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ABSTRACT

The pattern of movement of faliout dgbfis clouds after
the first and second Chinese tests ﬁasAbeen.s£udied with the
help of wind data at 200 mb level. ' Samples of fallout
debris collected at high altitudes with the help of commer-
cial ﬁircraft have been studied for ffeshly produced fission
products and detaiied analysié has béen carried out for
severai shortlived isotopes. Deﬁails of analysis used for
rapid identificatiqn of fissilé materials éftgr the two tests
afe presented. Activity ratios of importaht shortlived
fiséion products_for both of the tests hadrshown-U=235 fis-
.sinnf The results of analysis for Np—239‘and U—237 are also
given, These analyses provide evidence of production of
_U—237 hy double neutron capture and of Np?239 by neutron“
activation of U-238. The airborne radioactivity found at

Gulmarg after the second Chinese test has heen discussed,






SOME_ASPECTS.OF FALLOUT FROM THE FIRST AND SECOND

CHINESE TESTS
by
K.G. Vohra

1. Movement of the fallout debris clouds from the first

and second Cliinese tests

The first and second Chinese tests were conducted on
October 16, 1964 and May 14, 1965, respectively. The first
test was carried out near Lop Nor in the Sinkidng Province
(approximate latitude of 40°N and longitude 90°E) from a
tower several hundred feet high (1). The second test was
carried out over the remote Western Provinces of China (2).
The.main radioactive ciouds from these tests were, most
iikely, confined to the troposphere moving rapidly eastwards
at an altitude range of 30,000 to 50,000 feet. The wind data
was available for the 200 mb level (approx. 40,000 ft.) which
is regularly collected in connection with jet aircraft
fiights., With the help of this data it was possible to trace
the initial trajectory of the clouds from these tests,
Figure-1 gives the approximate trajectory of the fallout
debris cloud from the second Chinese test.

Strong westerlies prevailed at 200 mb level at the time
of both of the tests. The wind speed at this level at the

time of the first test was around 80 to 100 knots and at the



time of the second test if_was in the range of 50 to 70
knots. A remarkable featufe of the circulation at this
level is a large longitudinal expanse of the westerlies;
particularly around 40°N latitude. This gave rise to the
rapid circling around the globe of the fallout debris
clouds from the two tests,

2, Detection of fresh fallout

Samples of ;adioagtive'dgbris at high altitudes were
collected between latitude band of 20° t9‘50°N, with the
help of cgmmergial_aircraft,_ The sampling corridor covered
the fegions between Tokyo and Bombay, and New York and
Bombay. The collections of radioactive particulate matter
were madé by impaction on surfaces of known area helow the
wings of the aircraft. The impaction surfaces were-thoroughly
degontaminated prior to each collection. Tﬁe samples were
obtained by wiping the‘impaction surfacé carefully seQeral
times with sterlized cotton wool séaked in organic cdetergents.
The flving altitude of the_aircraft.ranged from 20,000 to
35,000 feet mainly flying bepween 3of to 50°N latitude.

The samblesﬁwerg:coliepted“during Octqber:1964"tp_
December 1964, in_cdnneétipn with thevfirst.test and ﬁuring
May 1955 to August 1965, ;n connection with the secqnd test,
The sampling_was continq¢d in thg intervening period in

order to establish the background of old fallout,



€

- -

Since the sample collection was made mérely by
impaction during ﬁormal flights, these samples did not
provide the actual air concentrations of different radio-
nuclides but were found to he extremeiy use%ul in ﬁroviding
relative concentrations of the different fission products,
induced radioactivities, plutonium, and uranium.

The samples collected hefore'each of the tests showed
large concentrations of old fallout debris mainly consisting
of Cs-137, Sr-90, Mn-54, Ru-ioé, Ce-144, $h-125, Pu-239 and
U-238., A 256—chahne1 pulse height analyser was used for
répid scanning of the samples for gamma emitters to detect
the presence of shortlived figsion products from fresh
fallout. The prominent La-140 gamma peak at 1,6 Mev pro-
vided most positiVe indication of fresh fallout as the gamma
spectra of old fallout did not show any significant back-
ground in this energy region.

Rapid indication of fresh fallout was provided by the
samples collected on the commercial flights bhetween Tokyo
and Bombay. The fresh fallout from the second Chinese test
was'first detected from the sample on an aircraft left Tokyo
in the morning of May 18, The sample from a similar flight
on the previous day did not show any fresh fission products

and it was thus deduced that a part of the cloud must have
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reached Tokyo late on May 17. The clbud trajectory plotted
from the wind data showed the arrival of the radioactivity
over northern parts of ‘Japan late on May 16 and the time
difference between the arrival of radioactivity in the
upper-atmosphere over northern Japan and near Tokyo was due
to the lateral dispersion éf the cloud, Subsequently, fresh
fallout was detected in a sample from New York-Bombay flight
leaving London on May 26, Based on similar observations
after the first Chinese test it ﬁas found that whereas it
took 12 to 13 days for the cloud to complete the circle
around the globe after the first test, the time taken for a
.complete circle around theuglobe after the second test was
17 to 18 days.
3. Identification of fissile material

The important shortlived isotopes studied after these
tests are Ag-111, I-131, Ba-140, Ce-141, Sr-89 and Zr-95,
The longest lived of these isotopes is Zr-95 with‘a half-
life of 65 days. The concentrations of thesé iéotopes in
the sampleé collected before the tests were negligihly
small. The relative concentrationé of these isotopes were
used for finding the tYpe of fissile material used in the
new tests, Table 1 gi#es the activity ratios of important

shortlived fission products for Pu-239 and U-235 fission(B),



The last two columns in the table give the observed ratios
in the.sampleé from the first and second Chineée tests
respectively, These ratios show that the fissile material
used in both of these tests was U-235, It is seen from
this table that a few of the ratios are very sgsensitive to
the mode of fission. For example, the ratio Ag-111/Sr-89
is 23 times larger for Pu-239 fission than for U-235 fission.
Similarly, the ratios I-131/Sr-89 and Ag-111/Ba-140 also
show variations by factors of 5 to 15 foer the two modes of
tission, |

The isotopes used for the identification of fissile
material were chemically separated after leaching the cotton
swipe samples with a mixture of 3M hydrochloriclacid and
0.1M hydrofiﬁorié acid, Radiochemical purity of the isotopes
was checked by energy measurements and by following the
Qecay. It was also found that great reliance could be placed
on carefully planned chemical analysis for raepid identifica-
tion of the fissile material, After the first detection of
fresh activity in a sample, it requires only 10 to 12 hours
‘for the identification of the fissile material by this
procedure,
4, Measurement_of Np-239 and U-237

The samples were also analysed for Np-239 and U-237



- produced by the interaction of neutrons with uranium used
in the weapon. Figures 2 and 3 give the decay curves of
Np—239 and U-237 fespcctively, from a typical analysis
after the secoﬁd-test, The actual contents of Np~-239 and
U-237 have been indicated in the figures along with.Ba-14O
content of the sample for comparison,

Np—239 is produced by the following reaction:

U-238(n,r) U-239—LF . Np-239
The neutron capture‘cross section for the above reaction is
fairly large and therefore, the.production of Np-239 has bheen
used for estimating the U-238 corresponding to a known number
of fiSSions in the sample. The actual number of fissions in
a sample can be estimated from the known concentration and
fission yield of a typical fission product Eaf140, Knowing
the number of fissions and the fission cross section the
number of atoms of U-235 is estimated and compared with the
number of atoms of U-238 estimated from Np-239, These esti-
mates on typical samples after the second Chinese test
showed that Np-239 could have been produced only from U-238
fraction of enriched uranium,

U-237 can be produced hy the following two reactions

in an atomic weapon using U-235 as fissile material.

U-235 (n,¥) U-236 (n,v) U-237

U-238 (n,2n) U-237



The second reaction depends on fast neutron fluQ, having a
threshold at 6 Mev and maximuh croés section at 10 Mev, In
the fission neutron spectrum:the neutrons in tﬁe energy
range of 6 to 10 Mev a}e a very small fraction of the total
number of neutrons. Therefore, production of U-237 by this
reaction would be small, The most likely mode of pfoduction
of U-237 detected in thé éamples is double neutron capture.
'The production of U-237 hy this mode has been calculated
knowing the fission and capture cross sections of U-235 and
U-236 (Appendix). The values of these cross séctions are
known fairly accurately from recent literature (4,5). The
percentage of fissions giving rise to the formation of U-237
has been calculated and found to bé 2.4 per cent which can
be used in the same manner as fissidn yield for calculating
the production of U-237, The concentration of U-237 has
been compared with the concentration of Ba-140 in a typical
samﬁle after the second Chinese test. This sample gave the
activity ratio of Ba-140/U-237 = 1.87. This ratio calcula-
ted from the fission yield of Ba-140 for U-235 fission and
the yield of U-237 by double neutron cﬁpture is 1.27, The
two ratios show a.fairly good agreement,

5, Fallout in India

There are 9 ground-level fallout sampling stations in



India and one in Sikkim State as given in Tablé 2. Samples
are also collected at high altitudes within the couﬁtry |
using filfer samﬁlers mounted on Canberra aircraft, These
tests did not give any_significant fallout in India hecause
the testing sites were located towards the north of eastern
India and the initial radioactive clouds at high altitude
rapidly moved eastwards as discussed e;irliero However,

small concentrations of fresh fission préductsrwere recorded
at Gulmarg, the northernmost station in India, within 40 to
50 hours after the second test; caused by an anti;cyclonie
movement in upper winds above the region of test, as seen

in the trajectory shown in Figure 1, This increase persisted
only‘for-3 to 4 days. The second marked increase in.activity
was again recorded at Gulmarg on Mayv 31, 1965 i.e. 17 days
after the test_which'indicated the arrival of the cloud over
the northern pérts,df India after completing a circle around
the gléhe. Traces of fresh fission products were also detec-—
“ted in the high altitude samples collected over the.central
parts of India after May 31, 1965, which showed that the
radioactive cloud had become fairly widespread. Figure 4
gives the variations iﬂ the level of fission product beta

activity at Gulmarg for the period May 13 to June 15, 1965,
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Table-1-
Activitv_Ratios of Important §h0rt!ivéd Fission Products

for First and Second Chinese Tegts

i t ot Ratio for Ratio for Observed Ratios
PEQrZPe Pu-2390 U-235 First Second Remarks
1rs fission fission o Test Test
%QZ%i% 0.163 0.018 0.023 0.010
a- All the
r-89 - T ratios cor-
SE=b3 0.45 10,42 8.62 14.74 respond to
g-11 , U-235 fis-
_ B ‘ sion,
%g=é§l 0.80 0.076 0.083 0.043 Variations
r=J9 in the
: ratios are
§§=é%l 5.10 9,02 - 2.99 - likely to
- : ' he due to
. ‘ : isotopic
Ba-140 43 &9 5.50 5.04 6.67 fractiona-
Sr-89 tion
effects,
I-131 7.70 3.75 2.75 -
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List of Ground-Lev

el Fallout_ Sampling Stations
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Table-2

1 Bangalore

2 Bombay'

3 Calcutta

4 Delhi

5 Gangtok(Sikkim State)
6 Gulmarg

7 Nagpur

8 Naini Tal

9 C(Ootacamund

10 Srinagar

Sea Level

Sea Level
219
2000-
2743
311
1935

2235

22°

28°
aTe

34°

- 21°

299

11°

70
T2°

88°

S 7T

8ge
T4°
79°
79°
76°

74°

30'E

55'E

25'E
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APPENDIX

Theoretical Estimates of U-237 Formation by Double Neutron

Capture in the case of ng;hal Yield Atomic Weapons

Using Uf235

There are two likely modes of U-237 formation in the case

of a nuclear detonation using U-235 as fissile material.,

1. U-235 (n, Y) U-236 (n, Y) U-237
2, U-238 (n, 2n) U-237

The second reaction has a threshold at © MeV and the
croés-section is maximum at 10 MeV, Therefore, for fission
spectrum neutrons of nominal yield explosions the production
by second reaction is negligibly small. Alsos if highly en-
riched uranium is used, the productioﬁ is reduced further due
to small quantity of U-238 available. However, in the case
of megaton weapons where neutron energy has a peak around
14 MeV and large quantity of U-238 is used in third stage of
the bomb, the second reaction is the main contributor to U-237

production.

For calculating U-237 by first reaction let us assume

0 = fission cross-section of U-235
5 . e
0. = capture cross-section of U-235
6 ) ey e
0; = total cross-section of U-236
é . ¢ ~
0. = capture cross-section of U-236
« = %

¥

-«



A = number of U-235 atoms initially present

N = number of U-236 atdms formed

R = U-237 fraction of total number of fissions

T = total time of interaction (~ 0.5 W. sec)

T = average time between successive neutron generations
(~6 x 1072 sec) |

k = multiplication factor ( 2 to 2.8)

n, = initial number of fissions which.can‘be assgmed as 1

Then, the number of fissions at any time t is given by

(k - 1)t

ﬁf(t) = ne T L eee (1)

In terms of constants for U-235

s .
ne(t) = A, 0y . $(¢t)
where ¢ (t) is the flux of neutrons at any time t

Therefore ,

k- Dt
n.(t) n_e T
f 0
P(t) = = - 5 ceea(2)
. A, o} A, Oy

The rate of formation of U-236 atoms at any time t is given by

s Lk - 1)t
5 v A.C..n e T
an(t A, O .gp(t) = =
at A,O;

(k - Dt

q.noe T

The number of U-236 atoms lost by fission or capture at any time
t will be given by
' é
G N(t).p(t)



and net production of U-236 at time t is given by

_ (x - Dt

At) = a,ne T -0 (). p(E)

ac ' : T :

k- 1)t |
=ne T (et - BN(t) )
06
where B T T, 1nE =L =gand no = 1
oy - A T

gg&zl = 8% (« - 8N(t) )
t .

Integrating,

N T

L an(E) o= gt

§ =Wy - 4 9F
- ) -(a/g) % - 1)
or N.z-ﬁ - e

<é‘for T>>7T

= 0 .4 ceee.(3)
at
Similarly, the rate of formation of U-237 atoms at any time

t is given by

dR(t) = 6
= = N(t).Co - (%) ..
_A.0f. ot .eﬂ(__'z’i)_t
0—-5' 0—76

A . -
| R(T) fr (k- 1Dt 4a.65 b oLk
Therefore, R(T) = J dR(t) =Je T . —

B o ) A.op . O
where R(T) is the number of U-237 atoms formed in time T.

v 6 T (k- 1t
o A
or R(T) = O‘°_ °6 I e T dt
o’ - Or o ‘

and since total number of fissions in time T assuming ny =

1



T (k- D)t
are given by Je T dt
: o -

Ay
I

The total number of U-237 atoms as.fraction of number of

fissions is given by

s 6 é
O, oF C.
R = L = «
oy @ ’ 2 .

For fission spectrum neutrons

é é

« = 0,08, 0, = 0.20b, and Oy = 0.67b
. 0.08 x 0.2 _ | |
Giving, R = : 2 = 0,0lae. = 0,024 (2.4
% 0. 67 5ogg— T 0024 (2.4%)

The activity ratio Ba-~140/U-237 can be found knowing the
fission yield of Ba-140 (5.8%) and half lives of Ba-140 (12.8

days) and U-237 (6,75 days) i.e.




