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STRATOSPHERICTRITIUMSAMPLING

October1979--August1980

1.

by

A. S. Masonand H. G. &tlund

ABSTRACT

Samplingof tritiumgas (HT) and tritiatedwater
vapor (HTO)was conductedas part of ProjectAir-
stream. Data were obtainedat four altitudesin
the upper troposphere and lower stratosphere
betweenthe equatorand 75 degreesnorth latitude.
The HTO mixing ratiosshowedan overalldecrease,
with the normalspringtimeinput from higheralti-
tudes superimposed. The HT mixing ratios were
essentiallyconstant.

INTRODUCTION

ProjectAirstreamis the aircraftcomponentof theUS Departmentof

Energy(DOE)High AltitudeSamplingProgram. Threedeploymentsare conducted

annually,samplingthe uppertroposphereand lowerstratospherefor a number

of constituentsover altitudeand latitudespansof 12 to 19 km and O to 75

degreesnorth.The dominantchemicalformsof tritium,that is, tritiumgas

(HT)and tritiatedwatervapor (HTO),havebeen includedin thisprogramsince

1975. The US DOE and its predecessorssponsoredthe Universityof Miami in

the developmentand operationof a catalytic-adsorptivesampler,whichwas

describedin a priorpublication.1Data obtainedbetweenApril 1975and July

1979,and betweenOctober1980and November1982,have beenreported.2’3 The

data in thisreportare presentedto completethe recordfor thatperiod.



II. EXPERIMENTALRESULTS

TablesI through111 containtheHT andHTO mixingratiosobtained,in

additionto the correspondingnavigationaland meteorologicaldata. The

columnheadingsare definedas follows:Flightis the numberof the flightas

definedby the missionplan. Sampleno. is the sequentialtritiumsample

numberon each flight. Latitude,longitude,altitude,pressure,temperature,

and potentialtemperatureare the meansof thoseparametersover the sampling

periods. The mixingratiosare presentedin unitsof picoCuriesper standard

cubicmeter (O”C,760mm); thisis a conservativeunit and may be convertedto

the usualUniversityof Miamiunitsof tritiumatomsper milligramof air by

the factor15.97or to becquerelper standardcubicmeterby the factor0.037.

The one-sigmaerrorestimatesare denotedby “u”. Figures1 through3 show

the isoplethsof HTO as calculatedby the contouringsubroutineof the DISSPLA

(IntegratedSoftwareSystemsCorporation)library. The HT isoplethsare not

shown,as theyare relativelyuniform

tropopauseheightsfor the periodsof

Airstreammissionswere flownon

Mission17 October10

Mission18 April9 to

Mission19 July 23 to

Missions17 and 18 were unusually

throughoutthe sampledregion. Smoothed

deploymentsare depictedby “TRPP”.

the followingdates:

to November18, 1979

May 13, 1980

August12, 1980

long. Theyyieldedfewerthannormal

samplesbecauseof aircraftproblemsduringtheAlaskaportionsof both

deployments.Mission19 was essentiallynormal.

III.CONCLUSIONS

The threemissionsreportedhere showedHTO distributionstypicalof the

stratosphereseveralyearsfollowinga largeatmosphericnucleartestsuchas

the one of November17, 1976. The qualitativeconclusionis thatHTO has been

injectedat altitudeshigherthan the aircraft’sceilingand thatit is trans-

porteddownwardsin the polarregionduringthewinter.

springthenshowshighmixingratiosin the far north.

Samplingin the

Subsequentmissions
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revealsouthwardand downwardtransport,with removalthroughthe tropopause

as the ultimatefate of theHTO.

The HT data in the stratosphereare essentiallyuniform,as is expected

fromthe conventionalmodel,whichconsidersthatmajorsourcesare locatedat

groundleveland thatdestructionis slowat the levelsexploredhere.

ACKNOWLEDGMENTS

Thisworkwas performedwhilethe firstauthorwas at the‘hitiumLabora-

tory,RosenstielSchoolof Marineand AtmosphericScience,Universityof

Miami,Miami,Florida,and was supportedby theUS DOE.

Collectionof thesedata requiredthe collaborationof the Isotope

GeochemistryGroup,Los AlamosNationalLaboratory,and theAircraft

OperationsDivision,JohnsonSpaceCenter,NationalAeronauticsand Space

Administration,Houston,Texas. The effortsof F. R. Guthals,C. D. Anderson,

and theircolleagueswere vitalto the successof the program.

REFERENCES

,,
1. AllenS. MasonandH. G8teOstlund,“AtmosphericHT and HTO. 3. Vertical

Transportof Waterin the Stratosphere,”J. Geophys.Res. 81, 5349-5352
(1976).

—

2. AllenS. Mason,GertHut, and KostaTelegadas,“Comparisonof
StratosphericTritium(asHTO) and Zirconium-95Burdensfrom theHigh
YieldChineseNuclearTestsof June 27, 1973and November17, 1976,”
EnvironmentalMeasurementsLaboratoryreportEML-371(1980).

3. AllenS. Mason,“StratosphericTritiumData,October1980to November
1981,” EnvironmentalMeasurementsLaboratoryreportEML-405(1982).



TABLEI

TRITIUMGAS AND TRITIATEDWATERVAPOR

SAMPLEDBY AIRSTREAMMISSION17

Tritium
Sample North West Alt. Pressure Temp. e (pCi/scm)

Flight No. Lat. Long. (km) (mbar) (‘c) (K) HTO u HT a—.. —.—. ——

1

1

1

1

1

1

3

5

5

5

5

8

8

9

9

10

11

11

11

11

12

12

12

14

15

1

2

3

4

5

6

1

1

2

3

4

1

2

1

2

1

1

2

3

4

1

2

3

1

1

28.3

28.5

28.5

27.7

28.8

27.5

18.0

1.0

1.0

1.5

1.5

39.0

39.0

39.1

49.0

49.0

66.1

74.0

74.0

66.0

66.0

74.0

74.0

49.2

39.0

95.1

95.3

95.3

95.8

95.1

96.2

84.3

79.6

79.6

79.6

79.8

92.9

92.5

109.1

125.9

126.2

148.4

147.1

148.2

148.2

149.8

149.5

149.6

125.9

107.2

9.1

12.2

13.7

15.2

16.8

19.2

15.2

15.2

16.8

18.3

19.2

16.8

19.2

15.3

15.1

13.7

12.2

12.2

16.9

16.8

15.2

15.2

18.8

13.7

13.7

302

188

148

116

92

63

116

116

92

72

63

92

63

116

118

148

189

188

90

92

116

116

67

148

148

-38.4

-56.6

-63.8

-69.1

-69.2

-56.6

-71.4

-77.9

-77.9

-75.8

-70.9

-61.5

-53.9

-65.4

-56.8

-51.4

-53.3

-52.8

-48.9

-49.0

-48.7

-50.9

-48.3

-65.5

-63.5

330 3.60 0.09

349 0.43 0.04

362 0.43 0.04

377 0.75 0.04

404 0.34 0.04

478 1.93 0.08

373 1.25 0.07 1.85 0.09

361 3.34 0.20 2.11 0.06

386 1.03 0.05 1.97 0.09

418 2.15 0.15 2.40 0.11

447 6.22 0.26 2.69 0.16

419 1.28 0.06 2.05 0.09

484 4.44 0.18 1.97 0.09

385 3.94 0.13 1.73 0.06

398 5.65 0.11 1.89 0.08

383 0.16 0.03 1.92 0.07

354 1.43 0.07 1.73 0.08

355 1.75 0.08 1.51 0.07

446 7.66 0.28 2.05 0.09

444 10.47 0.37 1.92 0.09

415 4.22 0.18 1.72 0.08

411 4.90 0.20 2.03 0.07

486 23.78 0.97 2.39 0.11

358 6.08 0.23 1.98 0.08

362 4.85 0.20 1.92 0.05



TABLEII

TRITIUMGAS AND TRITIATEDWATERVAPOR

SAMPLEDBY AIRSTREAMMISSION18

Tritium
Sample North West Alt. Pressure Temp. e

Flight No. Lat. Long. (km) (mbar) (“c) (K)——— ——

1

1

1

1

1

1

4

4

5

5

5

5

7

8

8

9

9

10

11

11

11

11

12

12

12

12

14

14

15

1

2

3

4

5

6

1

2

1

2

3

4

1

1

2

1

2

1

1

2

3

4

1

2

3

4

1

2

1

28.9

29.0

28.6

28.8

28.9

28.4

18.0

17.9

1.0

1.0

1.0

1.0

17.7

39.0

39.0

39.0

49.0

49.0

66.0

74.0

74.0

66.0

66.0

74.0

74.0

66.0

49.0

49.0

39.0

97.5 9.1

95.4 12.2

94.8 13.7

95.3 15.2

95.1 16.8

95.5 19.2

79.2 16.8

79.1 19.2

79.6 15.2

79.7 16.8

79.8 18.3

79.7 19.2

84.0 13.7

93.1 16.8

93.9 19.2

107.4 15.2

125.4 15.2

126.1 13.7

148.8 12.2

148.3 12.2

148.0 16.8

148.8 16.8

150.9 15.2

148.9 15.2

148.6 18.4

149.1 19.2

135.4 16.8

127.3 19.2

107.6 13.7

302

188

148

116

92

63

92

63

116

92

72

63

148

92

63

116

116

148

188

188

92

92

116

116

70

63

92

63

148

-35.0 335

-55.3 351

-67.3 355

-65.1 385

-68.3 405

-57.0 477

-78.1 386

-63.8 462

-75.9 365

-83.8 375

-80.1 409

-73.8 440

-64.9 360

-54.2 433

-47.6 498

-55.2 403

-54.4 404

-51.1 383

-46.3 366

-42.7 372

-42.5 457

-40.1 461

-41.5 428

-41.1 429

-39.6 498

-39.8 515

-47.3 447

-48.2 497

-50.1 385

HTO

4.40

0.75

0.53

0.70

1.56

11.99

1.00

2.37

5.08

1.61

2.68

2.97

4.28

6.17

8.51

2.74

3.20

1.46

0.79

2.27

7.32

8.33

7.86

12.31

23.63

21.85

3.02

8.46

25.38

(pCi/scm)
a HT——

0.16

0.03

0.03

0.03

0.06

0.31

0.09

0.08

0.14

0.09

0.10

0.13

0.18 1.76

0.19 1.90

0.26 1.65

0.09 1.65

0.11 2.68

0.06 2.05

0.04 2.32

0.09
0.26 1.88

0.31 1.84

0.31

0.44 2.17

0.80 2.08

0.74 1.92

0.12 1.77

0.31 2.10

0.83 1.67

a

0.11

0.09

0.08

0.05

0.08

0.07

0.08

0.09

0.08

0.07

0.09

0.09

0.08

0.08

0.06
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TABLEIII

TRITIUMGAS AND TRITIATEDWATERVAPOR

SAMPLEDBY AIRSTREAMMISSION19

Tritium
Sample North West Alt. Pressure Temp. (pCi/scm)

Flight No. Lat. Long. (km) (mbar) (“c) (:) HTO u HT a——. ———. .—

2

2

3

3

4

4

5

5

7

7

8

8

8

8

9

9

10

11

11

11

11

12

12

12

12

13

14

14

15

15
6

1

2

1

2

1

2

1

2

1

2

1

2

3

4

1

2

1

1

2

3

4

1

2

3

4

1

1

2

1

2

20.9

21.0

20.9

11.0

11•1

10.9

1.0

1.0

11.2

21.1

33.0

41.0

37.5

31.0

31.0

41.0

51.1

63.2

74.0

74.0

62.9

63.4

74.0

73.0

63.0

49.5

50.9

48.6

41.0

31.0

93.9

93.8

85.7

80.7

79.5

79.4

79.7

79.8

81.2

85.7

95.4

94.9

95.0

95.0

98.5

109.9

130.2

149.8

148.3

149.0

149.9

149.5

147.7

148.6

149.5

151.9

136.9

126.5

109.3

96.7

16.8

18.9

15.2

15.2

16.8

19.2

16.8

18.3

15.2

19.2

16.8

16.8

19.2

19.2

15.2

15.2

13.7

12.2

12.2

16.8

16.8

15.2

15.2

18.5

19.2

15.2

16.8

19.2

13.7

13.7

92

66

116

116

92

63

92

72

116

63

92

92

63

63

116

116

148

188

188

92

92

116

116

69

63

116

92

63

148

148

-68.9 404

-58.8 467

-72.1 372

-76.0 364

-72.6 397

-59.3 472

-71.4 399

-61.6 448

-72.9 370

-58.6 474

-67.0 408

-63.7 415

-52.2 488

-54.7 482

-68.6 378

-64.0 387

-49.3 387

-44.4 369

-44.9 368

-43.1 455

-45.8 450

-45.4 421

-45.9 420

-39.6 500

-42.1 510

-46.1 420

-51.3 439

-47.5 498

-59.5 369

-66.3 357

0.76

1.08

0.51

0.44

1.81

10.11

0.49

1.75

0.34

2.85

0.46

2.51

9.16

16.98

0.83

1.40

2.21

3.74

1.54

13.03

5.78

2.00

2.92

7.92

9.85

2.88

2.01

4.81

1.77

2.40

0.06

0.06

0.03

0.03

0.06

0.32

0.04

0.08

0.04

0.11

0.06

0.11

0.31

0.55

0.04

0.06

0.09

0.13

0.07

0.48

0.23

0.09

0.12

0.28

0.38

0.13

0.09

0.18

0.08

0.11

1.73

2.21

1.85

1.73

1.69

1.84

1.59

1.63

1.84

1.74

1.78

1.76

1.72

1.77

1.87

2.47

1.83

2.13

2.13

1.65

1.85

1.71

1.85

0.08

0.07

0.06

0.09

0.06

0.10

0.06

0.09

0.09

0.08

0.09

0.05

0.06
0.06

0.06
0.13
0.09
0.09

0.09
0.07
0.09

0.08

0.08
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