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This report summarizes the dosimetric analyses accumu lated during the five-year 

period of the Biosatell ite program. These data are from a unique source placed in a 

unique optical bench, the Biosatellite. Thus the multitudinous array of dosimeters 

was mandatory to give us confidence in the experiment. 

. It was especially gratifying to find that the lithium fluoride dosimetry carried out 

by John E. Hewitt at the Ames Research Center was in excellent agreement with our 

own. 
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ESTIMATION OF THE BACKSCATTERED FRACTION OF i'-RADIATION AND THE -...... -..,..,...~ ~----- - ............ ~ ~ """-..... --------~ ---~ 

CONVERSION FACTORS FOR EXPOSURES OF THE HABROBRACON PACKAGES 
-~"""¥",""""",,,... "'~---""~~""'!w"""- ....,..- ~ __ -- ............. ~ ......... _~~ 

IN THE BIOSATELLITE II EXPERIMENT --------.....,...- ... -~-~-- ... -~ ........ ..." 

Sohei Kondo 
1 

R. C. von Borstel Kotherine T. Coin
2 

1 Faculty of Medicine, Osaka University, Osaka, Japan, aniBiology Division, 

Oak Ridge National Laboratory, Oak Ridge, Tennessee 

Extensive dosimetry testing was carried out on the space vehicle and ground-

based control setup at Ames Research Center after the flight of Biosatellite II. The 

purpose of our experiments was to obtain data needed for converting the readings 

determined from Toshiba glass rods which had been loaded at different monitoring 

positions in the actual experiment of Biosatellite II to true exposures given to the 

biological materials used in our experiment. This conversion required the determination 

of two parameters: the fractions of exposu res attributable to scattered y-radiation, and 

the relative ratios of exposures at monitoring positions to those at the positions where 

the biological materials were loaded. 

Principle of measurement and preparatory experiments-The reading of a 

glass rod exposed to primary y-radiation contaminated with scattered y-radiation 

can be expressed as 

( J ) 

where 'i..! ~ and ~ are respectively the reading of a rod (in arbitrary units 

proportional to the fluorescence intensity), the exposure of primary y-radiation, 

and the exposure of scattered i'-radiatioh; ~ is the rod reading per roentgen for 
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primary Y-radiatian, and 0 denotes the ratio of rod reading per roentgen of the 

scattered radiation to that of the primary radiation. The essential feature of the 

method that we used lies in the fact that the energy dependence factor, 0, and 

hence'i..! takes different values for rods made of different glass or encased in different 

sh ielding material, and that the dependence of 0 on energy of scattered y-radiation 

is a characteristic of the glass and the shielding material. 

We used high Z glass (Schulman, Ginther, Klick, Alger, and Levy, 1951) and 

low Z glass (Yokota, Nakajima, and Sakai, 1961). The energy dependence 

factor, 0, takes a maximum around 50 kev, with values of about 7 and 20 for low 

and high Z glasses, respectively, as shown in Figure I. 1 (Fowler and Attix, 1966). 
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FIG. I. 1. Energy-response spectrum of high Z (standard) and low Z 
glass rods. (After Fowler and Attix, 1966.) 
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This energy dependence can be greatly reduced by encasing rods in gold cases 

instead of plastic or other low Z material cases (Yokota and Nakajima, 1965). 

Combination of these factors gives four sets of dosimeters whose responses can 

be written as 

U= 1,2,3,4) (2) 

where subscripts 1 = 1, 2, 3, and 4 stand for the dosimeters of low Z glass rods 

in plastic cases, low Z in gold, hiqh Z in plastic, and high Z in gold, respectively. 

The values for a. 's and a. IS, determined experimentally for various Y- and 
-1 -1 

X-radiations with different energy spectra, are summarized in Table I. 1. The low 

Z glass rods used in this experiment are commercially available products, 1 mm 

in diameter and 6 mm long, obtained from Toshiba Co. (Yokota et al., 1961). 

The high Z glass rods, 1 mm in diameter and 6 mm long, of the Schulman type 

(Schulman et aI., 1951) were a gift of Dr. Ryosuke Yokota, Toshiba Co., and the 

gold cases were made according to the .design of Yokota and Naka j i rna (1 965) and 

were a gift of Toshiba Co. 



Table 1. 1. Relative sensitivities to various X-rays and y-rays of glass rods encased in plastic, aluminum, and gold* 

Type of Dosimeter 

. t 
i Glass 

Low Z 

Rod Case 
(wall th ickness) 

Plastic 
(0.5 or 1. 0 mm) 

II Low z · Aluminum 
(1. 0 mm) 

2 Low Z Gold with holes 
(0.55 mm) 

3 High Z 

3 1 High Z 

4 High Z 

Plastic 
(0.5 or 1. 0 mm) 

Aluminum 
(1. 0 mm) 

Gold with holes 
(0.25 mm) 

85Sr 
y-Radiation 

(513 key) 

1. 00 

1. 03 

1. 60 

0. 858§ 

0.88 

1.30 

180 kvp 
X-Radiation 
(1. 0 mm Cu 
+5 mm AI 
filtration) 

e .:!: 
i 

4.0 

0.8 

15 

2.8 

180 kvp 
X-Radiation 
(1. 0 mm AI 
filtration) 

o . 
L 

5 

0.64 

17 

2.4 

241 Am 

X-Radiation 
( ...... 60 key) 

0. 

1 

6.2 

6.6 

0.65 

23 

11 0 kvp 
X-Radiation 
(1. 0 mm AI 
filtration) 

o. 
L 

5.9 

0.44 

19 

1.5 

80 kvp 
X-Radiation 
(1. 0 mm AI 
fi Itration) 

o. 
L 

5.8 

0.32 

17 

0.85 

*These data were obtained with the help of R. Yokota and K. Hashimoto of Toshiba Company, for 241Am exposure, and-J. E. 
Hewitt, Ames Research Center, for 85Sr exposure. 

tThis letter as a subscript specifies the type of glass and encasement as shown in columns 2 and 3. 

:!:a. , Fluorescence intensity of dosimeter per roentgen of 85Sr y-radiation (normalized to 1.00 for j = I, i. e., made up of 
-1 low Z glass encased in plastic); (1. , ratio of fluorescence intensity of a rod per roentgen of different type of X-radiation 

from that of 85Sr y-rays (an indexJ of energy dependence of each glass dosimeter). 

§Estimated from low Z determination. 
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The X-radiation used for obtaining the calibration data in Tobie 1 was from 

a tungsten target. The spectra of the X-radiation (Kondo and Kato, 1959), 

given in Figure 1. 2, were expected to simulate, though very roughly, the spectra of 

secondary )I-radiations (i. e., tungsten fluorescence and Compton scattering found 

in the Biosatellite II experiment), because the source holders for the 85Sr used in 

the spacecraft and the ground-based control setup were mode of tungsten, as were 

the floors of the radiation areas. 
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FIG. 1.2. Spectrum of X-radiation believed to be similar to the 
scattered radiation used in present experiments (Kato and Kondo, 
1959). 
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Experimental results with Biosatellite ground-based control and flight 

setups-The four packages that held the biological materials were arranged 

around the 85Sr source (Fig. 1.3) at different distances from it (Table 1.2). The 

package in the l-kR nominal exposure position was elevated above the tungsten 

backscatter sh ield upon an aluminum bracket; the other three packages were 

ORNL-BIO-22594 

) 

FIG. I. 3. Schematic diagram of forward (radiation) section of Biosatell ite II. The 
Habrobracon packages are shaded. The radiation source is in the geometric center. 



Table 1.2. Distances in centimeters of packages from the radiation source in the Biosatellite spacecraft 

Distance from Backscatter Shield 
Maximum Distance Distance from Source 

Distance from Backscatter 
to Module Center 

Package 
Nominal from Source Edge Center to Habrobracon 

Shield to Package Center 
Exposure to Outer Edge of Position Lower Upper 

Upper Right Module 
(kR) L 1/L H H/L H H/L H H/L 

A 822 4 6.6
1 

7.9
0 

O. 13 3.3 0.42 2.2 0.28 4.4 0.56 

A 820 2 9.79 11.0
7 

0.09 3.3 0.30 2.2 0.20 4.4 0.40 

A 821 13.8
8 15. 17 0.07 6.2 0.41 5. 1 0.34 7. 1 0.45 

ex> 

A 823 0.5 21. 19 22.4
8 

0.04 3.3 0.12 2.2 O. 10 4.4 0.20 

Altered A 821, 16.2
7 

17.5
6 

0.06 8.6
4 

0.49 
upper modules 

Altered A 821, (Lower Right Module) 
13. 19 0.08 7.52 

0.49 6.4
0 

0.49 
lower modu I es 11.9

1 

H = height from backscatter shield (cm) 

L = distance from source (cm) 

Radius of source = 0.686 cm 

Cap face to center of Habrobracon position = 0.6 em 

Monitor position to center of Habrobracon position = 3.5 cm 
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screwed to the shield. In the spacecraft, during the actual flight, the bracket of the 

J-kR package was placed inadvertently in a reversed position, so that the package face 

was tilted at an angle 30° upward and away from the source (Figs. 1.4 and 1.5). 

H , 

LOCATION OF 

H - HABROBRACON 
Y - YEAST 

A- ARTEMIA 

ORN L- BIO-22595 

FIG. 1.4. Altered and standard arrangement for Habrobracon packages at 1000-R nominal 
position. Distances of Habrobracon cavity, dosimeter positions, and yeast and Artemia 
positions, with respect to radiation source, are indicated . 

ORNL-BIO-22596 

FIG . 1.5. Radiation sections 
of ground-based control setup 
(above) and spacecraft (below) 
showing altered arrangement of 
Habrobracon packages at the 

J-kR nominal exposure position. 
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We placed the four sets of glass rods at 4-kR and O. 5-kR positions in the 

Biosatellite ground-based cantrdl setup and in the spacecraft. Because of the 

shortage of the number of high Z rods at our disposal, we placed only the low Z rads 

encased in gold or in plastic cases at the 2-kR and l-kR positions in the ground-based 

control setup and the spacecraft • Table I. 3 summarizes the averaged readi ngs of 

these rods. Assuming for the moment that the nominal 4-kR position received 

exactly 4-kR, the readings at the other positions deviate from the expected by about 100/0. 

Table 1.3. Comparison of average readings of rods in plastic tubes and gold cases 

Low Z Glass in High Z G lass in 

Monitor 
Gold Plastic Gold Plastic 

Position 

Measured Ratio Measured Ratio (Measured) (Measured) 

Front 
4 kR 1050 ±26 4.0 683 ±14 4.0 884 ± 11 627 ±25 

2 kR 502 ±12 1. 90 341 ± 4 2.0 

1 kR 291 ± 9 1. 12 199 ± 4 1. 16 

0.5 kR 14B.4± 1.5 0.56 96.4± 1.7 0.56 128.4± 3.4 97.5± 4.4 

Base 
0.5 kR 122 ± 4.3 80.6± 1.7 

Substituting the reading values in Table I. 3 and the values in Table I. 1 for y 

and a. in Equation (2), respectively, we obtain the following empirical equations: 
-1 



For the 4-kR position 

and 

For the O. 5-kR position 

From the above equations we have 

5 = 76 ± 32 
o 

2 
= 

51 ± 30 ' 
0

3 
- 0

4 

11 

683 

1050 

627 

884 

96.4 

148 

97.5 

128.4 

= 

= P + 0 5 
- 1-

= 1.6~ + 1.602~ 

= o. 858~ + O. 8580 3~ 

= 1. 3 ~ + 1. 30 4~ 

= p + 0 5 
- 1-

= 1.6~ + 1.602~ 

= O. 858~ + O. 8580 3~ 

= 1 . 3~ + 1 . 30 4~ 

for the 4-kR position 

5 = 21 ± 5 
o - 0 

3 2 
= 

17 ± 5 
o - 0 

= 15 ± 6 
o - 0 

for the O. 5-kR position where the 
3 1 3 4 

standard errors are calculated from the data in Table 1.3. If we ignore these 

standard errors, from Equations (5) and (6) we have, respectively, 

0 > 0 > 0 > 0 
3 1 4 2 

and 

0 > 0 > 0 > 0 
3 4 1 2 ' 

Because of the standard errors, these relations have not been strictly proved by the 

experimental data, but we may argue as follows: The relation 0
4

> 0
1
, assumed at the 

0.5-kR position, would be true if the component of scattered ')Lrays with energy 

around 200 key is much more abundant than the component with ·energy around 60 kev, 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 
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the energy of the tungsten fluorescence X-ray; this can be verifi ed from the energy 

dependence data of 01 and °
4 

given in Table I. 1 combined with the spectra of the 

X-rays used and the energy dependence spectra of 01 and 03 given in Figure I. 1. 

The relation of °
1
>°

4 
means, by similar reasoning, that the component of scattered 

')I-rays around 60 kev contributes more to the glass rod reading than the component 

around 200 kev. 

From the above, or primari Iy theoretical argument, we may take the X-rays 

of 180 kvp filtered by Cu 1.0 mm + AI 0 . 5 mm as the first order approximation for 

the scattered ')I-rays in the Biosatellite II, though it would have been better to 

have had a higher kvp X-ray machine at our disposal. Then from T abl e I. 1 we have 

where 01 and 03 for "plastic" have been approximated by the °
1

' and °
3

' values 

for "aluminum" given in fable 1.1. Thus substituting the values in Equation (9) 

for 0. 's in Equations (5) and (6), we obt.a in for the 4-kR position: 
1 

S = S.3±2.3; 

and for the o. 5-kR position: 

S = 1.5±O.4; 

° S = 21 ± 11 1-

where the forms of Equations (5) and (6) containing the 03-02 have been used. 

The other two forms gave values identical to these within the standard errors. 

Since the glass rod readings were adjusted to make 1 unit of reading equal 

to 1 R of 85Sr ')I-rays, we used the following expression of factor iR to convert 

the rod readings to R values: 

(9) 

(10) 

(11 ) 
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~ = = (12) 

-
Fr.om Equations (3) and (5) and from (4) and (6), we have 

~ = 0.977 ± 0.010, for the 4-kR position 

and (13) 

~ = 0.953 ± 0.012, for the 0.5-kR position 

The..!.R values summarized in Table 1.4 can also be used for conversion of rod readings 

at the "base" position, at least as the first order approximation. This is because 

the ratio of rod readings in gold cases to those in plastic cases at the "front" 

position is equal to that at the base position for the 0.5 kR position, os will be 

easi Iy seen from Tab I e I. 3. 

Table 1.4. Estimates of the fraction of scattered radiation and the 

conversion factor, i
R

, from glass rod readings to exposures for 

the-monitoring positionings 

Monitor 
Position 

4kR 

2 kR 

1 kR 

0.5 kR 

Fraction of 
Scattered Radiation 

(%) 

0.75 

1.1 

1.4 

1.6 

0.977 

0.97* 

0.96 t 

0.95 

*The scattered exposure fraction was interpolated from the 
assumed linear relationship (cf. Henry and Garrett, 1964) 
between the scattered exposure fraction and the H/ L value 
where Hand L are, respectively, the height of the monitor 
position from the floor and the distance from the source. 

tlnterpolated from the values at the 2-kR and 0.5-kR positions. 
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Scattered radiation in control (0 dose) area of spacecraft - Let us assume 

that no primary radiation reached the monitors in the aft area of the space vehicle 

behind the tungsten shield. Except for that from outside the vehicle, which was 

negligible, all radiation detected would then be primorily from scattering. Thus, 

Equation (2) for low Z rods in plastic and gold cases reduces to 

(14) 

According to measured readings of rods in plastic and gold cases in the front 

position, the above equation takes the following empirical form: 

(15) 

Assuming thot C
2 

is close to unity (Table 1), we have from Equation (15), 

o '::'4 2· 1 ., 5'::' O. 3 (R) ( 16) 

This is an independent demonstration of the validity that 0
1 

is close to 4, as we 

have assumed in the previous section. 

Since the rods in the control position were exposed ~ times as long as 

those in the exposure orea discussed in the previous section, the exposure to 

biological materials in the control can be estimated as kDH4 where DH4 is the , 

Habrobracon exposure for the 4-kR position and ~ is derived as the ratio of 0.3 R 

[see Equation (16)] to 667 R [see Equation (13)] divided by~. 

Table 4 summarizes the values of conversion factors and fractions of 

exposures contributed by scattered y-radiation relative to primary Y-radiation 

plus the high energy part of Compton-scattered Y-radiation. The values at 2-kR 

and l-kR positions have been estimated by interpolation. 
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Habrobracon modu les ("front" position) - The monitoring positions were 2 mm 

further from the source than the cavity in which the Habrobracon were placed 

(distance ~ in Fig. 4), so the conversion factor,!H' from the reading at the moni­

toring position.QM to the exposure.QH given to the Habrobracon follows the equation 

.i. H = (~ + ~) 2 
x 

where =- is a proportional ity constant. 

1 + 2~ x 

As shown in Table I. 5 and plotted in Figure 1.6, the experimental data nicely 

fit Equation (17). Table 1.6 gives the best estimates of the values of.i.H • 

Table 1.5. Rad readings at the Habrobracon position, !2H' and 
at the monitoring position, !2M 

Nominal 
Position 

4 kR 

2 kR 

1 kR 

0.5 kR 

Altered 
J kR 

Set 

QH 

!2~ 

!2H 

!2M 

QH 

!2M 

!2H 

Q~ 

!2H 

QM 

Ratio 
Average 

683 ± J4 1. 09
3 

(J ± 0.023) 

625 ± 6.5 

340.7 ± 8.9 1. 05
5 

(J ± 0.OJ2) 

323 ± 1.7 

J98.4 ± 4 1. 04
9 

(J ± 0.022) 

189 ± 1.4 

96.4 ± 1.7 1. 029 (J ± 0.019) 

93.7 ± 0.65 

155.5 ± 3.0 1. 04
4 

(J ± 0.033) 

J49 ± 4.2 

(17) 
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Table 1. 6. Conversion factor, !H' from exposures at the monitoring position 

to those given to Habrobracon in the front position 

Nominal 
Position 

4 kR 2 kR 1 kR 0.5 kR 

1. 09 1. 06 1. 05 1.03 

ORNL-BIO-22597 

1.10 

1.08 

1.06 
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1.04 / 
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V") N '<t 

1.00 d 

0 1 2 

~ 

FIG. 1.6. Dependence of exposure at the biological 
position, QB (= QH)' divided by monitoring position 
exposure, !! M' on the square of Q~. 

Altered 
1 kR 

1.04 
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Yeast and Artemia modules ("base" position}-The containers in which the 

yeast and Artemia were placed were located at the base of the packages (Fig . 1.4). 

The exposures received in these containers were determined experimentally relative 

to the exposures received in the monitoring positions. The conversion factors, 

iv' are shown in Table 1.7. 

Table I. 7. Conversion factor, iy' from exposures at the monitoring position 
to those given to yeast or Ari'-emia at the base position 

Nominal 
Position 

4 kR 

2 kR 

1 kR 

0.5 kR 

Altered 1 kR 

II Basell 

42.5 ± 5.6 

247 ± 2.5 

152 ± 3 

80.6 ± 1. 7 

144 ± 6.5 

II Monitoringll iy 

625 ± 6.5 0.680 (1 ± 0.013) 

323 ± 1.7 0.765 (1 ± 0.011) 

189 ± 1.5 0.804 (1 ± 0.021) 

93.7 ± 0.65 0.860 (1 ± 0.022) 

149 ± 4.2 0.966 (1 ± 0.052) 

It was shown for the Habrobracon experiment in the Biosotell ite II spacecraft 

that the scattered radiation with an energy of less than 100 kev accounted for less 

than 1% of the exposure received by the 4000-R nominal exposure package. The 

scattered radiation accollnted for less than 2% of the exposure received by the 

500-R nominal exposure package. 

Conversion factors were obtained which permitted us to make corrections 

for the geometry and the scattered radiation. 
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DOSIMETRIC MEASUREMENTS FOR THE BIOSATELLITE II EXPERIMENT AND 
ASSOCIATED AFTERF LIG HT EXPERIMENT 

R. C. von Borstel Katherine T. Cain Sohei Kondo 

The estimated exposures to the Habrobracon, yeast, and Artemia in the 

Biosatellite II experiment are summarized in Tables II. 1-11. 7. The exposures did 

not reach the nominal level because the duration of the flight was shortened. The 

data for each module position are the average of readings of each end of three 

different glass rods. The conversion from radio-photoluminescent measurements 

(~) to roetgens (~) . is made according to 

B 
F = AR-. 

The constants A and ~ were derived experimentally from a standardized series of 

exposures. Below 1000 R, A = 0.995 and ~ = 1.045. Above 1000 R, A = 2.146 

and! = 0.894. This conversion factor for exposures above 1000 R is for 

measurements made after 3 months when the fading of the tenebrescence of the 

glass has stabilized (Cheka, 1968). Below 1000 R the conversion factor changes 

little, if any, with time. 

The corrections made in the last two columns of Tables II.5 and 11.6 were 

necessary because the Toshiba rods used for these measurements were from a batch 

that was different from the batch used in the previous tests. In order to obtain 

proper measurements, a correction factor of 0.9445 was used. 

LITERATURE CITED 
~ ... .....,.. -".,... .......... 

Cheka, J. 5., 1968, Long-term stabi I ity of radiophotolum inescence in metaphosphate 

glass. Health Physics 11: 363-368. 
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The nominal exposure is the amount of incident radiation in roentgens that 
the Habrobracon were supposed to receive. 

The module positions are UL (upper left), UR (upper right), LR (lower right), 
and LL (lower left) as seen from the 85Sr source. 

T is the reading of the Toshiba glass rod reader (in microamperes). The 
valu;s entered in the table are twice the reading, which gives a value approxi­
mately equal to the radiation exposure in R. 

~ is the exposure in roentgens incident upon the Habrobracon • 

.!y is the exposure in roentgens incident upon the yeast and Artemia. 



Table II. 1. Fluorescent readings of the Toshiba glass rods in the ground-based control of the Biosatellite flight experiment of 
14-17 December 1966 

2F Average Average 
Corrected for 

Nominal Module 2F Average 2F Average 2F Average Geometry and Scatter 
for the Package 

Exposure Position Module Horizontal Vertical 
Package Exposure 

!H iy 
(R) (upper and lower) (left and right) (R) - -

4000 UL 3809.4 3779.2 3739.8 3725. 1 4200 4578 2856 
UR 3748.9 3710.3 
LR 3671. 8 3670.9 
LL 3670. 1 

2000 UL 2107.0 2113.2 2094.4 2097.5 2200 2332 1683 
UR 2119.4 2100.6 
LR 2081. 8 2081. 8 

I'V 

LL 2081. 8 

1000 UL 1281. 7 1291. 9 1271. 4 1279.2 1320 1386 1061 
UR 1302.1 1286.9 
LR 1271. 7 1266.4 
LL 1261. 2 

500 UL 649.3 646.3 640.0 639.9 639.9 659 550 
UR 643.3 639.8 
LR 636.4 633.5 
LL 630.7 

0 UL 2.2 2.2 2.3 2.3 2.3 2.3 2.3 
UR 2.2 2.3 
LR 2.5 2.5 
LL 2.4 



Table II.2. Fluorescent readings of the Toshiba glass rods in the flight packages of the Biosatellite flight experiment of 
7-9 September 1967 

2F Average Average 
Corrected for 

Nominal Module 2F Average 2F Average 2F Average Geometry and Sca tter 
for the Package 

Exposure Position Module Horizontal Vertical 
Package Exposure 

!H ~y 
(R) (upper and lower) (left and right) (R) - -

4000 UL 2165.9 2187. 1 2093.8 2104.6 2225 2425 1513 

UR 2208.2 2115.4 
LR 2022.5 2022.1 
LL 2021. 6 

2000 UL 1237.3 1204. 1 1191.7 1170.7 1200 1272 918 

UR 1 170.8 1149.7 
'" LR 1128.5 1137.3 '" 

LL 1146.0 

1000 UL 516.8 523.3 563.2 566.3 566.3 589 547 

Altered UR 529.8 569.3 
LR 608.8 609.2 
LL 609.6 

500 UL 353.3 351.9 345.6 346. 1 346.1 356 298 

UR 350.6 346.6 
LR 342.7 340.3 
LL 337.9 

0 UL 0.6 0.5 0.7 0.7 0.7 0.7 0.7 
UR 0.3 0.7 
LR 1.0 0.9 
LL 0.9 



Table 11.3. Fluorescent readings of the Toshiba glass rods in the ground-based control of the Biosatellite flight experiment of 
7-9 September 1967 

2F Average Average 
Corrected for 

Nominal Module 2F Average 2F Average 2F Average Geometry and Sca tter 
for the Package 

Exposure Position Module Horizontal Vertical 
Package Exposure 

iH iy 
(R) (upper and lower) (left and right) (R) - -

4000 UL 2151.8 2133.5 2120.7 2 JJ 0.0 2230 2431 1516 
UR 2115.3 2099.3 
LR 2083.4 2086.5 
LL 2089.6 

2000 UL JJ59.3 1147.3 1159.7 I 150.8 I 175 1245 899 
UR 1135.2 JJ41.9 

I'V 
LR I 148.5 1154.3 w 

LL JJ60. I 

1000 UL 719.5 709.9 693.3 694.2 694.2 729 558 
UR 700.2 695. I 
LR 690.0 678.5 
LL 667. I 

500 UL 365.9 367.2 357. I 360.5 360.5 371 310 
UR 368.4 363.9 
LR 359.4 353.8 
LL 348.2 

0 UL 1.8 1.9 1.6 1.7 1.7 1.7 1.7 
UR 2. I 1.8 
LR 1.6 1.5 
LL 1.4 



Table 11.4. Fluorescent readings of the Toshiba glass rods in the flight packages of the phase B experiment of 12-14 March 1968 

2F Average Average 
Corrected for 

Nominal Module 2F Average 2F Average 2F Average Geometry and Scatter 
for the Package 

Exposure Position Module Horizontal Vertical 
Package Exposure 

!H !y 
(R) (upper and lower) (left and right) (R) - -

4000 UL 2092.6 2081.8 2077.3 2077.4 2180 2376 1482 
UR 2071.0 2077.5 
LR 2084.0 2073.0 
LL 2062. 1 

2000 UL 1134.0 1140.0 1129.3 1132.0 1150 1219 880 
UR 1 146.0 1134.7 
LR 1123.4 1 124.0 '" ~ 
LL 1124.7 

1000 UL 668.6 672.6 656.6 656.1 656 689 527 
UR 676.6 655.5 
LR 634.4 639.5 
LL 644.6 

500 UL 339.3 338. 1 330.0 331.8 332 342 286 
UR 337.0 333.7 
LR 330.4 325.5 
LL 320.7 

0 UL 1.3 1.4 1.5 1.5 1,5 1.5 1.5 
UR 1.4 1.5 
LR 1.5 1.6 
LL 1.7 



Table II. 5. Fluorescent readings of the Toshiba glass rods in the control packages of the phase B experiment of 
12-14 March 1968 

2F Average Average 
Corrected for 

Nominal Module 2F Average 2F Average 2F Average Geometrl: and Scatter 
for the Package 

Exposure Position Module Horizontal Vertica I 
Package Exposure !H !y 

(R) (upper and lower) (left and right) (R) 

4000 UL 2144.0 2158.6 2125.8 2126.5 2240 2442 1523 
UR 2173.2 2127.2 
LR 2081. 3 2094.4 
LL 2107.5 

2000 UL 1162.6 1167.9 1160.6 1164. 1 1190 1261 910 
UR 1173.2 1167.5 N 

LR 1161. 9 1160.2 
01 

LL 1158.6 

1000 UL 707.7 696.5 699.6 688.6 689 723 554 
UR 685.3 677.6 
LR 670.0 680.7 
LL 691.5 

500 UL 337.0 338. 1 330.9 331.2 331 341 285 
UR 339.3 331.5 
LR 323.7 324.3 
LL 324.9 

0 UL 1.5 1.6 1.6 1.5 1.5 1.5 1.5 
UR 1.7 1.5 
LR 1.3 1.5 
LL 1.7 



Table II. 6 Fluorescent readings of the Toshiba glass rods in the flight packages of the phase C experiment of 22-24 May 1968 

2F Average Average 
Corrected for Corrected for 

Nominal Module 2F Average 2F Average 2F Average Geometry and Scatter Rod Sensitivity* 
for the Package 

Exposure Position Module Horizontal Vertical 
Package Exposure 

.!H i y iH i y 
(upper and (left and 

(R) (R) - -
lower) right) 

4000 UL 2264.4 2280.2 2221.5 2247.2 2400 2616 1632 2471 1541 
UR 2295.9 2272.9 
LR 2249.8 2214.2 
LL 2178.5 

2000 UL 1201. 0 1212. 1 1 196.0 1203.3 1230 1304 941 1232 889 
UR 1223.2 1210.6 
LR 1198.0 1194.5 '" a-
LL 1 191. 1 

1000 UL 553.6 555.5 583.7 585.6 586 609 566 575 535 
UR 557.5 587.6 
LR 617.7 615.7 
LL 613.8 

500 UL 365.6 366.4 361.2 361.9 362 373 311 352 294 
UR 367.3 362.6 
LR 358.0 357.4 
LL 356.7 

0 UL 1.7 1.8 1.7 1.8 1.8 1.8 1.8 1.7 1.7 
UR 1.9 1.9 
LR 1.8 1.8 
LL 1.7 

*Correction factor for rod sensitivity = 0.9445 



Table II.7. Fluorescent readings of the Toshiba glass rods in the control packages of the phase C experiment of 22-24 N\ay 1968 

2F Average Average 
Corrected for Corrected for 

Nominal Module 2F Average 2F Average 2F Average Geometry and Scatter Rod Sensitivity* 
for the Package 

Exposure Position Module Horizontal Vertical 
Package Exposure 

f f f f 
(upper and (left and - - -

(R) (R) 
H Y H Y 

lower) right) - - -

4000 UL 2161. 9 2199.9 2187.9 2216.6 2350 2562 1598 2420 1509 
UR 2237.9 2245.3 
LR 2252.8 2233.4 
LL 2214.0 

2000 UL 1205.3 1211.9 1211.5 1205.9 1240 1314 949 1241 896 
UR 1218.6 1200.3 
LR 1182. 1 1 J 99.9 "" -....,J 

LL 1217.6 

1000 UL 737.5 740.6 732.2 732.6 733 769 589 726 556 
UR 743.7 733.0 
LR 722.3 724.6 
LL 726.8 

500 UL 373.5 377.8 365.9 370.4 370 381 318 360 300 
UR 382. J 374.9 
LR 367.7 363.0 
LL 358.4 

0 UL 1.4 1.5 1.5 1.5 1.5 1.5 1.5 1.4 1.4 
UR 1.6 1.5 
LR 1.5 1.5 
LL 1.6 

*Correction factor for rod sensitivity = 0.9445 
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INTRA-EXPERIMENTAL DOSIMETRIC COMPARISONS 

R. C. von Borstel Diana B. Smith 1 John E. Hewitt
2 

1 Biometrics and Statistics, Oak Ridge National Laboratory, Oak Ridge, Tennessee, and 

2Biosatellite Project, Ames Research Center, Moffet Field, California 

The comparisons of the dosimetric data taken from the Toshiba glass rods and lithium 

fluoride are shown in Figure III. 1. They are based on data obtained from the Biosatell ite 

fl ight itself. If the data fro~ the altered package (1000-R nominal exposure during the 

flight) are discounted, the data for the glass rods and the Lif powder from the Biosatellite 

spacecraft and earth-based control follow inverse-square relations reasonably well. For 

the slightly higher reading shown by the Lif in the tube closest to the radiation source, 

we believe that the Lif received a slightly higher exposure, since it was in a tube that · 

formed a chord transecting . the isodose line. The glass rods in the package nearest the 

source were on a surface that was the arc of the isodose I ine itself. Further away from 

the source, the dosimeters, even including the tubes, were within 5% of the isodose lines. 
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FIG. III. 1. Exposure-distance relations 

for the Habrobracon packages in the Biosatellite 

II experiment. 
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