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Abstract

1. A new tropospheric deposition model raiscs the dose from the troposphere

by more than a factor of 2.

2. For the 5310 megaton basecline sewcnario. the 50 year dose in the 30-50°N
latitude band is inercased from 23 to 33 rads. The global population dose is 6.7 x

16!° man-rads.

3.  For all of the scenerios studied. the pereent inerease above the eurrent
levelt in the incidence f cancer. lcukemia, and genetie mutations are of the order of
a few percent. We utilize the global population dose in man-rads as an index of the

biological impact of varying sccnarios.

4. The <hift to <maller yicid warhcads in the nuelcar arscnal can result in

significant inercascs in population-averaged radiation doscs.

58 For the baseline seenario that ineludes present USA nuelenr facilitices, the
50 ycar dose in the 20 50°N banpd is inercased from 84 rads made in the 1983
ealeulntions, to 95 rads. By vaporizing the U.8.A. nuelear facilitics with emaller
yicld devices, the above dosc inereases from 95 to 124 rads. A major cxehange also
involving the vaporization of Europcen and Asian nuclear faeilitics woula jcad to
comparable inercases (u factor of about 3) and would have scvere radiological

¢onsequences to the global population.

6. By shifting the 5310 megaton bascline secnarios to the cgquatorial zone
{detonations at 20°N). the global populalion dosc incrcases dramatically from 6.7 to

22 x 10** man-rads.

7. Wc have used GLODEP2 to develop a simple method nf estimating

latitude dose that ix uscful to rescarchers who do not have a GLUDEPY eode

available.
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Introduction

We have utilized the GLODEP2“) computer eode to determine biological
impaet to humans on a global scgle using up-to-date estimates of biological risk.
These risk factors usc varied biological damage models for assessing offcets. We
draw mainly upon the work of the BEIR coinmittce (1980)-(2) the UNSCRAR
committee (1982).(3) and thc publications of Feinendegen and Booz in West
Gormany.(‘n (3) Our work focuscs on the long term chronie dose cffects that
result in an inercasced incidence of cancer. leukemia and genetic mutations in the
live born. All the doses reported here are the unsheltered. unweathered. smooth
terrain, oxternal gaumma dose. We do not inelude sourees internal to the body that
contribute to the dose. We assunie the unperturbed atmosphere in deternining
injection and deposition. Effcets dus to "nuelear winter" may invalidate (his
assumption. Wc cxpeet to investigate the validitiy of this assumption wituin the
next two years by coupling radioisotopes with the 3 dimensional GRANTOUR code.

We have altered the tropospherie deposition model in GLODEP2 to refleet a
deposition that iz expenential in timic with a varigble time eonstant. We utilize time
corstants that have been reported by Michael MaeCracken and John Walton hased on
results using GRANTOUR in 2-D celeulations eonducied in 1983. We alsn have
cxciuded the contribution to the desc from the first day, as this can be eonsidered
part of the cariy or local fallout. This new, and wc believe more realistie,
tropospherie deposition algorithm produees significantly different predictions of
radiation dosc than the carlicr algorithm. and so we have ropeated a number of the
secnarios that were previously reported in the 1983 Frice eonference paper by Jdoc

Knox.(ﬁ)

Our calcuiations also inelude secnarios that attempt to assess the impact of the
changing naturc ot the nuclcar stockpile. In particular. the »hift (rom larger to
smaller yicld nuelear deviees significantly ehanges the ingeetion patiern into the
atiospherc, and i.cnee signi.ficanily affcets the radiation doses that ensue. Wc have

- . - *
also lookea at injections into the cquatorial atmosphere . In total, we report here

the results for 8 =eenarios: all of whieh will be deseribed fater.

“_'_TV_E-;rd‘thaﬁf-l;rTr"(T‘t_hc nomenelature wsed in the GLOLEPAD report and use the
terin "eqguatorial” to relfer to the arcas with lutitude less than 30°% and "polar” to the
arcas with lutitude greater than 30%

enrtwh
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We have incorporated into the code the global distribution by latitude band (20°
widths) of Luman popuiation and birth rate. Utilizing these. we are able to caleulate
damage predictions in absolutz as well as relative terms. We ealculate the number
of inan-rads for cach latitude band. as well as the global totul of man-rads for earh
secnario. The latter we believe is a uscful index Lo assess biological impact of
varying seenarios. Parameter studics of biological impact as a funetion of yicld of
individual nuelcer explosions have also been initiated. We recognize that the dose
distribution around latitude eireles is not uniform, and local precipitation patterns
¢an producce hot spots where the dose (s perhaps 0 times the average for that

latitude band.

We have studied the approach utilized by Prof. Arthur Broyles (internal LLNL
report dated July 27. 1983) that is uscful for obtaining quick and casy estimates of
doses, and have extended the Broyles' approach by utilizing GLODEP2 to provide the
paraneters used in estimating radiation dosc as a funetion of latitude band. These

estimates can be cspeeially uscful to rescarchers who do not have a GLODEP2

availabie.

Riological Effects of Radiation

Biological effects on humans froin cxposure to ionizing radiations arc
generally divided into two categorics ageute and ehronic. The aeute effects can
produee lethal injury to eclis resulting in sickness and possibly deeth to the exposed
individual Acute effeets arc generally due to short-term, high dosc. and high dosc
rute irradiations whose effeets manifest in time periods of days, wecks or months.
Chronie cffeets are generally duc to long term, low dose. and low dosc rate
irradiations. and can induce most of the known forms of cancers. as well as
leukemia, and genctic mutations. The lateney period for the appcarance of cancer
.~ normelly 15 to 30 ycars, while for leukemia it can be of the order of a few ycars.
Genetie mutations appear in the live born of the first gencration. and then to a
smaller extenl in succeeding generations (for a single cxposurc). For chronie
exposure that continues through many generations (e¢.g. natural background
radiation), the number of mutations per generation inercases until an cquilibrium

level is achicved.
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Many rescarchers have found that radiation damege has a dose pate
dependenee and distinguish between low dose rate and high dose rate. A reeent
stuay by the National Couneil on Radiation Protee‘\ionm reviewed the knowledge
of Lhe dosc-ratc cffeet for carcinogenic and genetic effects in humans from
low-LET {lincar cnergy transfer) radiations {sparscly ionizing x-rays. gammma rays.
and clectrons). They indicate that the induction of cell killing, chromosomc
aberrations. mutations. teratogenie effeets, shortening of tife, and tumor formation
in cxperiinental systems has been consistently observed to depend upon the temporal
distribution of dosc. They define g factor DREF (Dosc Rate Effectiveness Factor)
as the ratio of the effcetiveness per unit dosc of high vs. low dose ratc cxposures.
LExperimeats with mice indicatc a DREF of about 3 for mutagenic cffects. Other
studies with mammals for carcinogencsis and life shortcning yields DRF . values of

from 2 to 10

We have adopted herc the definition of low dose rale given by L. k.
Fi01lcndcgell(4) whieh is bascd on his theoretical gnd cxperimential work on
radiation damage. He defines the low dose rate limit as 6 rads per day. Below this
rate. Fiencndegen finds that repair mechanism for damaged eclls are at their most
efficient level. and damage per unit radiation exposure is one-third that of an
cquivalent high dosc rate exposurc. This factor of 3 has been largely accepted by
others for the ratio of dose from protracted (low dose rate) exposurc to dose from
acule (high dosc rate) exposure to give the same degree of genctie cffcet. For
somatic cffecets, we shall also use the factor of 3 suggested by Ficnendegen as it is
ccrtainly in the range suggested by the NCRP Report. Ficnendegen also suggests 48
rads per day as the dosc rate that defines the lower threshold for acute exposure.
We have used a lincar interpolation between these two values in our ealeulations of
effcets wheon we ealeulate the "Fienendegen" risk fectors. For all the secharios
reported here, the dose rates as deterimined by GLODEP?2 are always in the low dose
ratc regime, and so our "Fiencndegen® easuaitics are all e factor of threc below
what wc call the "lincar' casueltics. By "lincar™ herc, we mean that the risk
cstiinates were niade by using the lincar hypothesis, i.e. by cxtrapolating the
experimental data lincarly into the low dose arca. This was the approach used by
the BEIR and the UNSCEAR committens.

v e g e
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The risk factors for estimating radiation damage have been estimated by a
number of authoritative groups. We principally use here the 1980 B.E.LR.
report® the 1982 U.N.S.C.E.A.K. reporty® and the paper by Feinendegen'?

presented at the Eriee Conierence in 1083.

Feinendegen uses these sources and suggests that one may expect
approximately 150 to 200 fatal cencers will be produced per rad to a million
individuals for low linear energy transfer {L.L.I.) radiation. Fallout radiation is of
this type. For our study, we use 175 cancer fatalities per rad per million people, or
an absolute risk factor for eancer [“ab (eancer)) of 1.75 x 10'-4 per rad per
person. The lifetime current eancer mortality rate (Rcur {cancer)) for the United
dtates is about §65,000 per miliion people, i.e. 0.165 per person. We see then that
each rad of low LET radiation produces an increase of about 0.1 percent above the
current level. This is called the relative risk; i.e. the risk relative to the current
rate. We use this figure in our work, and assume also that the U.5. current rate
applies throughout the globe. Using the Feinendegen approach, the appropriate
figure for low dose rate exposure would be one third as much, or 0.033% per rag

above the current level.

To summarize, for calculating absolute values for global fawal cencer

induction, we use.

9
Nab(cancer) =Ry Zil Pop (b) L}(b)

where Rub = 1.79 x 1(]-4 cancers per rad per person
Pop(b) = population in latitude band b
Do) = 50 year dose in latitude baid b.

and the index b denotes the nine iatitude bands of widti 20° that divide the earth in

the GLODEP-li eode.

The inereese relative to the current level is

N Ryp % Pou(®ID(B) Ry
R

Reur & Pop®) Reyr 2 P () cur PP
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where D is the population aversged dose. The % inercase relative to the

pop
current level is

% neronse < 100 2 B - 1000L75x107h 5
mere R, DPoP 0.165 POop

% increase (cancer) = 0. 106 Dpop %=0.1 Dpop %

For genntic damage., we cxamine Table 1, whieh is reproduced from the 1982
UNSCEAR rcport. Tt is stated in that rcport that there is gencral agreement
between the values presenied in the 1977 UNSCEAR study and the 198C¢ BEIR
report, even though some of the methods of analysis used were not the same. We
sce that the current mutation rate that results in genetie discases, handicups and
disabilitics amongst the live born is 106,000 per million Live births, or about 10% of
live births. For a diseussion of the seriousness of these genetie eonditions, we refer
the reader to the UNSCEAR rcport(3) {pgs. 514-519). There attempts are made to
establish quantitative indices of harm for these conditions. such as nortality, years

of life lost, economie cost, and quality of life detriment.

Table 1 shows that the ceffcet of | gray (100 rads) per gencration is to produce
at cquilibrium an additional 14,900 mutant births per million live births. Many of
these nuta.ions will diseppear from the cnsuing gencrations becausce of negative
selection proeesses. Tt can be shown that the figure for equilibrium {after repeated
cxposurcs for many gencrations) is nuncrically cqual to the total over ail future
generations that results from a single exposure. We see then thael there is an
inerease of 14,900 mutan\ births over all future generations per million live births.
from a single cxposure of 100 rads to the parental population. This represents a
relative radiation-induced risk (inercase as a pereentage of the current rate) of
0.14% per live birth per red. This is the figure we adopt for this study. In absclute
terms. for cach rad of low LET radiation, there is an inercasc of 149 mutant births
per million live births. We usc the 1982 UNSCEAR figure of 15% as the number of
these that appear in the first generation (the 1980 BEIR report suggested 20%).

- o
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Table 1

Estimated effect of 1 G¥ E'" ration of low dose

oF low duse T4 on- rradiatlon o a popuTition

of g miT1Tcn Tiveaorn according to the mﬁn, dose method
: Assumad doubling dose: 1 Gy

Effect of 1 Gy par generation

Current
Diseasa classification af lnclg’nn First gll‘;el'ltlon Equilibrivm
c

Autosomal dominant and

X-linked diseasas 10000 o/ 1500 10000
Recessiva disenses 2500 e/ slight slow increase
Chromesoms] diseases

Structural 400 £/ 240 400

Mumerical . 30400 g/ probably probably

- very small very small
Zongenital anomalies,

anomalies expressed later

and constitutional and

degenerative diseases 90000 h/ 450 . 4509 1/
Total 103300 2190 14900

a/  Follows thet given in the BEIR report IB60!, except that chromosomal

=  diseases are divided into those with & structural and those with s
numerical basis.

b/ Based on the results of the British Cotumbia survey and other studies.

= For datails, see TU1] and Table 2 of the present Annex.

¢/ The first generation incidence is sssumed to be about 15 % af the equi-

- 1ibrivm incidence For autosoma) dominsnt and X-tinked diswases (see text
for details}, about 3/5 of the equilibrium ncidence for structural
anomalies and about 10 % of the equilibrium incidance for diseases
of complex inheritance,

df Includes diseases with both early and late onset.

&/ Also includes diseases maintained by heterozygous advantage. .

I/ Based on the pogled values of Table 2 but excluding ecplaid structural
rearrangements, Robertsenian translocations and “others” (mainly
masaics). See text for details. :

/  Excluding mosaics; see text.
/ Includes anunknown proportion of numerical (other than Dawn's syndrome)
=  and structural chromosomal ancmalies.

if Based on the assumption of & 5 % rutational component; see fUL] for

datails,

TABLE 2. Genetic Effects of an Average Population Exposure of
1 Rem per 30-Yr Generation

Effect per Million Liveborn

Cucrent {ncidence. Offspring, Rem G i
Type of Genetie per Million Liveborn e per Zenerzfbor
Disorder Offspring First Generatinn® Equilibriume
Autosomal 10.000 5-654 40-200
dpminant and
XNinked
lIrregularly 90.000
inherited -0
Recestive 1100 Yery few: effects Very slow
in heterorygotes increa.e
accounted for in
top row
Chromosomal 6,000 Fewer than 101 Increases
sberrations! only
slightly

:lneludn dis?rdeu and teaits that cause serious handicap at some time during lifetime.
Estimated directly from d phenotypic damage or fram abserved cytagenetic effects.

¢ Estimaied by the refative-mutation-risk method. ’

#No first.generation estimate available for X-linked disorders: the expectation is thal it

would be refativaly small,

r Some estimales have been ded off to eliminate iv.1pression of iderable
1h:c1udu only aberrations exp ¢ a5 genital malformati teiny from un-
} d of ipcations and fromn numeeical aberration.

* Majority of Subcommittee feels that it iy considerably closer 1o but
that it could be as much a3 20, ! sere. butone member fels
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A further word of expianation about ;jable 2 may be in order. It indicates that

the doubling dose for genetic mutations assumed in the egleulations is 1 Gray, or 100
rads. This implies a relative increase above the eurrent level of 1% per rad. And
yet we use the figure 149 cases per rad per million live births, whieh when
considered next to the current level of 106,000 per miltion implies a figure for the
- relative risk of 0.14% per live birth per rad. The explenation for this seeming
discrepaney is that the radiation sensitivity veries for each of the disease
classifications listed in the Table. The UNSCEAR coinmittee assumes that the
cemponent that is sensitive to radiation in the largest listed category of current
incidence (eongenital anomalies, enomalies expressed later, and constitutional and
degenerative diseases 80,000} has only a 5% mutational component. If one iooks at
the other principal categories (autosomal dominant and x-linked diseases, and
structural chromosomal diseases), we see that the risk there relative to the current

level is 1% per rad.

To summarize, we calculate the increase in the inciderce of observable
genetic effects or disease amongst the live born per year created jn ail future
generations as

N ab (mutations) = Rgp X P, p(t:) Br{b) L(b)

where R = J.av x 10 per live birth per rad, and BR(b) is the birth rate in
tutitude band b. The number of these that appeers in the first generation is 15%.

‘The percent inerease relative to the current level of the globe is

Ny -100 160 Rap h Pop(b)BR(b)D(b)

% increase = A Pop(b)BR(b] = Reor T Pop(b)BR(b)

where Rab = 1.49 x 10 3 observable genetie effects or disease per live boin per
rad, and R, . =0.106 per live birth.

Wb i e, gy g, 21
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The pereent inercase in any latitude band is

% inercase (b) = 0.14D(b)

We ecan illustrate the large uncertainties in these genctie pisk factors by
examining Table 2. whieh is repredusted from the 1980 BEIR report. There, we sec
for the autosomal category a spread of 40 to 200 for the incidence at equilibrium
per rad per gencration per million live births. The UNSCEAR figure for this is 100.
For the irregularly inherited eategory, we sce in Table 2B a spread of 20 to 900,
The UNSCEAR figurc for this is 45. One van conclude from this that our
caleulations of genetie effeels have large uncertainties (a factor of 10) due io the

unecrtaintices in the risk estimates,

Regarding the dose rete dependence of the risk cstimates. GLODEP2
determines the average dose rate per quarter yeer, and calculates the average dose
rate over 20° latitude bands. For all our scenarios, all the dose rates encountered so
far have been well below the upper limit of the low dosc rate region. That is why
we have focuscd on chronie effeets here. We do however, recognize thet hot spot
regions as praodieted by GRANTOUR may have desc rates spproximately an order of
magnitude highr.-r,(ﬁ) and the resulting doses are certeinly in the acute and lcthal
effcets range for many in the population. Also. high dose rates may be encountered
ir. the firsi deys of the Lst quarter but be missed when we average the dose rate
over the first quarter. We shall reserva an attempt to assess acule coffeets for a

later study, perhaps after 3-D GRAHTOUR simulations are made.

Population and Birth Rate Distribution by Letitude Band

In order to ealeulate quantitics like pupulation averaged dose. total global
population dose, and the absalute values for the biological cffeets examined here, it
was neeessary to gencrate figures for the population and pirth rate distribution
averaged over the 20° latitude bands used in GLODEP2. [n Table 3. we present our
ostimates. These figures were determined by taking the nopulation of cach country
as reported in the U.N. pomogrephic ¥earbook of 1982,(8) and putting these into
latitude bands by cxamining a world atlas. Interpolativi.® werc nceessary as many
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countries straddied two latitude bands. While our estimatces are approXimate, they
should suffiee for the purposes of our study here. It is of interest to note that about
90% of the world's population presides in the northern hemisphere. Indeed, over §0%
of the world's population resides in the three latitude bands betwcen 10°N and 70°N.

Table 3

Population and Birth Rate by Latitude Bande)

Population  Birth

Band Latitude in Rate
Number Range Millions (pct yean
1 70°~90°N a --
2 50°-70°N 262 016
3 30°-50°N 1380 017 Total population = 4.59 x 10°
4 10°-3C°N 2080 .033
5 10°5~10° N 620 023 average birth rate = .029/yecar
6 30°-10%5 194 .040
7 50°-30°S 60 2021
8 70°-50°§ 0 -
9 96°-79°8 ] -

(a) Estimates based on 1982 U.N. Demogrephie Yearbook data.(¥)

Deseription of Scenarios Studied
(A1l are winter injections exeept where noted)

1. Bascline 5300 mcgaton strategic exeiange as deseribed in GLODE:P2“) {1
-= 82 deys) 17 is the cfolding time for deposition from the tropospherc.
Thesze value of © ware obtained from MaeCracken and Waiton(g) using

GRANTOUR in  dimensional eslculations conducted in 1983; and arc at best

good to + 7CX%.
2. Secnario 1, summer injeetion (t = 182 days).

3. Scenario I plus U.5.A. nuelear power faeilities as deseribed in GLODEPZ,
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Samec as 3 execpt nuelear faeilities are veporized and lofted by deviees of
vicld 0.2 mcgaton instead of the 0.9 megaton yields used in 3.

Scenario 1, but with a shift from larger to smaller yield weapons while keeping
the total yicld at 5300 megatons. More speeifically, in Secnario 1 we change
1000 dovices at 0.9 megaton into 4580 devices at 0.2 megaton. Also 450
devices at 1.5 megatons into 3266 devices at 0.17 megaton. This inereases the
number of deviees from 6,235 to 13250

Secnario 5, but instead of inercasing the number of deviees to keep the total
yield at 5300 megatons, we keep the number of targets (and deviees) the same
and deerease the totel yield from 5300 to 4011 megatons. More speeifically,
we change 1000 devices at 0.9 mcegaton into 1000 deviees at 0.2 megaton, and
alsu we change 450 deviees at 1.5 megatons inte 450 at 0.17 megaton while

keeping everything else in Seenario 1 the same.

Scenario 1 but all devices are detonated at 20°N latitude. Our motivation in
running this very unrcalistie sccnario was to obtain a GLODEP2 run with an
cquatorial injeetion in order to obtasin the dosc conversion factors for use in
the modification of Art Broyles' approach. The global doscs obtained here are
very mueh lerger than in Secnario 1 beeause the cquatorial (Iow latitude)
troposphere is mueh higher than in the polar regions. This results in a mueh

larger fractional injection into the troposphere, henee larger doses.
European theater exchange as deseribed in the J. Knox Erice paper (1 983).(5)

The various quantilative charaeteristies of the above sccnarios are

summarized in Table 4. Ineluded arc the weapons fission produet injections that we
shall be referring to frequently in our discussion of results.

Discussion of Results

in the diseussions of the results about cach secnario that follows, we shall

make extensive use of Fables 5, 6, & 7, as well as Figures 1 through 6.



Table 4. Scenario Characteristics.

Tropospheric Total Lower Upper Total
time decay Explosive Total # Tropospheric Stratospheric Stratospheriea Fission
Seenario Injection Constant Yield Nuclear Injection Injection Injection Injection
Number Season (days) (Megatons)  explosions (Megatons)  (Megatons)  (Megatons)  (Megatons)(b)
1 Winter 8.2 5,310 6,235 225.6 1,239 571.4 2,036
2 Summer 18.2 " " " " " "
3 Winter 8.2 w " 225.6 1,239+ 571.4 2,036
+.019 n.f{le} 481 n.f. +.5 n.f,
4 " " " " 225.6 1,289 " 2,036
.35n.d.  +.15nf. +.5 n.f.
5 " " w 13,250 655.0 848.5 533.1 2,036
6 " " 4,011 6,235 287.9 697.6 533.1 1,519
) M " 5,310 " 1,002(@) 674.1(@) 359,2(a) 2,036(a)
8 A " 387.6 1,751 54.54 103.3 0.36 158.2

(a) In this scenario, all the detonations are at 20°N and the injections are into the equatorial atmosphere. All the others are
polar injections.

(b}  There are no injections into either the high polar or high cq “rial atmosphere. One needs very large yield explosions for
this to occur.

(e)  Pluses here mean the injected fraction contributed by the destroyed nuclear facilities (n.f.).

_"[-
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Table 5 lists the 50 year dosc assessments for cach seenario for cach of the
three most populous latitude bands (10°N to T70°N). We isolate here the
contributions from the troposphere, lower stratospherc, and upper stratospheric
compartment. Also listed is the total population dose for each band in man-rads, a
useful measure of biological impaet.

Table 6 prescents our results for Glebel Somatic Assessments. Here we present
for cach secnario the projections of cancer and leukemia induetion in absolute as
well as relative terms. Also presented is the global population dese in men-rads, the
area-averaged dose, and the popuiation averaged dose. ‘The latler is more
signifieant for assessing biologicei impaet, whieh is a funetion of population as well
as dosc distribution. The "Feinendegen” figures here are always a faetor of three

lower than the "linear” results.

Table 7 presents our results for Long Term Genetic Effeets. We have ysec
here the risk estimates for low L.E,T. and low dosc rate rediation. Again, we
present the assessments in both absolute as well as relative terins.

Figures 1 through 6 illustrate the aceumulated dose ealeulated as a function of
time for the Baseline Scenario (# i) as well as the secnarios that include the nuelcar

[acilitics.

One can make a few general comments about these results before discussing
each scenario scparately. We sce that the % inercase in somatie and genotie effects
above the current levels arc of the order of a few pereenty always less than 10%
even if one adopts the Minear" figures and looks at the biologically most severe
scenario. These biological assessments. while scrious by themsclves, will be
completely swamped by easualty estimates from other aspeets of a major nuclear
war that arc not trecated here (blast, fire, carly fallout, lack of food supplics,

"nueiear vinter," cte.).
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Table 5
Dosc Assessmentd8) jn Latitude Bands from 16°N to 70°N.
Reiative Contributions from the Troposphere, Lower Stratospherc and Upper Stratospherc

Seenario Latitude Troposphere Lower Upper Total #Man-rads
Number  Band Dose (rads)  Stratosphere Stratosphere Dosc (x 10'%
Contribution Dose Contri. Dosc Contri. (rads}

1 10° to 30°N 2.15 4.08 684 6.91 1.43
2 " i.68 3.15 L1176 5.62 1.18
3 " 3.00 24.52 -684 28.2 5.85
4 " 1828 10.45 .684 29.4 6.10
5 " 7.35 2.79 .638 10.8 2.24
) " 3.05 2,29 638 598 1.24
7 " 79.51 1.39 .367 81.3 18.8

8 " 0.674 0.340 0004 1.01 n.21
I 30° to 50°N  17.89 12.81 2.20 32.9 4.53
2 " 14.08 10.72 2.63 27.4 3.77
3 " 21.77 7071 2.20 94.7 13.0

4 " 91.16 30.85 2,20 124.2 17.1

b) " 653.58 8.78 2.05 64.4 8.86
6 " 23.28 7.21 2.05 3.5 4.48
7 " 22.42 315 .748 26.4 3.63
8 N 4.0 1.07 001 5.62 71
1 50° to 70°N  16.79 8.80 1.78 27.3 .72
Z " 13.21 6.74 C 172 21.7 0.57
3 " 17.95 52.29 1.76 72.0 i.89
4 " 3876 22.35 1.76 62.9 1.65
5 " 44.44 6.03 1.64 2.1 1.37
] " 20.26 4.96 1.64 26.9 0.70
7 " .215 2.21 .A57 2.98 0.08
8 " 3.46 0.734 .001) 4.20 0.11

a) These are 50 year unsheltered, unweathered, smooth terrain cxternal gamma
doses.



Global Chronice (Long Term) Somatic Assessments
Induction of Latent(8) Cancers and Leukemias (C&L)

Table 6

73

C&L C&L
percent pereent
Global increase increase C&L C&L
Population  Global above above Absolute Absolute
Dose Area Population current current Number Number
Scenario  (Man-rads) Averaged  Averaged rate rate (Lirzar) (Feinendegen)
Number  x1¢'° Dosefrads  Dose/rads (linean)(®) (Feinendegen(e)) x 107 x 107
1 6.74 8.40 14.7 1.47 0.49 1.18 <393
2 5.55 6.82 12.1 1.21 0.40 971 323
3 21.1 25.7 46.1 4.61 1.54 3.69 1.23
4 25.0 27.9 54.5 5.45 1.82 4.38 146
5 12.5 15.4 27.3 2.73 0.91 2.19 0.73
6 6.46 8.02 14.1 141 0.47 1.13 376
7 21.8 21.0 47.5 4.75 1.58 3.81 1.27
8 1.10 132 2.40 0.24 0.08 0.19 064
(a) These figures are for fatal cancers.

()

(e)

Here we use the BEIR-UNSCEAR risk estimate of 1.75 x 1074 per rad per person. We

assume for the entire glabe the U.S, current cencer rate of 165 thousand per million.

This uses the Feinendegen repair algorithms.

1

i

~
1




~18~

Table 7

Global Long Term Genetic Assessments

Inerease of Genetie Muatations in the Live Born

Inerease in
Absolute Inerease in
Pereent number of Absolute
Global Increase in  mutations number of
Population  Population iutations inlst mutations
Dose Averaged above generation over all time;
Seenario (Marll-Rads) Lose current per year per yeur
Number  x 10'° {rads) ratela) x 10 X 1U
i 6.74 14.7 1.5 0.21 2.1
2 555 12.1 1.2 0.25 1.7
3 21.1 486.1 4.9 1.0 6.9
4 450 54,5 2.5 1.2 7.8
R 12.5 27.3 2.6 0.55 3.7
6 6.46 14,1 1.3 0.29 1.9
7 21.8 47.5 7.1 1.5 10.0
8 i.10 240 0.23 0.049 0.33

a)

We use the BEIR-UNSCEAR figures for the current rate. See Table 2,
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Acute effects generally beeome apparent above 50 rads. When ane takes into
aeeount hot spots, it is elear that a significant number of people will have exposures
in the acute range. Arthur Broyles and I have begun working on Lhis problcm, and

plan tc eontinuc Lo study this in the near future.

In the following, we shall diseuss the results of cach secnario scparatcly.

A. Tropospheric dcposition model: The new experimental tropospherie
deposition model has raised the cantribution of the tropospherie injeetions to the 50
vear dose by more than a faetor of two ahove those prodieted in the 1983 GLODEP2
model. For exemple, the dose from the trupospheric injections in the 30°-50°
latitude band was 8 rads for the 5310 megaton bascline ease as reperted in Erice in
1983. The contributions from the Jower polar strefesphere and upper polar
stratosphere were 12.81 and 2,20 rads respeetively, giving a tofal dose of 23 rads.
Those caleulations assumed a delte funetion depositicn at 30 days after injeetion.
The exponential deposition model with a time constant T of &2 days for the same

K
I

sccnario yiclds a dose from the troposphere of 19.16 reds. By eliminating the
contribution to the dose from the first day, we reduee the tropospherie dose to 17.89
rads. The dose contributions from the stratosphere arc unchanged. Henee our new
figure for the 50 ycar unweathered, unsheltered, smooth terrain dose in the 30-50°N
latitude band is 32.9 rads. Indced, the relative importance of the tropesphere in
dose assessments for all our scenarios has inercased significantly. Table 5 displays
tuc dosc contributions for all the scenerios from ‘he various compartments of the
atmosphere. in the three latitude bands where most of the worlds population
resides. We see that the troposphere aceounts for a major share of the dose in most
of our secnarios. Figure 1 illustrates the dose distribution over the globe as a

funetion of time for scenario 1.

B. Bascline seenario - Winter vs. Summer injection. The summer injection
transfer coefficients of Peterson for the stratosphere diffor somewhat than for
winter. We assume that the tropospherie depesition is slower in summer and use T
= 8.2 days for winter and 1 = 1&% days for summer. A comparison of the two runs
yiclds 27.4 rads for summer vs. 32.9 rads for winter in the 30-50°N band. The
eorresponding figures for the global population dose in man-rads is 555 x | P°
(summer) and €7 x 10'° (winte. The population averaged dose
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por person is 12.1 rads (summer) and 14.7 rads {winter). Thc doscs from the
troposphere and lower polar stratosphere are reduced somewhat in summer vis-a-vis
winter, while the upper stratospherie contribution is inercased (Table 5). We see the
diffcrenees between summer/winter are not large.

In eomparing the winter and summer injections, we can get a sense of the
uncertainty in the dose that arises from the 50% unecrtaintics in the values of 1
ailuded to carlier. It is seen that the dosc commitments are not very sensitive to
T and thaet other sources of uncertainty would predominate.

. Bascline plus Nuelear Facilities. We have rcpeated this secnario and
comparc our new results for this scenario with those reported at Eriee in 1983.
Calling the previous results "1983" and the present results "19847, we find the 50
year dosc for the 30-50°N band is inercased from 84.6 to 94.7 rads. We can well
understand the source of this increase by examining Table 8, Here we have isolated
the dose from the nuclear faeilitics by subtracting the contribution of the weapons

alone {secnario 1).

Tablc 8
Secnario 3 ~ 30-50°N doscs (in rads)
983" "1984"

Tropospherie Dose 11.8 21.8
lps & ups 72.8 72.9
Total Dose 84.6 94.7
Nueclcar tropospheric 3.8 3.9
Faeilities Ips & ups 7.8 87.9
alone total dosc 61.6 61.8

We sec from this table that the prineipal differenee between our new
caleulation and the previous one is duc to the increase we saw earlicr in the
tropospherie dose contributions from the weapons alone. The contribution from the
nuelear facilities hardly changes. The reason for this is elear, namely that the time
deeay in the first months of the nuelcar faeility aetivity is very much slower than
that of the weapons. Hence changing the tropospherie deposition model as we have
by altering the time behavior of the deposition in the first month after injeeticn
does not change the contribution from the nuelear facilities appreciably vis-a-vis
that of the weapons.
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Figure 2 illustrates the dose distribution over the globe as a funetion of time.

The data on the biological impaet of Scenario 3 is presented with the usual
caveat that this is hopefully an unrealistie seenario and the assumptions arc perhaps
a hint of "worst case.” We find the global population dose is 2.1 x 10'! man-rads,
whieh is cquivalent to a global population averaged dose of 46.1 rads per person.
When one considers that hot spots ecould have doses an order of magnitude higher
than these, we sec that many in the population will suffer severc acutc and lethal

doscs.

The situation would be even morc serious if one alters this seenario by
including worldwide nuelcar faeilities (Seenario 3 contains only present USA
faeilitics). We also point out that GLODEP2 caleulates 50 year doses, end that
nuelear facilitics, unlike the weapons, will eontinue to yicld appreeiabic doses far
beyond that time period. We ean eenjecture that a major exchange involving all the
worldwide nuelear power faeilities would have “ery scrious radiological

eonscquenees for the global populstion.

D. Bascline + 0.2 megatons on nueclear faeilitics: In Scenario 3, the USA
nuclear facilities are targeted with 0.9 megaton Soviet warheads. Here, in Secnario
4, we cxamine the eonsequences of using lower yield warhcads knowing that this
would injeet more radioactivity from the nuclear faeilities into the troposphere
vis-a-vis the lower polar stratosphere, resulting in an carlicr deposition and higher
doses. We recognize that vaporizing and lofting the nuelear debris from the nuelcar
facilitics is harder to do with smaller yield warheads. One finds in comparing
Seenarios 3 and 4 that the 30-50°N band dosc increases from 94.7 to 124.2 Rads.
One can see by cxamining Tebles 4 and 5 that this inerease is indeed due to the shift
in radioactivity from the stratospherc to the troposphere. The tropospherie dose
goes from 21.8 to 91.2 rads, whilc the 1ps dosc deercases from 70.7 to 30.9 rads.
The global population dosc increases from 2.1 to 2.5 x 10'' man-rads. The
remarks made above on the biologieal significance of Secnario 3 apply cven more so

here.

Figurc 3 displays the global distribution of dose as a funetion of time for this
Secnario (4). Figures 4 through 6 comparc the time behavior of the dose for
Secnarios 1, 3 and 4, in the three most populous latitude bands between 10°N and
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70°N. We can sce that the contribution to the dose from the nuelcar faeiltities
becomes more pronounced as time progresses. We can also sec that the rate of
buildup of dose from the nuelcar facilitics is still considerable after 50 ycars
vis-a-vis the dosc from the weapons alone. This is due to the slower rate of deeay
of the radiation from the nuelear faeilities, It would be of interest to extend our

calculations here well beyond 50 years.

When we compare the carly time behaviors in Figé. 4, 5 and 5, i1 gppears that
thce dose duc to the nueclear facilitics in Scenarios 3 and 4 have different time
benaviors. This appearance is primarily due to the faet that as we shift injections
from the stratospherc into the troposphere, we also shift the depositions between
the 3 latitude bands examined. The differences we see in the early time behavior in
these figures would diminish if we integrated over the 3 bands.

Fotter and Tsipiéw) have cxamined the eonsequenecs of vaporizing a
nuelear reactor with a one megaton deviee. They conclude thet the radiological
contributions of the reactor to the doses in that secnario are very mueh more severe
than that due to a major reactor aceident without the weapon cxplosion, and much
more severce than that due to the weapon alone. The reason for this is that the
weapon sarves as a very cfficient way to distribute the reactor radicisotopes over an
cxtended arca whereas the reaetor accident alone is mostly local in effeet. This
argument for a single warhead on a reactor applies even morc so to our secnarios 3
and 4 where we have considered the global distribution of the radioisotepes from
many nuclear facilities, thereby exposing the entire population of the globe.

E. Sceonarios % and 6 were motivaled by the attempt Lo assess the long-term
consequences of the shift in the nuelear arscnals from larger to smaller yield
deviecs. This shift has been going on for about 2 deeades now, and continues apace.
‘The prineipal variables that affeet the radiological consequenecs of this shift are, on
the onc hand, smalier yicld devices praduce correspondingly smaller amounts of
fission produets, while, on the other hand, the amount of fission products is
proportional to the number of these deviees. The third, and the signifieant variable
cxainined perticularly in this work, is that a smaller yield injeets a proportionally
larger portion of its fission produets into the troposphere. This results, as we have
seen, in a higher dose on the ground.

i
gl
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in Secenaric 5, we have inereased the number of deviees in the Baseline
situation from 6,235 to 13,250 whilc keeping the total yicld at 5,310 megatens. In
Seenario 6, we have used smaller yields but have kept the number of devices
constant at 6,235. The totel yield consequently is reduced 25% from 5,310 to 4,011
megatons. In Table 9 we present some eomparative figures for the 50 year dose.

Table 9
Global Population Global Population
30-50°N Dose Avcraged Dose Dose {man-rads)
Secnario (rads) {rads) (x10'%
1 32.9 14.7 6.74
5 64.4 273 12,5
6 32.5 14.1 6.46

We see that a shift to smaller weapons in our bascline scenario has
apprcvimately doubled the dose, cven for the same total yicld (Seenario 5. We also
sce in 6 that the dosc remains about the same even with a 25% drop in totel seenario
yicld. Based on these results, it would scem prudent to keep a constant alert on the
changing nature of the nuelear stoekpile to insure that we are aware of the potential

radiologieal consequenecs of any proposed shifts in weapons yield, type, and numbers.

F. Bascline Equatorial Scenario: In order to generate dose conversion
eonstants to usc in the simpie method of approximating doses deseribed clsewherc in
this report, we undertook a GLODEP2 run with the baseline seenario exeept that ali
detonations were located at 20°N latitude (Secnario 7)., Our purpose herc was Lo
achicve injections into the equatorial atmosphere. We find the results very
interesting, with caleulated doses considerably higher than those in our baseline
polar injection (Secnariv 1). When we compare the doses in the 10°-30°N band in
Secnario 7 with the 309-509 and 509-70°N bands in Scenario 1 (Table 5}, we sce 81.3
compared to 32.9 and 27.3 rads respectively. The i:npact on the global population
dose is even more pronounecd beeause of the larger population of the 10-30°N band
{prineipally India and Southern China). We find 21.8 x 10'° as comparcd to 6.74 x
10'° man-rads a dramatic inerease. Wc assumed in 7 a tropospheric time
constant of B.2 days. By using 18.2 days, the number of man-rads would be reduced
by about 20%.
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An cxplanation for this dramatic increase is that the equatorial troposphere is
inuch higher than the polar troposphere. Henee a larger proportion of the injection
gues into the cquatoriel troposphere, resulting in the tripling of the dose. The
tropospheric injeetion in Sccnario 1 of 225.6 megatons, is increased to 1,002
megatons in Secnario 7 (Table 4). We think these results are of interest, espeeiaily
to the eountries of the equatorial regions of the globe.

7. European Theater Seenario: The final secnario reported here (Seenario 8)
is a re-run of the European Theater War reported by J. Knox in Eriec (1983)(5).
The resulting figures are presented in the Tables. This 387.6 megaton cxehange
produces a 50 yeay dose in the 30-30°N band of 5.62 rads. Over 80% of this comes
from the tropospherie injections. The global population averaged dose is 2.40 rads.
Local variations {c.g. hotspots) from the average arc likely to be greater here than
as for a major exchange. When we compare this with Seenarie 1, we see that with
only 7.3% of the total yield of Scenario I, Seenario 8 produces a dose that is 16.3%
of that of Sccnario 1. Again, we sce the importancc of smailer yicld weapons and
their injections into the troposphere.

A Fast end Convenient Method to Estimate Latitude Dose

Using an approach suggested by Art Broyles paper, we have developed a fast
and convenient method of caleulating dose assessments by latitude band that does
not require the usc of GLODEP2, This method ean be useful to researchers who do
not have a GLODEP2 code avuilable for their use.

Our approach is based upon the observation that the dose assessment probiem
in GLODEP2 is convenicently split into two parts injeetion (easy) and deposition and
dose integration (harder). Injection is made into the cight compartments that divide
up the atmosphere (e.t., L.c.s., u.e.s., h.e.q., p.t., .p.5., U.p.5., h.p.8.). Onec injeetion
is made, the code then caleulates the time-dependent deposition and resulting 50
year doscs. The prineiple point here, is that for all the compartments other than the
troposphere, the fission produets have no memory of their source. The GLODEP2
eode caleulates a unique value of the doses in each of the
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ietitude bands. The troposphere has a memory, but only a weak one. This is beeause
the code distributes the tropospherie fission produets from each burst loeation into
the latitude bands by using a Gaussian spatial distribution around the burst latitude.
So the doses in individual latitude bands due to the tropospheric injections are
weakly depend~at on the burst latitude. This means our fast method prediets these
tropospherie doses only approximately (within 10% in most cases tried). Howcver
global averages of arca doses are predicted accurately as thesc gverage over the
iatitude bands and hence the memory of burst loeation is averaged out.

Our method uses GLODEP?2 to ealrulate the dose conversion constants used to
estimate dose. We definc C,t &s the eonstant used for eonverting injeetions into
the equatorial troposphere inte latitude deses. The ynits of Cct pre rads per

megaton of fission produet injeeted. We similarly define C c

less ~ucs Chear
Cp.t.’ Clps Cupst Chpar EBch of these constants is a funetion of latitude

band, and also depends weakly on the tropospherie time deeay eonstant and scason

of injeetion. Our cquation for ealculating the dose in latitude band b is

D} = Cot Tt * Cios los * Cues hues * Chea thea

+
pt 'ot * C1ps lips * Cnps * Chpa thpa

Here, the 12 are the injeetions into their respeetive atmospheric compartments.
The values of the dosc constants for a winter injeetion with T = 8.2 days are
presented in Table 10. These constants are for a nuelear weapon distribution of
fission produets. The CEZ for nuclear power fecilities would be diffcrent, but
casily generated from our data.

As an example of how onc would utilize this approach, we have used it to
prediet doses for Secnario 8 (the European Theater War), and compared it with the
GLODEP2 run. This secnario has only polar injections. We illustrate the caleulation
of the dose in the 30-50°N band. The values for 1 {(in megatons) for this secnario arc

Ipt = 54,54, 1), = 103.3; and Iups = 0,36 &ll the other I£ are zero. Henee

D(30-50°N) = 54.54 (7.9 x 1079 + 103.3 (1.03x 107D
+0.36 (3.8 x 1073 = 5,37 ~ads (50 ycars)
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The values of the (CS arc given in Table 10,

In Table 11, we present the results for other latitude zones and eompare them
to those caleulated by GLODEP2. We also calculate the latitude arca times the
dose (area-dosc)., One ¢an see, as expeeted, the small variations of the approximate
methed from the GLODEP2 values, and also the exeellent agreement in the sum of
the area-doses over all five relevent letitude bands.

Table 10

Constants for Caleulating Latitude Doses Using Broyles' Approach.

January Northern Hemisphere Injections
T = 8.2 days
Units: Rads per megaton fission yield injeeted of nuelear weapon debris

Zone Lower Upper Lower Uppcer
Injection Polar Polar Polar Equatorial Equatorial Equatorial
Latitude Troposphere Stratosphere Stratosphere Troposphere Stratosphere  Stravosphere

p.t. 1.p.s. u.p.s. c.t. Le.s. u.c.5. |

!

709-90°N 6.8 (~3) 2,01 (=3) 8.33 (~4) 0 8.02 (~4) 3,85 (-4) i
500-70°N 7.4 {-2) 710 (-3) 3.07 (-3) 2.11 (~4) 3.28{-3) 1.55 (-3) |
30°-50°N  7.9(-2} 1.03 (-2) 3.84 (-3) 2.2 (-2) 4.68(-3) 2.22 (-3) '
10°-3¢°N 9.5 {-3) 3.29(-3) 1.20 (-3 7.9 (-2) 2.06 (-3) 1.02 (-3)
10°5-10°N 5.5 (-5) 5.54 (-4) 1.12(-4) 1.7 (-2) 2.19 (-3) 7.62 (-4)
300-19%s 0 3.28(-9) 2.55(-4) 1.2 (-4) 1.68 (-3) 1.0 (-3)
50°-30°S 0 2.50 (-4) 8.15(-2) 0 2.13(-3) 2.38 (-3}
70°-50°5 0 1.16 (-4 565 {(~4) ] 1.62 (-3} 1.71 {-3) ;
90°-70°5 0 6.89 (~6) 1.33 ¢4) 0 5.42 (-6) 4.46 (-4)
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Table 11

Comparison of Approximate Mcthod With GLODEP2

GLODEP2 Approximate Method
Arca x Dosc Arca x Dose
Band Latitude Dosc (Rads-M;?) Dose {Rads-Mi*
Number  Band {Rads) x 107 {&ads) x 1
i 70-90°N 0.494 0.30 0.579 0.35
2 50-70°N 4.20 731 4.77 830
3 30-50°N 5.62 14.94 5.37 14.28
4 10-30°N 1.01 3.32 0.86 2.83
5 1098-10°N 061 0.21 087 0.30
Total Area x Dose 26.08 26.06
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