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INTRODUCTION 

There may come a time when everyone will agree that reactors can never release their inventory of fission products. If this happens, the choice of a reactor site could be made independent of the surrounding population.  In a similar manner, an absolute guarantee on the adequacy of a containment vessel located below ground level or shielded properly would allow the choice of a site to be independent of the surrounding population. A guaranteed containment vessel above ground would enable the site choice to be made without considering people living beyond one or two kilometers from the reactor (Reference I Appendix I). Until the time is reached when reactors cannot liberate their fission products, site selection will have to take into account the possible effects, to the surrounding population, from a 
major release.  

The problem undertaken in this paper is the numerical rating of possible reactor sites from the hazard-to-people viewpoint. It is assumed that other considerations such as coolant and land availability, nearness to workers, and other economic factors have indicated a number of satisfactory sites which are then to be rated according to a hazard criteria.  

The approach used for the problem stated above is to assume that the reactnr runs for the life time of the fuel, and then all of the fission products are released as an ambient temperature, small sized cloud. No set sequence of events leading to this cloud is postulated because such a seouence would be intimately tied to the exact details of design, manufacture, and operation of the particular reactor in question.  The justification of the choice of emitting 100% of the fission products is by reference to the work of G. Parker (Reference II), who got more than 50% of the fission products out of sample fuel elements by short time burning. As will be shown later, the rating of sites is insensitive to the choice of percentage release. Also, there is no way to prove that 
fission products, once liberated from the fuel, will not leave th site.  
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A second assumption in the analysis is that the population density 
around the site can be approximated as a power of the distance. The 
justification for this is that all the sites checked so far can 
easily be fitted by a straight line on log-log paper. For sites with 
very asymmetric wind distributions, the population density should be 
weighted by the wind direction probability. This would be the same as 
calculating the release many times nnd taking the average of the effects.  

The third assumption is that no warning is given to the surrounding 
population nor is anything done to reduce their exposure.  

Using the above assumptions, a Hazard Index is calculated based on 
the sum of the mid-lethal dose times the number of people who would 
receive this or a greater dose plus the sum of the number of people 
who would be made sick times their doses. In order to calculate such an 
Index, the above sums are approximated in integral form. Since no account 
is taken of ground contamination, this Hazard Index is only indirectly 
related to the potential liability of a reactor accident.  

MATHWIATICAL DERIVATION 

A Sutton type equation (Reference III) for the dispersion of a cloud 
from a continuous point source at the ground is used.

D - 2Q ., xp 
y 2 n

2 ] 

212 exp

where :

D - dosage 
Q - total release 

Cy - horizontal diffusion parameter 

CS - vertical diffusion parameter 

X - distance downwind 
y - distance crosswind 
z - distance vertical 
n - index of turbulence 
u - mean wind speed

(curies - see/m 
(curies - measured at 

24 hr..) 

(meters n/2) 

(meters n/2) 

(meters) 
(meters) 
(meters) 
(dimensionloss) 
(meters/sec)

x01 I1 
XD 2-n 

"CYC D

-2-

-42 

2 2-2 
Cz

(1)

let

(2)



S- maximum distance of an isodose 
line at the ground (z - 0) 

Then at ground levels

(meters)

1/ 

We assume that the population as a function of distance can be 

written in the form: 

&-aXY 

S - population density (people/meter 2 ) 

0 - population density at I meter (people/meter 2+y) 
y - slope of population density (dimensionless) 

Therefore, the number of people in an area dx dy is given by 

dN (x,y) - a XY dx dy 

dN (x) - 2y a Xy dx 

Substituting (3) into (5a) and integrating producest 

XD 1/2

N (D) - 2*C7
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dx

N (D)- number of people within an area 
bounded by an isodose line. (people) 

By letting X - X exp (-t), the solution of equation (6) ist 
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The total hazard can now be estimated with the aid of equation 
(7) and knowledge of the human dose response curve by the following 
equationt 

H/ (D) N (D) (8) 
0 

HT - total hazard (dimensionless) 

h (D) - human dose response function ( I/people) 

With the present state of knowledge, the dose response factor must 
be estimated. It is hypothesized that this curve can be approximated by 
a double step function with a linear trend in between. (It is assumed that 
below a dose DE there is no short term human effect. Above the mid-lethal 

dose, DF, the effect is equal to DF and between DE and DF, the effect is 

equal to the dose.) This reduces equation (8) to 

SDy DB 

-HT hod (D) . DdN (D) D1 dN (D) (9) 

Do DE DF 

D - dose at site boundary. (curies - sec/M3 ) 

B 

ho must be zero to satisfy our assumption of no hazard below dose 

DE (Reference I Appendix [). It in only necessr7y to integrate to 

DB rather than D , since the effect on site is not considered pertinent.  

Thus, Dy DB 

-HTfDdN(D) +JD dN(D) (10) 

DE D 7 

Equation (7) is in the form 
-A 

N (Di) - K Di -A-1 

Thus dN (Di) - K A Di dD (11a)
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substituting (ha) into (10)s
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Let HjI KD? 

H2 - -KDB

-A+I 

-A+I

-AdD[ JdD

-A
-Dp KDB A-1 I

-A.1 -D A+
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-Dy N (B)

N (B) - number of people within an isndose 
line that extends to the site boundary.  
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Thus, the total hasard is simply

HT - H1 + H2  + H3* HA, (15) 

One further correction could be made to the above analysis because 
the aid-lethal dose was calculated only for a 180-day fuel life (Reference 
IV, Section 1.) To convert these nubers for different fuel lives, the 
concept of effective power based on the Wigner Way approximation (Reference 
V) for the fission product decay was used.  

Aesuming that the dose to a person is mostly lung dosage and that 
this is roughly proportional to the Integrel of the done rate from 2 to 
50 hours after the accident 

t •1 • --- •. .-- ---• -- 4-.  
T dt t o -r 2 d T 50 

T5Q -1.2 
Dose -A dt (T( +t) d Y (16) 

.8 .8 .8 .8 
- DA' (5 -A) -(2+T) ( 5+ -2 (17) 

for all times T»> 50 hours 
.8 .8 

expanding in a Taylor's series and keeping only the first two terms 
gives 

Dose - AT"8 (1U + -0) - (1 + L -) (19) T T 
D A T-'2 (20) 

Equation 20 normalized to I at T - 180 days gives.  

Peff (1802 

P T (days) (21) 

This equation is plotted on figure 2.
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SAMPLE CALCULATIONS

According to Referenoe I Appendix 1, the following diffusion 
parameters are typical for inversion conditions$ 

n - 0.5 CS a 0.05 mn/2 

u - 3.o a/se C - 0.40 n/2 

In a similar manner, Reference I Appendix D and Reference IV, 
are in agreement and give the following estimatest 

00- 100 (curies -sec/w 3 ) 

Djn400 (curies -scl 

Q a 0.8 P (curies - measured at 24 hours) 
P - reactor thermal power (watts) 

These values have been substituted into equation (2) and are 
plotted on Figure 1. The problem can then be cliasified into three 
regions (A, B and C).  

REGION C 

If the power of the reactor nnd the site radius is such that it 
fails into this region, then DR > DF and Dy > D. in equation (10).  

Therefore, the hazard ansociated with both integrals have negative 
values. Since there can be no negative hazard, the Hazard Index for 
this region is zero.  

RGION B 

If the power of the reactor and the site radius is such that it 
falls into this region, then D EýDp and DF? ) DB in equation (10).  

Therefore, the hazard apeociated with the second integral in this 
equation becomes negative and assumed to be zero by the logic given in 
region A. The equation reduces to 

-'I " D dN (D) - - M dD (22) 

DB B
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FTL- I AD 
A+1LI -100- dull

so 8.6826 z 1077 8.4mS- .25 
,/+0.25

4-9. r 25
+ 8.4APB

,.± 75
-3/2 

y * 1.75

Y-0. 2 5 j

- people per square kilometer at 1 kilometer 
- distance to site boundary (meters)

REION A 

If the power of the reactor and the site radius is such that it 
falls into this region, then D, < DF and DF <, DD in equation (10) 
and equation (15) reduces y . 0.251

HT -Hl[I
1-(

3 " .473 x 10 (y + 1.75) -3/2 [2.1 x2 1 .5

(25)

(25a)

H2 a a' 13.473 x 10 (y+1.75)-
B

(y + 1.75) (25b)

Equation (25a) is plotted on Figure 3 and equation (25b) is on Figure 4.  

As a specific example on the use of the curves, let us consider the BNL 
reactor operating at 20 MW. The average age of the fuel in the reactor 
is about 180 days. Therefore from Figure 2, R - 1. From Figure 1, we 
see that this reactor-site corbination lies in Region A and that the 
maximum interaction distance for D - 100 is approximately 14 Km. Figure 
5 shows the population distribution around the site for which
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Y - 0.93 and * - 6 

Froun gr 3vegt gt *1 +l - 7.2xo10 

rrom rigurt 4,we 1gotN12 -50 

Therefore, I a 7.2 x 103 - 5 x 10' - 7.15 x 103 

)kdtiplying by aS - 6 given a Hazard Index of approximately -.3 z 104.  

Another way of presenting the Hasard Index Is to calcuJate an equivalent 
uniform P•Uation density. From Figure 3 for y O, F 20 N1.N1 + R3 . 4 

- 1.5 z 10=.  

Similarly from gure for y O, P - 20 XO R2 o80.  

. 10 .30 people/km2 

Thus, the BUL reactor-site combination is the same a&a9 ite with a 
uniform population distribution of approximatey 30 people / . As can 

be seen from the equations, this equivalent population density is a 

function of the reactor power.  

OBSERVATIOMS 

It should be remembered that the problem undertaken in this study is 

to arrive at a Hazard order for various possible locations for the same 

reactor. This permits the use of many constants which, though not well 

known, tend to cancel out of the analysis. In this category are the doses, 
percentage release, reactor lifetime, etc. In each case, the only effect 

of a variation of the chosen number is to change the maximum radius of the 

population curve. This curve is very insensitive to changes in this radius, 
and hence the above constants need not be well known for the method to work.  

Vhile the example is shown for an inversion condition, it can be 

shown that HT for a lapse is very much smaller. Thus, any time weighted 

HT will tend to be proportional to HT for the inversion case. Therefore, 

for the relative rating of sites, it is usually sufficient to only calculate 

the inversion case. An exception to this would be a sits with a highly 

variable day-night population distribution.  

Due to the general nature of the values used in the analysis, the 

numbers derived are only approximate. In this respect, variations of a 

few per cent anong different sites is not signifioant.
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