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INTRODUCTION 

Studies relating to potential pathways for exposure of the public to 
radiation resulting from industrial applications of Peaceful Nuclear 
Explosives (PNE) have shown that tritium is ne of the more significant 
nuclides contributing to such population exposures.'- '** This 1s true for 
both proposed contained and excavation applications of PNE. 

Calculation of exposures from Inhalation and skin intake has been 
discussed elsewhere. •• However, in some Instances calculated exposures via 
various food-chain pathways are considerably higter than those resulting 
from Inhalation and skin Intake. For the calculation of exposures from 
Ingestion of various foods, it is necessary to adequately model the 
atmospheric transport, uptake by the blospherlc water pool, and Its 
behavior subsequent to uptake. 

Tritium {HTO) has a very complex behavior In the environment due to 
its rather unique property of equilibrating with the ambient atmospheric 
water vapor content, and then moving primarily as water through food M f l C J 
chains to man. For example, In a PNE cratering explosion where 
the atmosphere is dry the atmospheric water vapor will have a relatively high 
concentration (pCi/ml) of tritiated water vapor; 1f further downwind the 
same debris cloud encounters a region where the atmospheric water vapor is 
high, the HTO concentration will decrease below that which diffusion alone 
would Indicate. If the same HTO debris 1s swept up Into a precipitating 
system, the tritium concentration in the atmospheric cloud will decrease 
somewhat more, but, as precipitation occurs, the deposition will Increase 
drastically. However, the vertical integral of HTO concentration from the 
surface to the top of the precipitating system will Increase still further 
due to evaporation of the falling hydrometeors below the atmospheric cloud 
base. Once on the ground, the deposited tritlated water vapor will 
evaporate, as a sort of resuspenslon, to become involved 1n other concentrating 
or depleting mechanisms downwind. At present, we do not have a model that 
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explicitly covers the above scenario. Previous tritium dose models have 
used the deposition velocity-dose conversion constant method applied to 
surface concentration and deposition measurements or calculations. Although 
applicable to most radionuclides, this method was shown to be grossly over-con
servative for the U.S. gas stimulation experiment at Rullson, Colorado. 
Recently we have made significant progress 1n realistically modeling dose-to
man from release of HTO to the atmosphere. The purpose of this paper is to 
describe our Improved model. 

A. Dry Deposition or Very Light Rain 

Anspaugh et al. *• * P i I ' ^ have developed a dry deposition dose-to man model 
for inhalation-submersion and various food-chain pathways. This model was 
based upon experimental studies at the ILL Bio Medical Division and elsewhere 
on the ecological transport of HTO, and was developed 1n conjunction with 
Project Rulison, the second U.S. gas stimulation experiment. 

For food pathways the model assumes ttat during cloud passage the 
concentration of tritium 1n vegetation moisture, c j , where v denotes 
vegetation, is proportional to the average surface air concentration of 
tritium, C\ divided by the absolute humidity of the surface air, H. A 
proportionality constant of 0.5 was derived on the basis of experimental 
measurements. Hence 

After cloud passage or exposure of time T, the tritium concentration in 

vegetation water Is 

where 
t' * t-T 
t = time since exposure started, day 
x, = elimination rate of tritium from forage, day" . 
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By way of example, l e t us txaoint th t dost prediction Method for t h t 

Individual dose vfa the foragt-cow-allk pathway. 

by 

The ra te o f change o f t h t t r t t l u a concentration i n milk, Cm, I s given 

% ' k H c - x_ c 
•ft- v m m , 

where 

k * f ract ion of the cow's t r t t i a t t d water body burden per l i t e r 

of milk* t ~ ' (k 1s t h t reciprocal of the voluat of th t cow's 

body water pool ) . 

W * dal ly V O I U M of vegetation water consulted by a dairy cow, 

i /day. 

x • rate of disappearance of t r i t i a t e d water frojt the cow, day* 

C y * concentration o f t r i t i u m in the water portion of forage, 

pCi nu" . 

During exposure, C° * •' y . I f exposure I s continuous, the level of 

t r i t i a t e d water 1r. milk at equil ibrium, C* . Is 

r e k v c i 
m » • 

I f the exposure 1s discrete, C m during exposure 1s 

kWC° -x t 

in 

and after exposure ceases at time T, C Is given by 

cn«kwc° ."V J l .'*. _1 
x p \ A m xm xm " x p r] • 

For acute exposures of duration T days, the infinite dose, D, In reus 
resulting from the exposure via each pathway Is given by the following 
where A is 5.1 x 10~ 3 rem-g-d1s/(pCi-MeV-day), E is the average H decay 
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-3 *i 
energy of 6.3 x 10 NeV/dls, and Ch Is the concentration of H 1n human 
body water 

T 
D - NLf (^ (t)dt + AEj Ch ( t ' ) d f 

o o 

Evaluation of this expression for the forage-cow-mllk pathway gives an 

equation for the dose to man In rem, as 

D - . S v (T + ^ - ) 
V e " Ap 

where 
L m • average dally milk consumption, g/day. 

x e * tritium elimination rate of adult or child, day . 

H > mass of body water of adult or child, ml. 

Suggested values for the constants 1n the above equation are: 

k - 2.8 x 10" 3/t 

Lm • 260 g/day (adult) 

- 700 g/day (Infant) 

M • 38i/day 

*m - 0.21/day 

A e • 0.069/day (adult) 

- 0.22/day (Infant) 

AP - 0.7/day 

H * 4.3 x 10 4 ml (adult) 

* 6.1 x 10 3 ml (Infant) 

Substituting thest vi lws in the ASM equation, and remembering that 

C° « 0.5 C/H, yields for an Infant, 

D(rem) - 4.25 x 10" 8 [ft (T + 1.43)1 
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where IS* 1s in pC1/m, H is in mt/m , and T is in days. Anspaugh et a l . ^ P * ^ 

have compared their model for the forage-cow-milk pathway with calculations 

obtained from the deposition velocity-dose conversion constant approach. 

Their in i t ia l conditions were C"' 1000 pCi/m3, T = 1 day and H = 5 ml/m3. 

The results are shown below: 

Predicted Doses In urem Via The 
Forage-Cow-MI1k-Pathway 

Deposition Velocity-
Dose Conversion 

Anspaugh Model Constant Model 

Adult 3.5 1300 
Infant 21.0 8700 

I t Is apparent that the new model for HT0 dose calculation gives doses 

about 1/400 of the older model. The greatly lower dose estimates predicted 

by the use of this model have been verified as conservative on the basis 

of environmental samples collected by the U.S. Environmental Protection 

Agency and the Lawrence Llvermore Laboratory during the production testing 

of the project Rulison well. This new model Is for dry deposition, but may 

also be used for deposition with drizzle or very light rain 1f there is not 

a significant contamination of subsurface soil water. 

B. Moderate to Heavy Rain 

I f precipitation rates are 1 rnn/h or more, we must resort to a tritium 

precipitation scavenging model, such as that developed by Dickerson and 

Crawford. '• 5 ' A p p * ll^ Their model development begins by considering a point 
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1n a vertical column moving with tritium debris cloud. The local rate of 
HTO concentration due to precipitation scavenging can be expressed by 

3C/3t + 3J/32 = 0 

where 
3 C = concentration of HTO, pCi/m 

0 = -(R/H)C, pC1/m2-s 
2 R = rain rate, g/m -s 

3 H = absolute humidity, g/m . 
The above equation is based on the following assumptions: 
a. The time scale for diffusion of the "cloud" of HTO 1s much larger 

than the time over which the above equation is integrated. 
b. C/H (In pCI of HTO per g of HgO) is the measure of radioactivity In 

the vapor state that 1s available for condensation or collection 
onto liquid drops. 

c. The precipitation system extends to the ground. 
We are forced to use the first assumption by the restriction placed on 

the time step used In the numerical integration method. Evidence for the 
validity of the second assumption 1s reported by Kigoshl and Yoneda'" ̂  in a 
study of dally variations in the tritium concentration of atmospheric moisture. 
If there Is evidence that the third assumption does not apply to a particular 
situation, then a method similar to that of Chamberlain and Eggleton'- ̂  could 
be used to account for the tritium lost through water-vapor exchange between 
the raindrops and the surrounding air as the drops fall between the cloud base 
and the ground. 

There are several ways in which to employ the above equation depending on 
the type of precipitation system the debris cloud encounters and the availability 
of meteorological measurements. We chose to expand the above equation as follows: 
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3C/3t = R3(C/H)/3Z + (C/H) 3R/3Z 

I f we assume that C and H are relatively uniform with height (a reasonable 

assumption at times greater than 24 hours after detonation), this equation 

reduces to 

3C/3t - (C/H) 3R/3Z 

The term sR/sz was estimated by 

3R/3Z = (R,. - R)/L ' -R/L 

where 
R. » precipitation rate at the top of the meteorological cloud 

(assumed equal to zero) 
R = precipitation rate at the bottom of the cloud (assumed 

equal to the measured total divided by a reasonable time) 
L * height of precipitation system, m. 

Finally, we can express the concentration at any point on the cloud 
center vertical axis as a function of time as 

C - CQ e " A t , 

where A - R/LH and C Q Is the concentration of HTO at the Instant before 
rain begins (when t = 0). The total wet deposition per unit area under the 
cloud 1s 

* = / d C0(l - e" A t) dz 0 ° 
2 where * * wet deposition, pCI/m , 
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Z d = height of nuclear debris cloud, or height of natural cloud, 
whichever is srjller, m. 

The previous equation provides a reasonable estimate of the tritium 
deposited by ralnout along the cloud path, since at times of (D + 1/2 day) 
or longer the horizontal concentration of the debris cloud 1s slowly varying 
over large distances, and only under special circumstances would the results 
be invalid. Work is in progress to develop dose to man estimates for the 
various exposure pathways cue to deposition from precipitation scavenging. 

CONCLUSIONS 

The modeling approaches outlined in this paper have been used in j 
estimating individual and population exposures from tritium transport and 
uptake for both contained nv' excavation applications. The dry deposition 
model has been used for predicting the dose to man from flaring of gas from 
U. S. nuclear gas stimulation experiments. The ralnout model has been j 
used to estimate doses for several proposed nuclear excavation j 
projects.^ j 

I 
The two models are applicable primarily to calculating individual i 

and population doses at short or Intermediate distances from PNE projects. 
Worldwide exposures are estimated by assuming equilibration of the released i 
tritium with the hydrosphere; dose to man 1s then calculated using the I 

i 

average ratio of tritium to hydrogen in the body. Results of this 

simplified approach for obtaining worldwide dose estimates are given 1n 

Ref. 2 for several proposed excavation projects. ; 
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