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ABSTRACT 

A 

This experiment studied the effects of exposure rate on the 

response of the following gamma dosimeters: silver-activated metaphosphate 

glass plates and rods, lithium fluoride and manganese-activated calcium 

fluoride microthermoluminescent dosimeters, and cobalt-activated borosili- 
cate glass plates. The experiment was conducted at the flash x-ray- 

facility of the Ion Physics Corporation of Burlington, Massachusetts. 

Data were obtained in the exposure range of approximately 1,500 v.o 45,000 R 
at exposure rates from 5.2x10 R s to 2.2x10 R s"1. 

The results of this experiment indicate that no differences 

exist in the relative responses of the various dosimeters that may be 

attributed to exposure rate or to an interaction between exposure and 

exposure rate. No absolute exposure measurements were made; therefore 
data were analyzed on a relative basis. 
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EXPOSURE-RATE DEPENDEÍICE OF SELECTED GAMMA DOSIMETERS 

1. BACKGROUND 

The US Array Nuclear Defense Laboratory (USANDL) has made 

radiation measurements at nuclear weapon tests and weapon simulation 

tests for many years. The extremely high exposure rates encountered 

at these facilities require determination of dosimeter response as a 
function of exposure rate. 

This experiment studied the effect of exposure rate on the 

response of the following gamma dosimeters : silver-activated metaphosphate 

(AgPQa) glass rods and plates, cobalt-activated borosilicate (Co) glass 

plates, lithium fluoride (LiF) and manganese-activated calcium fluoride 

(CaFa) microthermoluminescent dosimeters (kiTLD) . Exposure rate dependence 
had beenQ studied previously and none has been observed at rates of less 

than 10 R s (References 1 through 6) . However, only a limited amount 

of work has been done above this level (Reference 5) . The highest expected 
exposure rate in this experiment was 4x1o11 R s-1. 

2. THEORY 

The physical phenomenon resulting from the Interaction of 
ionizing radiation with a dosimeter material is not sufficiently under¬ 

stood for a detailed quantitative discussion. A simple model is summarized 

below. Khen a radiation field interacts with matter, some fraction of the 

radiant energy is given up to the material. This energy excites the 

electrons, raising themto higher energy levels by either the photoelectric 

effect, Compton scattering, or pair production. The energy of the incident 

radiation determines which process is predominant. The number of electrons 

excited and the levels to which they are raised depend upon the dosimeter 

material, the energy, amount, and type of incident radiation, and 

possibly the rate at which the radiation is delivered. A portion of the 

excited electrons will undergo transitions to the ground state immediately 

while the remainder will be trapped and bound to some metastable state. 

The change produced in the dosimeter material by the rearrangement of the 
electrons is then used as a measure of the exposure. 

Donnert et al. (Reference 7) conclude from a theoretical 
mathematical treatment: 
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"Any dose rate effect in a dosimetry system is, 

at least in principle, a dose dependent phenomenon. 

This does, however, not necessarily imply that this 

phenomenon is of observable magnitude." 

In other words, the response of a dosimeter is a function of 

exposure, exposure rate, and an interaction term containing both 

exposure, exposure rate and possibly other factors. 

3. EXPERIMENTAL PROCEDURE 

3.1 Experimental Facility. 

This experiment used Ion Physics Corporation's (Burlington, 

Mass.) flash x-ray machine. A 3.6 MV pulsed power supply charges the 

unit's 3-meter coaxial capacitor. Electrons discharged from the 

capacitor strike a tantalum target to produce a bremsstrahlung with an 

average energy of 1.2 MeV and a maximum intensity of 8x10 R at the tube 

surface. Radi»‘■‘.on intensity is monitored with an external fast scin¬ 
tillator and pnotodiode. The monitoring unit signal is fed to an 

oscilloscope and photographed. This provides a radiation intensity 

profile of each pulse (Figure 3.1) . 

VOLTS f 

TIME 

Figure 3.1 A typical radiation intensity profile. 
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3.2 Dosimetry. 

A complete description of all the dosimeters, their readout 
systems and calibration techniques, is contained in Reference 8. One 
notable characteristic is the response of the dosimeters as a function 
of energy. The dosimeters in this experiment exhibit an overresponse 
to photons in the low energy region (< 200 keV) when compared to Co 
radiation (1.25 MeV). All the dosimeters, with the exception of the 
LiF TLD's, are normally placed in energy discrimination shields to 
correct for this overrerponse. These shields are designed toßjrovide 
the dosimeters with nearly unit energy responses relative to Co 
radiation from approximately 70 keV to a few MeV. The LiF uTLD's have 
a nearly tissue equivalent response and therefore are not shielded. 

3.3 Experimental Design. 

Four each of the various dosimeters were placed in polystyrene 
packets and arranged as shown in Figure 3-2, and then mounted on a circular 
aluminum faceplate (Figure 3-3) whose quadrants (A,B,C,D) were 1,12,20 and 
29 mm respectively from the x-ray tube face. To minimize the distance be¬ 
tween the dosimeter packets and the x-ray tube face, the dosimeters were 
exposed unshielded. The aluminum faceplate was mounted on an optical bench 
and centered on the x-ray tube face (Figures 3.4 and 3*5). 

Figure 3*2 A schematic of a dosimeter packet. 
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'^1
Fig\ire 3.3 Aluminum faceplate with dosimeter packet placed 

on station A.

P

iP %-k. m
Figure 3.^ Side view of the experimental faceplate in 

position for exposure.
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-■

Figure 3.t> ExperiniCntal faceplate in i>osition for exposure.

Based on predictions of tie source output, the expected 
exposure rates at the dosimeter packet oti each quadrant were: U.OxlO R s
(A), 2.0xl0“ R s"^ (B), 1.0xn“ R s*^ (C) , .ndO,5xlo“ R s"^ (D) . The 
total exposure received by each packet was dependent upon the distance at 
which it was exposed and the number of pulses it received. Exposure rates 
for each packet were calculated by dividing he .verage observed LiF TLD 
exposure by the pulse width [2.0x10** s (FV.liM)].



3.^ Data Analysis. 

The amount of radiation received by each dosimeter is proportional 
to the total integrated area under the radiation intensity profiles. A 

normalized exposure is obtained by dividing the average observed exposure by 

the total integrated areas of the radiation intensity profiles. For each 

dosimeter type exposed to the same exposure rate, the normalized exposures 

should be equal. A variation relative to the total exposure would indicate 
an interaction effect of exposure and exposure rate. 

Tochilin and Goldstein have shown that the LiF TLD exhibits no 

exposure rate effects at rates up to 2.0x1o11 R s-1 (Reference 5); therefore 

experimental results of this dosimeter were used as a standard. The ratio 

of measured exposure to the LiF TLD exposure was calculated for each 

dosimeter type in each packet. The ratios vary for the different types of 

dosimeters because each type is/characterized by a different energy response 

when exposed unshielded. However, for any one dosimeter type, a variation 

of the ratio relative to the exposure rate would indicate an exposure rate 

effect. The analysis requires the assumption that the radiation energy 

spectrum is the same at every station. This assumption is reasonable for 
the experimental distances from the tube face. 

A Student's t-test (95 percent confidence level) was used to test 

the hypothesis that the exposures relative to LiF TLD are the same for each 
type of dosimeter, regardless of exposure rate. 

4. RESULTS 

Table 4.1 lists the average observed exposure for each type of 

dosimeter. The total area under the radiation intensity profile integrals, 

the LiF TLD measured exposures, and the exposure rates for each dosimeter 

packet are presented in Table 4.2. Table 4.3 lists the normalized responses 

of the dosimeters contained in each packet. Table 4.4 contains the response 
relative to LiF TLD for each type of dosimeter. The results of the 

Student's t-test of the data in Table 4.3 are presented in Table 4.5. 

Table 4.5 presents a statistical comparison of the responses at the 

exposure rates in column 1 to the response at the highest exposure rate 

in column 2, e.g., the response of the cobalt plates at 1.2x1o11 R s'1 is 
equivalent to their response at 2.2x1o11 R s"1. 

The relative response of each dosimeter type as a function of 
the total radiation received (represented by the radiation intensity 

profile integrals) is presented graphically for the four exposure rates 

in Figures 4.1 through 4.4. The response relative to LiF TLD for each 

dosimeter type is shown as a function of exposure rate in Figure 4.5. 
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TABLE 4.5 RESULTS OF STUDENT'S T-TEST OF DOSIMETER RESPONSE RELATIVE TO 
LiF TLD 

Results of Comparison of Relative Responses* 

Exposure 

Rate 

R s"1 

l.PxlO11 

9.9X1010 

5.3x1o1° 

Low Z 

Highest Cobalt AgPCb 

Exposure Glass Glass 

Rate Plates Rods 

R s“1 

2.PxlO1 Equiv- Equiv¬ 

alent aient 

2.2x1o11 Equiv- Equiv¬ 

alent aient 
2.2x10 Equiv- Equiv¬ 

alent aient 

High Z 

CaFa AgPCb AgPCb 

M’TLD Glass Glass 

Plates 

Equivalent Equiv- Equiv¬ 

alent aient 

Equivalent Equiv- Equiv¬ 

alent aient 
Lessb Equiv- Equiv¬ 

alent aient 

‘Relationship of relative response at exposure rate in column 1 to relative 

response at highest exposure rate in column 2. Test was conducted at a 
confidence level. 

bEquivalent at a 98$ confidence level. 

5. DISCUSSION 

The variations of the observed exposures in Table 4.1 are large, 
although the precision of the dosimetry is better than 10 percent. The 

magnitude of the variations may be due to the geometry of the experiment. 

Each value in Table 4.1 is an average of four measurements from dosimeters 

in different locations in the packet (Figure 3.2). Although the aluminum 

faceplate was precisely centered on the tube face, the beam of radiation 

may not have been. Therefore, some dosimeters of each type were fully 

within the beam while others may not have been. Since the beam is posi¬ 

tionally reproducible within ±5 percent, the off-center effect should be 
consistent for every pulse (Reference 9). 

It was anticipated that the exposure measurements of the differ¬ 

ent dosimeter types would not agree very well since the dosimeters were 

exposed without shields and consequently energy responses would differ. 

This was indeed the case; however,the relative magnitudes of the measure¬ 

ments from different dosimeter types agreed well with the unshielded 
responses cited in Reference 8. 
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/ 

UF COBALT AgPOs CaFt AqPO, AgPO, 

TLD PLATES LOW i uTLD HIGH 2 PLATES 

Figure 4.1 Dosimeter response per unit area at an exposure 

rate of 2.2x1o11 R S_1 . 
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Figure 4.2 Dosimeter response per unit area at an exposure 
rate of 1.2x1o11 R s'1. 

19 

! 



T
O

T
A

L
 

A
R

E
A
 

U
N

D
E

R
 

R
A

D
IA

T
IO

N
 

IN
T

E
N

S
IT

Y
 

IN
T

E
G

R
A

L
S
 

(A
R

B
IT

R
A

R
Y
 

U
N

IT
S

) 

/ 

LiF 
TLD 

<T»t0.7 

COBALT 

PLATES 
AgPO, 
LOW i 

CoF2 

uTLD 
AgPO, 
HIGH j 

AgPO, 
PLATES 

)- Sj ”1 F 

* ».» 

:{ 

W ~ J 

n 

L l.l 

r~ 

w - iW.O 

:r 

— - 4- 

V 
p 

[ 

r - 

il 

c 
P 
P 

6 
ï 

3 

— 
f' , 

» 

T 
k 

i 

F 
F r 'i 

-1 

Í 
i— 

3 
A 

r 

: 

1 y 1 
P 
i* 1 

’3— 

j 

—b 
P 
P 
P 

i— ;t— 

3 
i 

• 

I 
f 
t 

H 
P 

t 
r 
ï 
'ï 

y 
1/ 

✓ 
* 

/ 

-r 

i 
t 
P 
r j 

/ 

/ 

/ 

~T 
k 
ï 
ü 

U 
1/ 

)✓ 

' 
' 
t 

n 

<i 

F 
i 
i 

A 

i 

4- 

/ 
/ 
/) 

' 

V 
/ 

3 
1 

] 

|p 
(/ A 

A 
A 
/ 

/ 

1/ 

r 
ï 

1 s J- 

» 
! 
/i 

£ 
/ 

' 

/ Í' 

/ 

U 

F" 

A 
A 

-' 

M 
✓ 
P 

1 
0 /i 

f 
-j 

u y L ï 
r 

A 

Í 
3_ 

V 
l> 
✓ 
/ 
/ 

p 

p 

? 
/* 

A 

✓ 
F \ 
\ 
A 

G* 
i 
i j- 

' 

' 

/ 

0/ 
-^ 3 

í 

i _l: 

a 
i 

3 

\ “1 
P 

ok A 
J 

_1_ 
A 

i 

! 
]_L) 
** 

T~ 
ï' 

uj: 
ï 
ï 
J_L 

t 
P 

L_i_ 

“1 

jJ t L_L 

F 
K 
C 

J_k 

H- 
i 

2_ 

RESPO*ISE / UNIT AREA 

Figure 4.3 Dosimeter response per unit area at an exposure 
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The calculated exposures per unit area under the radiation 
intensity profiles (Table 4.3) exhibit large deviations which are 
attributed to (l) the 10 percent precision of the dosimetry, (2) the 
5 percent error in planimetering the radiation intensity traces, and 
(3) errors in positioning the dosimeters in the packets and the packets 
on the aluminum faceplate. Despite the magnitude of the deviations, 
they are random with respect to the total exposure, i.e., there is no 
difference in response due to the amount of total exposure at any of 
the four exposure rates (Figures 4.1 through 4.4). 

The responses relative to LiF TLD (Table 4.4 and Figure 4.5) 
are statistically equivalent (at a 95 percent conf_dence level) regardless 
of exposure rate for each dosimeter type. The only exception is the 
response of the CaFa PiTLD which is less at the lowest exposure rate than 
at the highest exposure rate. However, these responses are equivalent at 
a 98 percent confidence level. Therefore, this data contain no convincing 
evidence of exposure-rate effects between the exposure rates observed. 

The CaF2 iaTLD's exposed to the lower exposure rates were not 
read out with the other dosimetry. Due to reader malfunction it was 
possible to read these dosimeters only after considerable time delay. 
Therefore, fading is believed responsible for the discrepancies in the 
CaFa jJtTLD relative response data in Table 4.4 and Figure 4.5. An expo¬ 
sure-rate effect would be expected to result in smaller relative responses 
at higher exposure rates rather than in the larger relative responses 
observed. 

6. CONCLUSIONS AND RECOMMENDATIONS 

The results of this experiment indicate that no differences 
exist in the relative responses of the various dosimeters that may be 
attributed to exposure rate or to an interaction between exposure and 
exposure rate. No absolute exposure measurements were made, therefore 
data were analyzed on a relative basis. Data were obtained in the expo¬ 
sure range of approximately 1,500 to 45,000 R at exposure rates from 
5.2xl010 R s-1 to 2.2x1o11 R s'1. Further experimentation is recommended 
to extend dosimeter response information to exposures and exposure rates 
above this range. 
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