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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 
h:. 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 pr ime objective being to measure the amounts of radioiodine through the 
air-vegetation-cow-milk-human chain. This paper deals with the f i rs t ,  o r  

preliminary, experiment in  the CERT ser ies  a t  the National Reactor Testing 

Station (NRTS) in southeast Idaho. The preliminary experiment consisted basically 
of releasing radioiodine ( iodine-131 ) 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. I t  was desired from this 
experiment to determine if the experimental design would establish, under 

known natural re lease conditions, three basic relationships: 
(1) The amount. of radioiodine in the a i r  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 af ter  

drinking the milk. 
Two 4.6 x 1 0  4 2  m pasture a reas  with an  initial g ra s s  density of 150 g/m2 and 

an average height of 13 cm were established, one for contamination (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 source. 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 g rass  and new surroundings for two weeks prior to 

placing them on the contaminated pasture. The cow% 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. Human thyroid actfvities 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 a n  average wind speed of 6.6 meters  

per second. 

About 13 percent of t h e  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 surface 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. 

3 2  Controlled grazing, which consisted of daily changes of 2 x 10 m crosswind 

grazing strips,  progressed from 300 meters  downwind, toward the source, 
permitting quantitative measurement of grass consumption and activity. The 
effective half-life on grass  was found to be about 3.5 days. The ueffectiven 

cow consumption measurement, which represents 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  @Ci/l:pCi/g)was 240 { 
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 i n  the series will employ the same general 

procedures in  investigating the behavior of radioiodine under various meteor- 
ological and physical conditions. 
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t 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 a r e  directed toward the fate of radioiodine after release from its 
point of origin. Studies in the laboratory can yield only limited information 

which can be applied to a large segment of a natural environment. When radio- 
iodine is released into the environment, the s ize  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 a r e  encouraging. Further 
controlled environmental radioiodine tes t s  a r e  being designed which will 

yield more general information. The CERT project i s  aimed a t  furnishing 
radioiodine information directly applicable to the NRTS and i ts  environs in 

practical ways. These include establishing a basis upon which rapid, accurate 
decisions can be made during and af ter  an accident situation, as an aid to 

developing realistic NRTS reactor siting criteria, and in  the preparation and 
review of safety analysis reports. 

1 

i 
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11. CONSIDERATIONS I N  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 Yconditions”, were discussed. One 

was to utilize large a reas  of Crested Wheatgrass (Agropyron desertorum) which 
a r e  in  existence as  a result  of noxious weed control programs, and the other 

was to establish, maintain, and utilize pasture grasses in accordance with 
local practices. 

Both these approaches had merit .  The overall project was divided into 
the “open-range!’ phase, with which this report  deals, and the “established- 

pasture” phase, which is presently in the construction stage. 

After surveying various open-range areas ,  an a rea  was chosen which 

had good grass ,  accessibility, a safe release area,  and would not likely be 

affected by reactor operation. This a rea  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 radioiodine was released. 
The selected pastures were mowed to a uniform height of 10 centimeters 

to remove and pulverize previous years’ growth of grass and sagebrush. Using 
information obtained from various sources, i t  was determined that about two 

thousand square meters  would be needed to feed six cows for  one day. The 

pasture a reas  were fenced with battery powered electric fencing. These area6 
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 

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

2. DESIRED MEASUREMENTS 

c 
In planning the CERT project, it became evident that the information 

desired could be broken into three major categories. These a r e  the relationships 

between: (a) quantity of radioiodine in the air and the amount on the sol1 and 

I 

I 0 b l b 3 5  2 



i 

N AT I 0 N A L REACTOR T E S T I N G  STATION 

Fig. 1 Map of NRTS showing location of preliminary CERT experiment. 
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Fig. 2 Layout of CERT experimental area. 

I 

vegetation; @) 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 thyrold 
after ingesting the milk. With these three relationships in mind, arrangements 

were made to measure the following parameters  during the preliminary 

experiment: 

I 

(. 
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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, ra tes  and quantities of consumption of 

the grass ;  
(3) The concentrations of radioiodine pe r  unit volume of a i r ,  the 
chemical and physical form of the released isotope; 

(4) The amount of radioiodine deposited on the soil per  unit area; 
(5) The ra te  of uptake of radioiodine in milk and milk production 

rate; 

(6) The effective half-times of milk activity; and 

(7) The ra te  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. 

I O b l b 3 8 ;  
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1 1 1 .  P R E R E L E A S E  P R E P A R A T I O N S  

1. METEOROLOGICAL PLANNING 

Meteorological studies were undertaken a t  the CERT si te  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 of events, the most accurate weather forecasts possible were 
required. 

Wind data collection at the CERT si te  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 FacilitiesArea (CFA), which is about 11 kilometers 

NW of the CERT site. Comparisons of meteorological data a t  CERT and CFA 

were made. This method w a s  used for the Special Power Excursion Reactor 
Test (Spert I) destructive test i n  the fall of 1962, and proved quite satisfactory. 
The experiment &as 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 t ime after meteorological conditions were 

suitable. I t  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 experiment. 
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 e 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 i t s  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 a t  CFA. 

The corrected frequency of the maximum direction, WSW (ll), observed a t  

> 

CERT was 28.6 percent. The next most frequent direction was west (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 a reas  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. T w  forecasts a day were made. A ten-hour forecast  was issued 

at  0830 MST and a 27-hour forecast issued a t  1530 MST for the next day. Six 
morning forecasts and five afternoon forecasts were all that were issued before 

the tes t  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 O F  GRID 

It was desired to have as uniform as possible lateral  distribution of iodine- 

131 upon the vegetation and soil over the entire test area. Further, a s  the cows 

were allowed to graze on narrow str ips  beginning with the outermost s t r ip  (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 
3 4 activity in the cows' milk between 10 to 10 picocuries per  l i ter  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  apar t  

along the upN4nd 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 q u a l  in length to the 150-meter width 
of the iodine release line, plus an additional loo spread from the source line 

to allow for  lateral  plume dispersion, Twelve high-volume air samplers were 

equally spaced on each of the f i rs t  four air sampling a r c s  and five air samplers  
were operated on the 1000-meter arc. Deposition surveys were made along the 
first four sampling a r c s  and also along an additional five a r c s  placed between 

M b l b 4 O  
7 

D O E M ?  



c the a i r  sampling a rcs .  The entire air and vegetation sampling grid is shown 
in Figure 3. 
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A 16-meter tower N a s  installed just off the east  side of the test  plot for 
mi c r 0- met eo r o 1 o gi c a 1 ob s e rxa t i on s pertinent to c a 1 c u 1 at i o n s of d i s p e r s i on and 

deposition. High-speed bivanes were installed a t  the 1 and 16-meter levels 

for the recording of the vertical and horizontal fluctuations of the wind direction 
a t  those two levels. The vane has a time response of 0.5 second, so that eddies 

with a period of one second o r  longer are recorded. This information is recorded 
on a multi-channel, high-speed data acquisition system, in which the information 
i s  stored on punched tape. Wind speeds were recorded at the 1, 4, and 16-meter 

heights by Beckman and Whitley anemometers. The a i r  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: 

,2 Q 

1 
Cy x 2-n) 

2-n Y2 (1) A i r  concentration (x): = X 
T c y  cz ij x =P (- 2 

(2) ActiFlty on the g r a s s  (Dep): Dep = Vg/X 

(3) Activity i n  the milk (C): C = 50 Dep 

The values of the parameters  used were as follows: 
- Lateral dispersion coefficient = 0.35 C 

Cz - Vertical diffusion coefficient = 0.35 
Y 

u - Wind speed = 7 m/sec 

n - Stability parameter = 0.2 

- Deposition velocity = 0.002 m/sec 

d - Vegetation density = 50 g r a m d m  

Q - Source strength = 0.1 curies per generator 
X - Air concentration 

V 
g 2 

The ratio of activity in  milk to activity on grass (picocuries per  liter to pico- 
curies per  gram) was assumed to be 50 [’I. The concentrations and expected 
deposition were computed by adding the contributions from the five source8, 

l O b l b 4 2  9 
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each being 0.1 curie.  The estimated 
activity on the grass  at  the several 

sampling a r c s  is shoHn in  Figure 4. 

The expected activity on the grass  for 
each s t r ip  a t  the time of grazing was 

estimated from the initial deposition 
and the radioactive decay, and is shown 

in  Figure 5. It  can be seen from the 

constants given above that iodine-131 

activity in the milk of 10  picocuries/ 

l i ter  should be expected from the f i rs t  
4 day's grazing. A level of 1.5 x 10  

picocuries/liter in the milk should be 

expected from the last  day's grazing. 
A re lease time of between 30 and 60 

minutes was planned so that the normal 

wind direction variations could smooth 

4 

Fig. 4 Computed deposition of lodine-131 on 
the vegetation at several downwind distances 
for the design of the grid. 

the activity a s  much a s  possible over the plot. Comparisons of the actual 

measured deposition values to thosepredicted in Figures 4 and 5 are made below. 

4. Ah'IhlXL AND EQUIPMENT ARRANGEMENTS 

4.1 Equipment 

A 4 x 7 meter metal building (barn) was  erected on temporary foundations 
about halfway between the hot and cold pastures. Lanes were conducted from 

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

constructed of picket-type snow fencing. Two trai ler  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 %hange room". 
Electric power to the barn and. t ra i ler  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. 
1 

c 
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N - t  C 

- c v, 0 - c , = c ~  i = 7 m / s  
a 

' W  - n = 0.20 Vg = 0.002 m/s 
0 

- Q=IOspC; FROM EACH GENERATOR 
- SEPARATION OF GENERATORS: 3 0 m  

- 15.25 m/doy 
GRAZING STRIP MOVING RATE: 

PLOT SIZE=ISOrn X 305m 

DEPOSITION REMAINING 
FOR GRAZING 

\ 
DEPOSITION REMAINING 
FOR GRAZING 

DISTANCE DOWNWIND FROM SOURCE (meters) 

Flg. 5 
for cow-intake at the time of grazing. 

The estimated deposition of iodine a s  a function of distance initially and also available 

4.2 Animals 
Six 1200 - 1600 pound f resh  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 a t  the NRTS. The cows also had available blocks of iodized 

salt. Milk production of each cow was recorded throughout the test. 

11 



5. PRELIMINARY GRASS MEASUREMENTS 

5.1 Quantity 
Just  pr ior  to the time the cows were placed on the cold pasture, the grass 

quantities were measured. Random sampling was carr ied 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 f resh weight, air-dried for 15 to 20 days, and 
reweighed. This was done three times during the test to measure growth changes. 

A t  the time the cows were placed on cold pasture, the average grass  height was 
2 2 13 cm and produced 130 g/m fresh weight and 46 g/m dry weight [a]. 

5.2 Background Activity 

Random samplingswere taken from both the cold and hot pastures pr ior  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 f resh  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 thecenter line and two radiating from 
i t  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 activities 
as a re  listed in the preceding section. 

[a] This f i rs t  series of measurements was made by clipping the grass down ta 
a 5-cm level, ra ther  than a 10-cm level. When the cows started grazing the 
grass ,  i t  was noted that they grazed down only to 10 cm, so  the system was 

changed accordingly. 

, c 
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7. IODINE 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 a s  "sparging" (le, to bubble a relatively nonreacting gas through 
a solution which purges another gas  o r  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 car r ie r - f ree  Na 1-131 solution were obtained from Oak 

Ridge. When the radioiodine was received, NaI carrier and additional sodium 
sulfite was added to maintain the iodide in the reduced state. 

AD JU STABL E GLASS 7 U B E  
FLOW VALVE 

RELEASE POINT - 
- - ASPIRATOR F L A S l  

1 

M E T A L  POST , 

COMMERCIAL 
WATER PUMPED 
NITROGEN * 

I not t o  scale 

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 of iodine-131 under strong lapse 
conditions (n = 0.2) and @) a moderate wind speed (7 m/sec). "his analysis 

showed that the expected inhalation dose a t  any NRTS facility which could 
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conceivably be affected would be less  than 1 mrad, and that the maximum dose 

from milk ingestion off-site also would be l e s s  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 from cows grazing on the contaminated 
pasture for a period of two weeks followingthe single iodine-131 release afforded 
a n  opportunity to follow the radioactivity chain to humans. 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 radiation doses to 
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 fromcows 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 a s  in milk. 

Six male and one female volunteers were interviewed for  initial medical 

history. There was no history of thyroid disease in any of the volunteers. Basa l .  

metabolism ra tes  and radioactive iodine uptake studies or other thyroid function 
tes ts  had never been performed on any of them. 

A history survey also was taken for  sourees 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 

c 

t 

I 
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addition, volunteer KO. 2 was supplementing his diet with two kelp extract 
tablets daily. This material was labeled as containing 0.1 mg iodine per tablet. 

Volunteer KO. 4 had been using plain table sal t  (not iodized) regularly at home 

since the fall  of 1962. Volunteer No, 1 was using sal t  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 f rom 29 to 43 years  of age. They were all of average height 

and weight. Volunteer No. 2 was sllghtly overweight but otherwise each member 
of the group was within the desirable weight l lmlts established by a major life 

insurance company. 
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IV .  RELEASE CONDITIONS 

1. 'METEOROLOGICAL CONDITIONS DURING T H E  T E S T  

The average meteorological cor.ditions during the release of iodine-131 

(1355-1545 MST) over the sampling grid a r e  shown in Table I. The turbulence 

parameter values a r e  shown in Table 11. 

TmLE I 

AVEXGE bETEOROLOG1CA.L DATA DURING RELEASE 

Winds Temperatures 
Location HeiEh: ( E )  Direct ion ( " )  Speed ( m / s )  ("c)  

Grid 6 242 6.6 

Tower 1 23 1 5 -2 22.3 

Tower 4 2 j 6  7 *1 21.1 

Tower 16 23 5 8.4 20.5 

TABLE I1 

. .  Height 6 i v ar. 5 S r.0 h 2-2 D e  v i e ti on s Log Linear Wind 
(m) ( &g.ree c. ) P r o f i l e  Evaluation 

0 , l i  u * [a1 W = 61 cm/s 

1 20.0 8.0 Zo = 3.1 cm 

16 11; .3 6.1 R .  = -0.07 (1-16111) 
1 

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

uo - hor izonta l  wind d i r e c t i o n  s tandard devia t ion  

- v e r t i c a l  win6 d i r e c t i o n  standard devia t ion  

W - f r i c t i o n  ve loc i ty  

- roughness length  
zO , 

- Richardson number Ri 
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2. RADIOIODINE RELEASE 

Jus t  prior to the time of re lease five drops of 30 percent sodium sulfite 

and 5 mg of sodium iodide ca r r i e r  (to dampen side reactions) were added to 
a 1-curie solution of the NaI-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 o f .  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 t h e  flow ra tes  of the nitrogen were 

adjusted so that the iodine was released over a period of 30 minutes. The release 
ra te  was monitored through the use of pre-calibrated 'Cutie-Pie" type portable 
ionization chamber instruments. Final readings indicated that about 95 percent of 
the total radioiodine v a s  released, 
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V .  P O S T - R E L E A S E  D A T A  

1. METEOROLOGICAL 

The wind speed, a i r  temperature, and hourly precipitation were recorded 

for several weeks after the tes t  for possible meteorological evaluation of the 
change of the iodine-131 activity on the grass with time. 

The hourly precipitation is shown in Table 111. The record from the rain 

gage commenced on the afternoon of May 29, two days after the test. However, 
no precipitation was observed in the a rea  during the two days following the test. 

26 
el 
24 

e9 
w 
51 

1 
2 

5 
4 

> 
6 
7 
0 
9 
10 

2.l 
I2 

u 
14 
15 

l6 

-- _ _  _ _  
0.4 
0.m 
0.17 

0 .W 
0 
0.10 

0.53 
0.m 

0.24 

0.q 
0.10 

0.- 
0.63 

0 
0 

0 
0.U 
0.29 

0 

A more detailed tabulation of the wind and temperature is shown in Table IV. 

The turbulence quantities, u 8 and u 0 ,  shown in Table I1 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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W i  na s 
(5 n i n .  averages)  

Tower 

GriS 

254 

261 

245 

253 

2; 7 

244 

228 

225 

25 7 

240 

. .  

7 06 

8.1 

7 .i 

6.7 

6.3 

6.3  

5 .e 
5 .E 

6.3 

6 .:* 

Averege : 

242 6.6 

4n 
DD W - -  
248 8.5 

253 6.1 

243 7.2 

243 7.2 

2:5 6.7 

255 6.7 

225 7.2 

225 6.7 

szg 6.3 

230 6.3 

236 7.1 

16m 
DD W - -  
242 9.8 

252 11.2 

240 8.5 

235 8.1 

236 8.1 

227 7.6 

232 8.1 

225 8.1 

223 7.2 

233 7.6 

235 8.4 

[a] DD - Direct ion (degrees) 

[bl W - Velocity (n /sec)  

Temperatures ("C) 
( 4 m i n .  instantaneous) 

Tower 

lm - 

22.4 

22.7 

23.4 

22.6 

22.3 

22.0 

21.4 

21.1 

21 .g 

22.4 

23.1 

22.5 

22.3 

4m 

21.2 

20.9 

21.7 

21.3 

21 .o 

20.9 

20.5 

20.5 

20.8 

21.2 

21.3 

21.1 

21.1 

1 6 m  - 

20.4 

20.4 

20.6 

20.4 

20.2 

20.3 

19.8 

20.4 

20.3 

20.4 

21.4 

20.7 

20.5 

and deposition processes over the sampling plot. The variation of the horizontal 

and vertical wind direction standard deviation, 00 and u @ ,  with averaging 

t ime is shown in Figure 7. The average t ime of travel from the iodine-131 

release line to the various sampling a r c s  on the plot was about 30 seconds. 

The Lagrangian-Eulerian time scale factor, f3, has been found in previous 
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cn a a 

Fig. 7 The variation of the horizontal and vertical wind direction standard deviation, u0 and 06, 
with averaging time for two helghts. 

studies at  the NRTS to have a value of about three. This means that an ap- 

propriate averaging t ime for  the .wind direction records before computation 

of gustiness would be about 10 seconds. These standard deviations obtained 

from Figure 7 a r e  probably more appropriate than the standard deviations. 

from instantaneous readings listed in Table 11, and will be used for  the compu- 
tation of deposition and dispersion quantities. 

The wind profile with height was non-logarithmic 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, a r e  obtained. (% 

t O b l b S 3  
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Both a r e  useful i n  characterizing the roughness of the site and the turbulence 

in  the lower layers. The value of the friction velocity, 6 1  cm/sec, derived 

from the measurements, is typical fo r  a moderately unstable atmosphere. The 

grazing plot was 150 meters  wide and 300 meters  long and was flat. However, 

the terrain in that a rea  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  a rea  Itselfwas covered by grass plants about 
25 cm high at the time of the test. The g ras s  was observed to have grown to 
greater  heights at later times. There wereabout7 to 10  plants per  square meter 
of surface with an average weight at the time of the test  of about 150 g/m2. The 

Zo 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 folloblng description: Nine crosswind sampling arcs, or  lines, inter- 

sected the pasture downnjnd from the release point; a r c s  designated A through 

D (Figure 3) were both a i r  and vegetation sampling a rcs ,  with grass samples 

collected at  the base of the a i r  sampling locations; a r c s  designatedbyRoman 

numerals were vegetation sampling points only. In effect, such an arrangement 
yielded four a i r  sampling a r c s  and nine vegetation samplhg  arcs.  On a r c s  I 

through 111 the vegetation samples were collected at approximately 23-meter 
intervals. On a r c s  IV and'V, the samples were collected a t  24-meter intervals. 
Each vegetation sample was composed of portions of several  different clumps 

of grass selected at  random, ratherthanonlyone grass  clump cut in its entirety. 
The grass  was cut a t  varying heights, but never lower than about 10 c m  from 
the ground. Each sample was placed in a plastic bag, weighed, and placed inside 
a one-quart ice c ream container for  counting. The bag a s  well as the grass was 

counted, thus avoiding iodine loss. Countingwas done in the well of a 5- x 5-inch 

thallium-activated sodium iodide 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 

terms of picocuries of iodine-131 per  

gram of grass .  

2.2 Daily Sampling 

The pasture was divided into s t r ips  
for grazing and each s t r ip  (with on, ex- 
ception) was sampled daily to determine 

the activity on the grass.  These samples 
were collected the day before the s t r ip  
WEIS opened to grazing, in accordance 

with the procedures described. 
The samples were usually counted 

around noon on the same day that the 
pasture was utilized. The samples which 
were not counted at  this time were 
corrected accordingly. Whenever cor- 

rections for decay were made, the 8-day 

half-life factor only was applied. The 

actual, o r  effective half-life of the activity 

on the grass was developed from the 
results shown in Tables V and VI. 

2 .3  Consumption Measurements 
The grass  was measured to de- 

termine the amount of grass  consumed 

per  cow per  day. Table VI1 shows the 
results. 

TABLE V 

AVERAGE GRASS ACTIVITY 
~ 

95% Confidence I n t e r v a l s  
f o r  Mean of Average 

Date Ac t iv i ty  on Pasture  
( P C i h  1 

5 -28 770 2 198 

5 -29 416 - + 164 

5 -30 

5 -31 

6-1 

6-2 

6 -3 

6 -4 

6-5 

6-6 

6-7 

6-8 

6-9 

6-10 

6-11 

No sample 

145 - + 27 

180 - + 44 

124 + 29 - 
81 - + 13 

63 + 18 - 
78 2 33 

112 + 28 

93 2 17 

86 - + 16 

- 

38 5 11 

54 5 7 

24 + 11 - 

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 lodine-131 ranged from 2.5 pCl/rn2 

at station A-8 to 0.01 pCi/m2 at station D-2. Deposition is discussed in Section 
2.1, page 21. 
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TABLE VI 

ACTn'ITY OF PASTURE W L E S  I N  pCi/g, WET WEIGHT 
m 

€4 

90 

1W 

W 

1P 

W 

bo 

lw 

Lpo 

UO 

90 

110 

- 
6-7 

im 
70 

50 

b! 

b - @  
70 

(D 

- - 

m 
im 

lw 

U O  

UQ 

im 
bo 

IDC 

% 

60 

8- b -- 
6-1- 

% P 

60 )c 

M M 

W m 
10 60 

m 60 

M m 
63 m 
)c m 
W M 

X M 

)c Lo 

hr. 
6.11 
10 
- 

)c 

)o 

m 
10 

W 

)o 

W 

0 

10 

10 

30 

TABU V I 1  

C O N S u I m I O N  MEAsmNTs 

Product i o n  Ave.  Con- 
sump t ion Pas',ure E:. 0: grams/n: 2 

Day DEL.; FLLnt Fresh A i  r- d r y  U t i l i z a t i o n  kg/day/c ow - 
2 5-24 2 4 . 5  CE 13 4 44 8@ 36.14 

9 6-5 3L cm 1% 68 55% 36 -35 

11 6-7 34.0 cm 221 82 5 6  37 -27 

4. MILK COLLECTION AND ANALYSIS 

All the cows were stanchioned in the barn at  the same time and given a grain 

supplement a t  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 
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a standard milking machine at 0600 and 

1800 hours daily. The milk was t rans-  

ferred from the milker 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 contalner 
for counting. The milker and buckets 

were thoroughly washed before being re- 
turned to the barn for the next milking. 
Bacterial counts taken on the milk showed 
this to be a very clean method (<lo00 

colonies/ml). Table VIII shows the av- 

erage milk production per day, and 
Table M shows the average iodine-131 

content in the milk per day. Figure 8 

expresses the same thing graphically. 

I I I I 

F i g .  8 Average dally iodine-131 content in 
milk. 

T B L E  VI11 

Hi@ 

Average 

L O W  

U h  

Average 

L O W  
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Average 

Low 

YLlk Production in Kilograms, Net Weight 

5-29 
8.16 

8 -33 

6.12 

6-8 
10.05 

8 -35 
5.44 

6-18 

- 

- 
9.57 

7.58 

4 -35 

- 5-30 
4 .y2 

8.22 

6.12 

- 6-9 
9 3 6  

7.88 

5.44 

6-19 
8.16 

7.85 

4.89 

1c .oj 

e .29 
5.57 

6-10 

9 *65 
- 

7.81 

5.03 ' 

6-20 - 
9 -65 

7 *31 

3.80 

6-1 
10.33 

8.45 

- 

6 -39 

6-11 - 
9 -9'2 

,.7.75 

5 -03 

6-21 

6 .go 

3.94 

- 
8.70 

6-2 
9 -65 

8.29 

5 .a 
6-12 

- 

- 
9 -65 

7.95 
4.48 

6-22 
9.10 

7 *15 

- 

4 -35 

59- 
8.16 

8.33 

5 a71 

a 
9-51 

7.47 

3.40 

8.83 

6.95 

4.48 

6-4 - 
8.16 

8.15 

5 -71 

6-14 - 
9.38 

7 *34 

3 -53 

6-24 
7.88 

6.12 

3.59 

- 

6-5 
9 -65 

8.13 

5 -98 

6-15 
8.16 

7.68 

3.94 

6-25 
8.97 

6.66 

3.67 

6-6 - 
4.48 

8.02 

5 -71 

6-16 
9.57 

7:31 
4.48 

6-26 
8.43 

6.52 

3.94 

- 

- 

6-7 
10.33 

7.61 

5.16 

6-17 
8.43 

6.52 

- 

3.94 
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0.094 

0.073 

0.058 

c.107 

0x83 

0.066 

6.: 
AY 

3-lQ33 

0.059 

-0.044 

0.029 

0.0594 

0.&45 

0 . W  

LA. 
0.054 

0.041 

0.02% 

6-7 
AM 

7-1100 

0.041 

0.W 

O.Ol& 

7-3C 5-30 
AH m 

X - F ~ J  31-1000 

0.11 0.11 

0.082 0.079 

0.066 0.064 

o.llge 0.115 

0.0893 0.083 

0.0719 0.67 

Dally Average 

-2.2% 
0.1015 

0.&1 

0.073L 

A n! 

4-0830 

0.050 

0.039 

0 2x7  

0.0521 

0.0407 

0.0261 

6-4 
M-! 

4-1100 

0.050 

0.037 

0.026 

0.0507 

0 * 0375 

0.0263 

Dally Averap;e 

6-4 

0 . u  

0.035 

0.024 

6-7 6-8 
PM AM 
-- 

8-0930 8-1003 

0.036 0.033 

0.026 0.025 

0.016 0.014 

w. 

31-1100 

0 . M  

0.071 

0.051 

0.0973 

0.072 

0.517 

2 2 . L  
0.0956 

0.0730 

0 - 0523 

6-4 
M 

5-ll00 

0 . a 3  

0.033 

0.023 

0.@455 

0.0349 

0.0243 

6-8 
PM 
- 
9-1000 

0.030 

0.023 

0.012 

22- 
PE: 

14803 

0.0% 

0.071 

0.051 

0 0939 

0.0741 

0.053 

6 -5 
AM 

5-1300 

0.038 

0.029 

0.020 

0.0391 

0,0298 

0.0205 

6-5 
0.0399 

0 0295 

0.0196 

6-9 
AM 

9-1030 

0.029 

0.022 

0.014 

6-1 
AM 

l-ogoo 

O.og4 

0.069 

0.055 

O.Og4 

0.069 

0.055 

6-1 - 
0.0847 

0.. 064 

0.0488 

+ 
6-0900 

0.039 

0.028 

0.018 

0.0407 

0.0292 

0.0187 

6-9- €n 

LO-og00 

0.- 

0.020 

0.012 

6-1 - PM 

2-0830 

0.q8 

0.058 

0.01rl 

0.0814 

0.060 

0.0427 

6-6 

0.0345 
- 

0.- 

0.0210 
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TABLE IX (Cont.) 

6-6 
w. 

C o r r e c t e d  Ac t i v l  ty  

5 g h  0.0312 

Average 0.0292 

Lov 0.02ll 

6-10 
AH 

Comt 
'piw 10-1030 

5 g!! 0.027 

Average 0.019 

Lov 0.014 

C o r r e c t e d  A c t i v i t y  

0. 0271 

Average 0.0gl 

Lov 0.01L1 

6-11, 
M. 

Count 
TiPe  14-1100 

=gfi 0.002 

Average 0.002 

L O W  0.0007 

ComccteC A c t i v i t y  

rush 0.m 

Average 0 . W  

Lov 0.0037 

6 4  
m 

0.0378 

0.a292 

0. a210 

6-10 
Ph! 

11-oBjo 

0.027 

0.019 

0.315 

0 . a m  

0.01% 

0 .0135 

6-11 
R.! 

0.0024 

0.0015 

0.- 

6-7 6-7 6-8 6-8 6-9 6-9 
AIl PM AH PM AM PM 
---- 

0.0415 0.0378 0.0332 0.0315 0 . w  O.O3W 

0.0182 0.0168 0.0141 0.0141 0.a1 O.W!OB 

0.0182 o.oi68 0.0141 0.0126 0.0125 0.0125 

Daily Average 

6-11 - 6-8 6-9 6-10 

0.0315 0.W 

0.024 0.021 

0.013 0.013 

0.027 0 . ~ 3  

0.019 0.0165 

0.0135 0.01q 

6-12 6-13 6-13 --- 6-U 6-11 6-12 
Ah! PH AH T A M  PM 

l l- l l00 12-@.30 E?-o3jO 12-1815 13-1000 14-0900 

0.0d O.MO 0.012 0.008 0.005 0.003 

0.018 0.015 0.010 0.Ood 0.004 0.m 

0.0s 0.w 0.005 0.003 0.032 0.001 

0.~~63 0.0208 0.012 0.W 0.005 0.0031 

O.Ol6l 0.0156 0.010 0 . w  0 . a  0.002 

c . o m  0.04.193 0.005 0.0031 0.002 0.001 

6-15 6-15 6-16 6-16 
tu! PM AM PM 

17-lO:S 17-1030 17-1000 17-0g30 

0.001 0.001 0.001 0.001 

0.- 0.0007 o.ooo6 0.ccq 

0.m 0.0003 0 . ~ ~ 2  0.0004 

0.0012 0.oll 0.001 0,001 

0.0007 0.0ooB 0.00065 O.ooOT5 

0.WQ 0.00034 0.00024 0.00042 

Daily Averrge 

6-16 - 6-12 6-13 6-14 6-15 

5& 0.0101 0.0040 0.- 0.00ll 0.001 

Average 0.&1 0.003 0.0017 O.ooo7 0 .ooo6 

LOV 0 . W O  0.002 0.0007 O.ooo4 0.0003 
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5. MILK IKGESTIOK 

A four-liter sample of milk was taken f rom 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 beenperformed.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 t aken  at varying intervals 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 t m  hours following each day's thyroid count. 

The activities in the milk samples used for volunteer consumption and the 

resultant average a re  plotted in Figure 9. The milk activities portrayed on 

Figure 9 a r e  plotted pertaining to the day the milk was actually drunk, but 

the activity value is shown a s  determined 24 hours ear l ier  (not corrected for 

decay since counting time). A s  noted on the graph, the cows were maintained on 

the hot pasture for 14 days. The ingested milk reached i ts  peak activity, as 
shown by counting in a calibrated well gamma counter, on the second day and 

then decreased uith 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 in the thyroid 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. I t  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 

I O b l b b 0  
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e MILK ACTIVITY AND AVERAGE THYROID ACTIVITY 
c 

c 

- MILK ACTIVITY * AVERAGE OF ONLY 5 PERSONS --E71 - 
AVERAGE THYROlD ACTIVITY OF 6 

PERSONS 3 

- 
- 

- 
\ 

- 

I 

. COWS TAKEN OFF 
HOT GRASS 

LAST- MILK 
FED 

, ~ ~ ~ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

10 15 20 25 So 35 0 5 
D A Y S  

Fig. 9 Average thyroid uptakes and milk levels. 
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Fig. 10 Individual thyroid uptakes. 
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stable iodine 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 a t  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 la]. The general 
equation giving thyroid activity a s  a function of time and total 1-131 intake is: 

A 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; C is the activity ingested a t  the beginning of the i’th time interval; i 
hE is the effective decay constant for 1-131 in the thyroid: Tn is the total t ime 
elapsed from the initial 1-131 intake (To = 0) to the end of the n’th time interval 

and Ti + is the time elapsed from To to the end of the (i + 1)’th interval. 
Because of the additional iodine added to the 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+l)’th time interval, ph +1, in te rms  of the 
thyroid activity at the end of the preceding time interval, 4, and the activity 

ingested at  the beginning of the (n+l)’th time interval, Cn+l: 

n 

The above equation was  used to predictthyroidactivities by letting n take on 

successive values from zero to 18, setting f equal to 0.19 and A, equal to 
0.693/TE, with TE 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 resul ts  in a model which predicts 
thyroid activity as shown by the dashed curve in Figure 11 whereas the actual 
thyroid activity 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 points the measured thyroid activities. 

. -  . 

t-+--------------i 

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 75m1, 
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 a r e  shown in Figures 12 
and 13. The scatter of data f romuri-  
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 s tatls tical varia- 
tions does not account for the varjabflity 
noted. The excretion curve follows more 
closely the intake curve of 1-131 than 
the thyroid activity. It reflects the 80 

percent of 1-131 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 method in 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,  voIunteer 4 - 0.63 rad,  volunteer 5 - 0.36 rad,  
volunteer 6 - 0.32 rad,  and volunteer 7 - 0.39 rad. 

l O b l b b 4  
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Fig. 12 U r l n a l y s l s  r e s u l t s .  
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Fig. 13 U r i n a l y s i s  results. 
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VI. D A T A  ANALYSIS AND COMPARISONS 

i 

1. METEOROLOGICAL EVALUATIONS OF 

AIR CONCJ34TRATION AND DEPOSITION DATA 

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

the iodine-131 was kept over thesamplinggridduring the period of release. This 

i s  shown by the isopleths of deposition on the vegetation in Figure 14. I t  is 
apparent that there is a 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 a i r  concentration 
laterally across  the grid are shown in Figures 15 through 20. The deposition 
data a r e  in te rms  of picocuries/gram while a i r  concentration units are in t e rms  

3 of total integrated dose (IlCi - sec/m ). Part of the air samplers on the right 
side of a rc s  A and B were found not running upon the termination of the test  and 

the data from these have been excluded. Themissing par ts  of the a r c s  are shown 
by the dotted lines. The a i r  concentration and grass deposition on arc A show that 
up and down fluctuations predicted by Figure 4, are due to the proximity of the 
generators to the particular a i r  sampler and grass samplewhich shows the 
higfiest 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 t imes a s  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 a s  planned to one curle  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  distributionof these parameters  shown in 
Figures 15 through 20. The missing par t s  of a r c s  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. I t  can be seenthat the deposition decreases more  slowly with distance 
than does the a i r  concentration. The reason for this is not known since no specific 

attempt was made to measure the particle s ize  of the Iodine-131, but there  is 
an indication that the deposition velocity is increasing with distance. 
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F i g .  14 The isopleths of measured iodine-331 activity on the grass in terms of pCi/g. Isopleths 
are labeled by the horizontal numbers (x..lOO). 

(. 

0 

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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CROSSWIND DISTANCE (meters) 
F i g .  16 Measured total integrated concentration on arcs C and D. 
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CROSSWIND DISTANCE (meters) 

F i g .  17 Measured deposition of iodine-131 on the vegetation on a r c s  A and B. 

carbon trap to the prefilter activities a r e  fairly constant to arc D. On the average 
it appears that between 65 and 75 percent of the activity was collected on the ' 
carbon t raps  out to a r c  D, which is 300 meters  downwind. Between D and T there 
was a change of this ratio. Arc Twas 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 s ize  o r  the compound of 
iodine that existed between the two arcs .  
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Fig. 18 Measured deposition of iodine-131 on vegetation. 
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Flg. 19 Measured depoeltion of iodine-131 on vegetation on arcB III, W, 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 meinbrane prefilter, a silver nltrate 

treated section, and a charcoal bed, respectively. The total lodlne air activity, 
consisting of the sum of the three stages on the Hanford-type filters, compare8, (. 
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Fig. 20 Measured deposition of iodine-131 on vegetation on arc8 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 which a 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 vegetatlon 88 a functlon of dletance downwind. 

table. The deposition per unit mass  of vegetation was converted to deposition 
2 per unit a rea  by multiplying by the density of grass, 150 g/m . 

The results of deposition velocity computations are shown in Table XI. 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 a r c s  in which deposition and air sampling 
data were measured at the same locations, exceptfor the first arc. The anomolous 
behavior of the f i rs t  a r c  may have been due to source effects. The ensemble 
average value of 0.61 cm/sec is three times the value originfilly assumed 
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Fig. 22 The crosswind integrated concentration as a function of distance downwind. 

in the designing of the experiment, 0.2 cm/sec. The ratio of depositionveloc- 
i t ies on the soil to that over g ra s s ,  although quite sparse  in number, is 
shown in Table XI11 and seems to be on the order  of unity. The one sampling 
station, D-2, apparently is not representative and has been discarded from the 
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. Chamberlain [21 has 
recently summarized the results of many investigations into the deposition of 
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TkELE Y. 

Arc 
S t a t  i o n  C D - 

2.67 

2.31 
2.72 
2.52 

2.68 
2.98 

2.79 
3 2 6  

2.46 

2 -73 

T 
0.85 

1.65 
1.05 

3 -25 

2.08 

2.05 

2.42 

2.50 

2.96 

3.78 
2.26 

2.24 

1.46 
1.01 

1.60 
1.40 
1.15 5 

6 
7 
6 

9 
10 

r z -, c .,- 
i .32 

i .63 
i .06 

0.29 [ a ]  

0.31. 

11 2.5; 

12 1.5: 
13 c .:c 

Average 2.11 

I- r c  

c P' c . C L  

2 .E 

2.27 
2.13 

2.46 2.63 1.32 

TABLE XI 

COIv"ARISOIr Or" AIR CONCEhTPSITION VALUES BETWEEN THE 
HE.Ik7O-D AND NRTS W L E R S  

T o t a l  Integrated Concentrat ion 
( p ~ i - s e c / m 3 )  

Ratio 
(Hanford/NRTS 1 

0.78 
1.06 

1.13 
0.71 

No. of 
Samplers 

NRTS 

322 
124 

- 

55 -1 
44 .g 

Hanf ord 

251 
132 
62.1 
31.8 

A 

B 

C 

D 

DOEIHQ 42 



’ !  
TABLE X I 1  

DEPOSITIOR V E L O C I T Y  C O K P U T A T I O N S  
~ 

Sta. 
No. - 

A - 2  

A-7 

A-8 

A-9 

A - 1 1  

A - 1 2  

A-13 

c - 1  

C - f  

c -3 

c-4 

c-5 

c-7 

C-8 

c-9 

c-10 

c-11 

C - l 2  

~~ 

d$f%/{ 

1.00 x 10 

3.08 x 18 
2 

2.75 x ICs 
2 

2.70 x 10 

1.9L x 10 

1.37 x 1 2  

1.36 x 10’ 

0 

2.03 x lo1 

2.41 x LO’ 
1 

1 

1 6.21 x 1C 
1 6.07 x 10 

3.24 x lo1 
1 

3.32 x 1c 

3.25 x i o  

3.7.5 x 1c 

2.66 x 10 

2.07 x i 0 - l  

1.11 x 10-1 

5.95 x 10-1 0.hO 

1-09 
0 3.37 x 10 

1.17 x 10 0.60 

2*oe x 10 0.76 

2.10 loo 0.78 

5 . b d  x io-’ 0.69 

7.00 x io-’ 
Averace 0.70 

Ste. 
KO. - 

E-7 

E-8 

E-9 

B-10 

B-11 

B-12 

r 

1.53 x 

6.f7 x 1ci-2 

1 .41  x 10-1 

-1 2.55 x 19 

Z . 6 5  Y. IC’ ’  

5 . 5 5  x 1c  -1 

-1 2.55 x iC. 

1 . 0  x 1c-1 

l . L l  k 1c-1 

5.61 I&-3 

7.20 x 10-3 

0.46 D - 1  

0.4: D-2 

0.60 D-3 

0.76 D- 4 

0.70 D-5 

0.54 0-6 

0.42 D- 7 

0.52 ~ 7 8  

0 *53 D-9 

2.81 la]  D - 1 0  

6.49 D-11 

D-12 - 
Average 0.55 

Grand average - 0.61 

Median va lue - 0.5 

1.46 x lo2 2.45 x 10-1 0.17 

1.18 lo2 5.13 10-1 0.43 

1.50 x lo2 4.18 x 10-1 0.28 

1.05 x lo2 3.52 x 10-1 0.34 

5.00 x 10’ 2.51 x 10-1 0.50 

0.47 3 . b 6  x io1 1.64 x 10-1 - 

0 

0 
2.24 x 10 

9.83 x 10 

1.53 x 10-1 

1.80 x lo1 

2.42 x lo1 
1 3.27 x 10 

1 3.08 x 10 

2.53 x lo1 ’ 

1.8 x 10 

1.26 x lo1 

1 

1.05 x 10 1 

6.89 x 10 0 

Average 0.37 

2.30 x 1.03 

8.42 x 0.86 

0.49 7.50 x 

1.99 x 10-1 1.11 

1.w x 10-I 0.45 

1.67 x 10-1 0.51 

1.53 x 10-1 0.50 

1.45 x 10” 0.57 

1 .41  x 10-1 0.78 

8.72 x 0.69 

9.19 x 0.87 

0.02 - 5.66 x 

Average 0.72 

[ a ]  Excluded from a n a l y s i s .  

iodine-131, which seem to indicate that iodine-131 in a purely gaseous form Will 

deposit at about 1 cm/sec. The Windscale accident . experience indicated that 

values on the order  of 0.3 to 0.4 cm/sec were appropriate. Planned experiments 
at the NRTS and also experience f rom the SL-1 accident indicated values at 
about 0.1 to 0.2 cm/sec would apply over sagebrush 13’. These latter data were 
found, however, under more stable atmospheric conditions and could be expected 
to be somewhat less. 
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TABLE XI11 

SOIL TO VEGETATION coMpARIsorls OF DEPOSITION 

Station 
Number 

A-5 
A-8 

B-4 
B-9 
c-3 
c-10 

D-2 

D - l l  

B- 
C- 
C- 

Vegetation Deposition 
i lCi/$ 

1.95 
1.17 
0.54 
0.42 

0.14 
0.14 

0.06 

0.w 
0.38 
0.31 

0.16 

Soil Deposition 
IlCi/$ S o i l h e g e t a t  ion 
1.49 0.76 
2.50 

0 -32 

0.85 

2.14 

0.59 
2 -02 

0.11 0.79 
0.15 

(0.01) 
0.20 

0 -39 
0.50 

1.07 
(0.125) Ia3 
2.22 

1.03 
1.61 

0.25 1.56 
Average 1.38 

[a] Not included in t h e  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 deposition against downwind 

distance, the total amount of iodine-131 deposited on the grazing plot between 
the 50 and 300 meter arcs can be estimated. "his value is about 1.5 percent 

of the total iodine131 released. Another 11.2 percent of the iodine-131 was 
estimated to have been deposited on the groundsurface in this area from the few 
measurements of soil collected. This indicates that between the 50 and 300 meter 
arcs a total of 12.7 percent of the released iodine-131 was deposited. 

point on a six-meter mast, located halfway between stations B-5 and B-6. Low 

volume a i r  samplers were used to obtain these air concentrations which are shown 
plotted a s  a function of height in Figure 23. T h e  a i r  concentration rises to a 
maximum a t  about three meters  and then gradually decreases. A nearly linear 

The vertical change of concentrationof iodine-131 in air was measured'at one - 

I 
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I I 

4 5 6 7 8 9 

CONCENTRATION 
m3 

Fig. 23 Total lntegrated concentration versus belght. 

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-meter 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 theridge 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 vegetation l a  shown in Table XV. AI1 the different type8 of 
sampling media were placed as close together a s  possible. The sand-covered 
plates usually recorded a slightly higher total deposited activity than the sticky 
paper plate and the charcoal-covered plates showed considerably higher t k n  
either. The ratio of the deposition on the charcoal-covered plates to that on the 
grass i s  near unity with some scatter of values. This scatter is shown in Table 
XIV which shows the ratio of the carbonplate to g ra s s  deposition velocities. The 
standard deviation of the g r a s s  and carbon plate deposition velocities were 0.20 

and 0.17, respectively, indicating no significant superiority of one type sample 
over the other a s  fa r  a s  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 gfven in Figurel4. It appears that charcoal 
covered plates may be suitable for estimating the depositiqn ra tes  of iodine-131 
on vegetation. 

TABLE XN 

RATIO OF C L E 3 ?  €LATE TO VEGETATION DEPOSITION VELOCITIES 

(24 measurements) 

Ratio O.25-G.25 0.50-0.74 0.75-0.99 . 1.00-1.24 1.25-1.49 

Frequency 
by number 2 4 9 4 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 12] .  If i t  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 a r e  the same, and that 
the vertical profiles of concentration and windspeed a r e  identical in shape, thq 

c 
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