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1. INTRODUC’~lON

1.1 Tritium activities measured in samples of atmospheric water

are related to the equivalent weight of atmospheric air from which

the water was extracted. The concentration of tritium per gram of air

is calculated from a number of collections of whole air made from

various levels within the atmosphere to altitudes of 90,000 feet mean

sea level. Air collections were made by aircraft and by balloon-borne

zpparatus under the sponsorship and direction of AFOAT-1. Collection

of these samples, analytical procedures employed, methods of calculation

and the errors

in the ensuing

associated with the final values, are discussed briefly

paragraphs.

2.1 ~ollection

For sampling at altitudes of ~,000 feet and higher, the collection

equipment is carried aloft on a constant altitude lift balloon. The

collection equipment consists of a centrifugal collection ‘oIol:er,a

deu~erium spike c?tspenser cspable of zciding zn accurately !.il~,s~ veight

of D20 to the contents of the collection bag at the time of sar.pling,

aad a ~,000 cubic foot polyethj”l:ne collection beg.

The D20 is kept at a constant tei:perature of 95CF znd abaut 2 to >

grzms of vapor dispensed uniforaly v’ith tine at 2 point just behii~d the

centrifug~al blo~er during coll~ctic~n of the air s=:-iple.Thz dis?caser is

.,
v-elgned before and after each collection to detex-n]ne ty,e nu,:->kr of ate-5

of Zeuterium added as the tracer. Eoth bzg sad dispenser zre effecti>’ely

2“
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sealed at all other times. Sampling at the loxer levels of ground to

h3,000 feet was by means of air samples compressed into steel bottles

and carried in aircraft.

2.2 Sampling

Sampling by balloon takes place in two stages.

a high percentage of recovered collections on irtpact

In order to effect

with the ground,

it is necessary to transfer the sample to

bag. This is done on the descent between

feet. It will be appreciated that losses

a much stronger and smaller

altitudes of @,000 snd 300

of both ~’ater vapor condensed

on the walls of the polyethylene bag znd air not completely transferred

can occur at this stage.

The second sampling occurs when the air is pumped out of the impact

bag for use on other programs. A sample of the water vzpor is frozen

out of the air prior to entering the gas compressors.

2.3 Analysis——

The recovered sample of water is split into two fractions. The

concentration of deuterium is ne.2sured in one fr~ction; the concen~ra-

tion of dzuterium in the’ cri.ginal tr~cer ~:ater hzd b?en pr?vio~sly

measured. Hydrogen gas is obtained from the other fraction by reduction

over magnesium snd the tritium cGaPsd fn this hydr~~..n SZ-?~le, using a

geiger ccunter in a “cave” with z.nticofi>cide~ce circuitry. In ~c~~eral,

the counting is no pl”oblem because the =ajority of the sa:~ples have a

counting rate zn order of ~zgnicude, at le~sc, greater z5zn bsc?.~round.

3.1 Tritium

COXCZNIPATIO14

deuteriuia or hydrog,zn is
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added to one or the other of the tv~o fractions after separation Of the

sample in the laboratory, the total tritium collected will be given by:

T (atoms) = As (Cds x Ctr - Cts)
7C- 1

where As =

Cdr =

q= =

‘dr

total atoms of hydrogen (all isotopes) added as

tracer (spike).

concentration of deuterium in the tracer (atoms

per atom of hydro~en, all isotopes).

atom concentration of deuterium in the recovered

sample.

atom concentration of tritium in the recovered

sample.

.
concentration of tritium in the tracer.

Szmpled

ct~ =

3.2 Amount of Air——

The volume of air collected is estimated by measuring the total

number of revolutions of the blower calibrated under simulated conditions

and by photographing the inflated collection bag to estimate its dimensions.

The mass of air sampled requires a ‘knowledge of the precise altitude

of the collection in or2er to assign the density.

5.5 T/H Values—.— .—

It is obvious chat

even

the concentration of tritium per grm of air

though water is zdded or subtracted indiscrin-ray be ascertained

inately prior to the laboratory separation into

of course, pl-ovided any a~ded ~:ater contains no

deuterium (any tropospheric water ~.ould produce

On the other hand, only su~~raction of xzter from the original

collection is permissible if T/H ratios are desired. k’ith the enom-!ous

the two fracrions; this

appreciable tritiuin or

no Zpprecizble e~-ror).

zrezs of polyethylene involved and the possibilities of cy.cl-.zzgeof rhe
i-,-.”---”;1’-,”,”””:;*r.”

w imu~
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collected water vapor with \Jater on this large surface either adsorbed,

or as liquid not removed in the original packaging, and k’ith a relatively

high permeability of the polyethylene bag to water vapor, it cannot be

maintained that any T/H value measured in the final samples is represen-

tative of the air at the collection altitude. It appears that such

ratios will best be determined by an independent measure of the water

vapor content of the air at high altitudes coupled with the tritium

content as measured here.

40 ERROM

4.1 Tracer

The amount of tracer added to the collection of air is estimated

to be accurate to about 1 per cent.

4.2 Deuterium and Tritium..-—

Deuterium concentrations are raeasurable to t 4 per cent. Errors

in the measurement of tritium zmount to a50ut 10 per cent, 5 per cent

attributable to statistical counting errors and 5 per cent to calibration

errors .

Careful control in the source of the tracer dzuterium oxide results

in a tracer containing less than 2~0 d~m of Lritium per gram. This is

no,rally Gnly ~bout 5 per ce~t of the total tritium in a sar.ple and

therefore uncertainty arising from tritium in the tracer is negligibly

~.~,all.

4.3 ~ass of Air Collected—

The rzthod of determining the voluae of air collected is esti~.ated

to have a st~nZard error of z50ut * 5 per cent. ~o-~ever, the density

@iiliaF
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must be known tO convert the volume to mass of air and due to uncer-

tainties in the absolute altitude of the collection, the mass of air

collected is not known to better than t l’jper cent below 70,000 feet

and + 2> per cent above ~0,000 feet.

Thus the error in determining the mass of air containing the tritium

is the predominant error.

Combining all the sources of error, it is estimated that a single

dete~mination of the tritium concentration should be determinable to

k 9 per cent with a so,mewhat greater accuracy at the lower levels of the

stratosphere .

3. RESULTS

‘j.l Early Results———

A few early results were obtained in the period bet~7een June 195>

and August 19X; all samples being collected in the neighborhood of

14inneapolis, Minnesota.

These early results {,’henadded to excess carbon-14 and related

to fissions through Lr>-pton-s’j measurer,ents in the same sar,ples, give “

values for excess neutrons per fission in good agreement with the

b’eighted zverzge nur~~er of excess ni”utrons calculated froin the ~Gno~~

perfor~.zace of the Castle dz~-ices. \;e r?y, Ehercfore, ;:~ve s~v~: cOilfi-

dence in th,ese early data evsn though

deuterium-oxide to the collection bag

Thzse early results zre rccGrd~d

the trzcing I:es p~r~orx~d by zdding

before la~ncbing the balloon.

here Cn Table ~.1.l to show that

the riore recent results of 19>7-1953 are not essentially Ioxer or higher

than t!le concentrations Tn the stratosphere a yzar to ti:o yzars after
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operation castle. They should not, ho”.’ever,be used to dr= anY

detailed conclusions as to changes in the tritium concentration in

the intervening period.

5.2 Recent Results for the Stratosphere

Tritium concentrations from ~,000 to

measured by the method herein outlined are

90,000 feet in 1957-19X as

gfven in Table 5.2.1.

5.3 Recent Results at Lower Levels

Best values for the tritium concentration of the troposphere and

lower stratosphere are from szmples collected in January 193 between

70°Nand 74°N. These results are sumarized in Table 5.3.1.

Rather large fluctuations in the tritium content up to 20,000 “feet

are to be expected because of the effect of precipitation. At lt0,000 feet,

which was 10,000 to 13,000 feet above the tropospauses the tritium cQntent

was very similar to that found over Minneapolis, Minnesota, at 50,000

feet , also at about the same height above the tropopause.



m ..
TABLE 5.1.1.—

.:

Early Values of Tritium Concentrations in the

Stratosphere Following Operation Castle

T-Atoms
/!#’-v

<

per Gram Air - .,- ~

Altitude (kft) x 10-6 q).
.

Sample Date _. ——
/“>1

/ ‘u’+

BA 91 30 NOV >~ 60 7.8 <m?’:.{
j,b[w

BA 103 30 Jan X
6.2

---- W

— ]j~(~~~~

v?,;~x
. .

4.3
--

BA 89 26 oct 35 70 kl
‘:>J

BA 102 19 Jan X
7.2

15 Jun 55 80 8.2
BA ~1

BA 78 11 Aug 55 14.0

BA 82 23 Sep 55 11.5

8.9
BA 85 10 Ott 55

BA 87 18 oct 55 3.8

.———-——--————————— ——

BA 111 z(5 liar %* 95 8.6

3.4 135 ~ AUg 55* 10.7

————— -—————
——- -—

* After co:r3qcerent of CperaCi~a RcZ-~ing but results
>re pra5ably

uninfluenced by Rpd’iing debris ~t ::inneapolis,?.flfi~esota>ES iri~erred

from krYP~on-85 and carbon-n data.

f
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TAB~. ?:l—— — .—

Tritium Concentrations in 19’57-1958 in the_ —— _—

Stratosphere Above Minneapolis, Minnesota

Sample* Total T-Atoms -

Altitude Activity Grams of Air per Gram A~r

@Q@ s Ql19&5Q Ms*/”in*/ml*) x 10-4 x 10-6

BA-163 28 Hay >7 50 l&3~6 8.97 1.1 ‘!fi-

Ub
BA-167 27 Jun 57 h9.6 392 * 4 8.28 2.5 ~)-

BA-168 11 Jul 57 w 54.0 * 1.3 7.94 0.9
&,//

BA-205 6 Mar ‘j8 50 817* 29 6.21 2.7

BA-’211 9Apr ‘j8 47.4 319 ? 5 7.45 4.2

BA-175 3.6Aug 57 71.0 1049 k 19 9.31 11.8

EA-177 24 Aug 57 65.0 1118 t 68 5=35 10.7
“t,“

hBA-186 26 oct 57 64.8 2826 k 24 5.04 11.1 ‘.

BA-192 ~ Nov 57 6.4.0 >213 ? 218 5-36 - 8“9 ‘L;i

BA-198 10 Jan ~ 64.2 5327 f 154 5.24 8.9 ~\>~

BA-204 20 Feb ‘j8 64.2 4615 * 170 4.92 6.9 -j

BA-216 7 Jun ~ 61.7 654 f 10 4.45 5.8 ~, {

BA-220 20 Jun @ 60.5 285 k 5 4.I.6 8.5 ~~.t

—.

BA-166 20 Jun 57 76 313 * 5 6.73 7.1

BA-170 15 Jul 57 76.5 953 k 14 6.21 10.7

BA-I.76 22 Aug 57 82 4%*7 6.56 5.9

M-199 22 Jan ~ 77.9 31k4 I 67 5.73 6.3

BA-202 7 Feb @ 77.4 29% t ~ 5.00 7.1

BA-207 25 ~rar 58 80.0 2119 + 35 3.54 7.3

BA-215 15 Itay @ 77.5 634 * 11 &.& 6.7

EA-219 17 Jun fi 76.7 2@k4 2.54 13.2
.

—— .—___ ___ .._.—

BA-181 25 Sep 57 8!3.5 1355 + 7 )1.fjd 12.4

EA-188 5 Kov 57 91 1233 * 23 3.73 7.3

2A-195 19 Dec 57 83.3 FZ71 t 62 4.5Q 9.9

—. __—..

* Activity as determined from the reduced hydro~en fraction of 0.5 to 0.75

milliliters of the sa~lple k-ater.



Sampling

TABLE 5.3.1

Tritium Concc:ntrations in the Troposphere

and Lower Stratosphere in January 19%

(73°N Latitude)

Altitude Tropopause Height.
(kilofeet) (kilofeet)

10 27-31

20

30

40

27-31

31.0

31.0

28.1

29.5

29.5

27.2

26.6

26.6

31.1

jl.1

jl.1

28.1

28.1

29.5

29.3

27.2

T-Atoms per Gram

Air x 10-8

0.09

0.19

0.61

0.33
~erage = 0.32

0.12

0.06

0.51

0.21
~age . 0.23

0.46

0.19

0.46

0.31

0.42

0.52
Average = 0.39

1.24

1.89

1.82

2.16

1.88

2.43

3.55

3.28

2.67

5.15
~.verage = 2.61
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EXH.O’).TOFUNOTE

T’nedata i.nclosed in this report supplements data submit%d

previously in AFOAT-l reports entitled l’Distribution of C=bon-lh

Activity within the Stratosphere,n Appendix I, da~eci 01 April 195’?$
(Preliminary Draft), and Appendix 11$ l’Da.t.aSupplement to Distribution

of Carbon-lb Activity within the Stratosphere~” dated 27 J=’w 195J33
(Preliminary Draft). The data in this report results from ths continued
co~lecticns of atr,05pheficw?noleair sar,~lesover the pericd frCU

Koventer 1957 through June 1.958. Tnis reportj tit!! the ~xo previms

reports listed above, provide the ~eader xith ccmtinuo~ dzt~ oser Lhe

inierval from September 19S4 thrcugh June 1958.

For purpose of clarity, the dzta in this report are di~ided into
two tables: the data of Table I ~sulting fram the analysis of balloon
collections of Sh.ZhSphedC whole air frcm four separate sitis$ a

col~ection procedure described briefly in the initial data report; the

data of Table II resulting from aircraft collectims of whole air made
at a latitude of 74°N near Point ‘tirro::$~-laska. For purpcses of ccr,-
parison, data from sampling at each location are reported in mean
altitude gocpings dependent upon the altitudes from which the collections
::eremade.
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a.

Sande No..—— —

EM-191

M-193

BA-193T

BA-197

B.4-203

IM-205

x-205T

BA-211

R4-21~

3.1-21LT

3-5--2y3

QE-718’fA.. -

B8.-192

M-192T

F:..-196

P!.-395T

3~--l9!3

\

Table I

Balloon Collection

From Minneapolis, I!innesota(4501{)
/

d
e

(1) Collections from

<“
/

[;&L~”~
!yjj5oo-l19jm fee%,:,,./: b I

Altitude_— —

119.5

47.1

117.1

47.5

115.5

47.0

47.0

L7.4

47.8

47.8

46.5

46.5

Collection
Date— -——

26 NOV 57

oh PC

(34 @c

08 Jan 58

13 Feb

06 ~?ar

06 IT:ar

09 Apr

12 my

12 ?:ay

11 June

11 J>~e

pp,’JJ= f ‘““
h-cess c=bo~-~h
(--m--i=z=u
(of air x 10-5 )

20.8 4 6.2

28.7 + 5.9

4!J.3+ 6.2

11.8 + 5.2

69.6 + 5.9

33.6 + hes

h2.2 + 77.8

9L.I + 6,2

22.8 + 6.6
—

56.!i+23.9

75*L + 9.0

73.~ + 7*3

(2) CollectIons ~rom 59,500-5L,~ feet

6!l.6 30 :Tov57 211.L * 5*9

6$.6 30 Nov 213.5+ 5.5

63.5 21 D=c 183.7 + 5.9—

63.S 21 Gc 176.1+5.5
—

6!1.2 ]o JSII58 1?7.2+ 502

23,5

A1.9

23.6

25.0

25.0

26.9

30,4

27.9

23.9

25.0

23.6



aA-198T

BP..2OlJ

BA-204T

B4-206

IM-212

5A-216

EA-220

w.-22OT

--

(.

Altitude——

64.2

64.2

64.2

63.6

64.5

61.7

50.5

&l.5

collection
Rb_——

10 Jan 58

20 Feb

20 Feb

12 ?%r

16 Apr

07 June

20 June

20 June

(

Excess Carbon-lL

-F’-
(of air x ~0-?

177.9 +3801

lJJt.6 + 5.5

116.6 + 509

52.9 + 6.6

99.3 16.9

155.7 + 10.7

(3) Collection from 76>700-31,1~feet

78.8

77*7

77●7

77.4

7794

m ●1

81.1

77*9

77*9

77.6

77.6

76.7

76.7

22 Jan 58

22 Jan

(37Feb

07 Feb

25 l~%lr

25 l:ar

09 -Lpr

06 ?.pr

Is If2y

15 I’ay

17 J-me

17 Jung

210.4 }6.9

197.2 + 6.6

207.6 t 16.6

196,2 + 9.7

172.7+ 509

192.0j 5.9

133.9$ 5.9

1L3*9+ ?*7

139.1-+5.5

1911.1+ 31,4

20.8

211.0

24.9

26;8

28.5

,

21.2

2003

Id’ i



S~,ple !lo.

BA-187

BA-187T

B.L-188

3\-138T

9A-199

M-195

RI-195T

~~-~oo

PA-~ol

R4-208

~.-po9

IM-213

~5._213T

Rn--2l7

b.

Altitude—.

90.0

90*o

91s

91.1

107.0

88ek

88*II

92.4

89,1

93.0

89.7

90.5

9005

9100

Collection
Dab _—

29 Ott 57

29 Ott

Oj Nov

Oj Nov

07 Nov

19 Dec

19 Dec

31 Jan 58

0s.Feb

26 Mar

07 Apr

09 Hay

09 May

06 June

bCC5!SS Carbon-1~
=P~

?(of air x 10- )

166.8 + 5.5

206.9+ 9s7

19L.8 + 5.2

232.9+ 33.6

1s9.2 + 6*9

216.6 + 6.9

212.1 + 6.9

,151.6 + 6.9

20.5.5+ 5.2

17805+ 703

8806 + 5.s

(1) Colkctiom from A?,q3-52,4m feet

117.5 14 :{0757 36.0 + ~.~

119.o ok D2c 0.7-+ L.8

50.3 C9 Jzan58 13.5 + 509

50.3 01 Feb 2.4 ~ 6.6

50.6 10 Yar :k*5 + 3.7

4990 08 Apr 1O*O-+ 5.2

118,0 03 Yay Lo.1 + 9.7

Gross Kr@on45
~toms & E-T

.— —

(of air x 10-3 )

18.1

19.1

19.3

20A

19.4

19.9

18:5

19.9

19●1

23.9

23.7

2!105

23. &

23,9

25.2

26.5

r,?----.. .-—.. .r-
i

.~a 1:,,
t - 4 . -,.. . ..,,- t.. , . ;

.r,~--. r,..-. =.. .-
1’

f .,-J,.-

/i
.L



collection

SA-148

sA-15’3T

S.A-120

SA-124

SA-128

s.4-132

SA-135

SP.-139

SA-142

SA-IJ6

!M-152

S.4-l~2T

/’
\

Altitude i)ats Kxcess Carbon-lb— —— ——. .—
~pr s 7

-—---

Y(of air x 10- )

49.3 10 Hay 58 72.3+ 6.2

52.4 08 June 2.4+ 807

(2) Couections from 62,0~-57,0xI feet

65.3 05 Ott 57 63.3 ~4e8

6S.? 26 ?:OV 189.3 + ~es

67.0 10 Ikc 1.ma5 + 505

62.0 Is Jan 58 165.lJ + 6.6

65.1 15 Feb X3.3 +502

67.0 09 Kfr 169.2 + 5.5

65,0 03’.Ipr 88.6 + 5.5

66.0 04 Kay 131.1 + 4.2

65.4 07 June 19100 + 6.2

65.J 07 June 152,9 + 1108

(3) Collectionsfrom79$800-83,700feet

82*7

83.7

80.3

79.9

79.8

80.2

81.7

&o.6

04 Ott 57

20 1:07

02 ikc

07 Jan 58

17 Feb

07 7.*2U=

07 &pr

19 l“zy

229*!l+ 5.5

230.8 + 5.2

237.7 + 6.2

20!i.5+ 5.9

203.~ + 6.9

192.7 + !3.0

186.5 + 8.7

Gross Kr@on-95
=PzF~
(of air x 10-3 )

26.4

26.4

20.8

24.1

25.9

25S

23●3

24*1
.

23,9

23.9

26.9

23.0

20.1

1.9 st

22.5

2c,6

20.’7

20.6

20.7



s.11-118

N.-121

SA-127

s.k-130

SA-134

M-137

S#i-1.!J1

S.4-147

S.q-lg

S.K-l~lT

co

Collection

Altitude m.te Excess Carbon-l&—. .—
mo%~~;~
(of air x10-5 )

81.0 03 June .58 1w3 + 6.2

81.0 03 June 165.4 f 13el

(h) Collections from 89,200-92,3~ feet

91●0 03 Oct 57 82.4 + 9o0

9D.0 02 Km 249.14 6,6

90011 07 Ikc 237.0 } k.8

90,0 .,08 Jan 58 M37.2 f 6.6

92.3 02 Feb 201.4+ 5.9

92.0 03 Kar 167.5 + 6.6

91.5 ~“ Apr 163.7 ~ 9.0

92.1 07 nay 183.0 + 5s

89.2 OS June 165.h + 5,2

89.2 OS June 175.1 + 9.7

From Canal zone, Panama (~~)

(I) Collections frm 46,5’M-51, 500 feet

5?.5 05 i:ov57 0.3.+ 505

46.5 01 EC O L U.8

55.9 02 J:II58 0 + 5.5

51.1 02 Feb o + 9.7

50.2 08 I:ar o + 5.2

51.6 03 X.pr 0+ 12.1

50.8 02 Kay 8.3 {-5.5

-?./

21.6

Lost

23.3

22.7

21.6

20.5

19.2

19.5

19.6

23,0

?~.~

25.6

?I! .5

25.7

27.1

27.0

28.3

- /7 22



sample No ●

Cz-93

CZ-96

Cz-101

Cz-103

CZ-106

CZ-113

Cz-m

Cz-119

CZ-99

Cz-&

CZ-97

CZ-99

Cz-104

c’z-~~z

IX-116

CZ-117

‘G--- “

(--
,/
(

(2) Collections from 6L,9M-57,LO0 feet

Altitude.—

66.8

65.5

65.3

67.4

66.5

65.3

6L.9

65.2

Collection
lklte.—

06 ~OV 57

04 Ikc

15 J- 58

OS Feb

03 2“2ir

lb Apr

01 I%y

02 June

.,

Excess Carb3n-14
l~s per gr-

7)(ofalr x 10- )

61.2 y 5.9

IJ3.9 + 6.9

151.6-+ 5.5

73,0+ 599

0 f 7.6

0 + 6.2

55.4 + 5.5

63.7 + 5.5

(3] Collectionsfrm 77jooo-3~sm ‘eet

80.2 3ooct 57 91.3~ 5s

82.1 01 Nov 93.1+ 6.6

77.0 Is &c 83.!Jt 7.6.-

80.7 OS Juan58 83.7 + 6,6

81.6 lo Feb 99.6 + 6.2

80.8 Oh Apr 137.0 + 9*O

84.6 oh ]~ay 112.8 ~ 7.3
>

79.5 - C9 I’2y 163.3 + 5.2.-

(4) Collection:=fr- 88,700-%$020feet

88,7 08 Cct 57 197.5+ 6.9

89*3 02 EC 57 IIJ9.3+ 5.9—

91.5 13 Jan 58 133.6+ 703

93.4 36 Feb 5% 32.9+ 6.6

---
Gross
W~s per gram
(Ofair x’10-3 )

22*2

Lost

33 *O

26.S

2.4.1

23.8

20.4

20 b9

19.1

19.3

20.0

21.8

2S.6

shell

25.3

23.1

29.0

19.0



Cz-107

Cz-110

E%131

c’
:“amu ,.-,

Collection

Altitude 3ate ExcessCarbon-1~
—— _. —

~Gns per-
(ofair x 10

92.2 Oh ]%r 58 96.5 $6.9

911.0 01 Apr 150e2 ~1509

d. From Sao Paulo, Erazfl (23°S)

(1) Collecti- frm h9.@-~2,3W feet

49.6 23 I:OV 57 0 +7.6

51 ●3 a Rc o +~.~

q ●0 U. Jam 58 0 + 900

50s 03 Feb O + 8.7.-

49A lb %r o + 5s

52.3 02 Apr 11.4 + 6*2

50.5 12 Kay .!(08~ 5.9

(2) Collectionsfmm 6!J,100-58,mfeet

65.0 25 }!OV57 85.8f 5.9

66.0 12 EC 106.91 8.7L

65.0 lo .Tan58 m .3 + 5.9

65.8 03 Feb 72.0 + 6.9

65.5 13 ::ar 155,L+ 7.6

63.5 03 :.pr n?.7 + 7.6-”

65.o 09 Ifay 5-5.4f 11:4

6h01 Oh J-me 52.6+ 6.2

.,

Gross K.ry@o@s
~tms pzrw

(of air x 10-3 )

19A

19.5

22●9

23oh
*

“ 23●4

22.8
.

23●3

23 ●7

2b ●9

16.7

16.6

17.$3

18.2

19.0

1S.8

21.3

20.11

3
.- t –.—— ---- . . .-- - --- -



B%130

Rk132

H?-133

B3-138

RR-144

E3-fi6

w.-IL8

BR-153

R-159

BM62

RR-129
I

W.-137

m-l 54

K-158

‘.-
C (..

(3) Collections fr~ 78,7M-50,8W feet

78,7

79.9

80.8

79.0

79.8

80,0

80.0

80.5

80.1

80.h

Collection
Da&

22 170V57

24 m

10 WC

07 Jan 58

09 Feb

0~ Ear

07 I%r

04 Apr

17 Kay

08 June

Excess carb~n-~h
~t~i=d
(of air x10-5 )

137.7 + 505

99c.3+ ke8 “

86.5 f 18*7

148.4+ 6.9

142.2 t 7.6

159.5 + 8*7

I_I.1.8 f 6.6

1h3.6 +5S

135.6 + 5.5

16.0

15.5

15*o

Lost

16.5

16.3

1508

18.3

16.3

16.2

2- Jo



c“

a.

Sample No.

PB-101

PB-102

PB-103

P&lob

PE!.-105

PB-106

FB-107

“PB-108

PB-109

PB-11O

b.

p34cll

PE-202

P>?03

p&~-J&

P%205

P2436

P2-207

PB-208

Table II

hircraft Samples

Collected in the Vicitity of 74°N$ 156%

Samples collected at 10$~ feet

Collection Date—

Is Jan ~8

17 Jan

17 Jan

19 Jan

22 Jan

22 Jan

24 J=

29 J=

29 Jan

31 Jan

6.9 + 8.0

3.8 + Uo4

() + 9.7

0 + 1!$.2

6.9 + 8e3

s2iJT~e5 co~lected at 20$0~ feet

l~Jan 58 ,!!,2 + 10*4

15 Jan o + 5-.5

17 .Tan O + 5.6

19 Jan o f 6.9
.-

~19 Jim 3,1 + 6.9

22 Jan 9.3+ 706

24 Jan 04. 5.9

24 Jan 6.9 +“?.3

32,6

35*3

34 ●9

31.5

31.6

31*9

32.0

32.7

34 ●1

33●?

31.3

30.5

32.2

32,8

32.7

31.2

31.6

31.4

.2/



.
.

c’.’

.
‘J

s~rqp~eIJo, Collection Date Excess Ca?.?bn-ll!..— —
~ws per ~cmj
(of air x 10-~ )

PEh209 29 Jan 58 () + 8.7

P%210 - 31 Jan 4.2 + h.8

c. %mples collected at 30$003 feet

P&jol 16 Jan 58 19.0 + 5.5

PL=302

PB-303

p&3@

PB-305

PB-306

PBu307

PB-308

PB-309

PB-310

16 Jan

18 Jan

20 Jan

20 Jan

23’ JaII

25 Jan

Zi Jan

29 J-

31 Jan

d. Samples collected

PB-llol 16 Jan 58

PE402 18 Jan

PE403 18 Jan

PAOL 20 Jan .

PE?-L05 23 Jan

PGko6 23 Jan

pp_@7 25 JaI

PG-408 29 J=

PEA09 29 Jan

p~..J:lo 31 Jan

5.9 +5.9

o + 5.5

6.9 +~os

8.0 ; 6.9

0 + 6.9

at LO,~ feet

61.6 + 602

129.1 {“ 7.3

Gross lTr@on-%
~;<s–l)e; ~=n
(of air x 10-3 )

31.3

32.0

24.2 -

24.4

26.3

28.2

28.8

26.2

28.S

28.5

23.0

26.S

23.8

2k*3

2h.3

2!3.5

26.0

25.4

25.5

30.3

30 ●I

28.7

,
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Dear Bill:
>. .,. . . . !-<..<..; :; :...../! (/.(.-/-0. “! .. ...>. ,.. :.!:COkm

!
t

I
d OK’ #,-------------- .-....-— --------- - -.. —.—
-, ‘* GA

E“

J
I had hoped to get this data and report in smoother shape before

!

~j~; you looked at it but events have prevented this. The opinion Which I

$8,
expresdto Dr. Scoville, copy of which letter I sent to you is based on

+QQ considerations outlined very roughIy in the following paragraphs.
“-z&b

SG
3

pig. 1 shows a map of the United States with the general areas

-gg

3

from which we expect tritium releases. The numbers in parentheses

~sk: on this map indicate the number of curies per month which we estimate

a;h~ Q
are current releases from these locations based on a

of past performance.
~~ough integration

Fig. 1 also shows the Iocationfi[me asurements

Q which Will be discussed in the following paragraphs.
%
>—..——- ._ —.-.—.—..-

> Fig. 2 shows a chart of the Savannah River plant with a code of.Jm .

:

G :
I W :<
i ~-j“-J s ,;-. -:=i - ,.::+;,,.-! ..2 o!
1 ;:::~ y\

*<..;.
/ :A;: ‘2 :

..‘.< .-.;.-.
i “.-.!----:1 RI n(.
t ‘-+

~]’ 1

~u.

i ;;: L -}1:’l,gy” The 200H,200F and Lhe 100P areajare indicated in pencil on

~.J c
T

. There are twrothings to note in this Table. First, the tri~iurn
C3 c

1
..... “~. e arations plant started up in Fe bruary/_March 1956. Second, the

-~~e~dings exceed those obiained in 1 “5 by a \ery large fzct.or.
~c.;;:y, ?~

The
‘~li-nest reading being 334,000 T/lo H in l’.-zter\apor as opposed to

r“; :: G _~3.h.~ hi:hest reading of about T/1018H 2000 in the pre~~ious year.

,~ ~rious 1

11

ocations at which tritium measurements have been made.
u

,> Fig. 3 is a table showing the actual measurements made in rain

~~ vater, water vapor, streams, etc. , at the ~rarious locations indicated

$ln/Fig” 2.
These lneasurements were made at the Sa\annah River

‘ V
rks last year (1955) and >’OUwill note tkat the ma-ximum ~“aluesare

18- Ip around 9000 tritium atoms per 10

41

protium atom.

J Fig. 4 ~hov.~s tritiuln nleasu~ex-nents at Savannah River- in 1956

~ ,u~ing about the salme part of the ~-ear Afay and June as those made

.-. _-. i__ ~-

—

-0 3
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Dr. W. F. Libby
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Fig. 5 is a curve of the compilation of data from your project in

Chicago for 1953 through 1956. I believe ihatitclearly shows a correla-

tion between the CASTLE series and the tritium measurements in ~ain

water. I cannot convince myself that there is any other marked correla-

tion between the data and any of the known nuclear tests including the

Soviet tests. The thing I would like to direct your attention to is the
dashed line which I believe may show a growth ~ tritium background from

1953 through .1956 which is more likely to have been produced by the

increased releases of tritium into the troposphere from production

operations. I believe if we were to continue to follow the curve beyond

June 1956 that the apparent increase in March through June will reveal
itself as just another perturbation in the background level of tritium more

likely caused by releases from production operations at some of the
sources indicated in Fig. 1 with Savannah River being a real contributing

source from February to June 1956.

Fig. 6 shows the tritium content in water vapor measured at

Butler, Pennsylvania in the spring of 1956. The red lineindicatingthe
beginningof the REDWING series is preceded by a number of high points

of tritium activity including the point of the very day of the shot which

could not conceivably have been due to the first RED WIhTG shot. I beIieve

these points were definitely associated with production operations rather
than with the tritium from nuclear tests.

Fig. 7 shows tritium in rain water at Boston. The first shot of the

RED WIh’G series is represented by a vertical red line and again you see

substantial high values prior to the RED IVINTG first shot. The high value

after the RED I$71NG series got under~vay is not very much higher than the

peak shown in Fig. 6 which is clearly not due to REDIVIhTG. For this

reason in Fig. 7 it is not possible for us to say that the highest value for

middle of June is due uniquely either to production operations or to

REDIVIhTG debris. In Fig. 7 you will note that the high activity produced

by CASTLE in 1954 rain \vater at Boston dilninishes very rapidly to
background levels. I consider the center of gravity of the backgrol~nd
data possibly indicates an increase of tritium background in the atmosphere

near Boston due to the production Operations.

Fig’s. 8 and 9 represent rain \-;ater and humidry measurements in

Chitosa, Japan and Tokyo, Japan. The thing that is notev; orthy here is

th,at the background level does not appear to be rising as significantly

2
$
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Dr. W. F. Libby
9

at these Japanese stationsas at Chicago, Boston, Butler and ottawa.
Again only the CASTLE series shows up as distinctfrom production.
operations. Ifthe t.ritiumwe are measuring is slowly filtering down
from a stratospheric tank then the buildup curve observed in your

data at Chicago and our data at 330ston should also be observed in Japan,

and 1 believe that Fig Ts 8 and 9 show that this upward trend does not

occur at Japan and, therefore, lends some weight to the argument that

the increases observed in Chicago, Boston and Ottawa are due to

production operation increases rather than to nuclear tests filtering

from the stratosphere.
.

Fig. 10 is introduced to show individual peaks of activity measured

at Hawaii in water vapor and rain water during the period March th~ugh

June of the CASTLE series. Here it is noteworthy that the peaks pro-
duced by the shots rapidly decay to relatively low levels going Up high

on the next shot or two and then decaying rapidly again indicating that

this tritium is in direct streaming of tropospheric air from Eniwetok

and not tritium that filters down slowly from the stratosphere. We were

interested in this data in the hope that the tritium activity might indicate

s omething about the thermonuclear yield of the CASTLE shots. Unfortu-

nately, there is no correlation in our data at Hawaii between thermonu-
clear yield and tritium measurements.

Fig. 11 is the only data we have on atmospheric hydrogen. I should

remind you that the ordinates in this case are in tritium atoms/1015

hydrogen atom since we are dealing vith the tritium atmospheric hydrogen

rather than with hydrogen in the water ~“apor phase. First, I v:ould like

to point out the trend line ~vhich, starting from 1951, could be interpreted

as indicating an increasing level of tritium acti~-ity in atmospheric hydrogen.

Second, I would Iike to point cut to you the three trends that are indicated
by slopes a, b and c. Tritium releases from production sources are
knov:n to increase intensively just prior to test series such as GRIZIZR7<OUSJZ)

CA S’I’LIZ, T13APOT and RED YUh’G. These known reIeases of tritiurn in
preparation for weapons tests then riiffuse and decay as indicated by the

sIopes (a) and (b). Ho\vever, in the case of slope (c), there appears to
kve been something different happening in 1956 than in any preceding year

and we believe that this increasing ti-itiulm concentration in the spring
* Lle increzses in Sa\-annah .Riverof 1956 IS correlated ~:.”ith tne considerate

production releases indicated in Fig. ll(top). These increased reIeases
also produced corresponding increases in the tritium concentration in

water vapor tabulated in Fig. 4. All the data that we have been able to

.
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get on tritium releases is plotted along the top of Fig. 11 including releases

from Savannah River, Hanford, Los AIamos and Livermore. We believe
. the data to be”complete although one must realize thai complete account a-

bility”wodd be very difficult to achieve. For example, in the case of LOS

Alamos releases in 1955/56 the sum of the monthly releases does not agree

with the figure of 114, 000 curies listed as total releases. We believe,

therefore’, that the release information tabulated along top of Fig. 7 is

probabIy in error on the low side and represents only those releases which

are actually known.

I hope this may furnish background data for our discussion of this
problem.

This letter is classified TOP SECRET RESTRICTED DATA because

it reveals the fact that AEC production activities are releasing large
amounts of tritium.

Sincerely,

.

1 HNCL:
Figures 1 thru 11

1 cy each.

D. L. @R THRUp
Technical Director, AFOAT-1

Office for Atomic Energy, DCS/O

m!!!lga
‘!@!R?!?
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