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1, In eonsidering the efficiency of scavenging by rain-fall, ghis report
introduces a lins c¢f reasming about A-boeb cloud charactefiatics which
is, 30 far as ] know, entirely new, and which leads the authors to the
important eonclusion that rain will carry down nezrly 100%|cf the
activity in the rain elowd, The line of reasoning is quit4¢ convincing
up to & certain point, after which it beccaes rather uuconyineing :
because of & numher of uncertainties which are nct mentiongd., Since
the problen is of considersble interest to us, I am here crding .
scwe order—cf-magnitude caleulations which secm to ke to tHirow somewhat
rore light on the phenomera than is easily cbtainadle from ja casual
reecing of subject report,

-

In brief, the reascning cn this topic in the AZSWP Report rjuns as
followst GSince the cloud renains visible as it ccepletes its rise,
it must contain much econdensed roisture, which will probablly de
eccndensed zeinly on active particles, and whick will be reafiily
scavenged,

3. Harry Sehulte and 1 have discussed the question cf cordensapion, as
supported by the visibility argument, and are satisfied th:| the

evidence is very strong. Observed clowd volumes are rcughly proportional
to bomb yleld, while the total mass of diflerent rodels dcep rnot vary

4 great deal, low yield bombs thersfore should give higher|concentrations
of originel material in the final observed cloud (near ths $ud of its
rise), Por bonbs with yields in the [ange l- XT, one ¢alculates
final concentrations in the range 10~11 to 1013 g/ec. Sinde a
concentration on the order of 10-8 g/cc s needed to make a|dust

cloud visible, it 13 certain that vhat onc sees finally is pot the

¢loud cf bomd debris,

If this arguxart is accepted, it is then easy to conclude that a
cloud of eondensed moisture forus an important part cf what cne
observes, and it is easy to picture the formation cf this cloud by

tte upsurge of ware moist air into the colder levels., (It 4s interesting
to note trat t!s thermal energy reieased by this condensatidn may be

of about the saze orcer of magnitude as the yiold of the bemh, so that

one piglt expect cloud height to deperd on the humidity pattierns in the
atmosphere), This does not, however, explain tle pinkish or| brownish
tinge of the clcud which, I thirk moal observers would agreel, persists

at least urtil the cloud stops rising, The presence of this{ celoration,
generully believed to be due to oxides of nitrugen, introducks considerable
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uncertainty into the pext stajge of the reasoning in the APSHP Report -
the statecent that most of the condensation will ynbuhl,y be on radio-
- sctive particles, )

5. Ths following pacsages are axcerpted from "The Microphysiqs of Clouds®,
by B, Jo Mason and P, H, Ludlam, in Reports on Pro;rcu Physics,
Vol. XIV, 1951 (Ref. 27 in the Arswp Report )s

P, 158 ®The evidence then, although by no xeans ecrclusilrs, sugzests

that the eoat important mwioi for atmospheric condensatich are hygroscopie
in nature and are of two xain types - salt nuclei derived frox sea spray
and maybe from desert reglons, and acid puclel produced by] combustion, = = =
The larger and mors efficient ruclel sre almost certainly pea salt, = - = -
mean concenmtration of salt mclel in country air remcte frix industrial
arsas is about 200/ee,

P. 157 "large numders of new (candensation) nuclei were produced
wvhatever the source of hoat -~ even when pure absolute alcotol was
burned and when a clean platinum surface was heated electrically in
air mreviously freed from nuclel and 803, = = - ~ Caste

fror the nitrogen, oxygen and water vapour of Lhe air acco
ths following reactionss

¥2 4 07 = 210 (atove 620°C)
280 ¢ 02 = 2K0; (620% to 140°C)

¥O 4 HO2 ¢ H20 - 2HNO,

They were able to detect Lhe presence of nitrous aeid in their chacber
after cozbustion had occurred, and frova the simultanecus prpscnce of
the acid and the nuclel they suggested their identity. er support
eores frex the fact that traoces of nitrous acid huve besn dptected in

ralin viter = = = =

Pe 158 = = = = Kon-hygroscopic nuclel tay be quite t if

there are only a few hygroscopic ones available, and will hive a higher
probabllity of buing activated in convective clouds in which higher
peak super saturations are reached, = = « =

00~ 5,
SERMY ]

The mass cf cxides of nitrogen farzed by & nominal boeb is gstirated
in *The Effects of Atomic Weapons® as on the order of 100 tdn:s, Tris
gives a final cloud concentration on the order of 1010 ¢
whigh seers sorawhat low for visibility in the presence of

g/ce of condensed moisture, It seezs fairly safe to ednclude
that the concentraticn of oxides of ritrogen is at lout
tines that of the bemb debris in the cloud,
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7. ©One $8 then led to suspect that much of the condensation

nuclei formed from the oxides of nitrogen rather than on

" Row the authors arrive at an estimste of 20 - 30 microns

is not clear, (It is from this size, coupled with other ifformation,
that they eunclude that scavenging by rain may be quite effiicient),

1f cne takes one micror as the averaze particle sise of bodd debris,

in the range 10 -« 100 micrcns comes Quite reasonably out
preceding estizales, liowever, in the presence of cucpetiti
other cordensation nuolel, it is not clear whet one should pxpect.
In the sbsence of cmmpetition, and within the range of stab]
it appears thaet tLe growth of nuclel (expressed &8 proportisnal '
ircrease fn radius) with incressing relative husidity does got depend
very smuch on puarticle size (Compendium of Ksteorology, p. 145). If

one assumea that as the cloud rises, the increase in humiditly ie repid
encugh 80 Lint all pucled (nct Just the most efficient) will grow and
that the sare rule applies in the unstatle region (if atlairled), then

it follows that the pres ¢f water condensed is partitioned accordasice
wvith the total mass eoncentration of particles of each partipular size,
It then follows that at least 102 to 104 tines as much rxoisthre would
candenise on the nitrogen products as on bord debris, leading| to a droplet
elze for Lthe active particles that would pot be readily scavprged,

Thise reasoning is certainly not convineing, but 1 think it ip as
plausible as that followed 4n ths report.

8, I think that the guthors have taven the enly safe course in dsauming
1007 ecavengirg, but I alec think that the validity of this gqssurption
is conaiderably more doubtful Lhan one would gather fros reaqing the
report, .

$. X agree rost heartily with the suthors' conclusion tiet th is no
need at tids tiue for a £1]l scale atoxic weapons test in rain,
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