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ABSTRACT 

A set of initial conditions to serve as primaiy inputs to the Department of 

Defense Land Fallout Prediction System (DELFIC) <s derived. The set con¬ 

sists of lower-boundary conditions for use by a cloud rise and growth simula¬ 

tion model. The conditions are time, temperature, soil burden, fraction of the 

soil burden in the vapor phase, and size-frequency distribution of fallout particles. 

The DOD Land Fallout Prediction System predicts local fallout patterns from land- 
surface nuclear detonations. 
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INTRODUCTION 

The DELFIC 8jr»tem calculations begin with a simulation of the nuclear cloud's 

rise and growth. In this simulation, a set of differential equationi. which collect¬ 

ively describe the range of change of the system, is solved over the time interval of 

loud rise history. These differential equations are solved as an initial value 

problem, 1. e., the integrations are done numerically for a continuous succession 

of small time steps that cover the time range of the cloud rise. Obviously, a set 

of In'tial conditions (lower-boundary condiUons) Is required to begin the integrations. 

The particular set of initial conditions discussed here is that required by the Huebsch 

cloud-rise model which Is described in Volume m of this documentation and also in 
Refs. 1 and 2. These conditions are: 

1‘ 1116 time’ relative t0 detonation time, of the initial-conditions 
specifications 

2. The average temperature of the nuclear cloud at the time of 

the initial-conditions spseifications 

3. The total mass of soil material entrained in the cloud and the 

fractioüs in vapor and condensed phases 

4. Size-frequency distribution of the condensed phase soil material 

ThP initial-conditions specification can account for detonation yields ranTing from 

0.01 KT to 100 MT, and heights of burst ranging from 1 fireball radius above 

ground to 20 scaled feet below ground. Two soil types are considered: siliceous 

and calcareous. Implicit in the specification of the initial conditions is the realiza¬ 

tion that entrained soil material provides essentially all of the mass of fallout de¬ 

posited locally. This material is made radioactive principally by occlusion of 
weapon debris material. 

Some additional details of the determination, of these initial conditions are 

presented in Ref. 3 which is the final report of a program carried out at Tech/Ops 

to provide the initial-condition, data set. The results of other work done also at 

Tech/Op. - specifically in revising the initial temperature, and in determining 

the fraction of the soil burden in the vapor state - are reported here only. We 

should mention that an additional set of initial condition, obtained from observed 

cloud-rise data, such a. initial cloud dimension., and velocity, is to be found In 
Refs. 4 and 5. 
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DETERMINATION OF THE INITIAL CONDITIONS 

To supply the initial conditions by means of a theoretical analysis starting from 

first principles would require an effort far beyond both the fiscal and temporal scope 

of the program funded for this work. In addition to the need for a detailed theoretical 

description of the complex events and interactions during and following a nuclear ex¬ 

plosion, a very large scale computing effort would be required to provide a suffic¬ 

iently complete time history of the fireball and early cloud development. The 

analysis would need to cope with a two-phase environment (air and ground) in such 

fine detail and over such a long period of time as to transcend the current state-of- 

the-art in the field. Because of the physical complexity and large scale of a nuclear 

detonation, it is doubtful that less exacting theoretical calculations could produce 

meaningful insults. Attempts have been made in the past to provide the required 

information using simplified theoretical models, but in the end so many questions 

were left unanswered that one must be extremely skeptical about the accuracy of 

the results. We concluded that our best recourse was to make use of field data 

observed at nuclear tests. 

Needless to say utilization of field data does not solve all our problems. In 

fact, the problems are so numerous and involved that a thorough discussion of 

them would not be possible within the space requirementó of this report. Many of 

these are discussed briefly in the sections that follow; a few of the larger problems 

that are only indirectly treated later are as follows; There has not been a really 

large number of nuclear detonations, and detonations always have occurred under 

restrictive conditions. For example, U. S. test shots of interest to fallout studies have 

occurred in only two environments: the Nevada Test Site and the Pacific Testing 

Grounds. The former has a desert environment; the latter, a tropical ocean en¬ 

vironment. All of the large-yield shots have taken place in the Pacific whereas 

most of the small-yield shots have occurred in Nevada. Most of the Nevada shots 

have been air bursts or tower bursts which produced little or no local fallout. At 

only a few shots have fallout-study programs been carried out on a scale large 

enough to yield comprehensive results; several of these studies were done in the 

Pacific in connection with multi-megaton detonations that scattered fallout over 

2 



,UCh ,arge are“ of th»t only spar« samplings could bo taken. n,ere are 
essentially no applicable data for the lowest end of the yield range, and. of course 

no known shots have been as powerful as those at the highest end. 

On the other side of the coin, we have been fortunate in having available 

several sets of extremely useful data. Particularly noteworthy are the unpublished 

cloud rise and growth data of Edgerton, Germeshausen and Grier, Inc 6 the 

temperature data of Hil.endahl, the crater-scal.ng equations developed by Nordyke 8 

o allout data collected from shots TEAPOr Ess9 and SUN BEAM Small Boy, IOand 
the DASA compilation of fallout data.11 

Time of Initial Conditions Specifications 

The first step In establishing a set of Initial conditions is to select an appropriate 

me at whlcr the initial conditions are tc be specified. Varic-s alternatives are 

available. For example, we could select the detonation time but then we would 

necessarily have to include In our subsequent analyses and computational simula¬ 

tions the very early phenomenology of the radiative fireball growth In audition to 

cloud rise and growth. A second alternative would be to select the time at which a 

particular temperature is reached. This alternative Is particularly attractive be¬ 

cause one might pick a temperature at which It is certain that all of the entrained 

soil material hum condensed. Obviously, this simplifies the ensuing cloud-dynamic, 

calculation, and, even better. It eliminates the troublesome problem of establishing 

fi”! 0f 11,6 ‘0l1 burdei1 ln the ™!X* «tot«- Another convenient temperature 
might be one that Is critical In the partitioning of activity between refractory and 

volatile radioactive Isotopes. This would link the initial-time determination with 

the activity fractionation process. Actually, we have used none of these alternatives. 

to choosing a time for the Initial-conditions specification, one should not lose 

sight of the primary purpose lu supplying the Initial condlUonst namely, lo provid* 

a set of lower-boundary condition, for use by a dynamic cloud rise and growth 

simulation. With this purpose in mind, a ,tudy of available cloud rise and growth 

data derived from movie films of teto shot.6 readily reveal, an appropriate time 

However, to thoroughly understand the significance of the time selected, a brief 

discussion of the cloud data tn term, of the dynamic, of cloud rise and growth Is 

warranted. Figure 1 Illustrates typical plots of cloud dimensions versus Ume. 

3 
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We have found it convenient and appropriate to divide the development of a nuclear 

cloud into four phaaee. These are (in temporal sequence): 

1. A fireball phase 

2. A pseudohydrost&dc cloud rise phase 

3. A similarity cloud rise phase 

4. A final expansion phase leading to stabilization. 

The fireball phase covers the interval from the detonation time until radiative 

growth of the fireball has virtually ceased and pressure equilibrium with the atmo¬ 

sphere surrounding the fireball has been achieved. The prompt effects, including 

the electromagnetic pulses and the close-in blast, have largely subsided by the end 

of this period. During phase 2, the fireball is still hot (in fact, the second temper¬ 

ature maximum usually occur* early in this phase), but not hot enough for radiation 

to dominate the cooling process. Graphs of fireball center height versus time indi¬ 

cate decelerative rise. Because of rigorous vortex circulation, the fireball entrains 

appreciable amounts of ambient air; this causes rapid cooling. The entrainment rate 

during phase 2, though significant, is substantially less than the rate that occurs 

subsequently and, in comparison with this later behavior (phase 3), the cloud be¬ 

haves more like an air bubble rising in water. ^ For this reason we have labeled it 

the pseudohydrostatic rise ptese. The comparatively low entrainment rate 

probably is caused by the fact that the cloud temperature is sufficiently high, and 

as a consequence, the difference in density between the cloud gases and the ambient 

> 10), to prevent an effective momentum 

transfer from the circulating cloud gases to the ambient air. An interpretation of 

this type has been presented previously by Batchelor.13 

A short period of accelerative cloud center rise appears to occur in a small 

time interval centered on the boundary between phases 2 and 3. Subsequent to this 

period, during phase 3, decelerative rise and growth is resumed. An appreciation 

of the critical influence of vortex circulation on cloud rise and growth is required 

for aa understanding of these processes. Figure 2 shows an artist's conception of 

the geometry and structure of organised vortex circulation within a nuclear cloud. 

(Detailed discussions of the physics of vortex rings and the efficacy with which vortex 

ring geometry and circulation fit observed nuclear cloud behavior have been presented 

5 



UPDRAFT THROUGH 

CENTER Of TOROD 

TOROIDAL CIRCULATION 
OF HOT OASE« 

COOL AIR BEING DRAWN 

VP INTO HOT CLOUD. 

Figure 2. Toroidal Circulation Within a Nuclear Cloud (From Ref. 14) 

by Norment.15’16 Movie films of nuclear clouds show that during phase 2 this 

circulation is very vigorous but, as noted earlier, because of the gross density 

difference between the cloud and ambient gases, there is little effective transfer 

of circulatory momentum from the cloud to the surrounding air. However, at appro* 

mately the time of the beginning of phase 3 the combined influence of the lowered 

temperature and the circulation vigor are sufficient to cause more effective momen¬ 

tum transfer. When this occurs, the vortex circulation causes increasingly vigorous 

expansion of the cloud into the surrounding air. This dynamic interaction, which 

causes much higher rates of cloud growth, continues throughout phase 3. The rise 

•nd growth are correlated during phase 3 in such a manner that geometric similarity 

Cl0Ud -hape i* approximately. That is to say, if we view the cloud as 
an oblate ellipsoid, the ellipsoid eccentricity does not vary greatly during phase 3. 

Subsequent to phase 3, cloud behavior is dependent on weapon yield and height 

of burst. For small detonations at low altitudes, rise momentum and circulation 

«abside at a level below the tropopause. For Urge detonations, the tropopause 

6 



r.°Zr,t ^ ‘b* Cl0,,d ri" ^the C10Ud '“0 O» «».«Pher. where th. ãmbleut «embretare ec^Uy leere.... with ütlted.. .0.c<lled , 

^1 nvtd im* ^cioud ^ciu“* ^ ^ 
“7 ^ V1^**017 moa°" '«tin»., to per,!«. The re.,duiu 

n 1, dissipated by l.te«l expansion while the cloud height remain, fixed 

3 i^r 'b' “rgegt “,0“nt ^ ^ C,oud rt« ^ ^ occur, during ph.se 

« rcig”.“y,c;e c,oudrmodei’ *re •“ gmoing ot phue 3. Therefore, we have clamen the beginning of phase 3 a. 
the mo« appropriate time for ipeclfictlon of initl.1 conditions. 

clo«d1!l^,‘taI' ‘f ^ ,0U,,d bï eiteBdln* the straight portion, of both the 
c£d-top-he,gh, and cloud-bottom-helgh, curves durtog phase. 2 „d 3 * toelr 

pototo cf intersection, a, shown In Figure 1. Then the ratios t,/t, where t 

f«?4 rrlrd WMe ,>l0,*ed ^ d! 
Whe^trr* JeU ,r0ml'2KTt015 MT «« Included to the p.ot,3 
ZLTtTr 16 ,Catter to a* observed dato, there is . definito 
” ‘“‘““a*’ Cle*r1’' “ cpproxlmate power tow retotlonrtdp. m. relation 

ship waa determined by lea« squares to be ™* relatlon- 

*1 = 58 ‘2mw'0'30 a> 

whe« W is in uiotons. No height of burst effect is apparent to the data. 

burst.*1'1** IOt 0411 h* ““thttoa trom the equations cd Hlllendahl.8 For air 

t2m » 0. 045 W0*42 

for water surfac j bunte, 
(2) 

- 0.037 W0,49 
(3) 

7 



•l
 (

*
•«

) 

»rL 1 *Qd ^ U '-rwity for .egro*,,^ 

lM "til r”0 ^ ln ^ ^ *lr !”'r’1* “d b“r*,S “d totermin- 
ng « Indlviduâl 0,0.000 for „oh ... 1. df.ou.oed on p. 62 of Ref. 3. The.e eque- 

«on. cu be combined by line.rly fnterpoUHng between them to yield 

l2m " “-O37 1.216 

X 
180 W 

(0. 49 - 
\ 180 / 

/, -20 < X< 180 (4) 

where X is the scaled height of burst in units of ft/KT1^3. 

11». .»e of Eq. ,4, for .„b.„- :. ;e bur.«, h.. been .dequn ely joeafied ..nee 

appropriate cloud-ri.e .e J t2m data are no. available for eoboorface buret.. 

Figure 3 give, computed value, of t, a. . funcHon of yield and ; bu*,, 

«ted rr~ “ W“Ch ,PeCl,y ““ ^ - be« .el- 
. ’ * uabtuate an avenge cloud temperature at that «me We 

^ *h^“1 ■”*" “d "b.»™« <tote by which to accomplish thl. 
The problem can be attacked theoretically at either n t—- , . 
__ , , , ““''“““•F“ two widely «panted level, of 

phi.tic.tion. At the lower level, one can ..«me . .imple partitioning of weapon 
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energy yield between blast and shock, prompt radiation, nuclear energy, and energy 

used In heating and lifting the fireball. The cloud temperature at the time of inter¬ 

est is then determined from the residual energy after accounting for all the losses. 
17 Moulton has pointed out, however, that because of complex interactions between 

these processes, simple energy partitioning Is not physically meaningful. Further¬ 

more, even If the partitioning were possible in principle, inevitably there would be 

large uncertainties in each term of the energy-balance equation. Since the information 

we seek is obtained from differences between energy terms with large uncertainties, 

we can expect, in many cases at least, that our results will be of the same order as 

the uncertainties. Such results, then, could not be considered reliable. The 

theoretical approach at the higher level of sophistication requires numerical solu¬ 

tions of a set of basic hydrodynamic and energy-balance differential equations that, 

can describe the processes in action from detonation time to the time of the initial- 

conditions specification.. The model used would need to cope with the air-ground 

interface and consequently would have to treat a two-material environment. This 

type of calculation is grossly demanding of the most advanced computers and 

would be well beyond both the temporal and fiscal scope of this effort. Fortunately, 

there are some excellent experimental temperature data observed from fireballs ol 

nuclear test shots, and our best course is to utilize these data. 

The experimental data used are Hillendahl's power temperatures listed in 

Ref. 7. These power temperatures were derived by Hlllecdahl from observed 

calorimetric data by using the Stefan-Boltzmann power emission law in the form 

where 

T = 

_r2 Aq 
*R it 

11/4 

~âTÏÏT (5) 

T * the power temperature 

12 -2 -1 4 
<t » Stefan's constant (1.356 X 10 cal cm «cc deg) 

R « the slant range 

-2 Aq = the measured energy in the time interval of length At (cal cm ) 
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ß = the weighted croes-aectional area of the fireball observed (cm2) 

- a transmission factor (0 < ^ < 1) 

€ = average emissivity of the fireball surface (taken as 1). 

The power temperatures are given as functions of scaled time, i. e., t/t , where 

^m 18 tlme of 016 second temperature maximum. 2m 

Plots of log T versus logt/t2m almost always are linear in the range of 

scaled time between about 1.1 through 4.0. At larger values ¡rf scaled time, the 

magnitude of the slope often begins to decrease. We have found that individual sets 

of data can be fitted to an equation of the form 

T = K + 1500 . 
Xl2m/ 

A crude theoretical justification for Eq. (6) is given in Apoendix A. An illustrative 

graph of observed and calculated temperatures is shown in Figure 4. 

10 



Up to this point, the work reported here ia the same as that given in Ref. 3; 

however, since ils publication, additional work has been done that has led to a re¬ 

vision of the temperature equations and curves reported in Ref. 3. This additional 

work was made possible by an independent program of studies at Tech/Ops of ob¬ 

served kinematic cloud-rii j data that resulted in determinations of cloud volumes 

at our initial time as a function of yield and height of burst. * With this new informa¬ 

tion available we were able to perform energy balance calculations which indicated 

that our temperatures for low yield surface and subsurface burst were too high. In 

light of this information, we have reconsidered our analysis of Hillendahl's tempera¬ 
ture datr. as follows. 

In our original study, the constants K and n were determined graphically for 

each of a number of shots. To determine yield scaling for theae parameters that is 

independent of height of burst effects, it was necessary to separate the data into two 

groups: one for air bursts and the other for surface bursts. Only for these two 

categorizations are the data sufficiently numerous to permit scaling. Therefore n 

and K were determined as function, of yield separately for the air bursts and sur- 

face bursts. To determine height of burst between these extremes, a linear height 

of burst interpolation was assumed arbitrarily for both K and n. (Additional details 
are given in Appendix A of Ref. 3. ) 

In determining yield scaling of n and K, we observed that the water surface 

burst data alone yielded relatively clean linear log-log graphs whereas data from 

land surface (*hich in all cases Included considerable water also) and shielded bursts, 

while not substantially different from water surfáce data, tended mostly to increase 

the scatter on the graphs and thereby add confusion to a situation that already was 

somewhat obscure. Because of this we used only the water surface data. In rework¬ 

ing the data, we included these "wet* land surface and shielded detonations. These 

amounted to six additional shots and included one at a much lower yield (about 40 KT) 

than was available in the initial data set. The augmented data set does aot display a 

clearly defined height of burst effect in the n versus W graphs so that no such effect 

for n appears in the final equation. The height of burst effect for K remains clearly 
evident. 

II 



The final parameters decided upon did not account for different types of sur¬ 

face material since no unambiguous data are available. (All land-surface bursts in 

the Pacific incorporated some water. ) The linear relationship in X. assumed for the 

effect of height or depth of burst, could not be checked because insufficient data 

exist for tests with scaled burst heights between surface and air bursts, and no 

information on temperatures is available for underground bursts. The range of 

yields did not extend to the extremes at the high and low ends of the scale (0.01 KT 

and 100 MT), so these values are the results of simple linear extrapolations from 
available data. 

The complete expression for calculating the initial temperature given by 
Eq. (6) is 

T * K + 1500 
Vl2m / 

(V) 

<8) 

where 

K = 5980. 
o 

k -- 1.145 

P0 38 -0.0395 

p » 0.0264 

nQ « -0.447 

qQ » 0.0486 ; 

W is the detonation yield (KT) and X is the scaled height of burst (ft/KT1^3). 

in which 

K KoWV180w(V^180) 

and 

n = n W 
o 

% 

12 



The height of burst and yield ranges of the model are 

and 

-20 < X < 180 

0.01<W< 100,000 . 

Temperatures obtained from Eqs. (6), (7), and (8) are to be used as average cloud 

temperatures. Figure 5 shows curves of temperature at tj as a function of yield 

and height of burst. 

9500 

sooo- 

4500- 

4000- 

5900- 

5000 

*500- 

*000 
-* 

K> 

X X 
K)1 Kf 

worn 
10 to K> 

Figure 5. Calculated Cloud Temperature at tj vs. Yield as a 
Function of Height of Burst 



Soil Loading of the Cloud 

Backftromid. When a nuclear detonation occurs at an aim ^ 
or do .oil materi.! „ ingeited lnt0 ^ ffp J, , 7a ' “ ^ 8UCh ^ 

aniMint. of local fallout are deposited This l. h “■>•» chaerved that only minor 
f j . * Thi® is because the device material is rW 

u«ed Id coDceatratlon by belDg dlstrlbulod over « von- larve vobooeT 
firpivoii o-j iv - iarK6 volume of space jn the 
nrelmll sod therefore leads to coDdease Into small particles Stewart19 k 7 
mated that modal ,»^„1 . parûmes. Stewart has esti- 

tions. Tbc« snjr^c, 6’ ^ ^ ^ ^ »och condi- 

it “jt T' 

on which the vapor—a ^ ^ ^ f‘rebaU prm,ides » >»rge surface area 

*"d ,u ...oc,.:rnd.rH;,yToii;r:e; ib ““cMe 11,6 debris “• 
particles Th«w. i *’ “ <“«tributed on and through the large soil 

“ • . r 86 ^°168 r,‘P,dIy 8ettle 10 ^ “**■'» ..r&ce ,0 clr a 
relatively small area downwind of the detonaüon As a result a M a i ,. 
activity and a serious local Mont threat are expected 1 m rt , 

that the .0,1 comprise, the bulk of the fallout material ,n fac f T '8 

P.«- ixccr' 
th. cir:,r;~r iz preœ ^ ^ “ - «-»—of 

z: “ —--“rrr r-8 ultimately we are interested only in the local fail™.* ^ 
burden at the Inlthd Um. t„ , ’ W8 “““ ^ ^ ^ "oU 
allow f time to properly account for Its effects on cloud-rise and to 

in the cloud T” 
«.rror,tat™d^^ 
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It Is evident that the prime factors influencing the soil loading of the fireball 

are the yield and height (or depth) of burst of the nuclear device. In addition, the 

characteristics of the medium in which the device is detonated, the topography of 

the blast site, and the nature and quantity of other materials in the immediate en¬ 

vironment of the blast are factors which also contribute substantially to the final 

fallout patterns. 

There are a number of procedures that conceivably can be used to estimate 

soil contents of nuclear fireballs. We have chosen to label these methods (1) en- 

engy partition, (2) hydrodynamics calculation, (3) cloud buoyancy, (4) back extra¬ 

polation, (6) specific activity, (6) crater volume, and (7) fireball volume. We have 

studied and evaluated each of the methods; discussions of the results of our deli¬ 

berations are presented in Ref. 3 and, therefore, will not be repeated here. In 

determining soil loadings for specific test shots and also in deriving yield and 

freight of burst scaling functions we have used methods 4, 5, 6, and 7. 

Soil Burden Determination»; fox Selected Test Shots. In constructing and 

calibrating our model, we were restricted to a consideration of nine shots whose 

yields ranged from 1.2 to 15,000 KT, with scaled heights (depths) of burst extend¬ 

ing from -63.51 ft • (KT)”1//3,4 to 130.152 ft • (KT)"1^3*4. (This restriction to 

nine shots was dictated by the extent of information available regarding radiological 

and fallout mass collection data. ) For two of the nine shots, the available data are 

of Interest but are not quite appropriate for our needs. Specific activity data for one 

shot were taken from fallout samples collected on a Japanese fishing boat; thrtr ac¬ 

curacy i* open to question. Another case considered is a barge shot over shallow 

water which consequently cannot properly be classified as a land-surface burst. 

We used two methods to reduce the raw data. Hie first method directly inte¬ 

grates the mass deposited over the local fallout area. Continuous curves of fallout 

mass per unit area, m, de^ 'sited at distances R along radial lines emanating from 

ground zero were obtained from fallout collection-station data by least squares fit¬ 

ting of the data to a function of the form 

In the soil burdep work we have used the scaled height of burst, A, defined 
by Nordyke:® A » hWVS. 4, where h is the height of burst in feet and W is yield in 
kllotons. Note that for the time and temperature determinations we have used the 
scaled height A-hW1/8. 
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!n(m) » aia(R)+b , (9) 

where a and b are conaianta that are unique to a particular radial line. Using this 

function for extrapolation, we were able to construct isomass contours well beyond 

the actual range of observation, and thereby extend the mass integrations to include 

«rlrtually all cf the local fallout. The derivation of Eq. (9) and a description of the 

data-reduction method are given in Appendix B of Ref. 3. This method was used for 

two of the nine shots tince only for these two were a sufficient number of collection 

stations employed. These shots are SUN BEAM Small Boy and TEAPOT Ess. 

Figure 8 gives the extended Isomass contours for TEAPOT Ess (1.3 KT, -67 ft). 

Flgure Cmmrt (The contour levels are 
1000, 100, 80, 10, 1.0, 0.5, 0.1 g/ft2 
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For three REDWING shot« - Tews, ZunJ , and Lacrosse - total soli masses 

M the clouds were obtained by analysis of specific activity data* that were measured 

from fallout samples collected for these shots. Specific activities for Ce144 were 

used faitead of Me data for reasons discussed in Section 4. 9 of Ref. 20. Selected 

data recommended by Mr. R. C, Tompkins, Nuclear Defense Laboratory, from 

mies 3.21, 3.24, and 3.25 of Ref. 20 were used. Specific activities, in units of 

fissions/unit mass of sample, for the remaining four shots were taken from Miller21 

(TaWr 3.11); these specific activities were based on Mo" data. 

For SUN BEAM Small Boy, radiological data as well as mass deposition data 

were obtained at the fallout collection stations. This afforded the opportunity to 

comparo masses estimated by the two methods. If we exlude the results from two 

stations which appear to be spurious, the average mass determined by the specific 

activity method agrees with the value obtained by integration of the 'allout mass 
deposition data to within 40%. 

Major sources of error in the two methods of data reduction are known, but 

quantitative determinations of the errors are not possible since the total fallout 

from a nuclear explosion has never been determined. In the method of three' mr.ss 

integration, the largest error lies in the assumption that the mass measured on the 

? ound contains all the fallout, and thus all the soil mass in the cloud. A sizable 

proportion of the tightest particles in the cloud settle well beyond the range of the 

close-la fallout area. In fact, many particles are carried far aloft and contribute 

to worldwide fallout. This effect is particularly enhanced if the winds above the 

blast site are strong. Errors of this type are expected to be minimized for under¬ 

ground shots and shots in soli with relatively Urge soli particle sizes, since we then 

sxpset lower cloud heights and faster particle fall rates. A second major source of 

error fa caused by contamination in the collectors. Since fallout areas are too hot 

to be entered Immediately, ambient winds naturally will add dust to some collectors 

before the samples can be recovered. For SUN BEAM Small Boy, which was 

activity method consiste essentially of extrapoUting measured 
fieaiMi* curíss/mg of sample to equivalent 
fissions, and finally division Uto the total number of fissions produced by tee 
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«Ploded over the ulc-eiee r^ge, b.«, .ource, error ^ ^ ,erlously 

h.Tt “Ze <“'tribUtl0n'’- TEAP0T E« »« detonated in «il 
which had larger granule, than SUN BEAM Small Boy, there wa. a Ume .urge which 

exmndml on, well over a mil. from ground aero. The clo.e-in atatton, fterefore may 

./,!n-. 11 'lg,UnC*“ *m°“1 ^ '«dd "0. properly be cla,.ified 

The main ««roe of error In determining .oil man, loading of the cloud by 

notlvlty measurement, lies in determining an average value of the specific acUvity. 

Specific activity wUl vary with particle size and location. Since tie »umher of col- 

ecaon stations for the teste for which this method was used were too few to ac¬ 

curately determine the average specific .cavity with respect to locaBon, we were 

forced to «.um. a«, th, mea.urement. acttmlly available were repreoentaave of 
the avenge apecific activities. 

Development of Scaling Funcaons. After the total fallout mass had been de- 

termlned for the nine cues, two models, one for sub.urf.ee ami the other for air 

bursts, were developed to correlate the results with yield and height of burst We 

“ly n";d ^ Phenomenology ated wia, nuclear blasts. 
or .Urtme m>d submudhe. bursts we found it natuntl to ask whether mas. lifted 

could be correlated with crater volume. We plotted fallout mas. ver.ua crater 

U‘*CVl‘ted tm » paraboloid-shaped crater (from crater data given in 

, ' \ *r*ph ^ “ reasonable to suppoee that a power-law reU- 
tioosup hold, between Urn mas. lifted and tee volume of tee resulting crater. The 

elope of the least «paire, straight Hue fitted to the data I, 0.86. Since the plot I. 

on a log-log .cale, tel. .lope Implies that to te. .«out that our date are reliable 

w. may „»rt teat the mi., lifted in a detonatim. 1. approximately directly pro-’ 
portlooal to the volume of the crater produced. 

■me problem of the yield mm depth of burst dependence of th. soil loading 1. rr rr ’>m we ^miy *i ^ « ««10, ,01««.. 
In l.‘^f„ ^ '-est,gated much more thoroughly 

, Ü ““ ^ 8p“‘n“"^ 'h» relationship of crater volume 
10 Held Md depth of bur,t ha. b^ inve.Ugatmi In detail by Nordyke.8 While the 

functions he derives are ba«d only on high .„plosive bursts, Ms comp.risen of the 



function* with data from low-yield nuclear bursts shows compatibility, the dis¬ 

crepancies in crater dimensions being no more than 10%. One obvious difficulty 

in calibrating a volume scaling function is the lack of really pertinent data at very 

high yields. Because of this, and since data on craters produceby high-yield ex¬ 

plosions are in general sparse, we have chosen to use Nordyke's scaling functions 

extrapolated to the high-yield region. Nordyke's functions correlate quite well 

with the available crater data for the high -yield region. We have, then: 

M = K R2(z)D(z)W3/3*4 , (10) 
z 

where 

M * the total mass of soil in the cloud (g) 

W = the yield (KT) 

z = the scaled depth of burst (ft • KT-1^3*4) 

R(z) - 112.5 + 0.755z - 9.6 x 10_6z3 - 9.11 x 10_12z5 

D(z) « 32. 7 + 0. 851z - 2.52 x 10*6 z3 + 1. 78 x 10"10z5 

and K is a constant (discussed later) that relates the crater volumes to soil nt» es z 
lifted in the cloud. 

For height of burst greater than zero, no study has been made of crater vol¬ 

umes comparable to that oí Nordyke's for surface and subsurface bursts. Further¬ 

more, crater-dimension data that are available do not correlate with yield in a 

consistent manner. Therefore, a different scaling model, based on the following 

rationalizations, was used for air bursts. The most intense blast and thermal 

effects of nuclear detonations are contained within the region of the fireball, and 

it is within the reach of this region that the cratering and soil incorporation take 

place. Of course, the dimensions of the fireball vary with time and never are 

precisely defined. However, we know that the fireball has a spherical shape, and 

we can reasonably assume that its volume is approximately proportional to the 

detonation yield. Therefore, a characteristic dimension of the fireball, for 

example the radius, will vary approximately as the cube root of the yield, namely 
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l/3 
r ~ W . (This reUtion provides the basis for the form of the height of burst 

«Kl depth function., » » hW1/3 (Ref. 14, .ection. 3.55-3.58), 

or 4 hW (Ref. 8). ) If the cratering and soli incorporation occur within 

reach « the fireball, It is reasonable to expect that the mass of soil lifted will be 

proportional to the volume of the fireball segment that appears to be intersected 
by the ground (see Figure 7). 

Ground Surface 

Figure 7. Intersection of a Fireball with the Ground 

Our equation for estimating soil mass lifted by a nuclear cloud has the form 

of the equation for the volume of a segment of a sphere. This segment may be 

thought of as that portion of fireball volume that is intersected by the ground. In 

our equation the effects of yield and height of burst are expressed in the combined 

form of the scaled height of burst A. Figure 7 shows the pertinent geometry for 

a fireball with radius r and with its center at an altitude h above the ground. The 

hatched area represents the region of the fireball that intersects the ground the 
volume of which is given by 

V - |(r-h)2 <2r+ h) . 

To opoclfy * parti cola* nlue for r. and at tho ..me Ume provide a relatlonehlp 

between b and W that Impoeea a properly ecaled limit on h above which no local 

fhllout can occur, w. note (Rrf. 14, Section 2. up, Umt local fallout occur, only 
when the relation 

h < 180W0,4 (12) 
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is approximately obeyed. Thia relation provides ua with an appropriate exponent 

to use on the yield in our scaling function; however, to be consistent and to ensure 

continuity at the ground surface between the scaling functions for subsurface and 
I/S 4 

air bursts, we have chosen to continue to use W ' * . Now, we define a radius- 

scaling function by 

r - 180 w1^3,4 (13) 

In terms of the scaled height of burst and radius-scaling functions, Eq. (13) 

becomes 

V « Jw3/3,4 (180-A)2 (360 + A) . (H) 

Thus we obtain finally 

M “ KA W3/3,4 aso - A)2 (360 + A) . (15) 

The constants K of Eq. (10) and K. of Eq. (15) were determined as follows. 

We noted that of all detonations studied, the mass data for TEAPOT Ess are by 

far the most reliable. Therefore, we used this single shot to calibrate the models. 

K was determined by direct solution of Eq. (10). Then, to satisfy the require- 

ment of continuity at z - A ■ 0, we set Eqs. (10) and (15) equal and thereby ob¬ 

tained K^. In light of the relative unreliability of the remainder of the observed 

data, this means of calibration is at least as valid as any other that might be 

proposed. Figurs 8 shows calculated masses aa a function of yield and height of 

burst. 

The main justification for our models is the agreemuKt between the calcu¬ 

lated and the measured data. It is Interesting to note that the Stanford Research 
22 

Institute experimentally determined that masses of soil lifted were proportional 

to crater volumes for a series of low-yield surface shots which they examined. 

They also determined that crater volume is proportional to yield to the 0.82 power 

which is in close agreement with our yield to the 3/3.4 « 0.88 power. Also, since 

the work reported here was completed, results of a somewhat similar study at the 
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10 -K) 

Figure 8. Cel^uleted Total Soil Maes Lifted by the Cloud as a Function 
of Yield for Various Scaled Heights of Burst 

23 
Lawrence Radiation Laboratory have been released. T '»tal masses of soil mater¬ 

ial carried in clouds for a number of CASTLE and REDWING shots were determined 

by radiochemical analyses of samples collected by aircraft traverses through the 

clouds. For the four cases where these data can be compared directly with ours, 

mass ratio (ours/theirs) la 0. 7 for the best case and 27 for the worst. 

The complete set of equations governing the soil burden model are as follows: 

MSoil " 4r2(*> d(z)> 0 < z < 20 

MSoU * A), 180 > A > 0 
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where 

M »the total mass of soil in the cloud (g) 

W - the yield (KT) 

A « scaled height of burst (ft/KT1^3,4) 

z - scaled depth of burst (ft/KT1^3,4) 

R(z) * 112.5 + (7.55 X lo’1) z - (9.6 x 10'6) z3 - (9.11 x 10-12) z5 

D(z)- 32.7+ (8.51 xlO'^z - (2.52 xl0"6)z3+ (1. 78 x 10'10) z5 

- 77.41 g/ft3 

K » 2182 g/ft3. z 

j^£5S-S£I!MË2B^B& Burden. In addition to the average cloud temp¬ 

erature and the total soil burden of the cloud, certain other Information is essential 

to properly account for subsequent cloud rise and growth, distribution of activity 

among the particles, and the atmospheric transport of fallout. The thermodynamic 

cloud-rise computations must have the quantity of soil material in the vapor phase 

and the average temperature of condensed phase material. A knowledge of the fall¬ 

out particle size-frequency distribution is essential to both the distribution of 

activity on the particles and atmospheric transport computations. To produce high 

quality estimates of the quantities mentioned would require an extensive combined 

theoretical and computational effort that would start from first principles and fol¬ 

low the many relevant complex processes from essentially shot time until the 

early oloud development. Such an effort never has been undertaken. 

Th®*® particular problems are complicated by several considerations. At 

the time of Interest, tj, there is every reason to believe that a nuclear cloud has a 

grossly nonuniform structure with respect to soil content and temperature. Of 

particular significance is the sharp temperature gradient known to exist in the 

cloud. The cloud is very hot In the region of the ring through the cloud about 

which the toroidal circulation is centered. Beyond this region in all directions, 

temperature falls off rapidly with distance. One would expect to And essentially 

all of the radioactive device debris In the hot region of the cloud. Also, within 

this region one would expect to find whatever vaporized soil material is in the 
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cloud. As the cloud rises, this hot material continues to expand into its surroundings 

and, thereby, to heat and contaminate additional soil. In light of this description of 

the cloud structure it is apparent that actually it is inappropriate to use temperature 

and soil concentrations obtained by simple averaging over the total cloud volume. 

Also of importance here is the expectation that much of the soil burden in the hottest 

region of the cloud will not be in equilibrium contact with the hot gases there; in 

other words, we can expect a considerably lower average temperature to prevail 
for soil than for the gases in the cloud. 

From Figure 1 it can be seen that immediately subsequent to tj the cloud 

begins to rise upward rapidly. A strong updraft is produced in the wake of the 

eloudk and soil dust suspended in air is sucked upward in the stem toward the cloud 

cap. The vortex circulation in the cloud15’16 is such as to cause very high up¬ 

ward circulation velocities to occur around the center axis of the cloud torus. This 

tends to pull some stem material into the bottom of the cloud and hence to incor¬ 

porate this material into the outer cloud layers. This means that the cloud soil 

burden probably is incomplete at precisely tj. We can expect, however, that the 

burden is completed very shortly thereafter. Unfortunately, there are not avail¬ 

able quantitative data on internal cloud structure at times as late as those of inter¬ 

est here, nor do we know how much, if any, soil is incorporated into the cloud 
after t^. 

In the p&mgraphs that follow and in Appendix B, we present the results of 

tentative estimai<58 for the fraction of the sajl burden vaporized and the temperature 

of the condensed phase soil. This work was done after publication of our 

conditions final report*- because additional information on cloud properties had be¬ 

come available, as mentioned earlier. Specifically, we have determined cloud 

altitudes and dimensions as a function of yield and height of burst at the initial 

tipie. This allows energy balance calculations to be made and we hav" applied 

these considerations to a determination of the desired quantities. We repeat that 

the Information sought frequently is lost in the uncertainties that arise because of 

the approximations used to describe the energy partition model. The results are 

in a very real sense arbitrary, since by making different basic assumptions in 

the energy model, very different results can ensue. Furthermore, we must note 
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that of all possible plausible energy partition models, we have had the opportunity to 

Investigate only one; fortunately this model does give physically reasonable vesults. 

Before proceeding into a discussion of the energy balance calculations let us consider 

some of the general properties of the system. 

Their, rre two categories of surface or soil material to be considered: siliceous 

and calcareous. Characteristic examples of siliceous soil are the common sandy and 

clay soils. In the case of sand, the chemical composition is almost pure Silicon 

dioxide (Si02). For the much more abundant clays, the composition is mort; com¬ 

plex and there are significant quantities of a variety of metals such as aluminum 

and irai; but even for clays, the major chemical constituent is silicon dioxide. An 

averp^e composition for Igneous rock, from which the common clay: e derived, 

Ccaititiient 

mo2 

Ai2°3 

FV>3 

FeO 

MgO 

Percent Weight 

60.18 

16.61 

3.14 

3.88 

3.56 

Constituent 

CaO 

NV* 

TiO,, 

P2°6 

Percent Weight 

5.17 

3.91 

3. 19 

1.06 

'J.30 

We see that the major constituents of clay soil (at high temperatures) are silica and 
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alumina. Thermal properties for these materials aro: ’ 

Compound 

so, 

Ai2°3 

Melting Temperature Boiling Temperature 
(°K)_(OK)_ 

2000 3070 

2323 3773 

Common examples of calcareous surfi t materials are limestone and coral. 

These substances are essentially calciun carbonate (CaCOg). However, at rela¬ 

tively low temperatures, calcium carbonate loses carbon dioxide gas to yield a 
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refractory residue of calcium oxide (CaO). Therefore, in considerations of cal¬ 

careous material at high temperatures, we use the properties of calciiun oxide; 

melting temperature 2853 K and boiling temperature 3123°K. ^ 

We see then that the minimum boiling temperatures of siliceous and calcareous 

soils are approximately 3D00°K and 3100°K, respectively Figure 5 shows that 

cloud temperature at sometimes is less than the boiling temperatures of the 

soil material. In such a case we simply take the fraction of soil in the vapor 
phase to be zero. 

In estimating limits on the fraction of vapor phase soil for those cases where 

the cloud temperature is above th&‘ of the soil boiling temperature, we use the 

following realizations: 

1. Temperatures in the cloud above the soil boiling temperature 

are localized to th ï region' of the vortex ring core. 

2. This (thermally) hot region of the cloud contains virtually all 

of the cloud radioactivity. 

3. For surface bursty a large portion of ^ilout is derived from 

unvaporized soil particles on which radioactive weapon debris 

material condenses. 

4. The amount of soil vapor in the cloud will be less than the 

mas i of active fallout produced by the detonation. 

We assert that item 4 follows from items 1, 2, and 3. At ^ the vaporised weapon 

debris material (which has a negligible total mass compared with the total soil 

burden mass) resides in the hot core ring of the cloud along with the vaporized 

soil. Both the debris material and the vaporized soil subsequently condense on 

solid or liquid soU particles to produce the radioactive portion of the cloud soil 

burden. Obviously the fallout material must include a significant amount of 

material that was never vaporized in addition to essentially all of the vaporized 

soil material. Therefore, the fraction of the total fallout mass that is found to 

be radioactive must exceed the fraction of vaporized soil in the cloud. 
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A survey of the literature to determine mass percent of active material 

observed in fallout has revealed that most of the mass and most of the activity 

ave associated with particles in the large particle size range of the size-frequency 

distribution. For this reason, and since on the average there is only a slight 

tendency for specific activity of gross fallout to change with particle size, v e 

shall concentrate our attention here on the larger particles. Table 1 i* a sum¬ 

mary of the best data available for large particles. We see that an average of 

approximately 50% of gross fallout ma.-s is associated with active material. There¬ 

fore, on the basis of the reasoning presented above, we can state with a reasonable 

degree of confidence that, on the average, less than 50% of the total soil burden is 
vaporized. 

TABLE 1 

SELECTED MASS AND ACTIVITY DATA FOR LARGE PARTICLES 

REDWING 
Zuni 

REDWING 
Tewa 

JANGLE 
Uncle 

SUN BEAM 
Small Boy 

SUNBEAM 
Johnie Boy 

AVERAGES 

>420 

> 210 

> 210 

200-1000 

> 200 

Approx. Mass 
of Total 

Fallout in ^ 
Size Range 

(%) 

75 

90 

58 

80 

76 

Approx. Mass 
of Total Fallout 
Associated with 
Active Material 
in Size Range 

(%) 

75 

75 

15 

27 

50 

48 

Source 
of 

Data 

Ref. 20 
Fig. 3.53-3.55 
Table 3.17 

Ref. 20 
Fig. 3.57-3.59 
Table 3.19 

Ref. 22 
Table IV 
(Station E) 

Ref. 27 * 
Table 8.2 

Ref. 28 
Table 3.17 

collection stations in the heavy fallout area were considered. 
These were stations 305, 405, and 503. sioereo. 
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To be «ble to determine a more definite value for the fraction of the aoil bur¬ 

den vaporized, and at the same time estimate the temperature of the condensed 

phase material, we have employed an energy partition analysis of the detonation. 

Tho critical problem in our analysis is to determine the fraction of the total de¬ 

tonation energy release that is consumed in heating and vaporizing soil. Since we 

already have relatively accurate knowledge of cloud aK^ide (therefore, pressure), 

cloud volume, temperature of th* cloud gas, and total soil burden, a knowl dge of 

energy available for heating and vaporizing soil allows estimate* of the temperatures 

of the cloud contents to be made (see commentary on pp. 8-9 ) 

Estimates of energies available for heating soil* were obtained by differencing 

the thermal energies radiated by air and surface bursts. 29 In Ref. 29 the thermal 

energy radiated is given as a function of yield for both air and surface bursts. With 

this maximum amount of energy available, it is a relatively simple matter to de¬ 

termine the desired quantities so that energy is conservod. The details are given 

in Appendix B. The results obtained are as follows: 

1 5% <rf the soil burden is vaporized per 100° excess of the 

initial temperature (as calculated from Eqs, (6), (7), and 

(8) over 3000°K for siliceous soils and 3100°K for calcareous 
soils. 

2. The temperature (°K) of the un vaporized aoil is given by 

T ” 501og10W ♦ MOO 

where W Is the detonation energ/ yield in Jdlotons. 

Article «zé Fmmen»;y Distribution 

The problem o' «toterroinlng psticle size-frequency distributions at t is 

essentially the pjobieuc of determining tho extent to which the preshot soil iize- 

frequency distribution ha. bw: altered by vho processes of evaporate and growth 

In these considerations we can make a broad distinction between the high-yield and 

low-yield shots. We will oonaider high-yield shots first. At times prior to t , the 

fireball is extremely hot (bee Figure 9) , ,) because of the stable nature of the vor¬ 

tex circulation, which during the early * Ke. of the cloud development tends to 

•east ** aro “ 
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Inaur* that circulating vr variai will retnain contained within a limited region of the 

cloud, we can expect residence times of entrained msteriai in the hot core to be 

long enough eo that virtually all of this material will be completely vaporized. Be¬ 

yond this region, condensed phase material should have essentially the preshot soil 

size-frequency distribution. Subsequent to tj, additional soil may be entrained into 

the cloud; of course this also will have the presbot soil size-frequency distribution. 

Subsequent to tj we can expect growth to occur mainly by two mechanisms: (1) by 

condensation of vapor onto soil particles, and (2) by agglomeration of melted or 

partially melted soil particles. For high-yield shots we can expect both of these 

mechanisms to yield significant growth. The condensed phase material present 

as early as tj, however, would bo expected to have essentially the preshot soil size- 

frequency distribution. 

For small detonations we note from Figure 5 that the "average" temperature 

at tj Is below the boiling temperature of the soil material. We must assume, 

therefore, that there Is essentially no soil vapor present at tj. Also we note from 

Figure 3 that for the small detonations, tj is small; in other words, the time scale 

of events Is greatly compressed for small detonations. This means that there is 

much leas time available for thermal equilibrium between soil and cloud gases to 

be reached. We hypothesize, ard this is supported by energy conservation calcu¬ 

lations, that relatively little soil is ever vaporized in smal* detonations; conse- 

qusntly, títere cannot have been rignificant particle growth by condensation from 

the vapor. Furthermore, since growth by agglomeration is a slow process, and the 

cloud cooling rate is very fast in relation to it (aa shown by cloud rise simulation 

calculi ions), we concludu in light of the compressed time scale that growth by th‘ i 

mechanism also is not significant. 

In summary, we find that the preahot soil size-frequency distribution is an 

adequate approximation to the size-frequency distribution of condensed phase 

material In the cloud at t^. As a corollary to this finding, we anticipate that sub- 

pjmtial partióle growth occurs only for large-yield detonations. 
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COMPUTER PROGRAM OUTLINE 
TABUE t 

A ftntMABY or mOGBAM rtmCTIDM 

run CALURO 
rUBCTIOB 

unci 

Tntt 

TEMP 

MAM 

VAPOR 

uma 

umu 

UMC1 

LOMU 

««CVmr**AD BATA FBOM IMPOT TAP*. CALL 
ooamrTAnoM mnoonun, man tmi rcmulu 
or ntrnAL conoiTioin oompvtatiomí, amd 
2ÏÏSÎ7Î ** 'ALU*° tana OB MKBKLT PTOPPDIQ. 

pmtmai» Tm ron or mrnAL ct/mx-nmi 
nmancAitam. 

ommmt rntrnATnact or rAroa *m un VAXWltU 1011. 
»rrrruniR wil i oamno or clovd. 

ormimr ma« or »on. yapo» m nit cloud. 

,**T,C'LI mi mntammm paba- 
MtTBM, MIAU AND »TAHDAND DIYIAYIOM. 
rr MmmitED. 

Figure 8. Flow Chart of the MUal 
Conditiofie Module Computer 

Program Logic (LINK1) 

Description 

The Initial Conditions Module 

computer program consists of a main 

program and five computation sub¬ 

routines. Table 2 summarizes the namee* 

and functions of these programs. Fig¬ 

uro 9 is a general flow chart of this 

group of programs. Because of the 

great simplicity of the programming, 

more detailed flow charts have not been 

prepared. Instead, the discussion that 

follows is provided to supplement the 

FORTRAN card listings. In its initial 

form, the DELFIC system is designed 

for execution on the IBM 7094 computer 

via the IBSYS-IBJOB processor, and 

the "overlay* feature is used to control 

the input sequence of major sections of 

the system. To facilitate discussions 

of the programs, the executive programs 

of each major section are assigned 

names; the Initial Coalitions Module 

executive program is called LINK1. 

(See Figure 3 of Volume I for a com¬ 

plete presentation of the executive pro¬ 

gram designations. ) 

Program Discussion 

The Initial Conditions program is 

designed to serve two objectives. First, 

it can be used to merely compute and 

print the values of initial conditions 
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parameter« for an unlimited mraber of input data «et«. Second, it can compute a 

•in^le set of initial parameter values and then call the next program (LINK2) of the 

IfELFIC system no that cloud-rise computations can be carried out. We shall 

now refer to the program listing to see how this is accomplished. 

After setting two tape name parameters and initializing the data set counter, 

NN, the program reads an arbitrary 72 character identifier (card) to be used for 

identifying the initial-conditions data set. Next, the data set count N is read and 

an overall title is written. At statement number 20, which maries the beginning of 

the processing loop, the particle size-frequency distribution specification option 

parameter, IDISTR, is read. This parameter determines whether a log-normal 

or arbitrary (tabular) particle size-frequency distribution is to be used. If the 

latter option Is selected, the next datum to be read consists of the mid-range dia¬ 

meter value of the first (with smallest diameter) particle s<ze range entry in the 

tabular representation of the particle size-mass frequency distribution. Next, a 

data set is read that specifies yield, height (depth) of burst, soil type, and finally 

geometric mean and standard deviation for a log-normal distribution, or if a 

tabular distribution is to be used, the number of entries in the table (the maximum 

number of entries is 40) followed by the table itself (to be described later). If a 

log-normal distribution is to be used but the mean and standard deviation data 

card fields are left blank, the mean and standsrd deviation are supplied by sub¬ 

routine D8TBN. Then, the height (depth) of burst is converted from meters to 

feet and the scaled height (depth) of burst is computed and stored in parameter Z. 

Next, tests are made to see if the model is appropriate for computing for the speci¬ 

fied inputs If it is not, a comment is made at either statement 150 or 143 and 

eventually control reaches statemant 171. At 171, a test of parameter N indicates 

whether the run should be continued in order to compute initial conditions for other 

input feta or be terminated. The run is terminated whenever either all data sets 

have been dealt with or when an error or inapplicability of the model is discovered. 

If the touts at statements 83 and 86 indicate the model to be applicable, five 

computatiimal subroutines - TIME, TEMP, MASS, VAPOR, and DSTBN - are 

called sequentially. Note that subroutine DSTBN is called onl> if no preshot 
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particle-»!*« distribution was specified by the user. * At statement 96, certain 

needed conversions ars made and then a complete exhaustive printing of inputs and 

outputs Is made. Once agai" control reaches statement 171 and if more data sets 

are to be processed, a transfer Is made back to statement 20. 

It should be noted that oil Input and output parameter values sve held in common 

and, therefore, the communication between the Initial Conditions Module (LINK1) 

and the cloud rise program (LINK2) can be carried out by merely leaving the LINK1 

common intact. Because LINK1 executes so quickly, no storage of intermediate 

results on tape is necessary. 

If the user Intends to make use of the particle growth option of LINK2, the 

Cloud Rise Module, he must specify a particle size distribution for the preshot soil 

over (or under) which the detonation occurs. If this is not possible, it probably will 

be necessary to employ a particle size distribution for expected fallout n this -* 

the particle growth option should not be exercised. 

As noted earlier, the user has the option of specifying a log-normal ' tor 

the distribution, or he can specify an arbitrary distribution in tabular fo The 

tabular distribution must be constructed and must be input to the program according 

to the following prescription. The table is constructed so that each successive mid¬ 

range diameter and boundary díametei is %~2 times its preceding diameter. Mid¬ 

range diameters are geometric means of the boundaries. In array WHY (I) the mass 

fraction for each size range is specified in sequence of increasing diameter. There 

can be no more than 40 entries in the table. A parameter DMIN also is specified 

which is defined as 

DMIN - Dj / ( 2 fyT) , 

where is the upper boundary diameter of the f ret size range. 

If the user chooses to specify a log-normal distribution, he should specify the 

geometric mean (microns) and geometric standard deviation (dimensionless) of a 

particle diameter-number frequency distribution function, and optionally, the param¬ 

eter DMIN (see the preceding paragraph). In this case DMIN is used only for 
- 

It is strongly recommended that the user supply a particle size-frequency dis¬ 
tribution for the preshot soil that is appropriate for the geographical location of his 
simulated detonation. 

^Though provision is Included for specification of an arbitrary particle size- 
frequency distribution, the user must specify a log-normal distribution if he intends 
to use the current version of the DELFIC Particle Activity Module. (See Volume V 
of this documentation.) 
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computing fallout from the cloud U;.g its rise. It is not used for setting up par¬ 

ticle inputs to the Transport Module. If DMIN is not specified in the input, a value 

is supplied by the cloud rise program (see Volume HI of this documentation). 

Operating Information 

Because of the simplicity of this program, the following tabular representation 

of the input data deck (Table 3) is deemed to provide sufficient operating instructions 

TABLE 3 

THE INPUT DATA DECK FOR THE INITIAL CONDITIONS MODULE 

Card Sequence 
and Number 

P 
IF 
IDISTR-0< 

a 

IF 
IDISTR-1 < 

7,8,. 

N 

Content Format 

Arbitrary 72 cnaracier identitier 

The number of data sets for which initial conditions 
computations are desired. If the value of this para ¬ 
meter is zero or negative, a single data set will be 
expected and atter computation of its initial conditions 
parameters, a transfer will be made to LINK2. 

Preshct soil size-frequency specification option para¬ 
meter, IDISTR. A value of 0 selects the log-normal 
distribution option, whereas a value of 1 selects the 
tabular distribution option. 

• 
Yield in kilotons, height of burst in meters, soil type 
(1.0 indicates siliceous,2.0 indicates calcareous), mean 
diameter of the log-normal preshot particle size-number 
frequency distribution in microns, and the standard dévi¬ 
ation of this distribution (dimensionless). If no values 
are supplied for the mean and standard deviation, the 
program will supply them. 

12A6 

15 

15 

5F10.3 

F10.3 Mid-range diameter of smalleat particle size class to 
be used in representing the log- normal distribution (if 
zero, a value will be assigned by the program). 

Yield in kilotons, height of burst in meters, * soil typeindi- 3F10.3 
cator (1.0 indicates siliceous, 2.0 indicates calcareous). 

Mid-range diameter of the smallest particle size class to F10.3 
be used in the tabular representation of the particle size- 
mass frequency distribution (see the particle size distri¬ 
bution discussion on p. 32). 

Number of entries in the particle size frequency table 15 
(ND8TR < 40). 

Particle size — mass frequency table entries with five 5F10.3 
entries per card. Each entry represents a mass fraction 
as discussed on p. 32. 

Same au card 3 for the second data set 

This is height above ground zero. For subsurface bursts, the depth of burst 
is entered as a negative number. 
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FORTRAN LISTINGS 

The FORTRAN lilting* are included on pp. 35 through 44. 

SAMPLE TEST PROBLEM AND PRINTOUT 

On pp. 45 through 46 two test problem printouts are presented: (1) with the 

log-normal soil particle size distribution option, aud (2) with a tabular soil particle 

size distribution. All inputs are printed along with the output and th? output is self- 

explanatory. Preparation of the input cards is discussed :'/• Jompuier Program 

Outline section. 
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ftIBFTC LNK1 L 1ST•DECK»M94/2 
SUBRBUTINC UNK1 

C INITIAL CtNDITlCNS (FIREBALL) MBOULE 
C TECHNICAL BPERATIBNS RESEARCH 22 SEPT 1966 
C 

LNK1 
LNK1 
LHK1 
LNU 
LNK1 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
c 
C 
c 
c 
C 
c 
c 
c 
c 
c 
c 
L 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
r. 

PRBGRAM TB DETERMINE THE 
TIME. TEMPERATURE. TBTAL 
THE VAPiR PHASE. AND THE 
CBNDENSED PHASE SBIL 

INITIAL CffNDITIBNS SPECIFICATIUNS »F 
S0IL MASS. FRACTI0N 0F THE S0IL BURDEN 
SIZE FREQUENCY DISTR1BUTI0N 0F THE 

**LNAx 
LNK1 
LNK1 

INLNK1 
LNK1 
LNK1 
LNK1 

THE FIRST CARD CONTAINS ANY ARBITRARY ALPHANUMERIC IDENTIF1CAT10N.LNK1 
THE SECOND CARD 0F THE DATA DEÇA CONTAINS THE NUMBER 0F CASES TO LNKi 
BE RUN. FORMAT (19). LNKI 
this parameter should be left blank if the user wishes the proqramlnki 
TO CALL LINK2 AND SHOULD BE GIVEN SOME POSITIVE VALUE N IF LNKI 
THE USER WISHES the PROGRAM TO STOP AFTER COMPUTING N SETS OF LNKI 
INITIAL CONDITIONS. lnki 

LNKI 
OTHER INPUT PARAMETERS ARE - TEST PARAMETER (ID1STR) TO DETERMINE LNKI 
if the particle size frequency distribution is log-normal or lnki 
TABULAR. YIELD in KILOTONS. HEIGHT (DEPTH) OF BURST IN METERS. LNKI 
A SOIL TYPE INDICATOR. DIAMETER OF THE SMALLEST PARTICLE SIZE LNKI 
(MICRONS). MEAN (MICRONS) AND STANDARD DEVIATIO., FOR A LOG-NORMAL LNKI 
PARTICLE SIZE FREQUENCY DISTRIBUTION . OR IF A LNKI 
TABULAR DISTRIBUTION IS USED. THE MEAN AND STANDARD DEVIATION ARE LNKI 
DELETED AND REPLACED BY THE NUMBER OF ENTRIES IN THE TABLE. IF A LNKI 
LOG-NORMAL DISTRIBUTION IS TO BE SUPPLIED BY THE PROGRAM. THE LNKI 
MEAN AND STANDARD DEVIATION FIELDS ARE LEFT BLANK. LNKI 

LNKI 
FOR UNDERGROUND BURSTS INPUT DEPTH OF BURST AS A NEGATIVE NUMBER LNKI 

LNKI 
THE OUTPUT UNITS ARE MASS IN KILOGRAMS. LENGTH IN METERS. TIME IN LNKI 
SECONDS. TEMPERATURE IN DEGREES KELVIN. YIELD IN KILOTONS. LNKI 
DISTRIBUTION PARAMETERS IN MICRONS LNKI 

LNKI 
. GLOSSARY •**#»*»#»»###*»*»##*»***#***###*##lmki 

LNKI 
INITIAL CONDITIONS IDENTIFICATION ARRAY LNKI 
MEAN DIAMETER OF PARTICLE SIZE DISTRIBUTION (MICRONS)LNKl 
DIAMETER OF SMALLEST PARTICLE SIZE riCRONS) LNKI 
CONTROL INTEGER FOR PARTICLE SIZE DISTRIBUTION LNKI 
0 - LOGNORMAL DISTRIBUTION LNKI 
1 - TABULAR DISTRi 1UTI0N READ IN ON CARDS (ARRAY WHY)LNKI 

DETID(I) 
DIAM 
DMIN 
IDISTR 

IS 

ISIN 
iseuT 
N 
NDSTR 
NN 

RMIN 
SD 
SSAM 

CONTROL INTEGER SIFriFIES WHETHER LOGNORMAL LNKI 
DISTRIBUTION IS SPECIFIED BY THE USER OR BY THE LNKI 
PROGRAM LNKI 
0 - PROGRAM SPECIFIED LOG-NORMAL DISTRIBUTION LNKI 
1 - USES SPECIFIED L0G-M0RMAL DISTRIBUTION LNKI 
SYSTEM INPUT TAPE LNKI 
SYSTEM OUTPUT TAPE LNKI 
CONTROL INTEGER - NUMBER OF INPUT BURSTS LNKI 
LENGTH OF ARRAY WHY lnki 
INTEGER - TESTS NUMBER OF BURS1S RUN AGAINST THE LNKI 
NUMBER OF BURSTS TO Li RUN LNKI 
RADIUS OF SMALLEST PARTICLE SIZE (MICRONS) LNKI 
STANDARD DEVIATION OF PARTICLE SIZE DISTRIBUTION LNKI 
MASS OF CONDENSED PHASE MATERIAL AT SPECIFICATION LNKI 
TIME LNKI 

0 
1 
2 
3 
6 
9 
6 
7 
0 
9 
10 
11 
12 
13 
16 
19 
16 
17 
10 
19 
20 
21 
22 
23 
26 
29 
26 
27 
20 
29 
30 
31 
32 
33 
36 
39 
36 
37 
30 
39 
60 
61 
62 
63 
66 
69 
66 
67 
60 
69 
90 
91 
92 
93 
96 
99 
96 
97 
90 
99 

35 



c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

5 
6 
7 

8 
9 
10 
11 

12 

13 

H 
13 
16 

TNC 
TMP1 
TKP2 

T2M 
U 

VPR 
W 
WHY ( I ) 

« :»h 

E MATERIAL IN 

X 
2 

TIME »F INITIAL C»NOrri'3NS SPEC'F 
AVERAGE TEMPERATURE Rf GAS IN CL» j 
AVERAGE TEMPERATURE 0F C0NOENSEO Th#' 
CLtUD 
TEMP0RARY SV0RAGE 
S0IL CLASS II1DICAT1IR 
1.0 F0R SILICEOUS 
0.0 FOR CALCAREOUS 

VA^,R ,N CLOUD AT SPECIFICATION TIME 
WEAPON YIELD UTI 

pÂÜîïrfr T>TAL PARTBULATE MASS IN I-TH 
uÍ?J¿tLLSI¿I CLASS* »WRIMUM LENGTH OF ARRAY 
HEIGHT OF BURST (METERSI 
SCALED HEIGHT OF BURST 

60 

LNKl 60 
LNK1 61 
LNK1 62 
LNK1 63 
LNK1 66 
LNK1 6» 
LNK1 66 
LNK1 67 
LNK1 60 
LNK1 69 
LNK1 70 
LNK1 71 
LNK1 
LNK1 

72 
73 

COMMON /SCTl/ 
1 
2 
3 
6 
5 

DIAM •DETID(12!«IRISE 
SD » SPAR , SSAM 
T2M . U . VPR 
WHY(60). NDSTR . IDISTR 
SPAR6 . RM I 'A . SPAR6 

« lEXEC • ISIN t IS0UT 
• TME » TMP1 » TMP2 
• R « X ,2 
» SPAR1 * SPAR2 • SPARS 
» SPAR7 * SPARS » SPAR9 

LNKl 76 
»•••LN*! 73 

LNKl 76 
LNKl 77 

« LNKl 7« 
« LNKl 79 
« LNKl 00 
« LNKl 01 

LNKl 02 
LNKl S3 

06 
0» 
06 
07 
00 
09 
90 
91 
92 
93 
96 
93 
96 
97 
90 
99 

100 

FORMAT (12A6J L,*K1 

.*!KkÍ";í0H,M£ snc,F,tD ls new,,« hence ,!:«! 

FORMAT ISF10.3) LMR1 

FORMAT (///25X20H«*»» INPUT PARAMETERS ••••/'20y»3MYIELD.6OX.Elí SLIiltí 

2!l3HS0ÍL'CATEGORY )I6MT DEP™ ” BURST,2IX íE12*5'2x'ah«TERS/2Ôxl!ÍÍ 

FORMAT ( 1H+*63X 19HSILICE0US ) J-fJU,1 
FORMAT ( 1H« .63X » 10HCALCARE0US ) , ÎÎ5} 
F3RMATI//2OX5OHPRE-SH0T SOIL PARTICLE SUE FREQUENCY OISTR"UJTION/lmki 

125X32HA LOG-NORMAL DISTRIBUTION WITH -/ÍoÍ.USaN.SixÍÍu.Í^I 
2ICR0NS/3OX«IOHSTANDARD DEVIATION,17X.E12.5 ^"^IX.EU.S .X.7HMLNK1 
35 DISTRIBUTION WAS SPECIFIED BY) '2SA.36HTHILNK1 

FORMAT 11H..65X.11HTHE PROGRAM) ,25} 
FORMAT(1H+,65X.0HIH£ USER) 7--. 
FORMAT!15) LHKl 

Æ;;;,3r8HTHE 3caled depth 0,r burst ,s 8fY,Ho ™e scopê of theísíí i«1 
FORMÂT(/SX.HIHTHE SCALED HEIGHT OF DURST IS SUCH THAT THERE IS N0LNK1 ÎÏÏ 

formÍtÍÍ/5?6ÍÍ5hI«2 CL9UD AND HENCE Ni ‘■•CA‘- FALLOUT///) S} l¡t 
FORMÂT,///25X37H.... INITIAL CLOUD PROPERTIES AT H ^12.3.16H SECLN1C1 lO* 

10NOS **•*//20X '23HAVERAGE GAS TEMPERATURESOX.EU.S^X.IAHDFGRFF^iÜÍi1 ÎÎÎ 
«ELVINZ/m.SOHÄVERAGE T MPERATURE OF CONDENSED PHASE MATERIAL8IN \nl 
3CL0UD.5X.E:2.5.2X.16HDEGRCES ICELVIN//20x731^ASS OF VAPORIZeÎ sÎÏllSÎ} înî 
6 IN CLOUD•3OX,E12*5,2X,9HML0GRAMS//2OX61HMASS OF CONDENSL'DPHAsF^lmvi }?« 
3MATERIAL IN CL0LD,2OX,E12,3,2X•9HKIL0GRAMS//20X,S6HPARTICLE SUE ftSÎÎ ÎÎ? 
.RÇOUENcr DISTRIBUTION „T THC TINC OF IN1TI«. ¿«ïïïiSs S«cÎÎÎc*kSÎ "J 

sE' ij>‘h !" 

^ORH.TaHWTTS.RIJH. VTUTI.IH, H « ( 0 Ç 0 . . Ijj 

wSiTimí ?>!4BÍuí,í¡wu’,/,M!n„róioMw*íí«;“;J!í;íK1!¡{|;l<:S;*} ¡j; 
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1IK»RRECT///*0M™C SPEC,F,E0 MEAN ARTICLE SUE IS NEGATIVE HENCE ISí ¡fl 

F0RMAT ; / , 2OX5OHPRE**SH0T S0IL PARTICLE SI¿E FREQUENCY DI STRIBUT IflN/!*Mví 
■»«*>« M»W.»TIO EMPIRICAL DISTRIBUTISM »IT« » 
2LE SUE CLASSES/30Xb23HMINIMUM PARTICLE OIAMETER» 10X>E 12 sNxbThmu mi i \\\ 
TCRJMS/îîX.OMTnis DISTRIBUTISM „S SPECIEIM BT T« illS '^i fî 

F0RMAT (25X«37HTHE DISTRIBUTI0N IS L0G-N0RMAL WITH -/30X AltMrAN.llxSî îfl 
i*E/«rt*,^X,^HM*ER*NS/3®X,^®HSTAN°AR0 OEVIAT10N»17X*E12** LNKI 17g 
2M-S0X,25HM,N,MU>, PARTICLE 0 IAHE TER • 1 OX t E12 bS b2X • 7HMI * " ¿n i Sí Ál vvvr.r.'i z,™ « “ ts; z 

S‘“ '“LASStTOAtlÎHMaSS f».■■ '.SM/, LN/l \ll 

c LNK1 13A 
C ..    f-JJAl 13S 

..*.Si la? 

1T 

10 

19 

191 
192 
191 
194 

C 

C 

C 
c 

20 

C 21C 
210 

MN-1 
rïIAD 
READ 
READ 
READ 

INITIAL CONDITIONS RUN IDENTIFIER 
USINb1)(DETID(J)bJ-1.12) 
C0NTR0L INTEGER 
IISINbIOIN 

C 
C 

7.1 

22 

211 

C 
C 21 

21 
C 

60 
C 
C 

63 
66 
70 

WRITE OVERALL TITLE 
WRITE IIS01'ïb16MDETID«JI bJ-1,12\ 
READ!ISINbIO»IDISTR 
IFUDISTR)210b210b211 

¡f?I/^s.PART,CLE SI2E FREQUENCY SPECIFICATION OPTION 
READiISINbIIWbXbUbDIAMbSD 
READIISINb3)DMIN 
RMIN»0b5*DHIN 

the l®g"N0Rmal distribution specified by 

IF(DIAH)21b21b22 
IS-0 
GO TO 23 
IS-1 
GO TO 23 
READ!ISINbSIWbXbU 
READIISINbSIDHIN 
RMIN«0.3»DHIN 
READIISINbIOINDSTR 
READIISINb3)(WHY!11,1-1.NDSTR » 

CONVERT HOB - DOB FROH HETERS TO FEET 
X-X/0.3040 
2 IS THE SCALED HOB - DOB 
2-X/lIW)*«(1.0/3.4)) 

TEST THE DATA 
IFIX)66b63b63 
IF«2-100.0)70b70b150 
I Fl 2420.0)143 b70 b 70 
CALL TIME 
CALL TEMP 
CALL HASS 
CALL VAPOR 
!FUDISTR)»0b90b96 

TO SEE IF THE MODEL IS APPROPRIATE 

LNX1 130 
LNK1 139 
LNK1 140 
LNX1 141 
LNK1 142 
LNK1 143 
LNX1 144 
LNK1 145 
LNn 146 
LNK1 147 
LNK1 148 
LNXl 149 
LNK1 150 
LNK1 151 
LNK1 152 
LNK1 153 
LNK1 154 
LNXl 155 
LNXl 156 
LNXl 157 
LNXl 150 
LNXl 159 
LNXl 160 
LNXl 161 
LNXl 162 
LNXl 163 
LNXl 164 
LNXl 165 
LNXl 166 
LNXl 167 
LNXl 166 
LNXl 169 
LNXl 170 
LNXl 171 
LNXl 172 
LNXl 173 
LNXl 174 
LNXl 175 
LNXl 176 
LNXl 1Y7 
LNXl 176 
LNXl 179 
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c 
c 
c 

91 

92 
94 

C 93 
93 

C 
95 

C 
C 
96 

C 

C 
C 

CALL TEW» 
CALL HASS 
CALL VAP0R 
im0ISTR)90t90.96 

TEST FiR ACCEPTABLE SPEC IF ICA! IBNS 0F PRE-SHUT PARTICLE SUE 
FREOUEHCY DISTRIBUTIBN. 

90 IF(SD)91»92*92 
WRITE (ISBUT »21 
G* TB 93 
ÎFIDIAM 194(95(96 
WRITE (ISBUT(17) 
SHBULO THE RUN BE HALTED# 
IF ( N H 90 ( 190 ( 1 70 

CALL DSTBN 

YES TB 190 

CONVERT HOB - DBB BACK TB METERS FRWM FEET 
X-X*0.3048 

CONVERT VPR AND SSAM FRBM GRAMS TB KILFGRAMS 
VPR-VPR/1000.0 
DURING COMPUTATION SSAM CONTAINS THE VALUE 0F THE T0tAl MASS 0F 
GAS AND CONDENSED PHASE MATERIAL IN THE CL0UD. 
SSAM-SSAM/1000.0-VPR 

C WRITE INITIAL CONDITIONS RESULTS 
WRITE tIS0UT(4)W.X 
IFIU-1.01301(301(302 

301 WRITE IISOUT(5 I 
GO TO 305 

302 WRITE (ISOUT(6) 
905 IF(I0ISTR)310(310(311 
310 WRITE!IS0UT(7)0IAM(SD 

IF 115)102(103(102 
311 WRITE!IS0UT(18)NDSTR(DMIN 

WRITE (IS0UT(1931 
WRITE! ISOUT ( 194. ! ( I «WHY( I).!«! »NDSTR ) 
GO TO 106 

103 WRITE !(S0UT(8; 
GB TO 106 

102 WRITE îISBUT.Ç) 
106 WRITE!ISOUT(13)TME(TMP1.TMP2.VPR.SSAM 

IT!IDISTR)116(116.117 
116 WRITE!ISOUT.19IDIAM.SD(DMiN 

GO TO 118 
117 WRITE!IS0UT(191) 
118 WRITE!ISOUT.192) 

GO TO 171 
143 WRITE (ISOUT.11) 

GO TO 171 
150 WRITE (ISOUT,12) 

TEST TO DETERMINE WHETHER TO CALL LINK 
ANOTHER SET OF INITIAL C0NOITI0NS , 0R 

171 IF!N-1)200(200.170 
170 IF (N-NN)190(190.180 
180 NN-NN.l 

WRITE !ISOUT *14 INN 
GO TO 20 

LNK1 180 
LNK1 181 
LNK1 182 
LNM 183 
LNK1 184 
LNK1 185 
LNK1 18b 
LNK.1 187 
LNK1 188 
LNK1 189 
LNK1 190 
LNK1 191 
LNK1 192 
LNK1 193 
LNK1 194 
LNU 195 
LNM 196 
LNM 197 
LNM 198 
LNM 199 
LNM 200 
LNM 201 
LNM 202 
LNM 203 
LNM 204 
LNM 205 
LNM 206 
LNM 207 
LNM 208 
LNM 209 
LNM 210 
LNM 211 
LNM 212 
LNM 213 
LNK1 214 
LNM 215 
LNM 216 
LNM 217 
LNK1 218 
LNK1 219 
LNK) 220 
LNM 221 
LNM 22..’ 
LNM 223 
LNM 224 
LNM 225 
LNM 226 
LNM 227 
LNM 228 
LNK1 229 
LNM 230 
LNK1 231 
LNK1 232 

2. RETURN TO COMPUTE LNM 233 
LNM 234 
LNM 235 
LNM 236 
LNK1 23T 
LNM 238 
LNM 239 
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200 

190 ST#P 
END 

LNK1 240 
LNK1 241 
LNK1 242 
LNK1 243 
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»I»FTC DSra LlSTtDECKfM9«/2 
SUBMUTINC DSrea

c 
c 
c

OaTB
OSTB
rjSTB

DIMENSI0N FIO(12l 
OIMENSIBB WHYI4CI

!>IAM*0.40T

S0««.00

RETURN

END

3

CBMMBN

1

/SETI/

blAM • FIC f IRISE 1 lEXCC • ISIN 1 IS2UT
OsTb 
O^TB 

t OSTB

6

i

6

2 SO * SPAR » SSAM • tme • TNPl » TNP2 • OsTB 7

) T2N • U » 9PR • M • K • 1 t OSTB 8
6 •MY • NDSTR f lOISlR f SPARl • SPAR2 t SPAR} t OSTB 9

» SPAR6 • RMIN • SPARS SPAR 7 • SPARS • 3PAR9 DsTB 10

OSTO

USTB

OSTB

»DiTB

•DoTB

OSTB

OSTB

UST3

O^TB

DBTB

11

12

13

K

It
16

W

la

19

20



I
I
<>

SItrTC NAS LtS1tDSCK*HSA/2 
SUSRtUTINC NASS 

C

NAS

NAS

NAS

c MAS
CONNON /SETl/ NAS

1 DIAM * FIO • IRISE • lEXCC • iSIN » ISOUT • MAS
2 SO * SOAR • SSAN f TNC f TMPl 9 TNP2 t MAS
9 T2M • U • VPR • M t X 9 2 * MAS
4 WHY * NOSTR # lOISTR t SPARl t SPAR2 9 SPAR3 • MAS
9 SPAR4 t RM!N • SPARS • SPAR7 t SPARS 9 SPA19 MAS
OtMENStON FI0I12I MAS
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APPENDIX A 

FORM OF THE TEMPERATURE EQUATION 

Lot us visualize a rising nuclear cloud as a turbulent eddy of hot nr that is 

beLig cooled by the mixing in of entrained ambient air. The effect of mixing on the 

average cloud temperature can be estimated from a calorimeter equation: if AT is 

the temperature change due to the entrainment of mass AM, 

MTC * AMT C - (M >AM)(T k AT) C , p op ' ' ' p 

where M and T are c < ad mass and iemperature prior to the entrainment of mass 

AM, T^ is the ambient temperature, and is heat capacity. This gives 

dj , 1 dM 
dt y " o) M dt 

The quantity (I/M)(dM/dt) can lx* interpreted as being proportional to the reciprocal 

of a mixing time, r , so we may write 

dT 
cit 

1 
T 

(A 1) 

A characteristic scale length for the cloud will be the radius R, and a characteristic 

eddy velocity will be of the order of the cloud-rise velocity v. The effective turbu¬ 

lent diffusion "constant" would then be of the order of D = Rv. From -veil-known 

solutions to the diffusion equation, we then infer that a typical mixing time r will be 

of the order R /D - R/v, a not unexpected result. Equation (A. 1) becomes 

dT 
dt 

a (A . 2) 

:.1 

The essence of tills derivation has been presented in Ref. A. I. 



Our study of cloud-rise data obtained from movie films of nuclear test shotsA'2 

has led 10 the relations 

R a z (A . 3 ) * 
and 

v “ f ’ (A.4) 

where z is cloud center altitude. 

Substituting Eqs. (A 3) and (A. 4) into Eq. (A. 2), we obtain 

dT 
dt 

T - T 

(A. 5) 

Upon integraron of Eq. (A. 5), using conditions at the second temperature maximum 

at the lower limits, we have 

1 he tactor T2m - T, is almost a constant that we shall represent by K, and we 

arrive at the equation 

In using Eq. (A. 6), we should not forget that K is based on crude analogies and loose 

dimensional analyses. Its malor virtue is that it fits the form of the observed data. 

Accordingly, we should not be surprised if certain of the equation parameters turn 

out to have values different frcm those that we would expect on the basis of their 

literal interpretations as implied in the equation derivation. 

♦ 

Equation (A. 3) also has been observed from experiments 
and has been derived by TaylorA 6 &n(j Batchelor. A. 7 

in water tanksA5 
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APPENDIX B 

CHARACTERIZATION OF THE UNVAPORIZED PORTION 
OF THE CLOUD SOIL BURDEN 

In this appendix we describe the results of simple energy conservation calcula 

lions for nuclear detonations that are designed to yield information on the relation 

of the temperature of unvaporized soil at tj, the time of initial conditions specifica 

f'on, to the combined influences of detonation energy yield, fraction ot this energy 

remaining in the cloud at height of burst, and the fraction of the soil burden 

vaporized. An example is presented of how this information can be used to obtain 

estimates of the fraction of the soil burden vaporized and the average temperature 

of the unvaporized portion of the soil burden. 

Energy Conservation Calculations 

Our energy conservation calculations are based in part on the following 
assumptions: 

!• Each kiloton of detonation energy yield is equivalent to 

4.2 X 1012 J (Ref. B. 1, Table 1.41). 

2. The average température of the gaseous contents of the cloud 

at tj is given by Eqs. (6), (7), and (8) of this volume. 

3. The gaseous contents of the cloud obeys the ideal gas equation 

of state. 

4. The total mass of the soil burden is given by Eq. (10) or Eq. 

(15). 

Also of critical importance are: specific heats ca (J/(deg-kg)) for air (Pjf. 

B. 2), where 

946.6 + 0.1971T, T < 2300°K 

(B.l) 

-3587.5 + 2.125T, T > 2300°K , 
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and for soil (quartz) 

c 
s 

the heat of vaporization per kilogram of soil (SiO ) (Ref. B.4), Ah , where 
Ci ’y 

Ahy = 1.0313 k 107 - 482.3T ; ^ (B*3) 

and cloud volume, V = |»R2h, where R and H are respectively the horizontal and 

vertical cloud radii These radii have been determined as functions of time and 

yield from analyses of photographic observations of nuclear test shot clouds (Ref. 

B. 5). At tj, the cloud volume (cubic meters) is given by 

V = 1. 78 X 106W°- 928 fn .. 
’ (B. 4) 

where W is the detonation yield in kilotons. The cloud center height, Z, (for surface 
and airbursts ) (meters) at tj is given by 

Z = h + 108W0,349 , 

where h is the height of burst in meters. Pressure at the altitude Z is taken as that 
of the ARDC model atmosphere (Ref. B. 6). 

(Ref. B. 3), c where 
8 

781. 6 -i 0. 5712T - _ T , 8480K 
T2 

(B.2) 

J003.8 + 0, 1351T, T > 848 K 

.. Calculations were done using the quartz data only. Specific haais for calcium 
oxide (CaO) are about 20% less than for Si02 so that for the high yield Pacific shots 
we have overestimated the energy required to heat the soil bygthis amount. 

* o ^1°11 ener&y K8 “ot been included in the calculations. According 

i0oÂE;lA,ÿ;4i,3^05 J/k*- 



If the vaporized fraction of the total soil burden is soeeifled, then the mass of 
the air in the cloud, m , is given by 

ä * 

(B. 5) 

where and Ms are the average molecular weights of air and soil respectively, 

ms is the ma88 of 8011 gas, R is the universal gas constant, P is pressure, and T 
is the average temperature of the cloud gases. g 

If, in addition, the total energy available for heating and vaporizing the cloud 

contents is known, then the average temperature of unvaporized soil is obtained 
from the relation, 

fW - Q 
T = 293 + c (B.P) 

where T, is the average temporal,ire of unvaporized material, W is the total detona¬ 

tion energy jdeld, f is the fraction oi the total energy available for heating tne cloud 

contents, ms is the mass of unvaporized soil, and Q is the energy (i.e., heat 
i iv J» 1 1 1 J * S' 

content) of the cloud gases relative to the ambient condition, Q is given by 

where Ahv is the heat of 'aporization of the soil. 

Using these relations, detailed calculations were performed for values of f 

varying stepwise from 0.1 to 0.9, and for values of m| representing fractions of the 

total soil burden from 0 to 0.2, for the rr.nge of yields from 0.01 KT to loo MT and 

heights of burst from -20 to 150 scaled feet relative to mean sea level. The restric¬ 

tion that 300 < Tc < 3000 was imposed. Needless to say, these calculations were 
done on a digital computer. 
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These cslciilstlons served to bracket the ranges of .ions within which 
energy balances can be attained. Illustrative graphs are '’ own in Figure B. 1 (a-e). 
Values of are given for those points where energy bal; . es can be obtained. 
Where energy cannot be conserved, a + indicates a surplus of available energy and 
a- Indicates a deficit of available energy. It is apparent from tliese graphs, that

0.90 iM—aoee—aaas—+------♦-------- ----------+____
11*0

M,

(
0.70 IM----im—1041—tM------+--------^------- +______

OiSO

oeo 718---- Ktao—I3W—1713—*;

0.40

■1722--------------- 4-

—1»4—^-^*4—K»o—ISM—leie—»74
I

OJO

KT »• lO* 10* 10* K)* »•
WIST)

Figure B. 1. Dlustratlve Graphs that Show Relationship 
Between Yield and Energy Available for Heating for Sev­
eral Heights of Burst (See text for hirther explanation.)
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» wide range of physically ....ties exisi r„r values ,,i , ,„(! 

Accordingly, it Is mandatory that a means he found to select appro,,r,ate values fo, 

these parameters for specified yield and height of burst. 

An Example Procedure for Specifying f and 
__--—_---2       ^ s 

As noted previously, the central problem in the specification of f and mB Is in 

determining the fraction o, the total energy yield available for heating air and soil 

In the process of casting about for a reasonable method for determining this energy 

raction, we found the following equations in the 19r,r, edition ol the "Capabilities of 

Atomic Weapons" (Ref. B. 7) for the thermal energy yield QT for air and su-tace 
bursts: 

0.44W^ air bu’sts 
(B.8) 

^T, s 0-H7W, surface bursts (B.9) 

In our example procedure we assume the relations 

and 

fW = / Q - Q \ u 
I ^T. a ^T, s ' 

> 0 only if T > 3000° 
p S 

(3,10) 

(B. 11)* 

H is a factor to account for height of burst that has the forms of the heigh, of buss, 

scaling factors used for the soil burden calculations (Eqs. (10) and (15)): 

H . R^fz)Dfz) 

(112, 7)^(32. 7) 
A < 0 , 

„ , , a , 0 

(180)7360) 

(3.12) 

nr g 

* 

This applies for siliceous soils 
> 0 only if T > 3100°. 

ft 
For calcareous soils, we assume 
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V here A is Riven by the height of burst (ft) divided by W^3'4, and z - A For 

Tr ' '100()<)owe found that enerKy balances are obtained for all pertinent yields. 

Above 300()°. we computed values of T for values ol m« obtained from the relation 
^ s 

nr 
100 

300o\ 
m 

/ ^ (B.13) 

where mg is the total soil burden and p, the fraction of the soil burden vaporized 

per 100 excess of the initial temperature over 3000°, ranged from 0 to 0. 017. 

The solid curve of Figure B. 2 shows unvaporized soil temperatures computed 

as indicated above. This curve remains substantially the same for any height of 

burst. For yields greater than about 103 KT. vaporized soil is predicted to remain 

ln ClOUd ... t!■ Bey°nd this yield’ve have plotted temperature curves for 

several valu „ from Eq. (B. 13). According to these curves, temperature of 

unvaporizeri aereases as p increases. This is an artifact of the particular 

mode of setting up the energy partitioning and is illustrative of the sensitivity of the 

calculation to even minor variations in such procedures. Since the overall spread 

of temperature is only 300° and. in addition, the model design is rather arbitrary, 

we need not be particularly concerned by it. 

The dashed curve of Figure B. 2 shows the temperature relationship chosen 

(rather arbitrarily) to provide values of T. for fallout prediction calculations; It Is 
described by the relation 

Tc - 50log10 W +1400 . (B 14) 

This expression yields satisfactory energy balances except tor low yield subsurface 

bursts. For example, at W = uf2KT and A= -20, f. 1,16, That the method 

should fall for these conditions is not at all surprising since our gas temperature 

values for surface bursts are quite suspect at the extreme low end of the yield range 
and they scarcely apply at all to subsurface bursts. 
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The value of u.015 for the constant p to be used in fclloi't prediction 

tions (see item 1 on p. 28) was chosen by the following considerations: 

1. For p as great as 0.017 sí W = 105 KT, the vaporized soil 

mass already represents as high as 28% of the total soil 

burden (at A = 150). Thus, there is little incentive to con¬ 
sider a larger p. 

calcula- 
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2. According to Figure B. 2, the temperature curve begins to 

level off at yield values less than those for which vaporization 

occurs. A value for p of around 0.015 seems to provide a 

reasonable extrapolation of this tendency. 

3. 0.015 is a convenient number. 
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