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1963 REVISITED—SHOULD ME SET A 
PRECEDENT OF RECALCULATING OLD EXPOSURES?* 

INTRODUCTION 

This paper describes the recent experience I had re-evaluating the dose to 
an employee. This employee was plagued with skin disorders for years, but he 
questioned his recorded beta dose only after a recent LLNL cancer study began 
collecting data. He was concerned that his radiation dose recorded during the 
time he worked on a fission burst reactor experiment in 1963 did not represent 
the actual dose he received. 

I spent about six months gathering information, putting the information 
together, making necessary calculations, and reaching a "reasonable" result (a 
"reasonable" result being one for which the known information fits the 
calculated results with a minimum of inconsistencies). 

This paper presents the beta and gamma whole-body and hand radiation dose 
calculations, and compares these calculated dose rates with the meter, film, 
and pocket dosimeter information recorded in the health and safety log, 
operation log, and dosimetry -ecord. 

This work was performed under the a p i c e s of the U.S. Department of 
\ Energy by Lawre-ce Livermore National Laboratory under Contract W-7405-Eng-48. 
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EXPOSURE HISTORY 

The apparatus that the employee had worked with was a prompt burst reactor 
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assembly of oralloy enriched to 93.5% U. The assembly consisted of a 
base, four rings that fit over the stem on the base, and the safety block. 
The base was a plate 5/8 in. high and 3.5 in. 1n radius with a center stem 
4 in. high and 1.07 in. in radius. The four rings were each 1 in, thick and 
3.5 in. in radius, with three vertical holes 1 in. in radius and three vertical 
holes 3/16 in. in radius. A 0.5-in. void for samples (fission foils) was left 
between the rings and the stem (the inner radius of the ring was 1.57 in.). 
The safety block was also cylindrical, 3.5 in. in radius, and made up of disks 
of various thickness. It was roughly one-quarter of the total assembly and 
provided a quick reduction of reactivity to a safe sub-critical level. 

Figure 1 shows the total apparatus, which was designed for the production 
of short fission bursts; from 1962 until 1965 the apparatus underwent 180 
bursts (maximum yield was 5.6 x 10 fissions). Throughout 1963, the 
employee assembled, disassembled, and decontaminated the oralloy assembly, and 
maintained and repaired sections of the total apparatus. 

After many discussions with the employee, reviews of the operation 
logbooks, and reviews of the health and safety logbook, I put together a 
sequence of events from which to calculate the hand and body radiation doses. 
Unfortunately, beta monitoring information was not available; however, I lad 
the original film from the employee's film badge worn during this period 
re-evaluated. 

I divided the sequence of events into three time periods during 1963, 
Equipment maintenance and b'irst testing occurred during the first two periods; 
the third period included complete ,'ebuild and decontamination of the 

2 



••".".~y.T--!«J-:.;?' 

assembly. During maintenance the employee worled at distances from 15 in. to 
37.2 in. from the assembly (his hands at distances of 7 in. to 30 in.). For 
the latter time period (decontamination and rebuild) the employee actually 
handled the reactor parts for long periods of t' .. It was during this period 
that he received the major portion of his radiation dose. 

CALCULATIONAL METHODS 

Although there was some beta particle radioactive emission from the 
unfissioned uranium, the dose to the employee from this source is negligible 
when compared with the dose from the fission products. Therefore, the dose 
calculations were based strictly on the fission product inventory. I accounted 
for the contribution from each fission burst, determined by the temperature 
rise of the assembly. The employee was more concerned about the whole body 
dose, but I ascertained that the dose delivered to the hands was larger. 

The beta dose was calculated by R, > = KCD (rads), where K is ths 
normalization constant, C is the source term, and D is the distance factor. 
For the hand beta-dose calculations, 

KJ^^M)^Md^l.in 10-10 rad 
(100 SSf l ) (18.68 J ) " * particles-cm3 ' 
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w»«r"f8ga ( , ,'(«"S)Jl l*, t"" 
x (No. fissions) (volume factor) 0 in particles-cm3 , 

and 
^ [3 - e 1 ' ^ * ^ - (2vx/c) - fvx/c)1n c/fvx)] c 2 + e 1' vx 

3c 2 - 2.71(c2 - 1) 

which is Loevinger's empirical formula for a semi-infinite slab source, taken from 
Fitzgerald, Since personnel dosimetry processors measure skin dose at 7 my/cm2 

in tissue, all beta doses include this additional absorption attenuation. 
In addition, glove protection (0.01 in.) is assumed in all hand-dose calculations. 

aFrom Glasstone ; is good within a factor of 2 or less from 10 seconds up 
to several weeks. The evaluation of /t is 

5t-°-2[l- (yt2r°-2]day Ll L1 <1"-2 

From the number of fissions produced as a function of the temperature rise 

of the assembly. 
CA11 calculations are based on fissions occurring uniformly throughout the 

material of total volume 63.2 kg. For hand-dose calculations using the 
infinite-volume-source method, the volume factor used as determined by the 
volume of the part divided by the volume of the whole is 2.96 x 10 cm" , 



The total material thickness is expressed in terms of air distances: 

thickness of skin = 5.41 cm; 

thickness of gloves = 1.96 cm; 

thickness of plating--

0.001-in. nickel or copper plating = 17.5 cm; 

0.01-in. cadmium plating - 170 cm. 

The apparent absorption coefficient v is defined as: 

-, - r y r » 1.67 x 10"2 cm"1 (air) or 12,94 aaZ/g 
k - 0.036) i A 

\ max / 

where E m „ is 3£ = 1.2 Mel/, max 

The parameter c is defined as: 

3.lie m* = 1.6 . 

for the whole-body beta-dose calculations, 

K - l H e v H 0 , 4 particle) ., . i n-9 rad 
(lOO e r q / q ) particle-gram 
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c = , o „ in-6 particles/sec 
J , B * i U fission 

ch d a y 

dt 

and 

D = 

x (No. fissions) (geometry factor)c in particles , 

" c [l - (vx/cle ' 1 '™^] + v x e(l-vx)l [(0.001293 g/cc)2 (12.94 cm2/g)3l 
3c2 - 2.71(c2 - 1) ^ 4ir(vx)2 J 

in grams"*, 

aFrora Glasstone2; is good within a factor of 2 or less from 10 seconds up 
to several weeks. The evaluation of /t is 

5t 1-°- 2[l-(t 1/t z)°- 2]day 

DFrom the number of fissions produced as a function of the temperature rise 
of the assembly. 

CA11 calculations are based on fissions occurring uniformly throughout the 
material of total volume 63.2 kg. We considered all particles produced in the 
top 0.006 cm (maximum range of the 0.4-MeV beta particle) of exposed oralloy 
to be available. The geometry factors (the volume of material in question 
divided by the total volume of material) are: 

Ring top = 3.2 x 10 
-4 Ring side = 1.3 x 10 

Base top = 4.4 x 10 •4 

Base side = 2.33 x 10" 
Safety block = 1.42 x 10 -4 



which is Loevinger's empirical formula for beta dose from a point source taken 
from Fitzgerald. The definitions are the same as discussed under the 
hand-dose calculations. 

The gamma dose was calculated using similar conditions and formulas. 
They were based on a cylindrical, self-absorbing source medium with exposures 
on the center axis either from the end or on side. Using the center axis 
ensures the calculation of a maximum exposure. A buildup factor of 2.6 was 
determined by the ratio of meter readings to dose calculations, and it agrees 
with literature. In addition, all calculations were based on fissions 
occurring uniformly throughout the material. 



RESULTS 

The first calculations were based on the possibility that no plating 
existed on the parts. The quantity of plating did not affect the gamma 
results but had significant impact on the beta results. These calculations 
represent the maximum probable dose and are shown compared with the film badge 
results in Table 1. As a result of the gamma comparison, I increased the 
original buildup factor by 25%, to 2.6. This close agreement between measured 
and calculated results gave me confidence in the results. Note that only in 
the case of the beta hand dose did the potential exist for a dose above the 
annual limits. 

However, a dilemma results if this maximum dose is assigned, for no beta 
dose showed on the film badge. A major difference between the beta 
calculations and the gamma calculations was the question of plating on the 
assembly parts. The plating, layers of copper, nickel, and/or cadmium, did 
not change the gamma dose but could have a large impact on the beta dose. In 
fact, for a whole-body beta dose to be below the detectable limit of the film 
badge, the calculation required all plating to be in place. This was contrary 
to the employee's opinion. The most probable explanation here is that both 
the plating and the handling time were less than assumed. Table 2 shows the 
dose results when various amounts of plating are used in the calculations. 
The most probable dose is based on film badge results. 

Whenever actual measurement information existed, I compared it with the 
calculated results. These comparisons are shown in Table 3. The agreement of 
the calculated gamma results with the recorded measurements is generally 
better than 303!. However, two inconsistencies of 50% difference occurred for 
which I have no possible explanation. 
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Even the latter differences are acceptable, however, when one considers 
the fact that the fission-product equations, the basis of the calculations, 
may be off by as much as a factor of 2. The accuracy of these calculated 
gamma results, however, gave additional confidence in the accuracy of the 
geometry, distance, time, and source information for the beta calculations. 

Unfortunately, little beta dose data was available. The one fission-foil 
beta measurement, shown in Table 3, is the only instrument measurement for a 
check of the beta calculations. The foil information gives no indication of 
the actual quantity of plating in the parts, but since the agreement is so 
close, it was an additional check on the accuracy of the calculations. 

DISCUSSION 

After I was deep into this investigation, I began to question whether I 
should have carried the effort this far. After assessing this situation. I 
realize the best procedure would have been to locate and re-evaluate the film 
badges, and end the matter there. The Health and Safety Program had 
state-of-the-art dosimetry coverage, the film badge was worn routinely, and 
the dose was recorded in the employee records, all according to regulations; 
and the film badge results had to be used as a means of comparison with the 
calculations, anyway. The conclusion of the investigation was that the 
calculations confirmed the beta dose that had been recorded 18 years earlier. 

Such calculation of doses with only spotty experimental checks leaves 
many areas of uncertainty and error potential. It does have one redeeming 
factor, however: all the information is together in one place where it can be 
referred to from time to time as necessary, or for later court cases. 

3 



As the media give radiation more and more attention, people will question 
happenings from the past. We may be swamped with requests. There is more 
than enough work calculating doses which are not already documented, such as 
those from the early atmospheric nuclear tests. As Health Physicists we hove 
an obligation to provide as accurate a dose agreement as possible for our 
employees and the public. When concerns like the employee's in this study 
arise, we need to use our professional judgment to determine the realistic 
extent of the effort to be spent on their solution. 

A general rule to follow can be stated as: existing dosimetry records, 
when available, are the most realistic dose assessment. When these records 
are not available, we need to assess each situation individually to determine 
the appropriate extent of the effort. 

I 



'fmrMlMMM 

TABLE 1. Calculated maximum possible dose (assuming no plating on the 

assembly parts), compared with the film badge record. 

Film badge 
(whole-body dose) 
Gamma Beta 

Whole-
Gamma 

body dose 
Beta 

Hand dose 
Date 

Film badge 
(whole-body dose) 
Gamma Beta 

Whole-
Gamma 

body dose 
Beta Gamma Beta 

First time period 0.110 0.0 0.076 0.107 0.301 0.123 

Second time period 0.0 0.141 0.185 0.494 0,219 

Third time period 0.135 0.0 0.083 0.346 7.527 19.826 

0.220 0.0 0.215 0.639 19.727 52.005 

0.139 0.234 5.955 15.695 

-0 .010 <0.010 O.530 1.436 

0.250 0.0 -0.029 0.059 1.170 3.046 

Totals 0.715 0.692 1.570 35.704 92.350 
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TABLE 2. Effects of plating on dose calculations, and description of most 
probable dose. 

Film badge 
(whole-body dose) Whole-body dose Hand dose 

Gamma Beta Gamma Beta Gamma Beta 

No plating (maximum) 0.715 0.0 0.692 1.570 35.704 92.350 

Specified plating 0.715 0.0 0.692 0.479 35.704 53.755 

50% specified plating 0.715 0.0 0.692 0.678 35.704 65,332 

0.015-cm plating on tops 0.715 0.0 0.692 0.083 35.704 14.055 

Increased buildup factor (2.6) 0.865 — 44.630 — 

Most probable 0.855 0.083 14.360 14.055 
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TABLE 3. Comparison of calculated and measured doses. 
'i 
1 
| Type 

Calculated Measured Device 

I 
75-mg f ission fo i l s 

i (operations log) 

0.005 R/hr gaimia 
0.091 R/hr beta 

0.007 R/hr gamma 
0.100 R/hr beta 

Ouno 

k Dosimetry record 0.120 rem 
whole body 

0.110 rem 
whole body 

Film badge 

5.08 cm above stack 
(operations log) 

1.934 R/hr gamma 2.955 R/hr gamma 
3.7 R/hr gamma 
2 R/hr gamma 

Film badge 
Pocket dosimeter 
Meter 

40.64 cm above stack 
(operations log) 

0.143 R/hr gamma 0.210 R/hr garnna 
0.160 R/hr gamma 
0.150 R/hr gamma 

Film badge 
Pocket dosimeter 
Meter 

50.80 cm from stack 
center (operations log) 

0.084 S/hr gamma 0,100 R/hr gamma 
0.120 R/hr gaimia 
0.100 R/hr gamma 

Film badge 
Pocket dosimeter 
Meter 

35.56 cm from safety 
block center 
(operations log) 

0.197 R/hr gamma 0.205 R/nr gaimia 
0.150 R/hr gamma 
0.200 R/hr gamma 

Film badge 
Pocket dosimeter 
Meter 

Health & Safety Report 0.105 rem 
whole body 

0.047 rem 
whole body 

Unknown 

Part measurement 
(Health & Safety log) 

1.061 R/hr gamma 0.850 R/hr gaimia Meter 

Part measurement 
(operations log) 

1.512 R/hr gaimia 2.5 R/hr gamma. Meter 

Dosimetry record 0.495 rem 
whole body 

0.470 rem 
whole body 

Film badge 
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FIGURE CAPTIONS 

FIG. 1. Reactor assembly that employee worked with in 1963. 
1 
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