placed in a plastic bag, weighed, and placed inside
a one-quart ice cream container for counting. The bag as well as the grass was
counted, thus avoiding iodine loss. Counting was done in the well of a 5- x 5-iﬁch
thallium-activated sodium viodide well crystal, coupled to a conventional
pulse scaler. The background activity, in Ci/m/g, was subtracted from the net
count from each sample, and the proper efficiency and conversion factors were

21
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applied to yield the final amounts in TABLE V (
terms of picocuries of iodine-131 per AVERAGE GRASS ACTIVITY

gram of grass.

95% Confidence Intervals

2.2 Dally Sampling for Mean of Average

The pasture was divided into strips  pgte Activity on Pasture
for grazing and each strip (with one ex- (pci/g)
ception) was sampled daily to determine  5-28 770 + 198
the activity on the grass. These samples 5-29 416 + 164
were collected the day before the strip -

-30
was opened to grazing, in accordance e No semple
with the procedures described. 5-31 145 + 27

The samples were usually counted _, ' 180 + Ll
around noon on the same day that the -

. : 6-2 12k + 29
pasture was utilized. The samples which -
were not counted at this time were 6-3 81 + 13
corrected accordingly. Whenever cor- ) 63 + 18
rections for decay were made, the 8-day -

. . -~ 6-5 78 + 33
half-life factor only was applied. The
actual, or effective half-life of the activity  6-6 112 + 28
on the grass was developed from the 6-7 93 + 17
results shown in Tables V and VI. -

, 6-8 86 + 16 .
2.3 Consumption Measurements -

The grass was measured to de- 6-9 : 38 + 11
termine the amount of grass consumed g_iq 5k + 7
per cow per day. Table VII shows the

6-11 ek + 11

results.

3. SOIL COLLECTION AND ANALYSIS

Soil samples were collected and counted within two hours following the
release. These were 0.1 m2 by 1 cm deep, and taken right adjacent to the
sample stations for background. Values for iodine-131 ranged from 2.5 uCi/m2
at station A-8 to 0.01 uCi/m2 at station D-2. Dgposition is discussed in Section
2.1, page 21, '

C

1067555 | .
22 DOE/HQ



TABLE VI

ACTIVITY OF PASTURE SAMPLES IN pCi/g, WET WEIGHT

Toer Vet Tews  Pr Ba: L3 _Mor  Tees Mt _Toure P _Ber 8w M Tuee W
3-2¢ 1 T - T4 6-2 6.3 6-4 65 €-6 61 6-¢ _65 6-10 6.1 3-89
(-4 ne 9% 17C 12¢ & 3¢ F 150 14 10 % %0 10 930
93¢ F3 % 1& jry W 90 0 7 90 & 60 30 3 a0
100¢ 'S % 20 P & e 130 0 100 6 ¥ 0 3 1%0
109¢ 3%% S 20¢ 170 9% 10 100 o 0 100 %0 T 70 980
10 & 160 18 (5] 9 [ & 160 1% 120 10 [ 10 700
1330 130 15¢ e 110 3 & 50 1200 1o &0 & 0 M0
b 132 10C 106 » 0 130 % -] 1eo 0 [ ] » $30
9 168 e 1% & 10 3 180 120 1m0 & 60 RO 360
570 19 17 & L 9 %0 180 wo 60 3% © ]
« 'S 15¢ & & 15¢ 170 vo 100 20 ¥ 10
19 10¢ [ 6 & 3 3] 90 50 2¢ ¥ 10
% 132 6 & & 15¢ 0 1o 60 30 %) 30
[N w0 100 .
7
50
W05 20808 PRI 20022 13812 $6L/1r TSCNiE 9W0/12 1330/12  1390/15  10%0/12 A0/12 €30/12  290/12 6a80/8
[a] x « &€ 5 » ALE Boeoare ief L] 7% ie€ AeTE Fell0 Fe9 i ie3s ias) xe2d [2k« &0
fe:x=-77¢ P2 e bl <380 (tielan NNiegy ok = 312 [o)i o 38 Ib); o s ()i « &2
[8) Valurs extrapoieted from astieity of pasiuwre oc 5-27
[t] Yalues correcied for cecay, using S~tay bal?-life
TABLE VIT
CONSUMPTION MEASUREMENTS
Production Ave. Con-
Pesture Ex. of grams/m sumption
Day Date Fient Fresh Air-dry Utilization kg/day/c ow
2 5-2¢ £9.5 cm 134 Ly 80% 36.1L4
9 6-5 34 cm 196 68 55% 36.35 -
11 6-7 34.0 cm 221 82 50% 37.27

4, MILK COLLECTION AND ANALYSIS

All the cows were stanchioned inthebarnat the same time and given a grain
supplement at each milking. The grain supplement was identical with that given
to each cow for a year prior to the test. The udder of each cow was thoroughly

washed with an antiseptic solution before milking. Milking was carried out with

1067656
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a standard milking machine at 0600 and

1800 hours daily. The milk was trans-

ferred from the milkér to a 13-liter
stainless steel bucket, weighed, and
covered for transport to the laboratory.
At the laboratory the milk was strained
and placed in a 900 milliliter container
for counting. The milker and buckets
were thoroughly washed before being re-
turned to the barn for the next milking.
Bacterial counts taken onthe milk showed
this to be a very clean method (<1000
colonies/ml). Table VIII shows the av-
erage mlilk production per day, and
Table IX shows the average iodine-131
content in the milk per day. Figure 8
expresses the same thing graphically.
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TABLE VIII

30

FERAGE PRODUCTION PER DAY

June

20

25

Fig. 8 Average dally lodine-131 content in
milk,

Milk Production in Kilograms, Net Weight

_5-2% 5-30 5-21 6-1 6-2 6-3 6-4 6-5 6-6  6-7
. High 8.16 g.cz 1G6.05 10.33 5.65 8.16 8.16 9.65 4.48 10.33
Average 8.33 8.zz g.29 8.45 8.29 8.33 8.15 8.13 . 8.02 7.61
Low 6.12 6.12' 5.57 6.39 5.71 5.71 5.98 5.71 5.16 -
6-8 6-9 6-10 6-11 6-12 6-13 6-14 6-15 6-16 6-17
High 10.06  9.36  G.65 9.92 9.51 9.38  8.16 9.57 8.43
Average 8.35 7.88 7.81 “7.75 7.47 7.34 7.68 7.31 6.52
Low 5.4 5.L4 5,03 5.03 3.0  3.55 3.9  4.L8 3.94
6-18  6-19 6-20 6-21 6-22 6-23 6-24 6-25 6-26
High 9.57 8.16 9.65 8.70 9.10 8.83 7.88 8.97 8.43
Average 7.58 7.85 7.31 6.90 6.95 6.12 6.66 6.52
Low 4.35 L.89 3.80 3.94 4.48 2.59 3.67 3.94 (
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TAELE TX

4Cif2 07 I-131 ACTIVITY IN MIiLX

S-2¢ _5-29 5-29 5-3¢ 5-30  5-31  _5-31 6-1 6-1
PM Y PH AN PN AM PN AM M
Count
Tine 29-083C  29-0900  31-0830  31-0¢30 31-1000  31-1100  1-0800  1-0900  2-0830
Eigh 0.026 0.08 0.094 0.11 0.11 0.096 0.050 0.094 0.078
Aversge 0.01¢€ 0.061 0.073 0.082 0.079 0.071 0.071 0.069 0.058
Low 0.008 0.04L 0.058 0.066 0.06L 0.051 0.051 0.055 . 0.0k
Corrected Activity
Eigh 0.027 .08z €.107 0.1198  0.115 0.0973  0.0939  0.09% 0.0814
Average 0.01€67 0.061 0.083 0.0893 0.083 0.072 0.0741 0.069 0.060
Low 0.00E2 0.04% 0.066 0.0719 0.067 0.517 0.053 0.055 0.0427
Deily Average
-2§ 230 ki) S 6-1
High 0.09% 0.1045 0.0956 0.0847
Average 0.07% 0.0861 0.0730 0.064
Lov .05 0.0704 0.0523 0.0488
€-¢ €-z €-2 6-3 6-4 6-4 6-5 6-5
33 2 : 23 37 57 AM PM
Count .
Time 2-093%0 3-083C 3-1000 4-0830  k-1100 5-1300  5-1300  6-0900
Higt 0.0Mm 0.0E2 0.059 0.050 0.050 0.043 0.038 0.039
Averege 0.0LL 0.0.3 0.04L 0.03% 0.037 0.033 0.029 0.028
Lov 0.027 0.C3C 0.029 0.027 0.026 0.023 0.020 0.018
Corrected Activity
High 0.071 0.06L8 0.05%9% 0.0521  0.0507 0.0455  0.0391  0.0LO7
Average C.0uL 0.0511 0.0443 0.0L07  0.0375 0.0349  0.0298  0.0292
Low ©.037 0.0313 0.0292 0.0281 0.0263 0.0243 0.0205  0.0187
Daily Average
6-2 _6-3 _6-b _6-5 6-6
High 0.066 0.054 0.0u6 0.0399 0.0345
Average 0.046 0.041 0.035 0.0295 0.0292
Low 0.033 0.0286 0.024 0.0196 10.0210
6-6 6-6 6-7 6-7 6-8 6-8 6- 6-9
A 7] AN PM AM P AM 7]
éount
Time 6-1000 7-0930 7-1100 8-0930  B-1000 $-1000  $-1030  10-0900
High o.o_;i 0.036 0.041 0.036 0.033 0.030 0.029 0.029
Average 0.029 0.028 0.029 0.026 0.025 0.023 0.022 0.020
Low 0.021 0.020 0.018 0.016 0.014 0.012 0.014 0.012
25
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TABLE IX (Cont.)

6-6 6-€ €-7 6-7 6-8 6-8 6-9 6-9
A P¥ A PM AN M AM M
Corrected Activity
High 0.0312 0.0378 0.0415 0.0378  0.0332 0.0315  0.0292  0.0302
Aversge 0.0292 0.0292 0.01682 0.0168  0.01L1 0.01k1  0.0221  0.0208
Low 0.0211 0.0210 0.01& 0.0168  o0.01k1 0.0126 0.0125 0.0125
Daily Aversge

61 _68 _69 6-10 6-11
Eigk 0.0385 0.0315 0.029 0.027 0.023
Average 0.0275 0.024 0.021 0.019 0.0165
Lov 0.017 0.013 0.013 0.0135 0.0105

T e B &S S 5 S5 S
Couxnt
Time 10-1030  11-083¢  11-1100  12-0830 12-0930  12-1815 13-1000 14-0900
High 0.027 0.027 0.0e6 0.020 0.012 0.008  0.005 0.003
Average 0.019 0.019 0.018 0.015 0.010 0.006 0.00L 0.002
Low 0.014 0.012 0.0i2 0.005 0.005 0.003 0.002 0.001
Corrected Activity
High 0.0271 0.0281 0.0263 0.0208  0.012 0.0085  0.005 0.0031
Average 0.051 0.015€ 0.0182 0.0156  0.010 0.0062 0.004 0.002
Lov 0.0141 0.0135 c.0121 0.0093  0.005 0.0031  0.00R 0.001

6-1 6-1L 6-15 6-15 6-16 _6-16

AM P ¥ ] M 2]
Counz
Time 14-1100  17-110¢  17-1030  17-1030 17-1000  17-0930
High 0.002 0.002 0.001 0.001 0.001 0.001
Average 0.0 0.,0012 0.0006 0.0007 0.0006 0.0007
Low 0.0007 0.0005 0.000k 0.0003  0.0002 0.0004
Corrected Activity
Righ 0.002 0.002k4 0.0012 0.011 0.001 0.001
Average 0.002 0.0015 0.0007 0.0008  0.00065  0.00073
Lov 0.0007 0.0008 0.0005 0.00034  0.0002k  0.00042
. Deily Avem.e

6-12 613 61 615 6:16
Eigh 0.0101 0.0040 0.0022 _ 0.0011 0.001
Aversge 0.0081 0.003 o.ooi'( 0.0007 0.0006
Low 0.0040 0.002 0.0007 0.0004 0.0003 (
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5. MILK INGESTION

A four-liter sample of milk was taken from the same cow (No. 6) at each
milking. The evening and morning milk sample for each day was combined to
form the supply for feeding to the volunteer group on the following day. An
eight-liter home pasteurization unit was used to pasteurize the milk.

A 500 ml portion of the milk was drunk by each individual daily beginning
on May 30, and ending on June 17. The milk was usually drunk between noon
and 1630 after the thyroid count for that day had been performed.The thyroid
activity of most of the subjects was measured each day from May 31 to June
21, except for June 10, when no counts were taken. After June 21, additional
counts were taken at varying infervals until July 8. The thyroid measurements
were performed 18 to 30 hours following consumption of the milk. Times of
consumption were not controlled rigorously but, in general, occurred within a
period of two hours following each day's thyroid count.

.The activities in the milk samples used for volunteer consumption and the
resultant average are plotted in Figure 9. The milk activities portrayed on
Figure 9 are plotted pertainihg to the day the milk was éctually drunk, but
the activity value is shown as determined 24 hours earlier (not corrected for
decay since counting time). As noted on the graph, the cows were maintained on
the hot pasture for 14 days. The ingested milk reached its peak activity, as
shown by counting in a calibrated well gamma counter, on the second day and
then decreased with an initial effective half-life of about four days. The curve
had flattened to approximately a 10-day half-life by the second week. After the
cows were removed to uncontaminated grass, the activity dropped sharply with
about a 1-day half-life. ‘

The activity determined inthethyroid was measured by focusing a collimator
on the thyroid of the person, detecting with a 3- x 3-inch solid thallium-
activated sodium iodide crystal which was coupled to a multichannel gamma-ray
spectrometer. The data for the seven volunteers are shown in Figure 10. The
curve reached a relatively flat plateau about eight days after the initial milk
dose. The peak of the curve occurred on day 10. The curves show that five of
the seven volunteers were very similar and overlapped appreciably. The average
thyroid uptake for the group was 19 percent. It is of interest to note that volunteer
4 had a relatively higher uptake of about 30 percent. This may be due to the fact
that he was using plain (not iodized) table salt and therefore possibly had a lower
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stable jodine intake. Conversely, the lowest uptake (about 12 percent) occurred (
in volunteer 2 who had received about 0.2 mg of iodine per day in kelp extract
tablets plus the use of iodized table salt.
A mathematical model which permits the calculation of activity at various
times was formulated from a consideration of the experimental conditions. In
the derivation of the model, both the ingestion of milk and the fraction, f, of the
activity taken-up by the thyroid were assumed tobe instantaneous [a]‘ The general
equati‘on giving thyroid activity as a function of time and total I-131 intake is:

n
TR

) CiexP-kEl:Tn-Ti-JZI

1
An is the activity of iodine-131 in the thyroid at the end of the n’th time interval
following the initial intake; f is the fraction taken-up by the thyroid at each
ingestion; Ci is the activity ingested at the beginning of the i’th time interval;
)\E is the effective decay constant for I-131 in the thyroid; Tn is the total time
elapsed from the initial 1-131 intake (To = 0) to the end of the n’th time interval
and Ti +1 is the time elapsed from T0 to the end of the (i + 1)’th interval.
Because of the additional iodine addedtothe system each day, the maximum time
interval used must begin at the time of a given ingestion and terminate just
prior to the beginning of the next one. _
Calculations involving the above summation can be simplified by expressing
the thyroid activity at the end of the (n+1)’th time interval, A +1° in terms of the
thyroid activity at the end of the preceding time interval, Aj, and the activity

ingested at the beginning of the (n+1)’th time interval, Cn+1:
A < (An+ an+l) e-%E[Tml -Tn]

The above equation was used to predict thyroid activities by letting n take onAv
successive values from zero to 18, setting f equal to 0.19 and A equal to
0.693/Tg, with Tp being equal to 7.3 days, the average effective half-life-
for all subjects. The actual activities found in the milk were corrected for

[a] The assumption of instantaneous uptake results in a model which predicts
thyroid activity as shownby the dashed curve in Figure 11 whereas the actual
thyroid aétivity is clearly approximated by the dotted curve.
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decay to the time of consumption. The time intervals used were those between

thyroid measurements. In -Figure 11 the centers of the circles represent the

calculated thyroid activities and the other pointsthe measured thyroid activities.
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Fig. 11 Thyroid activity prediction model.

Daily spot urine samples were col-
lected at the time of the thyroid counts on
all the subjects. Samples, usually 75ml,
were analyzed by the routine well-
counting procedure used for gross gam-
ma determinations at the NRTS. Repre-
sentative curves of urine excretion of
1-131 activity are shown in Figures 12
and 13. The scatter of data fromuri- -
nalysis compared to the direct thyroid
activity determinations is readily ap-
parent. This effect possibly may be due
to biological excretion factors which
were not controlled on spot sample de-
terminations. Counting statisticalvaria-
tions does not account for the variability
notéd. The excretion curve follows more
closely the intake curve of 1-131 than
the thyroid activity. It reflects the 80
percent of I-131 which is not incorporated

into the thyroid. The curve reached a peak at about 72 hours after the initial intake
of the milk samples. There followed an exponential fall in activity which relates
to the milk intake activity. The advantages of using direct thyroid counts in
this situation precludes any practical use for urinalysis data except possibly as
a rough screening methodin populations where direct counting apparatus is not

immediately available.

The radiation thyroid dose received during the course of this experiment
was calculated for each of the subjects using the in vivo thyroid counts. The
results were as follows: Volunteer 1 received 0.38 rad, volunteer 2 - 0.23 rad,

volunteer 3 - 0.42 rad, volunteer 4 - 0.63 rad, volunteer 5 - 0.36 rad,

volunteer 6 - 0.32 rad, and volunteer 7 - 0.39 rad.
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Vi. DATA ANALYSIS AND COMPARISONS

1. METEOROLOGICAL EVALUATIONS OF
AIR CONCENTRATION AND DEPOSITION DATA

1.1 lodine-131 Dispersion
The analysis of the air concentration and the deposition data indicated that

the iodine-131 was kept over the sampling grid during the period of release. This
is shown by the isopleths of deposition on the vegetation in Figure 14. It is
apparent that there isa slight maximum of iodine-131 in the center of the plot with
a tendency for this maximum to veer slightly from left to right downwind. The
variation of both the activity of iodine-131 onthe grass and the air concentration
laterally across the grid are shown in Figures 15 through 20. The deposition
data are in terms of picocuries/gram while air concentration units are in terms
of total integrated dose (uCi = sec/ma). Part of the air samplers on the right
side of arcs A and B were found not running upon the termination of the test and
the data from these have been excluded. The missing parts of the arcs are shown
by the dotted lines. The air concentration and grass deposition on arc A show that
up and down fluctuations predicted by Figure 4, are due to the proximity of the
generatbrs to the particular air sampler and grass sample‘which shows the
highest readings. The other arcs show rather smooth distribution of air concen-
tration and deposition across the plots. The deposition measurements in Figure
14 show that about six times as much iodine-131 activity was measured as pre~
dicted, when compared to the computed values in Figure 5 after converting the
latter values to deposition per unit mass. Half of this is accounted for by the
increase from 0.5 as planned to one curie for the total release. The main varia-
tion, about a factor of three, is apparently due to the larger deposition velocities
measured than were used in the design of the grid, 0.2 cm/sec.

The crosswind integrated deposition and air concentration were obtained by
integrating the area under each lateral distribution of these parameters shown in
Figures 15 through 20. The missing parts of arcs A and B for the air concen-~
tration data were estimated assuming symmetry. The change of the crosswind
integrated deposition and air concentration with distances is shown in Figures
21 and 22. It can be seenthat the deposition decreases more slowly with distance
than does the air concentration. The reasonfor this is not known since no specific
attempt was made to measure the particle size of the 1odine-131. but there is

an indication that the deposition velocity is increasing with distance.
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Fig. 14 The isopleths of measured lodine-131 activity on the grass in terms of pCi/g. Isopleths
are labeled by the horizontal numbers (x-100).

It appeared that most of the iodine-131 was either in gaseous or extremely
small-particulate form. The air sampler, consisting of a membrane prefilter
backed by a carbon trap, showed that most of .the activity was collected on the
carbon trap. The ratio of the iodine activity on the carbon trap to the prefilter
is shown in Table X. Except for stations A-1, C-11, and C-12 the ratios of the
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Fig. 15 Measured total integrated concentration on arcs A and B.
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Fig. 16 Measured total integrated concentration on arcs C and D.

I0b7bb8

35

DOE /HQ



25000 T | T T T I T 1 T T Lg 1 T T LA T LA 1 L T T
| ARC A-o
i LRC B-O -
20000
15000
N i -
»
QL
5 L -
o
S
g - .
10000 \. SJ‘
| L0
5000 /
I ,G/C\/V \ |
! \,
1 I J ) J 1 L__J i k. ¥ — 1 i A l ‘&n, L L 1

O|5O 100 50 0 50 100 150

CROSSWIND DISTANCE (meters)

Fig. 17 Measured deposition of {odine-131 on the vegetation on arcs A and B.

carbon trap to the prefilter activities are fairly constant to arc D. On the average

it appears that between 65 and 75 percent of the activity was collected on the

carbon traps out to arc D, whichis 300 meters downwind. Between D and T there
was a change of this ratio. Arc T was a distance of about 1000 meters downwind.
The reason for this change between arc D and T can only be speculative at this
time but there may have been some change in particle size or the compound of

jodine that existed between the two arcs.
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Fig. 19 Measured deposition of {odine-131 on vegetation on arce III, IV, and V,

Ten air samplers of a different type were operated in this test by General
Electric Company personnel, Hanford Atomic Power Laboratories, Richland,
Washington. Each sampler was composed of a membrane prefilter, a silver nitrate
treated section, and a charcoal bed, respectively. The total iodine air activity,
consisting of the sum of the three stagesonthe Hanford-type filters, compares,
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Fig. 20 Measured deposition of todine~131 on vegetation on arcs C and D.

quite well to the sum of the prefilter and carbon trap measurements made with
the NRTS high volume air samplers. Table XI shows this comparison for the
average data for each arc. Since the two different samplers were not located at

exactly the same locations, it was not possible to compare individual stations

but rather the average for the appropriate sections.

1.2 Deposition Velocities

The deposition velocities were computed for every air concentration and
vegetation sampling station. In addition a total of 11 samples of deposition on
the bare soil was collected, in whicha 0.1-meter slice of top soil was extracted

and analyzed. The locations of the soil sampling stations are shown in a later
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Fig. 21 The crosswind integrated deposition on the vegetation as a function of distance downwind.

table. The deposition per unit mass of vegetation was converted to deposition
per unit area by multiplying by the density of grass, 150 g/mz.
The results of deposition velocity computations are shown in Table XII, It
can be seen from the table that.'there is a mean value of about 0.6 cm/sec. The
mean value seems to have some variations with distance. The mean value in-
creases steadily out to the limit of the arcs in which deposition and air sampling
data were measured at the same locations, exceptfor the first arc. The anomolous
behavior of the first arc may have been due to source effects. The ensemble (

average value of (.61 cm/sec is three times the value originally assumed
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Fig. 22 The crosswind integrated concentration as a function of distance downwind.

in the designing of the experiment, 0.24cm/sec. The ratio of depositionveloc-
ities on the soil to that over grass, although quite sparse in number, is
shown in Table XIII and seems to be on the order of unity, The one sampling
station, D-2, apparently is not representative and has beeﬁ discarded from .t.he
analysis. The average ratio of the deposition.velocity on soil to that over grass
is 1. 38 These values of the deposition velocity appear to be in reasonable
agreement with those reported by other authors. A, C. Chamberlam[ ]has

recently summarized the results of many investigations into the deposition of
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TAELE 7. (

RATIOS OrF CAREON TRAF TO PREFILTER MEASUREMENTS
0.y THE HIGH VOLUME AIR SAMPLERS

Arc .
Station A B c _D _T
1 0.88 1.05 2.67 1.4k6
2 1.82 3.25 2.46 1.01
3 ' 2.08 2.31 "1.60
4 2.24 2.72 1.L0
5 2.05 2.52 1.15

6 2.k2 L 2.68

7 £.32 £.30 2.50 2.98

8 z.3¢ .28 2.96 2.79

9 .63 .18 3.78 3.26

10 £.06 .65 2.26 2.73

11 2.5z .2l 0.20 [a] 2.27

12 1.64 z.0z 0.31 [l 2.13

13 .2z

Average £.12 £.25 2.46 2.63 1.32

[a] Omitted from ths averarse

TABLE XI

COMPARISOL OF AIR CONCENTRATION VALUES BETWEEN THE
HANFORD AND NRTS SAMPLERS

No. of Total Integrated Concentration Ratlo .
ARC Samplers (pci-sec/m3) (Henford /NRTS )
NRTS . ) Hanford
A 4 322 251 0.78
B b 12k 132 1.06
o 1 55.1 62.1 1.13
D 1 44,9 31.8 0.71 (
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TABLE XII

DEPOSITION VELOCITY COMPUTATIONS

Sta ST Dep,. Sta. DOSE Dep
No ucysqg/zj WCye” ngcm/s) No. uCi/sec/u:j n m2 — Ys(cm/a)
A-2 1.00 x 102 3.95 x 107! 0.40 B-7 1.46 x 102 2.45 x 10° 0.17
- -1
A-T 3,08 x 10° 3,27 x 1oO 1.09 B-8 1.18 x 102 5.13 x 10 0.43
A-8 1.6k x 10° 1.7 x 10°  0.60 B-9  1.50 x 10°  4.18 x 107! 0.28
A9 2.79 x 106 z.08 x 10°  0.76 B-10  1.05 x 10°  3.52 x 107} 0.34
A1l 2.70 x 100 2.10 x 10° 0.78 B-11  5.00 x 10*  2.51 x 10°% 0.50
A-12 1.37 x 1¢° 9.L0 x 107 0.69 B-12  3.46 x 10 1.64 x 107} 0.47
A-13 1.36 x 10t 7.80 x 107% 0.57
Average 0.70 Average 0.37
0 -z 0 -2
c-1 3.3z x 10 1.53 x 10 0.46 D-1 2.24 x 10 2.30 x 10 1.03
c-2 .03 x 10t &.67 x 1072 0.4% D-2 9.8% x 1o° 8.k2 x 10'2 0.86
1 - -2
c-3 2.4 x 10 1.0 x 2070 0.60 D-3 1.5% x 10°1  7.50 x 10 0.49
c-4 5.29 x 100 £.56 x 1071 0.78 D-4 1.80 x 100 1.99 x 107} 1.1
c-5  3.78 x 1¢0 2.5 x 167° 0.70 p-5  2.42 x 100 1.09 x 107% 0.L5
c-7  6.21 x 16°  z.3s x 17} 0.54 p-6  3.27 x 100 1.67 x 107+ 0.51
- l -
c-8 6.07 x 10> 2.55 x 1671 o0.k2 p-7 3.08 x 10 1.55 x 1071 0.50
c-9 3.2k x 10* 1.67 x 107t 0.52 D-8 2.5% x 101 C1.45 x 107! 0.57
c-10  2.66 x 100 1.1 %107t 0.53 D-9 1.8 x 10* 1.41 x 107% 0.78
- .- S2
el 207 xict 5.6 x260 2.8 81 pao 126 x100 872 x 10 0.69
c-12 1.1 x 1070 7.20 x 1670 6.49 [a) D-11 1.05 x 1ol 9.19 x 1072 0.87
D-12 6.89 x 10° 5.66 x 1072 0.82
Average 0.55 Average: 0.72

[a) Excluded

froz analysis.

Grand average - 0.61

Median velue - 0.5

iodine-131, which seem to indicate that iodine-131 in a purely gaseous form will
deposit at about 1 cm/sec. The Windscale accident . expex;ience indicated that
values on the order of 0.3 to 0.4 cm/sec were appropriate. Planned experiments
at the NRTS and also experience from the SL-1 accident indicated values at
about “0.1 to 0.2 cm/sec would apply over sagebrush [3]. These latter data were

found, however, under more stable atmospheric conditions andcould be expected

to be somewhat less,
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TABLE XIIT

SOIL TO VEGETATION COMPARISONS OF DEPOSITION

Station Vegetation Deposition Soil Deposition

Number WCi /i uCi /o Soil/Vegetation
A-S 1.95 1.49 0.76

A-8 1.17 2.50 2.1k

B-L 0.54 0.32 0.59

B-9 C 0.2 0.85 2.02

c-3 0.1k 0.11 0.79
c-10 0.1k 0.15 1.07

D-2 0.08 (0.01) (0.125)[a]
D-11 0.09 0.20 2.22

B- 0.28 0.39 1.03

C- 0.31 0.50 1.61

c- 0.16 0.25 : 1.56

Average 1.38

[a] Not included in the average.

Ecological surveys indicated that about 16 percent of total surface area was
covered by the grass, the remaining 84 percent being exposed soil and small
surface debris. By plotting the crosswind integrated depositionagainst downwind
distance, the total amount of iodine-131 deposited on the grazing plot between
the 50 and 300 meter arcs can be estimated. This value is about 1.5 percent

of the total iodine-131 released. Another 11.2 percent of the iodine-131 was

estimated to have been deposited on the ground surface in this area from the few '
measurements of soil collected. This indicatesthat betweenthe 50 and 300 meter

arcs a total of 12.7 percent of the released iodine-131 was deposited.

The vertical change of concentration of jodine~1311inair was measured at one -

point on a six-meter mast, located halfway between stations B-5 and B-6. Low
volume air samplers wereused to obtain theseair concentrations which are shown
plotted as a function of height in Figure 23. The air concentration rises to a

maximum at about three meters and then gradually decreases. A nearly linear
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Fig. 23 Total Integrated concentration versus height.

change of air concentration with height is experienced below three meters. The
height of the maximum appears to be roughly equal to the average height of the
iodine generator line above the flat part of the grazing plot. Theodolite tri-
angulations from the six-mefer tower indicated that the generator line was.on
the average about three meters above the grazing plot, varying from about two
meters at one end to about five meters at the other end above the plot. The iodine
generator line was near the base of the ridge which formed the upwind end of the

grazing plot.
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A number of flat plates covered with different types of surfaces were placed
at various points to compare the deposition on the plates to that on the grass.
These plates were 25 x 25 cm, covered with sticky paper, a fine quartz sand
spread over sticky paper, and charcoal powder spread over sticky paper. The
ratio of the deposition velocities on carbon plates to that over sand and sticky
paper plates as well as vegetationis shownin Table XV. All the different types of
sampling media were placed as close together as possible. The sand-covered
plateé usually recorded a slightly higher total deposited activity than the sticky
paper plate and the charcoal-covered plates showed considerably higherthan
either. The ratio of the deposition on the charcoal-covered plates to that on the
grass Is near unity with some scatter of values. This scatter is shown in Table
XIV which shows the ratio of the carbonplate to grass deposition velocities. The
standard deviation of the grass and carbon plate deposition velocities were 0.20
and 0.17, respectively, indicating no significant superiority of one type sample
over the other as far as reliability is concerned. The isopleths of deposited
activity on the carbon plates in Figure 24 show an appearance quite similar to
the isopleths of vegetation deposition given in Figurel4. It appears that charcoal
covered plates may be suitab]e for estimating the deposition rates of iodine-131

on vegetation.
TABLE XTIV

RATIO OF CAREZON FLATE TO VEGETATION DEPOSITION VELOCITIES

(24 measurements)
Ratio 0.25-0.z2¢% 0.50-0.7h 0.75-0.99 . 1.00-1.24 1.25-1.49
1.50-1.75  1.75-1.99  2.00-2.2L

Frequency
by number 2 4 9 it 3

1 0 1

1.3 Prediction of Deposition Velocities from Micrometeorological Variables
The theoretical prediction of deposition velocities is an extremely compli-

cated problem to formulate. Some of these attempts have recently been sum-
marized by Chamberlain [2]. If it is assumed that the ratio of the vertical flux
to the vertical gradient is the same for the gas or vapor as it is for atmospheric

_ momentum transfer, and that the boundary conditions are the same, and that

the vertical profiles of concentration and windspeed are identical in shape, the
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