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OBJECT OF TASK 

Studies and reports which translate atomic warfare information Into a form 
suitable for Bureau planning and design use and for operations In the field. 

ABSTRACT 

A nuclear weapon explosion results In earth and bomb debris which has become 
contaminated with fission products, residual radiation or fallout. The problem of 
decontaminating an area depends largely on the radiation Intensity and the rate of 
decay of the fission products. 

Previous methods of determining dose to personnel during decontamination 
operations used tables or graphs to determine the total dose which would be received 
at a certain location over a specified period of time. Except for values used in the 
tables the desired value must be obtained by interpolation. 

This report presents the theory, construction, and use of a circular slide rule 
which is designed to solve passive defense problems dealing with residual radiation. 
The rule Is based on the t”'"^ law of radioactive decay. The slide rule can be 
used to solve an infinite number of Individual problems without the necessity of 
interpolation in tables or construction of graphic plots. A number of typical pro¬ 
blems are worked with the slide rule to indicate its method of use. 
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INTRODUCTION 

In I'his nuclear age, warfare and defense problems have become increasingly 
scientific. It is, therefore. Important that scientific devices be developed to help 
solve these problems. Giant electronic computers, for example, solve problems 
which are essentially unsoivable by other means. On a much simpler scale, problems 
associated with radioactive fallout and decontamination of fallout areas can be 
solved with a nuclear radiation slide rule. This report presents the theory, devel¬ 
opment, construction, and operation of such a radiation slide rule, and, for those 
engaged in Atomic Defense Engineering, a 4-In. plastic model of the slide rule has 
been inserted in the back cover flap of this report. 

THEORY 

235 
An atomic bomb releases many radiation products from fissioning U or 

Pu239, Most of these fission products are radioactive, and they decay according 
to their individual rates. By statistical methods. Way and Wigner^ derived a decay 
scheme applicable to the combined fission products. Their decay scheme Is expressed 
by the following formula: 

P= P0k f1-2.(1) 

where P is the power generation due to beta or gamma rays, 

Pq is the total power generated during irradiation, 
k Is the constant of proportionality 
t Is the time after irradiation, sec. 

This same decay scheme has been applied to residual or fallout radiation, 
since this residual radiation is made up of the fission products from either or 
Pu/Jy. This decay scheme gives a good approximation of the actual results of a 
number of bomb tests.2 The expression is changed slightly to give the answer in 
terms of dose rate (D) instead of power. Thus 
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where D is the dose rate at any time, t, 

D-| is the dose rate at H + 1, one hour after the bomb detonation 
t is the time expressed in hours after bomb detonation. 

In most cases the total dose received over a specified time is more important 
than the dose rate at a particular instant. Equation (2) is then integrated over the 
period of time involved: 

D = D r1,2 dt 

where D is the total dose received from t -j to t2* 

(3) 

This integrated to: 

D = 5 D-j (t1 “°-2 - t2 ■°'2) (4) 

If a person remained in a contaminated area from time of entry (t.) forever 
and no decontamination took place, the total dose he received would be: 

D„=5D] t"0-2..(5) 

where D has been termed the dose to infinity. 
00 7 

If equation (2) and (5) are expressed as logarithmic functions, and then 
plotted on log-log paper, they would plot as straight lines, with slopes of -rl.2 
and -0.2, respectively. 

Equation (2) thus becomes: 

Ln(D/D-]) = -1.2 Ln t .(6) 

Equation (5) thus becomes: 

Ln (D, /SDp = -0.2 Ln t.(7) 

From equations (2) and (5), we find that the dose to infinity and dose rate 
(D^ and D) are numerically equal, when t=0.2 hr. This information is required 
to plot the functions on log-log paper and also to operate the slide rule, since it 
allows aligning the total dose scale from a given dose rate. 
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It is interesting to note that equations (6) and (7) can only be plotted on 
log-log paper for a specific problem. Figure 1 is a typical example for the case 
of 6 = 200r/hr at t = 3 h rs. The plot can be made by calculating two points on 
the curve from equations (2) and (5), or by using the slope through one point. It 
is emphasized again, that a plot made like Figure 1 is only valid for a single loca¬ 
tion, or a single problem; It is limited by the size of the graph paper used and by 
the accuracy of the plot made. 

The main virtue of a slide rule based on the general equations (2) and (5) is 
that it can be used for any problem; its accuracy is built Into the constructed scales; 
it quickly solves any given problems; and finally it can be constructed so that if Is 
independent of any set number of log cycles for the parameters of time, dose-rate, 
and total dose. 

CONSTRUCTION OF SLIDE RULE AND OPERATION 

In order to construct a useful slide rule, a closer look at the basic equations 
Is required. Since the slide rule will be logarithmic, the relation between the 
three parameters of time, dose rate, and total dose must be known. Equations (2) 
and (5) reveal that the log cycle ratio between total dose, time and dose rate is: 

D:t: D = 10: 105: 106 

where total dose and dose rate decrease as time increases. Thus, It is a simple 
matter to construct a circular slide rule based on these ratios. Since time Is the 
common factor between total dose and dose rate, the time scale Is placed between 
the total dose and dose rate scales. Figure 2 is the result of this construction. The 
dose rate scale is on the outside with values from 10,000 r/hr to 0,01 r/hr. The time 
scale is next and runs from 0.01 hr to 1000 hr. The inside scale is the total dose 
scale and it is a single log cycle from 1 to 1 0 r. 

Since each scale has an integral number of log cycles, the rule is independent 
of the number of log cycles required. If the problem at hand produces a number 
beyond the values shown on the rule, all that has to be done is a simple change of 
the decimal point. For instance: If the dose rate became less than 0.01 r/hr, the 
10,000 r/hr would become 0.01 r/hr. However, for most practical problems, the 
values listed will suffice. Since the total dose reading depends on the dose rate 
at 0.2 hrs, the proper decimal point locations for the total dose will depend upon 
the problem. This will be Illustrated in the typical problems. 
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Figure 1. Dose Rate (6) and Total Dose (D ) for Problem D = 200 r/hr at 3 hr. 
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Figure 2. Radiation Computer with Dose Rate, Total Dose, and Time Scales. 



Hours 

Figure 3. PlasHc Overlay with Time Conversion Factors. 
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Figure 4. Movable Cursor Arm. 

Figure 2 is the basic rule. Over this Is placed a clear plastic overlay 
(Figure 3). To preserve the log cycle ratio, the time scale of the basic rule is in 
hours. The plastic overlay has conversion indices for days, weeks and months. 
Their use will be illustrated in the problems. Finally a movable cursor arm (Figure 4) 
is placed over the plastic overlay for use with the dose rate and total dose scales. 
Between the plastic overlay and the cursor Is a friction bearing to prevent slippage. 
The cursor can be moved independently of the plastic overlay, but the cursor must 
move whenever the plastic overlay is moved to retain the problem being worked. 

COMPARISON OF SLIDE RULE TO SOME TEST RESULTS 

Since the slide rule is based on the theoretical decay law constant of -1 .2, 
the values that the slide rule will yield should be compared to those of known results. 
Actual test results have yielded decay exponents from -1 .0 to -1 .4 for the same shot 
at different location^. However decay by the 1.2 law is generally accepted as the 
most representative. 



The most extensive work on the compilation of test results for fallout decay 
has been done by the Naval Radiological Defense Laboratory {NRDL) and their 
results appear In tabular form in Reference 4. The slide rule will be compared to 
these results In order to evaluate Its usefulness as a planning device for passive 
defense recovery operations. 

Figure 5 shows a plot of the decay scheme given in Table 3.9 of Reference 4 
and a plot of the decay by the 1.2 law. These plots are both on an H+l value of 
1000 r/hr. It can be seen that, for early times, the NRDL data gives dose rates 
that exceed those of the 1.2 law. However, the difference between the two curves 
Is always less than a factor of 2. For times of practical interest, from a decontam¬ 
ination viewpoint from a few days to six months, the two curves compare favorably. 
Decay curves based on exponents of -1.0 and -1.4 are also plotted for comparison 
purposes. 

Table 1A, Accumulated Dose Table, is similar to Table 3.9 in Reference 4. 
Table IB is a portion of Table 3.9 using the same time references as Table IA. 
Table IA was computed using the dose rate at entry as listed in Table IB since this 
is presumably the value that would be read on a monitoring instrument upon entering 
the contaminated area. Table IIA, Dose Accumulated During Stay Time Interval, 
Is the dose difference between successive column entries from Table IA. Thus, it 
Is the dose accumulated during that period. Table HB is the same information from 
the NRDL data. Table IB. Finally, Table III is the tabular difference between 
Table IIA and I IB, or between the 1.2 law and the NRDL data. It is interesting 
to note that in all cases except five, the 1.2 law predicts doses which are on the 
conservative side. For the one and two day entry times and the first week of stay 
time, the prediction is lower than the NRDL data by 21 per cent and 44 per cent, 
respectively. Both methods indicate lethal doses for one day entries. The other 
three instances of low values are only 7, 3, and 2 r less than NRDL and therefore 
not significant. It should be kept in mind that these are planning doses only. In 
an actual case, continuous monitoring would be used and adjustments made for 
future predictions which would tend to bring the results even closer together. 

Since the slide rule is designed primarily as a planning device, it appears 
from the above comparison that it can be used with safety since it predicts doses 
on the conservative side (compared to NRDL data) for cases of practical interest; 
i.e. for entry times after two days. Reference 5 states, "the fission process found 
in nuclear weapons may differ from these data, but probably not by more than a 
factor of two, which is of minor consequence when considering the over-all uncer¬ 
tainties connected with the hazard to man". This comment Is appropriate, since 
the slide rule will predict dose rates, total dose, times of exposure, and decontam¬ 
ination factors well within a factor of two not only of the NRDL data, but known 
test results as well. 
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TYPICAL PROBLEMS 

The slide rule can be used fo solve five basic problems; Hiey are: 

(1) Dose rate at any time from dose rate at given time, 

(2) Dose to infinity at any entry time from dose rate at given time, 
(3) Total dose received between entry and exit times, 
(4) Time of entry for given allowed dose and mission time, 
(5) Decontamination required for entry at specified time for a given mission 

duration. 

To illustrate the use of the slide rule, each problem will have the following 
initial conditions: Dose rate = 200 r/hr at 3 hours after bomb time. 

(1) For problems of the first type, set the plastic overlay over the proper 
time; set the hour index over 3; and now move the cursor arm until it is set over 
the proper dose rate—200 on the outer dose rate scale. Determine the dose rates 
at the following times: 1 hour, 10 hours, 3 days, 5 weeks, 3 months, and 1 year. 

(a) 1 hour: move the plastic overlay until the Hour Index is over 1, 
read the value under the cursor: 748 r/hr 

(b) 10 hours: move the plastic overlay until the Hour Index Is over 
10, read the value under the cursor: 48 r/hr 

(c) 3 days: move the plastic overlay until the Day Index is over the 
value 3, read the value under the cursor: 4.5 r/hr 

(d) 5 weeks: D =0.23 r/hr 

(e) 3 months: D = 0.075 r/hr 

(f) 1 year: Place the plastic overlay so that the Month Index is over 
12, read 0.014 r/hr under the cursor. 

It should be noted that once the cursor is set relative to the plastic overlay, 
any time unit can be used on the time scale and the correct value will appear under 
the cursor. 

(2) For problems of the second type, the cursor must be set to read the proper 
value on the Total Dose Scale. To do this, move the plastic overlay until the 
Hour Index is over 0.2, read the value of the dose rate now under the cursor. 



(The cursor is still set with the initial conditions.) The value for the given problem 
Is 5200 r/hr. As indicated previously/ (page 2), the dose rate at 0.2 hrs and dose 
to Infinity are numerically equal. To set the cursor then for total dose problems/ 
determine the dose rate at 0.2 hrs and set this value on the Total Dose Scale by 
moving the cursor over the same value on the Total Dose Scale, For the given 
problem/ move the cursor arm until it Is over the value of 5.2 on the Total Dose 
Scale. It must be remembered that 5.2 Is actually 5200 r. 

Now determine the dose to infinity for the same entry times given In Problem 

(a) 1 hour: D «, = 3770 r 
(b) 10 hours: 0 0= 2380 r 
(c) 3 days: D = 1600 r 
(d) 5 weeks: D «. = 980 r 
(e) 3 months: D <» = 815 r 
(f) 1 year: D oo = 615 r 

(3) For problems of the third type/ the dose to infinity problem as in (b) 
above is merely worked for both the entry and exit times. The answer desired is 
the difference between the two. The following problems illustrate the technique: 

Entry Exit D(entry) D(exit) D(Total Dose) 

1 hour 12 hours 3770 r 

1 day 7 days 2000 r 

7 days 5 weeks 1350 r 

2 months 5 months 880 r 

1 year 3 years 615 r 

2290 r 

1350 r 

980 r 

735 r 

495 r 

1480 r 

650 r 

370 r 

145 r 

120 r 

The above type problem is sometimes worked in reverse. We know the entry 
time and the total dose to be allowed and would like to know the exit time. 
This is done by setting the rule on the entry time, the allowed dose is then 
subtracted and the exit time read off. The total time allowed In the area then 
is the difference between the exit and entry times. The following illustrates 
this type of problem: Allowed dose is 150 r in all cases. 



ENTRY EXIT MISSION TIME 

1 hour 

} day 

2 weeks 

3 months 

1.22 hours 

1.48 days 

3.8 weeks 

8.2 months 

13 minutes 

11 hours 

12 days 

5 months 

(4) For problems of the fourth type, the duration of the stay time in a 
contaminated area is known, the total allowed dose is specified, and the problem 
is to determine when a contaminated area can be entered. The initial conditions 
are the same as before: 200 r/hr at 3 hours; 48-hour work week In the contaminated 
area; a total allowed dose of 200 r for a mission lasting 1 year. Find the entry time. 

Since the slide rule is based on continuous exposure, the first item to be 
determined is the total dose received by someone staying in the area continuously 
Instead of only 48 hours per week. This dose would be: 

D = 200 x = 700 r 

A first approximation for a 1-year mission, determine the exit dose at one 
year. This is: 

D (1 yr) = 615 r 

Since the allowed dose for this problem for continuous exposure is 700 r, the 
dose to infinity at entry would be 615 r + 700 r or 1315 r. The entry time for 
this value is 8 days. In this case the first approximation is close enough, since 
the exit dose at 373 days is 611 r and the adjusted entry time is 8.2 days. Hence, 
our answer would be 8 days. 

(5) Supposing that the 8 days entry time is unsatisfactory and that the area 
must be entered at 1 day after the bomb explosion; how much decontamination 
must be effected, so that the total dose received still remains 200 r for the first 
year? 

The dose to infinity at 1 day is 2000 r. The dose to infinity at exit time 
(1 yr) is 615 r. Therefore, the total dose received during this period would be 1385 r 



The tot-al allowed dose for continuous exposure is 700 r, therefore the decontam" 
inatlon residual number required Is 700/1385 or 0.51. This is the degree of 
decontamination that must be effected for entry at 1 day. 

USE OF RULE FOR MULTIPLICATION AND DIVISION 

Because of its logarithmic construction, the rule can be used to solve multi¬ 
plication and division problems associated with decontamination problems. For 
Instance the illustrated problem 5, contained the problem of 700/1385. This can 
be worked on the rule. In most cases it is most convenient to use the inner Total 
Dose Scale for these arithmetic problems. 

For Multiplication: Set the Hour Time Index over the first number to be 
multiplied. Set the movable cursor arm over 10. Move the overlay until the 
movable cursor arm Is over the second number. Read the answer under the Hour 
Index. 

Examples: 5.5 x 7 - 37.5 Set hours over 5.5; set arm over 10; move 
overlay until arm is over 7; read 37.5 under Hours. 

For Division: Set Hour Index over numerator and the movable cursor arm 
over the denominator. Move the overlay until the cursor arm is over 10 and 
read the answer under the Hour Index. 

Example: 700/1385 = 0.51 Set hours over 700; set arm over 1385; move 
overlay to 10; read under hours 0.51. 

CONCLUSIONS 

1. The use of a slide rule for the solution of passive defense problems 
offers certain advantages over the use of either tables or plotted curves. They 
are: 

(a) Accuracy. No interpolation required; no curve plotting, 
(b) Can be made pocket size for easy use and carrying. 

2. The use of the slide rule (and the 1.2 law) will usually produce 
conservative results. For early times, the results may be unconservative but 
in error at most by a factor of 2. 



RECOMMENDATIONS 

1. It is recommended that the Radiation Computer be made available to all 
passive defense teams and monitors. (A 8 in. model of slightly different design 
has been issued as a part of "Radiological Recovery of Fixed Military Installations" 
by the Bureau of Yards and Docks.) 
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