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FUEL ELEMENT BURN TEST 

By G. VICTOR BEARD* 
U. S. Atomic Energy Commission, Wushington, D. C. 

INTRODUCTION 

For evaluating reactor hazards, the per cent of various fission products that will escape 
from a damaged o r  melted fuel element must be known. Before 1957, very little experimental 
information was available on which to base estimates of fission product escape. In the author’s 
opinion, this resulted in occasional hazard estimates that assumed catastrophies beyond 
physicochemical possibility. 

To demonstrate the behavior of a fuel element engrossed in a large fire and to provide 
some initial data on the percentage release of fission products to the environment, the Idaho 
Operations Office decided to run field tes ts  to measure the radioactive nuclides released from 
fuel elements destroyed by fire. Two field tests were run a t  the National Reactor Testing 
Station: 

Phase A 

A 90 per cent enriched fuel element clad in stainless steel was supported in an airframe 
and surrounded by other reactor materials to simulate conditions of a nuclear airplane crash. 
The fuel element contained about 5000 curies of fission products. A pool of jet fuel underneath 
the airframe was ignited and the f i re  burned for about 2 hr. After the fire died, no activity 
w a s  measurable by portable survey equipment except inside a 24-sq ft area around Ground 
Zero. Levels averaged 200 m r / h r  at 3 ft above ground within this area. Low-activity levels 
were detected with air samplers and fall-out plates downwind to 5000 ft, indicating that only an 
extremely small fraction of the fission products had been released in this experiment. The 
fue l  element was sti l l  intact after the fire except for one small puncture, although it had 
reached a temperature of about 2250°F. 

Phase B 

A fuel element was heated to about 5000°F by an oxygen-fed fire of thermite, steel wool, 
and iron filings. The fuel element containing 10,000 curies of fission products was supported 
upright i n  a cylindrical furnace and surrounded by the combustible materials. Oxygen was fed 
into the bottom of the furnace through a side tube near the lower part of the element. An 
arrangement of feeders around the fuel element dispersed the oxygen throughout the furnace at 
a steady rate during the burning period. The burning continued for about four minutes. Most 
of the fuel element was melted and dispersed within 90 seconds. Some of the molten uranium 
and fission products spurted out the top of the furnace in Roman candle fashion, but most of the 
molten element ran out the side tube to the ground. 

*Former ly  Director,  Health & Safety Division, Idaho Operations Office, U. S. Atomic Energy Com- 
mission. 
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After the fire was out, analysis of filter samples and fall-out plates showed that 
ruthenium-103 and -106, cesium-137, and halogens (mostly iodine-131) were the principal 
activities released. These nuclides contributed greater than 50 per cent, sometimes 80 per 
cent, of sample activities. Only a minor amount of the activity released (less than 2 per cent) 
was strontium-90. Assuming that 100 per cent of the cesium, ruthenium, and iodine content of 
the fuel element had been released in the fire, it w a s  estimated that not more than 10 per cent 
of the fission product activity had been released. 

Measurements of gamma radiation from the fuel element, before and after burning, indi- 
cated that the per cent of fission products released was probably much less than 10 per cent. 
Even though the molten element was spread on the ground after the fire, measurements at  
several places in the field ifidicated almost the Bame radiation levels that were obtained when 
the element was intact. Reductions at other points could be attributed to absorption by the 
terrain. Fission product samplers indicated that practically all of the fission products had 
deposited within a distance of 2000 ft, and a great majority of the material had deposited within 
300 ft. These results were obtained with 15-mile-per-hour winds varying in direction to within 
about 45 degrees. An inversion condition up to several hundred feet and the shifting winds 
caused the loss of much of the data that instruments had been set  up to obtain. However, the 
main objectives of the experiment were accomplished. 

Further details and discussion are  given in the sections below. 

PROCEDURE 

Phase A-Airframe Crash Mock-up 

Five trials were run without the element o r  airframe in place to determine optimum con- 
ditions for heating the fuel element. The experiment was then set up as follows: A 90 per cent 
enriched fuel element containing approximately 5000 curies of ‘IO-day-old fission products w a s  
supported by a four-legged stand. The stand was designed to keep the element in fixed position 
thoughout the experiment. This would have allowed immediate estimates of fission product 
release to be made from gamma dose-rate measurements. (Unfortunately, in the final assem- 
bly a brass  nut was mistakenly substituted for a damaged steel one and the support collapsed. 
This prevented an early estimate of results by gamma measurements.) 

The fuel element was surrounded by other reactor materials and a section of a real a i r -  
plane fuselage to simulate conditions of an airplane crash. The skin of the airframe was made 
of magnesium, and the supporting members were aluminum. Holes were put in the fuselage to 
enhance burning. The entire assembly was placed above a teardrop-shaped pool of jet fuel. 
The teardrop shape had been suggested by trials to keep the fuel element in the hottest part of 
the flame under expected wind conditions. Trials  had shown also that thermite ignition of the 
jet fuel was required. All experimental conditions were checked before the fire was begun but 
the brass  nut was overlooked. 

The fuel w a s  ignited at 1419 on March 20, 1957, and the fire burned until 1615. Automobile 
t i res  placed above the fuel element provided a dense black Bmoke trajectory that could be 
located visually. Within six minutes, the brass  nut on the fuel-element support melted, and the 
element was dropped onto a platform slightly above the burning jet fuel. However, it  was later 
found that the element had remained in the hottest part of the flame and had reached a tem- 
perature of 2250”F, about 100 degrees higher than any temperature obtained in the dry runs. 

The field instruments for measuring fission product release consisted of portable survey 
instruments for walk-in measurements, high-volume air sampler with MS-2133 filter paper, 
fall-out papers (1 sq ft of surface area) on stands 18 in. above ground level, and electrostatic 
precipitators and millipore filters for collecting particles for particle-size measurements. 
Blimps tied to trucks contained some of the air sampling equipment for portability. 

Meteorological data were obtained from a network of stations. Winds up to 6000 ft, as well 
as surface winds, were obtained using balloon ascents and tower instruments. The vertical 
rise and spread of the plume from Phase A were measured by pairs of theodolites on each side 
of the plume. Two sky  scanners (collimated scintillation detectors) were operated 2000 ft 
downwind to detect radioactive material passing overhead. 
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t 
Dutch rabbits were positioned in a netarork out to one mfle from the airframe. 
Further details of these measurements a r e  given in References 101 to 103. Also, an un- 

classified motion picture"' has been prepared, giving a view of the general procedures and 
results of these experiments. 

Phase B-Oxygen-Furnace Meltdown 

In the Phase B burning experiments, a 10,000-curie element wa.s melted in a furnace de- 
signed to attain a temperature of 5600T. The fuel element was loaded in upright position into 
a cylindrical furnace lined with 3 in. of magnesia. The element was surrounded by g3/( lb of 
thermite, 2 lb of steel  wool, 13,4 lb of galvanized iron filings, and 6 squid ignitors. Ten pre- 
liminary mock-ups had determined a design that would ensure the melting of the element. 
Oxygen was fed from a 800-lb gas cylinder through a pipe into the bottom of the furnace and 
was dispersed throughout the furnace by feeders to assure maximum and uniform heating of 
the fuel element. 

At 1847 on March 20, 1957, the furnace w a s  ignited and it burned for about 1% min. The 
entire fuel element was melted, most of the melt running out the bottom of the furnace onto the 
ground and some of it sputtering out the top of the furnace. Despite careful planning, the first 
puff of smoke from the furnace went sailing in a more northerly direction than the rest  of the 
smoke. Small amounts of activity were detected from this first  puff by air monitors at the 
Naval Reactor Facility (NRF) 5 miles away. The major part of the fumes, however, were di- 
rected within a quadrant of 45", intersecting some of the sampling stations. 

papers and a new se t  of rabbits completed preparations for detection in Phase B. 
The same detection methods were used in Phase B as in Phase A. A fresh change of filter 

RESULTS 

Again, we refer to References 101 to 104 for complete details. This report presents a 
summary of the essential information. 

Phase A-Airframe Crash Mock-up 

about 5000 curies, assuming an operating time of 120 h r  and a cooling time of 70 days (Table 1). 

fue l  element.lo5 Although temperatures up to about 2250°F were attained, the element was intact 
after the experiment except for one small triangular puncture of the stainless steel cladding. 
The element was found to have remained in the area of the jet fuel pond designed for maximum 
temperature. Flames had surrounded the element for almost 2 hr .  After the experiment, the 
element was pried loose from a mass of resolidified magnesium and aluminum. It appeared 
that little magnesium or aluminum had actually burned during the experiment. 

3. External Gamma Readings. Isodose lines were plotted before and after the fire."' The 
large decrease in dose rate at some points of the terrain at first gave the impression that there 
had been about a 50 per cent release of fission products. However, further measurements gave 
readings in some areas that were almost as high as the initial readings, and h p e c t i o n  of the 
debris showed that the element support had collapsed. Thus the lower gamma readings were 
attributable to shielding by the terrafn. The fact that some of the gamma readings were about 
the same indicates that only a very small fraction of the fission product activity was released. 
The collapse of the support prevents a more accurate estimate of the fission product release 
from gamma dose-rate measurements. 

4. Meteorolop'cal Conditions. Since the fuel element did not burn and there was a very 
small release of radioactivity, the experiments did not determine whether or not most fission 
products released in such a fire would follow the smoke trail. Detailed measurements of wind 

1. Original Fission Product Content. The activities of this element were calculated to be 

2 .  F i m l  Condition of the Element.  Slides a r e  available* showing the f ina l  condition of the 

+Not presented with this paper. 

34 

1 1 8 7 8 9 8  1 



TABLE 1-F'ISSION PRODUCT COMPOSITION, PHASE A* 

Nuclide Rnction Curles Half M e  

1 
I 1 -  

I 

I 

Nb'5 
zr s5 

sr" 
e"- P 
y" 
~ e " '  

Ru"' m'0' 
m'os 
CS'S' 

Pr '" 
It'' 

Xel3' 
Te"' 
Miscellaneous plus error 

a 1 4 4 - p r l U  

-140- k l 4 0  

~ 1 4 1  

0.18 
0.12 
0.11 
0.002 
0.11 
9.10 
0.05 
0.06 
0.06 
0.005 
0.002 
0.06 
0.03 
0.006 
0.005 
0.004 
0.006 
0.09 

900 
600 
550 
10 
550 
500 
250 
300 
300 
25 
10 
30 0 
150 
30 
25 
20 
30 
450 

35 days 
65 days 

19 years 
61 days 

53 days 

33 days 
280 days 
40 days 
54 minutes 
1 year 
33 years 

14 days 

8 days 

33 days 

12 days 

11 days 

5 days 

Total 1.00 5000 

*NOTE: Based on 20 Mw elements at 120 hr operation plus 70 day8 lm- 
mediate decay. Assuming a gamma energy of 0.7 MeV and a gamma "curie" 
content of 2500, the radiation field would be 12,000 r/hr at 1 ft from a point 
source. 

speeds and direction are given in Reference 102. Reference 110 shows the sector of possible 
contamination and the most probable path of the plume as calculated from mean wind speeds 
and directions. The t imes given on the trajectory show when the plume arrived at each perim- 
eter, assuming material was f i r s t  emitted at  1415 MST. The slide shows that the plume trav- 
eled about 25" north of the sampling sector most of the time. 

The top of the cloud rose to a measured mean height of 250 ft at  1000 ft downwind, and to 
675 ft at  4000 ft downwind. The bottom of the cloud was a t  mean heights of 65 ft and 160 ft at 
1000 f t  and 4000 ft, respectively. This shows that the upper winds were more influential than 
tLe lower winds in the movement of the cloud. The 15-min average wind directions at 250-ft 
altitude, at point CF"' from 1415 to 1600 MST, ranged from 200 to 218" (coming from the 
southwest); the average wind velocities were 8 to 12 miles per hour. The 20-ft altitude winds 
ranged from 200 to 210" at 13 to 14 miles per hour. Thus the cloud moved 20 to 35" to the 
northwest of the sampling sector most of the time, but short-lived direction changes did bring 
the cloud directly over the sampling sector at times. 

The vertical temperature stratification during the burning period showed temperature de- 
creases  of 3 to 4°F from ground to 250 ft, indicating optimum diffusion conditions for this 
phase. See Table 2 for temperature measurements from 1400 to 2400 MST. 

that no contamination levels above background could be detected with portable monitoring in- 
struments except within an area of about 24 sq ft at the test location. Here the readings 
averaged 200 mr/hr at 3 ft above ground.* 

activities that were measurable by radioautographic and analytical methods. No sample beyond 
5000 ft gave results above background. Reference 109 presents all fall-out data from Phase A. 

at  sampling a rc s  100, 300, 500, and 1000 ft from Ground Zero on both sides of the 55" north- 

5. Environmental Measurements. lo' After the element had been removed, surveys showed 

High-volume air samples and fall-out plates located downwind produced some low-level 

6. Animal and Vegetation Samples. Dutch rabbits were exposed to inhalation of material 

*EDITORS' NOTE: An infinlte area m r c e  of 1 d m '  of fission products gtves 10.6 p r h r  at 3 f t .  On 
this basls an average reading of 200 m/hr Over 24 sq ft would indlcnte a deposition of about 0.1 curie. 
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TABLE 2-VERTICAL TEMPERATURE VARIATION 
AS A FUNCTION OF TIME 

(15-Minute Intervals, March 20, 1957) 

Time 
(WT) 5 f t  100 f t  250 f t  

~~ 

1400 
1415 
1430 
1445 
1500 
1515 
1530 
1545 
1600 
1615 
1630 
1645 
1700 
1715 
1730 
1745 
1800 
1815 
1830 
1845 
1900 
1915 
1930 
1945 
2000 
2015 
2030 
2045 
2100 
2115 
2130 
2145 
2200 
2215 
2230 
2245 
2300 
2315 
2330 
2345 
2400 

52.4 
55.4 
53.5 
54.4 
53.0 
53.5 
53.9 
54.9 
53.4 
54.9 
53.2 
53.8 
52.6 
52.1 
51.9 
51.5 
51.0 
50.5 
49.3 
47.6 
47.0 
45.0 
45.0 
45.0 
43.7 
44.1 
43.8 
43.2 
42.0 
42.2 
42.4 
42.9 
42.5 
43.1 
43.7 
44.2 
42.6 
41.5 
39.4 
40.6 
39.0 

49.9 
50.6 
51.0 
51.2 
50.5 
50.6 
51.0 
51.1 
51.0 
52.1 
51.2 
51.6 
51.3 
51.0 
51.0 
50.6 
50.4 
50 .O 
49.2 
48.5 
48.0 
47.6 
47.9 
46.5 
45.2 
44.9 
44.3 
44.1 
43.5 
45.6 
45.5 
46.2 
46.7 
47.0 
47 .O 
47 .O 
44.4 
44.4 
44.9 
43.0 
41.5 

49.0 
49.9 
50.3 
50.3 
49.8 
50.0 
50.1 
51.0 
50.1 
51.0 
50.4 
50.5 
50.2 
50.0 
50.0 
50.0 
49.8 
49.5 
49.1 
48.6 
48.5 
47.6 
48.1 
46.7 
46.1 
45.8 
46.5 
47.1 
46.5 
45.6 
45.9 
46.2 
46.5 
46.5 
47.0 
46.9 
46.9 
46.6 
47.0 
46.1 
45.4 
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TABLE 3--FISSION PRODUCT COMPOSITION. PHASE B' 

Relative yield 
Nuclide (activity) Balf life 

K P  
*a9 
srS0 
yso 
9' 
zrS5 
N b ~ 5 m  

Nbs5 
Ru'os 
Rhloy" 

lullW 
Ru"' 

TeiZm 
Te"' 
Te129m 

TelZ9 

xelJ3 
cs'37 
&137m 
&I40 

~ e " '  
Pr'U 
Ce'" 
Priu 

1131 

h 1 4 0  

~ 1 4 i  

0.3 
4.8 
5.9 
5.9 
5.9 
6.4 
0.06 
6.4 
2.9 
2.9 
0.4 
0.4 
0.06 
0.06 
.0.34 
0-34 
2.9 
6.5 
5.9 
5.4 
6.3 
6.3 
6.0 
6.2 
6 -1 
6.1 
2.6 
2.6 

10 years 
53 days 
20 years 
65 hours 
61 days 
65 days 
90 hours 
35 days 
40 days 
54 minutes 
365 days 
30 seconds 

9 hours 
33 days 
72 minutes 
8 days 
5 days 
33 years 
3 minutes 
13 days 
40 hours 
32 days 
14 days 

280 days 
18 minutes 
11 days 

2.6 years 

90 days 

*Based on 6.16 x l o z 1  fissions ard immediate 2SO-day 
cooling. Calculated from indfvidual nuclide properties. 

east sampling line.'" Three rabbits were on the 100-ft a r c ,  four each on the 300-, 500-, and 
1000-ft arcs. Each rabbit was 2% ft above ground and facing Ground Zero. None of the rabbits 
exposed on Phase A showed significant activity in the lungs or on the fur of the head. 

Radioautographs of sagebrush on the 300-, 500-, and 1000-ft a r c s  gave no indication of an 
increase in radioactivity after Phase A. 

Phase B-Oxygen-Furnace Meltdown 

content of the Phase B element, totaling about 10,000 equivalent curies of beta and gamma 
activity. The activities of this element a r e  based on 6.16 x 10" fissions and immediate 250-day 
decay. 

of the furnace to the ground. Pa r t  of the element sputtered out the top of the furnace to the 
immediate area,  most of the material remaining within 50 ft. The element was melted within 
l*/, min and the fire was over in about 4 min at  1851 MST. The maximum temperature was 
estimated to be about 5000°F. 

compared to readings before the experiment of 2.1 r/hr at  40 ft from the element in the 
furnace, and 3.2 r/hr at 80 ft from the unshielded element hanging just above the furnace. 

and after the fire and radiation survey levels around the immediate test area. The levels at  
8ome distant points in Reference :11 were almost the same after the fire as before the fire. 

1. Original Fission Product Content. Table 3 presents the calculated fission products 

2. Final Condition of the Element. The entire fuel element melted and ran out the bottom 

The radiation level from the fuel element dispersed on the ground was 1.25 r/hr at  40 ft, 

3 .  External Gamma Readings. References 111 and 112 show isodose curves taken before 

37 

1 1 8 1 9 0 1  



This indicates that only a small fraction of the fission product octivitp was released beyond 
50 f t  from the furnace. 

ture inversion had set  in as shown in Table 2. The wind had shifted from the former 55" angle 
to an average of about 31", which caused the trajectory to miss all sampling stations except 
Numbers 109 and 110 (Ref. 109). The trajectory was calculated from wind observations as 
described in Ref. 102, and is shown in Ref. 113. 

The 20-ft winds at  the test site for the first two 15-min periods after 1846 IUST averaged 
7 miles per hour from 215" and 6 miles per hour from 210", with a total swing from 195 to 235". 
This shows that just downwind of the test site, the cloud moved 20 to 25 degrees to the north- 
west of the center line of the sampling sector. The vertical temperature variation had changed 
to an inversion condition, with temperature increases of 1 to 2 degrees Fahrenheit from the 
ground to the 250-ft level. This inversion prevented the cloud from rising to higher levels and 
gave poor diffusion conditions. 

except for the first puff of smoke from the furnace. This initial puff trailed slightly to the west 
of the later trajectory and carried a small  amount of activity to the NRF facility 5 miles north. 

The two scintillation-type sky scanners, operated at 2000 ft downwind and 500 ft off the 
sampling area center line, could not be tilted low enough to detect the unexpected trajectory. 
To be detected by the western-most scanner, the 221" plume would have had to rise above 
1000 ft. 

None of the blimps were in a position to get a sample, since the trajectory was too low and 
out of their paths. This was disappointing, since great pains had been taken to plan the experi- 
ment. Meteorological conditions had been studied in advance and ten thousand curies were used 
based on the experience that under average conditions a release of 1000 curies per mile wi l l  
yield easily measurable activity out to 10 miles. Nevertheless, some activity did deposit on 
Stations 109 and 110 of the ground network, allowing an analysis of the type of fission products 
carried off in the plume. 

5. Environmental Measurements.'o'"03 Reference 112 shows the results of the radiation 
survey by portable instruments. These measurements, together with Ref. 111, show that most 
of the fission products remained in the molten material that was spilled on the ground near the 
furnace. 

Field surveys were made with Geiger-Muller survey meters, supplemented by a deep-well 
counter fo r  measuring vegetation samples. Measurements at Stations 109 and 110 were as 
follows : 

4. Meteorological Conditions. By the time Phase B was ignited (1847 MST), a tempera- 

Thus the smoke stayed low and remained roughly within a 25" plume along the trajectory, 

Hi -volume 
Distance air sampler paper, Fall-out paper, 

from furnace, ft counts per minute counts per minute 

Station 109, 31" east  of north 
Station 110, 33" east  of north 

450 
550 

1 x loT 
3 x 10s 

- 
3.5 x I d  

Surveys indicated that fall-out had occurred in significant amounts along the 31" trajectory 
out to 2000 ft. Beyond 2000 ft, ground measurements were not significant. Reference 114 gives 
intensity readings and vegetation activity readings along the 31" radial. Table 4 shows the 
Geiger-Miiller readings and vegetation activities along perpendiculars to the 31" radial. 

obtained at  NFtF from the first  puff (as mentioned previously); and a small increase in radio- 
activity on an air monitor at Reno Ranch, about 34 miles from the test site. At 1925 MST, air 
monitors inside and outside the main NRF building showed a sharp increase in activity by a 
factor of ten, remaining above background for about 40 minutes. Filter samples removed from 
air collectors in and out of the main building indicated air concentrations of 16 to 21 disinte- 
grations per minute per liter from 1940 to 1958 MST, and 1 . 5  disintegrations per minute per 
liter outside the main building at  2018 MST. 

An autoradiograph of the sample tape from the air monitor at  Reno Ranch confirmed the 
collection of small amounts of particulates from about 2115 to 2230 MST. 

The only activity detected beyond 2000 f t  that could be attributable to Phase B was that 
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TABLE 4-GEIGER-MULLER AND VEGETATION READINGS, PHASE B 

(A-Geiger-MUller readings m r h ;  B-vegetatlon c/m/g) 
~~~~ ~ 

550 ft 750 ft 1000 ft  2000 f t  3000 f t  5000 f t  

A B  A B  A B A B  A B  A B  

500 
480 
460 
440 
4 20 
4 00 
380 
360 
340 
3 20 
300 
280 
260 
240 
220 
200 
180 
160 
140 
120 
100 

80 
60 
40 
20 

20 
40 
60 
80 

100 
120 
140 
160 
180 
200 
220 
240 
260 
280 
3 00 
3 20 
340 
3 60 
380 
400 
420 
44 0 
460 
480 
500 

Center 

0. 6 
0.04 
0.07 
0.04 
0.04 
0.08 
0.1 345 
0.2 2248 
0.4 7350 
0.6 8608 
0.5 2220 
0.4 531 
0.1 458 
0.04 74 
0.2 152 
0.04 

0.05 145 
0.04 150 
0.06 45 
0.07 30 
0.07 130 
0.09 520 
0.16 2500 
0.6 4380 
0.7 4260 
0.6 4260 
0.16 440 
0.09 220 
0.2 70 
0.11 1 5  
0.07 40 
0.07 100 
9.0 110 

0.04 78 
0.04 63 
0.04 90 
0.05 160 
0.04 59 
0.05 128 
0.06 488 
0.12 1038 
0.06 2943 
0.3 3780 
0.5 3840 
0.5 580 
0.1 426 
0.09 301 
0.06 129 
0.04 75 
0.05 14 
0.05 158 
0.06 31 
0.04 71 
0.04 73 

0.035 30 

0.03 30 

0.03 40 

0.045 40 

0.03 100 

0.02 45 

0.04 40 

0.035 4 1  

0.04 110 

0.05 390 

0.07 870 

0.065 470 

0.1 430 

0.04 220 

0.04 100 

0.035 . 60 

0.04 90 

0.035 80 

0.035 40 

0.03 41 

0.03 25 

0.03 

0.035 

0.03 

0.03 

0.03 

0.03 

0.035 

0.035 

0.04 

0.05 

0.045 

0.08 

0.04 

0.035 

0.03 

0.035 

0.04 

0.025 
30 

25 
0.02 

35 

110 0.03 

80 

0.03 
120 

150 
0.045 

450 

400 0.05 

300 

0.015 
740 

220 
0.03 

90 

50 0.025 

80 

0.03 
35 

80 
0.03 

411 

191 

200 

126 

81  

115 

117 

77 

61 

80 

65 
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Laboratory analyses were done on the air sampler filter papers of Stations 109 and 110. 
These were the only stations of the sampling network that collected activities sufficient for 
analysis. The f i l ter  papers were 4-in. diameter MSA 2133 type, which had sampled air at  
about 4 cu f t  per  minute pulled by Motoair pumps. Station 110 also had a sticky-paper fall-out 
tray. 

Gamma spectra of the filter papers and the fall-out paper are  presented in Reference 103. 
The spectra of the filter papers from Stations 109 and 110 were identical, showing peaks due 
to I*'', Ru103, Ru106, and C S " ' - B ~ ' ~ ~ .  The fall-out paper showed peaks due to these isotopes, 
plus peaks at 0.16 Mev and 0.76 MeV. In addition, filter paper samples from the NRF facility 
showed C S ' ~ ' - B ~ ' ~ ' ,  and Ru103, Rulo6 as the principal gamma emitters. Thus the time of col- 
lection and the spectra indicate that the initial puff from Phase B was detected by the NRF air 
monitors. 

TABLE 5-ANALYSIS OF FILTER PAPERS. PHASE B 

Activity on total paper (d idmin)  Per cent of total activity 
Cons ti tuen ts  

analyzed Station 109 Station 110 Station 109 Station 110 
~~ 

p t  

c s  - B a t 3 7  

~ ~ 1 0 3 ,  IO6 

Sr. Ba fraction 
Rare  ear ths  
Alpha activity 
Unidentified 

- 
3.2 x 10' 
4 x 10: 
4 x 106 

2.5 x 106 
< 8  x 102 
9.6 x 10' 

- 
8 x 106 
1 x 10' 

- 
8 x lo2 - 

1-3. 
18 
22 

2 
1 - 2  

0 
53 

1-3. 
17 
21 

Total activity 1.8 x 108 4.7 x io7 100 100 

*Estimated from gamma spectra.  

Samples of the filter papers were analyzed by radiochemical procedures, and the fall-out 
paper was saved for autoradiographs and particle-size studies. After appropriate chemical 
separations, beta end-window counting, and corrections for counting efficiency and aliquot 
factor, the analyses were found as given in Table 5. The principal activities were from ruthe- 
nium and C S ~ ~ ' - B ~ * ~ ' ,  each on the order of 20 per cent of the beta activity. Small percentages 
of 
activity remaining unidentified. The total activities on the filter papers were 4.7 x lo7 disinte- 
grations per minute a t  Station 11 and 1.8 x lo* disintegrations per minute a t  Station 109. 

By referring to Tables 4 and 5, the maximum amount of fission products released is esti- 
mated to be about 10 per cent. However, as mentioned above, gamma radiation survey readings 
indicate that a much smaller fraction than this was released, probably much less than 10 per 
cent. 

The material  collected at  Stations 109 and 110 was extremely fine-no particles could be 
detected. On the 300-ft arc,  the ecologists found deposits that were either extremely fine par- 
ticles o r  gases. At 500 ft, large spots were found indicating that some particulate matter had 
deposited. 

6 .  Animal and Vegetation Samples.1o6 Dutch rabbits were located along a r c s  at  300, 500, 
1000, and 2000 ft from Ground Zero. Only the outermost specimens on the northwest edge of 
the sampling sector showed significant activity. These were the specimens 100 ft northwest of 
the 55" radial on the 300-ft arc;  175 ft northwest on the 500-ft arc;  330 ft northwest on the 
1000-ft arc;  and 560 ft northwest on the 2000-ft arc.  The count rates as measured in a well-type 
scintillation counter a r e  given for several total organs of these animals in Table 6. 

and were at  background along the 2000-ft arc.  

ing showed small  amounts of contamination. Stomach contents of two were 2000 counts per 
minute and 7000 counts per minute-compared with a background of about 1600 counts per 
minute. The f u r  of one had been increased from a background of about 500 counts per minute 

strontium-barium, and r a r e  earth activity were present, with about 53 per cent of the 

The samples adjacent to each of the above showed less than 10 per cent of these activities, 

Six wild jack rabbits coilected about 2000 ft downwind of the test area 36 h r  after the burn- 
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to 1100 counts per minute; the fur  of another contained 14,000 counta per minute after the 
experiment. The lungs of one had increased from 500 counts per minute background to 1600 
counts per minute. In no case did muscle o r  liver show any increase. 

at  the 300- and 500-ft arcs.  The activity on the leaves at the 300-ft a r c  seemed generally 
diffused over the entire leaf surface, while that at 500 f t  occurred as single hot spots. 

Radioautographs of sagebrush leaves collected after Phase B show traces of radioactivity 

TABLE 6-ACTIVITY IN RABBITS, PHASE B 

Activity in total counts per minute 

3 0 0 4  arc 500-ft arc 1000-ft arc 2000-ft arc 

100 f t  Nw 175 f t  NW 330 ft NW 560 f t  NW 
af 55" of 55' of 55' of 55' 

Fur of scalps 73,000 
and ears 

h n g S  4,700 

45.000 26.000 400, elightly 
above 

' background 
4,400 4,600 Background 

CONCLUSIONS 

The Phase A experiment showed that under conditions approximating the greatest possible 
heating of a stainless steel clad fuel element in an airplane crash, only a small percentage of 
the 5000-curie fission products (probably less than a few tenths per cent) w a s  released to the 
environment. Most of this activity was deposited in a small (24-Sq ft) area near the test site. 
Very little activity was detected outside of this area,  and none beyond 5000 ft. 

l lh minutes, reaching temperatures around 5000°F. The fractional activity released was esti- 
mated from field measurements and filter paper analyses to be a maximum of 10 per cent, 
probably much less. About 40 per cent of the activity found on air filters was Ru'03, Ru106, and 
cs'37-~a13' . About 1 to 3 per cent was and 2 per cent or less was  in the Sr-Ba fraction.* 
Most of the activity deposited was within 300 ft, and practically all was  within 2000 ft of the 
burning site. 

ments were accomplished-to demonstrate that fractional release of fission products from 
fuel elements subjected to fire would probably be much less than some previous hazard esti- 
mates had assumed. A convenient summary of other measurements of fission product release 
from nuclear fuels is  given in Ref. 107. Other information is available in unclassified Refs. 115 
to 126 and 177. 

scribed here, a r e  instructive. Further full-scale field tests, as well as laboratory experiments, 
a r e  needed to better define the probabilities and conditions of fission product release from fuel 
elements subjected to heat and destruction. 

In the Phase B experiment, a 10,000-curie fuel element was  completely melted down within 

Alrhough all of the data hoped for were not obtained, the major objectives of these experi- 

The results of fission product release experiments to date,? as well as the field tests de- 

I 

'EDITORS'NOTE: A recent report1'' concludes that 30 per cent of the cesium and about 1 per cent of 
the strontium was released i n  a meltdown experiment. Iodine was found to be the only aerosol that had 
more than 5 per cent penetration through pleated filters. 

tApril 1959. 
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