USNROL-TR-933
20 September 1965

RADIONUCLIDE FRACTIONATION IN AIR-BURST DEBRIS
by
E.C.Freiling
M.A.Kay

'C"

/6

U.S.

.

1:

'

/ 7

&.

NAVAL

DEFENSE
S A N FRANCISCO

~}

RADIOLOGICAL
LABORATORY
CALIFORNIA
A

94135

ABSTRACT

Radiochemical data from fractionated samples of air-burst debris
are correlated logarithmically.
The correlation slopes are measures
of volatility.
These are compared with slopes observed in the cases
of high-yield surface bursts and with thermodynamic calculations of
volatility.

SUMARY

Radiochemical data from fractionated samples from 15 airbursts proThe
vided a source of equivalent-fission values for 24 radionuclides.
The egaivalent-fission
airbursts ranged in yield by a factor of over 300.
values were converted to ratios based on Zr 9 5 and these ratios were corThe correlation slopes were found to be relarelated logarithmically.
tively insensitive to yield and their values permitted the placement of
There were found several
the radionuclides on a scale of volatility.
groups of radionuclidep which did not fractionate from each other. The
nuclides csl37 and Bal40 had essentially the same slopes for air bursts
as for high-yield surface bursts, but Mo9 9 and Np2 3 9 behaved more volaFinally, the volatility inferred from fractilely in the air bursts.
tionation behavior correlated well with that based on thermodynamic
calculations.
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INTRODUCTION

When one considers world-wide fallout, air bursts are of much
First) begreater significance than surface bursts for two reasons.
cause a much greater quantity of fission products has been produced by
air bursts than by surface detonations and secondly, because the entire
amount of debris from an air burst goes into world-wide fallout, as
compared to some small but unknown fraction for a surface burst.
Although a large amount of information has been collected on airburst debris, relatively little has appeared in the unclassified literature. A few remarks on the nature of air-burst debris are therefore in
order by way of background. The particles from air bursts are almost
exclusively spherical. although occasionally particles are found which
consist of two spheres stuck together. The particles are small, rarely
occurring larger than 20 p in diameter.
Lapple has estimated that these
particles can grow onl to 0.3 p by condensation and are probably no
smasler than 0.03 (I).i
Therefore either the larger particles must
have been formed by the coalescence of small particles when the debris
was still
in the molten state or they were formed from debris which was
never completely vaporized. In either case they probably consist predominantly of particles formed at the earlier times.
The size-frequency distribution has been measured down to 0.05
micron diameter and found to be approximately lognormal with a modal
diameter less than one micron.* The densities of the particles vary
from 3 to 4. 3 g/cc. 2 Their colors may be colorless, gold, yellow,
orange, red, brown, green or black. Their chenical composition is usually a mixture of the oxides of iron, aliuninum, uranium and plutonium.
Radiochemically, their specific activity is much greater than that found
in surface-burst debris, as would be expected. Thus, while the ,ore
active particles from surface bursts contain of the order of 101 Zr 9 5
equivalent fissionp per gram,** air burst particles may have specific
activities from l0Y to 107 times higher. Benson and coworkers have
* ELeventhal, L., Tracerlab,

Inca, Private cornunication.
**An equivalent fission of a fission product or induced activity in any
given event is the ratio of the total quantity of product to the total
number of fissions and thus represents the average quantity of product
formed by one fission.
1

recently determined that in larger particles from air-burst debrisp Zr95
cnetvarico =z the 3.2 4-- 3.A -cvcr af tthc dlarmoter, whilec- 1OLa4
content varies as the 2.3 to 2.6 power.*
Most of the samples studied have shown a relatively small degree of
fractionation.
However, since most samples were collected with precautions to obtain as representative a collection as possible, one should
not lcap to the conclusion that air-burst debris is fractionated to only
t small cxtent.
A large number of samples have also been obtained which
The analysl•ci2 Jarze departurcs from the representative composition.
tical data from these samples provides v wealth of material for analyzing fractionation in air-burst debris.
It is helpful to draw a Cistinction between potential and actual
fractionation when considering the extent to which air-burst debris is
By potentially fractionated debris we mean debris for
fractionated.
which the radiochemical composition varies among particles, whether because of their size, density, macroscopic composition or history in the
fireball, even though these particles are intimately mixed so as to provide a representative composition for any given cubic foot of cloud.
For example, the work of Benson, et al. cited above clearly shows that
the debris from an air burst is potentially fractionated, even though
the debris taken as a whole is obviously representative.
In order to
actualize this potentiality, a particle separation process must occur.
If the separation is the result of unequal rates of sedimentation through
the atmosphere, the process could extend over long periods of time, and
the degree of actualization would increase as time went on.
The correlation of radiochemical data from fractionated samples of
air-burst debris throws light on the fundamental nature of the processes
involved in debris formation: the nuclear processes of the primary fission products; the dispersion and subsequent nucleation, condensation
and agglomeration of the carrier material; the incorporation of the primary fission products in the particle or their deposition on the particle
surface.
The correlative parameters show the influence of matrix material
on the character of the fractionation and provide input data for prediction schemes) such as the radial-distribution model.s
A search of available radiochemical data on air-burst debris revealed
thirteen detonations in which factors of ten or more were observed between the same radionuclide ratios in different samples from the sane
detonation.
Two additional shots were included to extend the range
*Benson, P., Gleit, C. E. and leventhal, L,., "Physical Characteristics
of Single Particles From High Yield Air Bursts," and"Fadiochemical Fractionation Characteristics of Single Particles From High Yield Air
Bursts," to appear in the Proceedings of the Second USAEC Symposiun on
Radioactive Fallout From Nuclear Weapons Tests, 1963.
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of the weapon yields. These detonations ranged in total yield over a
All the radiochemical data available from these
factor of about 300.
For each of these detonafifteen detonations, were used in this work.
tions, the investigators in charge of thu analyses had estimated representative (i.e., unfi'actionated) values of the radionuclide ratios
Pherefore, the ratios of fractionated radionuclides were conubtained.
verted to fractionation ratios (ri j) by simply dividing them by the
ronresentative values, ao describel in Reference 4.
Standard statistical methods were used to analyze the corrfolations
between ratios, to test the variation of the correlation parameters with
total weapon yield, and to test the hypotheses that nuclides of certain
groups do not fractionate from one another.

RESULTS

To illustrate the range of fractionation observed in air-burst debris, Table 1 lists for each shot the ratio of the largest r8 9 ,95 value
observed to the smallest r89 95 value observed. The shot numbers are
assigned in order of increasing yield. The data shows that air-burst
debris can be extremely fractionated. There is no evident trend of the
ratio with yield. The wide variation in the ratio probably manifests
nothing more than its dependence upon the sampling conditions. The observed r89 ?5 values ranged from 0.002 to 5.3, although few fell outside
the range o 0.1 to 3.0.
The next property considered was the relative ability of logarithmic
and linear correlations to fit the data. The measure used for goodnessof-fit was the coefficient of determination (i.e., the square of the coefficient of correlation).5 These coefficients indicate the fraction of
variance in the dependent variable accounted for by the best fit of the
type indicated. Individual bhots varied considerably and were about equally divided in their preference. Table 2 shows the cumulative coefficients (i.e., obtained from treating all the data from all shots as belonging to a single population) for several important radionuclides which
from Zr 9 5 to varying degrees. With the single exception of
fractionate
Ce1 4 1, which shows no significant difference, the cumulative coefficients
indicate a preference for the logarithmic correlations. Unfortunately,
this preference is influenced to some unknown extent by the type of scatter in the data. Data which have about the same relative uncertainty
(as these do) will tend to follow a logarithmic correlation, while data
which have about the sone absolute uncertainty will tend to follow a
linear correlation. 6
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TABLE 1
Range of Obeerved r8 9 , 9 5 Values for Air Bursts

Shot Number

(r 89 , 9 5 ) max/(r

1
2

22

3
4
5
6

19
28
26
919

89 , 9 5 )

min

7

7

43

8
9
10
.1
12
13
14
15

70
449
10
90
19
503
5
TABLE 2

Cmnulative Coefficients of Determination for
Important Fractionation-Sensitive Nuclides

Radionuclide

Coeffisignt of Determinstion
Logarithmic Fit
Linear Fit

Sr 9o

0.71

0.51

y9J

0.85

0.60

0.69

0.60

(0.76)*

(0.65)*

0.71
0.37

0.72
0.05

0.78

0.&

Cs1 37
Ba140

ce1 4 1i
Rd1 4 7
Np%3 9

*Mlopes are yield dependent.
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TABLE 3
Regression Slopes for Statistically Significant Cases of Yield Dependence

Radionuclide
y91

Mo9 9

BaIo0
Ce141
Ndi 4 7

Correlation with W (kt"1 )

0.00016 + 0.00015
0.00019 + 0.00011
0.00016 + 0.00009
n.00011 1 0.00007
-0.O0013 + 0.00010

Correlation with L4g W

-*

0.066 + 0.039
0.053.+ 0.035
-*

*Slopes did not exceed confidence limits.
The yield dependence of the slopes of the logarithmic correlation

lin werecalcuted for the nuclides Sr 9 O, Y9 l, Zr 9 7 , Mo9 9 , Cs 1 3 7 ,
Belo ,Ce-1, Nd14 7 and Np2 3 9 . This was done for both total device
yield W and for log W. In most cases the regression slope for this
dependence was equal to or less than the 95 % confidence limit. The
results for those cases where the regression slopes exceeded the confidence limits are shown in Table 3. The Ba"4 0 slopes appear to be definitely yield dependentp the dependence is in the expected direction, and
the slopes themselves varied from 0.41 to 0.92. The Mo9 9 slopes also
appear to be yield dependent. These ranged from 0.10 to 0.59. The
cases for the other nuclides appear much less definite.
We come now to the values of the regression slopes for logarithmic
correlations of the data from all shots treated as a single population.
Because of our basis of presentation, these slopes are measures of the
volatility of behavior of the various masi chains. The cumulative slopes
for the logarithmic correlations, their 95 % confidence limits, and the
number of data points involved, are shown for various important radionuclides in Table 4. Nuclides are listed in order of decreasing volatility (decreasing slope) for air-bursts. Although not strictly admissable because of yield dependence, Mo9 9 and Bal 4 0 have been included to
indicate typical values for these cases. Listed for comparison are the
cumulative results from high-yield surface bursts which have been taken
from Reference 4 and converted tg the present basis (i.e., ratios are
here based on Zr 9 5 instead of Sr6 9 ).
Table 5 shows the slopes of log ri,j
lide pairs with similar behavior.
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TABLE 5
Slopes of log ri,j

vs log r8 9 , 9 5 for Cases of Similar Behavior

Nuclide i

Nuclide j

Sr 90

Sr89

cs137

No. of Points

Slope

209

-0.08 + 0.08

19

-0.10 7 0.10

Cs1 3 7

Sr 90

150
132

0.00 + 0.11
-0.05 o.16
0

u24 0
U237

Np2 3 9

185
279

0.00 + 0.02
0.00 + 0.17

250

0.00 :7 0.02

A. 1 2

Ag 1 1 1

Cd11 5
Call5m
Cs136

B14

pU23 8

Mo99

Pu23 8

Nd147

229

0.00

+

214

-0.09

+

0.04 +00.08

4
Cep4

sm15
Vu156
Zr97

85

-0.01 + 0.12

70

-0.09 + 0.09

164

pr143

Th161

188
Zr 9 5

0.04
0.08

156

159
175
239

7

-0.05

+

0.20

0.03
0.04 + 0.05
0.03 + 0.05
0.00 + 0.05
-0.03 4-0.03
-0.10

+

DISCUSION

The simplified picture of fallout formation has visualized a yielddependent time of condensation or solidification of debris, at which refractory elements were largely incorporated in the particle matrix while
volatile elements had to either cool further or decay to refractory elements before they could condense on the available surfaces.
Some of the
results in the preceding section are unexpected from such a model, but
it cannot be universally stated whether this disagreement lies with the
fault of the model, of the basic nuclear data and its application, or
in the accuracy and the treatment of the radiochemical data.
Each anomaly must be treated individually, compared with other correlations, and
the relative contribution of all four possible causes evaluated.
The insensitivity of correlation parameters to yield, in all cases
except Mo9 9 and Bal 4 0 , simplifies the prediction of debris properties
but is difficult to reconcile with the simplified model described above.
Equally difficult to explain on a physical basis is why these particular
nuclides should show the greatest yield dependence.
Plots of correlation parameter vs. yield show a great deal of scatter and the results
here may simply reflect a larger number of data points (cf. Table 4)
and more reliable results for these nuclides, rather than signifying a
real insensitivity for the others.
The observed volatility of Np 239, on the other hand, appears more
real. Besides the magnitude of the volatility the results are well
supported by independent data.
Thus, Np 2 3 9 , U237 and U240 are all present as urrnium at condensation times and, as Table 5 showi, the data
from these three nuclides are all in excellent agreement.
Moreover, a
similar, though less marked, behavior has been reported for the silicate
surface bursts Small. Boy and Johnie Boy.*
In using Table 5 to determine whether two nuclides do not feactionate from each other, the slope, confidence limits, and the chemical and
nuclear properties of the precursors must all be considered.
The following grouup of nuclides fulfill
all these qualifications well- U2 3 7,
0
Np2 3 9 and UX4
; Ag1 1 1 and cM1 15; Zr 9 5 and Zr97; and Sm1 5 3 , Eul58, and
Thl 6 l.
The data also indicate that there is no reason for excluding
*Crocker, G. R., Kawahara, F. K., and Freiling, E. C., "Radiochemical
Data Correlations on Debris From Silicate Bursts," to appear in the
Proceedings of the Second USAEC Symposium on Radioactive Fallout From
Nuclear Weapons Tests, 1963.
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112
Ag
from the silver group, that the silver group does not fractionate
senslo.Ly rrom tne uranium group ana that the zirconium group does not
fractionate from the heavy rare earth group. As would be expectPd,
Czl3b Qnd .- 140 bchavc vcr similarly. The volatile nuclides Or
g0
and Csl 3 7 may also follow one another in air-burst debris and CdllAS may
follow Cd 1 1 5 but the indication that they do is marginal, to say the
least. The data of Tables 4 and 5 indicate that PrL43 is more volatilely
behaving than the heavy rare earths and that Nd1 4 7 behaves more voletilely than Pr143.
The confidence limits for Ce1 4 4 are too wide to
establish its position snong the other rare earths.
Figure I presents a visual comparison of the chain volatility
inferred from fractionation behavior with the parent thermodynemic volatility
shown by Fig. 2 of Reference 7.
In the latter, Bedford and
Jackson show the predominant form oi the condensed phase and its equivalent pressure at 2500 0 K and I ata 02 for the fission-product elements
and uranium. The correspondence between the two sets of data indicates
that the thermodynamic equilibrium model for nuclear debris formation
proposed by Miller 8 may be applicable to air bursts and this possibility
should be investigated further.
Some of the results here were compared with those for silicate surface bursts in the work of Crocker, et al.,
cited above.
The c 8 smarison
with results from high-yield surface buFsts in Table 4 shows Np~-3 to
be the nuclide whose behavior differs most in these environments.
The
difference between the values for the 140 chain in the two cases is well
within the 95 % confidence limits as is the difference between values
for the 137 chain.
Discussion of the differences for Sr 9 0 and Mo9 9 are
best postponed until work in progress on additional correlations from
high-yield surface bursts in the Pacific area is complete.
In conclusion, it is evident that our understanding of the situations prevailing in the formation of air-burst debris is rudimentary
in all phases: the basic theory is lacking; the models are crude and it
is somewhat surprising that they work as well as they do; fundamental
thermodynamic and nuclear data are unavailable; the environmental conditions during debris formation are inadequately defined; the particles
are formed and grow and coagulate at different times, places and temperatures, the 'l"'-?er ones being probably the first
formed; and the subtlety
of some of the effects sought appears to be beyond the accuracy of the
data and the methods of correlation.
For these reasons, no more detailed
treatment has appeared to be warranted at this time.
As correlation
data accumulate from other burst types, as fundamental data becomes
available, and as basic processes are better understood, more sophisticated statistical treatment and interpretation may prove fruitful.

9

Sr Zr Mo Ru Pd Cd Sn Te Xe Bo Ce Nd 3m
Rb Y Nb TC Rh As In Sb I Cs Lo Pr Pin

Kr

-

1.0

I

I I I

I

II

ro

i

THERMODYNAMIC VOLATILITY
(Bedford and Jackson)
INDEX OF VOLATILITY FROM
FRACTIONATION BEHAVIOR

&8-9

(This work)
0.9

g9o

10

12

0.8P

I

rc

M0OO

RRb

11

URANIUM

bp

S 02

237, 239 and 240

10

(This work)

00•7M

uo2

wJ
,2 O.

MIJ03

(Bedford B Jackson)

,

06 14 0It.

4a 0.6

BooD

£9

u
A• 141

SrO

-

Li 0.4

o

u
99 A

0.3

i0-3

Z

I
I

j

I

-04-•

I10-

0

Ij

Pm 203

Lo2 03

-99

A'• 747

01

4AP,

Nb 2 O5

02

UW

1-

RhOQ•

0.

10-2

PrZ
°'

- 10 -6

1 4 3 •1• 143"
0.1

ezrO2
/

0

t
CeO 2

753 A

97"~~
Sr
Y

M20510-7

Y203

05AA 9.4

1O?

Sm 2 O,

6•

10" 8

97A56

Zr Mo Ru Pd Cd Sn Te Xe Ba Ce Nd Sm Gd
Nb Tc. Rh Ag In Sb I Cs Lo Pr Pm Eu Tb

ELEMENT,

IN ORDER OF INCREASING

ATOMIC

NUMBER

Fig. I A Comparison of Chain Volatility Inferred From Fractionatin
Behavior with the Thermodynamic Volatility of the Parent.
10

REF=ENCD,:i

1.

Lapple, C. E.,

"Fal~out Control," Stanford Research Institute,

SRR•Zp August 1, 1958.
2.

Crocker, G. R., OtConnor, J. D., and Freiling, E. C., "Physical and
Radiochemical Properties of Fallout Particles," U. S. Naval Radiological Defense Laboratory, USNIWDL-TR-899, 15 June 1965.

3.

Freili-k,

4.

Freilng, E. C., Science, 133:1991 (1961).

5.

Ezekiel, M., and Fox, K. A., Methods of Correlation and Regression

E. C.,

Science, 139:1053 (1963).

AnaLysis, Wiley, New York (199)

6.

McWilliams, P. C., Furchner, J. B., and Richmond, C. R., Health
Physics, 10:817 (l96 ).

7.

Bedford, R. G., and Jackson, D. D., "Volatilities of the Fission
Product and Uranium Oxides," University of California1 UCRL-12314,
January 20, 1965.

8.

Miller, C. F., Fallout and Radiological Countermeasures, Stanford
Research Institute, Menlo Park, Calif., January 1963.

11

UNCLASSIFIED
Security Classification
(Seuriy

ea.Ilter~flDOCUMENT

(Secrit
closlicaron

t 1t110

CONTROL DATA.- R&D

hody ofabstract and indextrig annotarf on must be entered when the overall report in clae,.,lied)

I2a

I. ORICINATIN G ACTIVJITY (Corporate a&.Iho,)

San Francisco, California 94135

2b

ACPORT SECURITY

C LASSIFICA TION

j

amu

3. nEPORT TITLE

RADIONUJCLIDE FRACTIONATION IN AIR-BURST DEBRIS
4 DESCR4IPTIVE

NOTES (Type of

report

and inlusietve data@)

5 AUTHOR(S) (Lost name. first name, ini~tile)

Freiling, Edwa~rd C.
Kay, Michael A.
7a. TOTAL NO. OF WAa,:e

*. REPRO Rd DATt

14 January .1966
111. CONTRACT OR GRANT NO.

76. NO. OF IRRpS

168
So, ORaiINA TONS REpoRT NiUMBeR(S)

Contract AT(49-7)-1963,

Mod. 5.

UJSNRDL-TR-933

b6 PROJECT NO.

Sb,ý OTHEARIf

C

PORT NO(S) (Any other nitmboe

that maeybae*&signd

d.

i0- AVA ILABILITY/LIMITATION

NOTICES

Distribution of this document is unlimited.
I1I SUPPLEMENTARY NOTES

12. SPONSORINO MILITARY ACTIVITY

13 ABSTRACT

Radiochemical. data from fractionated samples of anir-burst debris are correlate4
loga~rithmically. The correlation slopes are measures of volatility. These are
compared with slopes observed in the cases of high-yield surface bursts and with
thermodynamic calculations of volatility.

DDIJA 4 1473

UNCIASSI:FIED

As
UNCLASSIFIED
SeuiyCasfcto

LINK A
KE ORSPOLE

~'

OPT

LINK
PIOLZ

U

LINK C
WT

ROLE

W

-

-

Fallout
Fractionation
Air-burst
Fission products

Air pollutionI

1. RIGNATNG
CTIITY Ener he ameand
*

*

INSTRUCTIONS

-a

1. OIGIATIG
ATIVTY. Ener he ameandaddress
imposerd by security classilfication, using standard statements
of the contractor. subcontractor, grantee. Department of Dosuch as:
ftense activity or other orgeniasation (corporate author) issuing
(1) "Qualified requesters may obtain copies of this
the report.
report from DDC."
2&. REPORT SECUIJTY CLASSIFICATION: Enter the ovr
(2) "Foreign announcement and dissemination of this
all security classification of the report. Indicate whetherreotb
DIsntuhri&
"Restricted Data" is Included, Marking in to be in accord-reotbDCisntuhoid"
mace with appropriate security regulations.
(3) "U, S. Government agencies may obtain copies of
this repott directly from DDC. Other qualified DDC
26, GROUP: Automatic downgrading Is specified in DOD Diusers shall request through
rective 5200. 10 and Armed Forces Industrial Manuel. Enter
the gopnumber. Also, when applicable, show that optional[
markirnogs have been used for Group 3 and Group 4 -as author(4) "U. S. Military agencies may obtain copies of this
ised.
report directly from DDC. Other qualified users
.REPORT TITLE: Enter the complete report title in all
shall request through
capital letters. Titles in all cases should be unclassified.
If a meaningful title cannot be selected without clasaifica.
tion, show title classification in all capitals in parenthesis
(5) "All distribution of this raport is controlled. Qual.
immediately following the Uitle.
if led DOC users shell request through

-

4. DESCRIPTIVE NOTES: If appropriate. enter the type of

4__

report, e.g., interim, progress, summary, annual, or final.
If the report has been furnished to the Office of Technical
Give the inclusive dates when a specific reporting period Is
Services, Department of Commerce, for sale to the public, dI-&
covered.
cate this fact and enter the price. If knowr.
S. AUTHOR(S): Enter the name(s) of suthol(s) as shown anl
I L SUPPLEMENTARY NOTES- Use for additional oxpisna.
or in the report, Enter last name, first namet. middle initial.
tory notes.
If military, show rank and branch of service. The name of
the principal oiuthot iii en absolute minimum requirement.
12. SPONSORING MILITARY ACTIVITY. Enter the name of
the departmental project office or laborstory sponsoring (Par6. REPORT DATL~ Enter the date of the report as day,
Ingj for) the research and development. Include address.l
month, yesaror month, yearh If more them one date appears
on the report, use date of publication.
13. ABSTRACT: Enter an abstract giving a brief and factual
summary of the document Indicative of the report, even though
7a. OTA
F PGES:Thetotl
NUMER
pae cunt
it may also appeor elsewhere in the body of the technical reshould follow normal pagination procedures, io.e., enter the
port, If additional space In requireJ, a continuation sheet shall'
number of pages containing Infrain
be attaqhsd.
76. NUMBER OF REFERENCES: Enter the total number ofItIhghyeirbeha
t
bsacoflsiidrers
refeence
i th reprt.be
cied
unclassified. Each parsgraptl of the abstract shall end with
Se. CONTRACT OR GRANT NUMBER: If appiropriate,. enter
an indication of the military v-ecurity classification of the inthe applicable number of the contract or prant under which
formation in the paragraph, rep scented as (rsj, (5). (c). or (C?),
the report was written.
There is no limitation on the length of the abstract. However, the suggested length in from 150 to 223 words.
Sb, Sc. as Id. PROJECT NUMBER: Enter the appropriate
military department identification, such as project number,
meaningful terms
14. KEY WORDS: Key words are technically
task number, etc.
numbers,
`ubpfoject number,:. system
that choracteri~se a report and may be used as
phrases
short
or
te oflNMBERS):Entr
OIGIATO'S
EPOT
9. ORGNTRSRPR
URU:Etrteof.
Index
entries
for cataloging the report. Key words must be
cial report number by which the document will be Identified
selected so that no security classification is required. Identiand controlled by the originating activity. This number must
fnora, such as equipment model designation, trade name, military
be unique to this report.
project code name, geographic location, may be used as key
words but will be followed by an indication of technical con96. OTHER REPORT NUMBER(S): If the report has been
text, The assignment of links, roles, and weights is opt~onai.9
numbers (either by the originator
report
other
any
:*shigned
Irby the sponseor). also enter this number(s).
10. AVAILABILITY/LIMITATICN NOTICE& Enter any lim

JN61473

(BACK)

W

k

itations on further dissemination of the report, other than thosel

DD I

y

uqLZUESIFIED
Security Classificationa

