Lt. Col. We K. Kern
Engineering and Test Eranch
Division of Reactor levelopment
UeS. Atomic Lnergy Commission
Washington 25, D.C.

Tear Werner:

Attached are our comments on the section of the Hittman Associates white
paper report which you had requested Sandia to review., As far as we can
tell from this section of the report, this study certainly seems appropriate
and appears to be an attempt towards setting up a general safety criteria
applicable to all aerospace nuclear szfety systems. In sowe cases our
ability to comment on the text has been hampered by uncertainties regarding
the purpose of the report and by not having the complste text. We have,
howvever, attespted to be objective in our criticlsms in the belief that
this is what you desired, and therefore moszst of cur comuents amount to an
attempt st recognizing what we believe to be errors in the above data or
philosophy. Let me make clear that overall we believe that the subject
repcort is valuable, however, it does tend to leave cne with the feeling
that most of the safety problems have been solved, which is probably an

oversinplification,
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COMMENTS ON HITTHAN ASSOCIATES, InC,, REPRT
111.A.2 hborts on the ground or during the ascent to orbit may constitute

a hazard to the pudblic. While it is generally true that sborts

of the EKAP-9A system would not result in en unacceptaile radio-
logical situation, it :ioes not follow, apriori, that this is the
case for any future system. Any future system must be evelusted

on its own merit.

On the 5XAP-SA lasunch, if the fuel capsules had besn released
from the generator by an atort, it is doubtful that tre Capsules
would have ever been found (depending on where in the launch
environs the capsules had fallen). Similarly for the ascent
trajectory, =n abort during a particular part of the ascont
could have caused debris to land on Russia., Since the ultimate
disposition of the tantalum liners of the fuel capsules is un-
¢lear, the consequences of such an abort ere unknown but could

be consideratle.

The testing program demonstrating containment of the SNAP-9A

fuel was not "very” conservative,
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Concerning the approximzte £31l time for micron size particles,

it would be desirable to know:

1.
2.

The assumed particle density.

The wmethod of calculating the f£all velocity or fall ilme,

It is surmized & particle density characteristic of Sr O

and Stokes formula were used in the fall time calculations.

iIn regjerd to tha computed vertiesl diffusion factor:

1.

2.

3.

1t cannot be umed to compute the actual sea level velumetric
concentration of contamination since it was derived from
rate equations in which elevation does not appear as a

variable,

The quantity arrived at where this factor is applied is the
average tropospheric concentration existing when the tropo-

spheric burden is gt a maxdimum,

The fact that this vertiezl diffusion factor gives reascnable
results vhen sprlied to tho 1961-62 bomd tests is not sur-
prizing since it is based on residence times characteristic

of and wmessured for bomdb debris.

- {DOE

-

Ly gf'
ey ~
o

-
bj,/
&,
.
xS
)
e
by
e
P
&S
b




IIX.B.Y.k

1RG5

o m e e Tt “'ﬁ“"‘""'f"‘“ s
Pty ALY A A
WX ....2.:*../" W -(»« t-n-m.u&./

_3. o et e

Le In view of the method of deriving the verticel diffusion
factor, its opplicstion to obtain plutonium conceuntration
amounta to nothing more then taking the Hartin lompany
regults snd suwlitiplying, and then dividing thes by the
total gquantity of plutenium criginally injected into the

atmosphere,

tore recont valucs of the IMPC's are available - specifically
the 1958 valuss appearing, smong other places, in ilzslth
Physics, Velume 3, 1960, Additionally, the valuzs tabulated
{for ocecupational expesiure and not for the genmsrgl popu-
lation, and hence the conclusions reached concerning the
narber of systems that could be safely re-entered would have

to e revised accordingly.

This snzlysis is, of course, based on buarnuup of gvctexs inte
onp=aicron and leas, siged particles with atoospheric beheovier
similar to bomb debris. Although it is possible by caiculational
methods to demonstrate this, no experimsntel evidence aexists to

support this premise,
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The assumption that release of the fuel reprssents an inhaletion
hagzard, alone, cannot be justified unless the final chemicsel

composition and propertiesg of the fuel are knowm.

The argument that the number of watts of power that may be

safely launched can be based on an FPC is somewhat questicnable
since 1t appears to imply that any future, further contanmination
of the atmosphere will be the result of U.5. launched power units

only,

Figure 11 is bascd on the studies ocontained in keference 10,
which, it is now believed, used ingdequate assumptions. The
effects of oxidation nay be protective to the fuel element or
may enbance burnup. The true e¢flect is not certainly known. The
altitude of fuel element relezse i8 not a& well iknown as this
curve implies. Additionelly, the heat dissipsted in the dis-
ossociation of hydrogen was not considered in the ceglculations,
Inclusion of thls energy loss alters, consideracly, the

tesperature-altitude history of the fuel rods,
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In the consideration of the burnup of the SKAP-YA fuel capaule,
it is ststed that pesk capsule surfate temperstures are 3400° —-
3800°7. while this teAperature is sufficient to melt the
Haynes 25 wall, it is not sufficlent to melt the tantalum liner.
Yo mention ls made of the disposition of the tantalum, Sandia
has tests scheduled which it is hoped will nllow evaluation of
the destruction of the tantalum. The eventual size of the Fu

droplets is not estimated but does need to be evelusted.

Figures 11 and 13 may be typicsl for a decaying circular orbit,
but certainly not for sll re-entry trajectories in which we are

interented,

de-eniry velocities much higher than ordiial decay velocitles
do not necessarily assure one=-xicron particle sizes., Fuel
release would be at a different szltitude on a different re-
entry trajectory. A high re-gntry velocity and steep re-sntry
angle will result in less total heat than an orbital decay

under many conditions.
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Appendix I

Apsendix 11

TYVRIOT A QUTERTTLTN
LWJ‘;id PSRN S ATy

=

Assnmptions:l

1.

2e

The validity of this assumpiion is questioned becausas the
initial size of plutonium particles is probably mmuch larger
than 257 microns. - This does not necessarily invalidate the
analysis since the altitude of relesse of fuel may be aigher
than 200,000 feet. This is probably the case of the IHAP-UA

system 1f the tantalum liner is removed soon enough.

In assumption Yo. 4, it is stated tﬂat neplecting radiation
and firite time necessary to reach vaporization {emperature
is conssrvative because actually larger particles will result.
This is confusing. If the criterion is a one-micron particle,
and a one-micron particle iz not acihieved, than the criterion
has not been mete It would seem that neglecting effects

leaiing to lzrger particles would be uncenservstive.

The approach taken in the analytical work appears to be
reasonableo end scceptable in principle. The results and
conclusions are, however, ia error due to an incorrect

evaluaticn of the heat of reaction, UConsider the reasction

e
R+ %oz = 40 - AE (1)
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Yhere & HY

i» the heat cf resction st temperature T and is
not equal to the hest of formestion of the oxide at thst
tempersture,

IfAFT is a tavulated function of temperature and ii‘AHT
is to to evaluated, then, the heat of rcaction, neglecting
phase changes, is given by

T
AHT -AFT + 7 ACp

298.16

e

(2)

= - ¥ \ - X ™
where A Cp Cp (nxuy) X Cp (&) 5 p (02) (3)

and the result differs siznificantly from Equation (1), page &
of the Appendix. Altkough no actual computstions were maie,
it is believed thatAHT for 2::-02, et least, will not be
vastly different from that at 25°C in the tenperature range
consicered in the Appendix, and that the resulting chemical
heat flux in Figure B, page 12 will be substantislly greater
than that actuelly indicsgted. The conclusions regarding the
relative magnitude of the chemicsl heat flux should be re-

exanined in visw of the results presented gdove.
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Varicus phencmenn, such as particle exslosions and "hubble
fermation”, are known {o cocur in some reactive particle
sretens belew tag boiling point of the metal.e AV cur
preasent stave of kfiovledge, 1t is Hficult to account
for tlis prenomena, btut 1t is cloar that they will greatly

influeace the ultimate particle size spectrum,
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