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This docuaent is the second special repcrt the High Altitude Sampling Procram 
(HASP). DASA-533 was the first special report. r calibration of the U-2 ducts has 
diainlshed the previous discrepancy noted in the flow rates. Absolute values of 
radionuclide concentrations are increased 8 to 13~ by this recalibration . A discussion 
on the structvre aDd nature of the 0.1 to 1.0 micron family of naturally occurinc 
stratospheric aerosol is presented. This dust layer of ammonium sulfate appoars to 
be ,enerated in the stratoephere and aay play an important role in lowe r stra t ospheric 
fallout proceasea. A detailed discussion of atratospheric concentrations o! a number 
ot nuclidea ia presented, Sr-80 and W-185 inventories and distributions from August 
1957 to May 1860 are discuaaed. By May 1960 maximum tungsten values are found in the 
lower altitude equatorial recione while aaxiaum strontium v&lues are found in the 
hlchor altitude polar reciona. The tuncsten stems from low altitud HARDTACK shot 
onlJ while the strontium appeara to show influx from T ak and Or n c. The tungsten 
and strontiua concentration variations shed considerable light on stratospheric 
aixinc processes. Ba-140, Sr-88, and Ce-144 concentrations assist 1n determ n ng 
the a e of debris and thus allow followinc of stratospheric mixing an transfer 
processes. A nwaber of definite seasonal effects are noted, 'P•auafe• fu- th 
trQRica to t,M pglar racion• 1• ~ ~iac the wtn er all but ceases during 
the tall. Various possible aodes of tropospheric-stratoaphe ic interchange re 
diacuaaed. A detailed discussion ot fallout from Teak and 0 ange d bris is pr sentcd, 
llh-102 data aqpsts at least 1~ ot Orance was in t :.e lower strato phere by May 1960, 
Oe-144 and Sr-10 data succesta that 25~ of the debris in the polar r giona in early 
lito was froa teak aDd Orance. A half residence time of abo t 5 year in tho 
ae oephere for Teak and Oranae is auacested. Entry into the low r stratospher 
apparently proceeds throuch rapid downward mixing in the polar regions dur ng the 
winter nicht, A study of natural radionuclides in the stratosphere s pres nt d 
and assists in aeasureaent of stratoapheric processes. Elements studied in ud 
c-14, H-3, Pb-210, Be-7 and P-32. Bo-7 and P-32 concentration. in the str tosph r 
are about that expected froa coaai~ ray production. Pb-210 in the stratosph r 
Partially result froa equatorial bomb teats. Comments are made on surfac 
.... ureaents which corroborate the HASP meaaur m nta. Seasonal and latitu 
effects are noted. The contribution of Fr nch t ats ar calculated. The h 
of radioactive fallout is assess d by nuclide and dose type, Th 30 year g netic 
or whole body doae in the U. s. !rom Ca-137 and lomonts of ahorter hal! lifo i 
ahown to be less than 100 aillirem or leas than 3~ of the natural back round, Th 
lifeti .. , 70 year, soaatic bone dose to childr n in the U, s. ia shown to be about 
200 aillirea of which balf is from Sr-90. Thi is loss than 2~ of tho population 
IIPD. Finally aeveral sppendicos provide U-2 operational scenes, u&eful ccnstanta 
and conversion factora, and a su.aary of nuclear detonation•. 
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ABSTRACT 

This   document   la   the   second   special   report   on   the   High   Altitude  Sampling   Program 
(HASP).      DASA-5J2  was   the   first   special   report.     A   reca Ubrat Ion  of   the  U-2   ducts   ha» 
diminished   the   previous  discrepancy   noted   In   the   flow   rates.      Absolute  values   of 
radlunucllde   content ratlona   are   Increased   8   to   13% by   this   recal IbratIon.      A  discussion 
on   the   structure   and  nature   of   the  0.1   to   1.0 micron   family   of   naturally   occurlng 
stratospheric   aerosol   Is   presented.      This  dust   layer   of   ammonium sulfate   appears   to 
be   generated   In  the   stratosphere  and   may   play  an   Important   role   In   lower  stratospheric 
fallout   processes.      A  detailed   discussion  of   stratospheric   concentrations   of   a   number 
of   nuclldes   la   presented.      Sr-90   and  W-185   Inventories   and  distributions   from  August 
1957   tr   May   I960  are  discussed.     By   May   1960 maximum   tungsten   values  ar«   found   In   the 
lower   altitude  equatorial   regions  while  maximum  strontium  values  are   found   In   tho 
higher   altitude   polar   regions.      The   tungsten  stems   from   low   altitude  HARDTACK  shots 
only   while   the   strontium  appears   to  show   influx   from  Teak  and  Orange.     The   tungsten 
and   strontium  concentration   variations   shed  considerable   light   on  stratospheric 
mixing   processes.     Ba-140,   Sr-89,   and   Ce-144  concentrations   assist   in determining 
the   age   of   debris   and   thus   allow   following   of  stratospheric  mixing   and  transfer 
processes.     A number of  definite  seasonal effects  are   not#d.     Transfer  from  the 
tropics   to   the  polar  regions   is  greatest   during   the  winter  and  all   but   ceases   during 
the   fall.     Various   possible  modes  of   tropospheric-stratospheric   Interchange  are 
discussed.      A  detailed  discussion  of   fallout   from  Teak   and  Orange  debris   Is   presented. 
Rh-102   data   suggests   at   least   10% of   Orange  was   in  the   lower   stratosphere  by   May   1960. 
Ce-l'H  and  Sr-90 data suggests   that   25% of   the debris   in  the   polar   regions   in  early 
1960   was   from Teak  and  Orange.      A  half   residenc«   time   of   about   5  years   in   the 
mesosphere   tor  Teak  and  Orange   la   suggested.     Entry   into   the   lower   stratosphere 
apparently   proceeds   through   rapid  downward  mixing   in   the   polar   regions  during   the 
winter   night.     A  study   of   natural   radionuclides   in   the   stratosphere   is   presented 
and   assists   in  measurement   of   stratospheric   processes.      Elements  studied   include 
C-14,   H-3,   Pb-210,   Be-7   and   P-32.      Be-7   and   P-32   concentrations   in   the  stratosphere 
are   about   that   expected   from   cosmic   ray   production.      Pb-210   in   the  stratopphere «ay 
partially     result   from  equatorial   bomb   tests.     Comments   are  made  on   surface   fallout 
measurements  which   corroborate   the   HASP measurements.      Seasonal   and   latitudinal 
effects   are   noted.     The   contribution   of   French   tests   are   calculated.     The   hazard 
of   radioactive   fallout   is  assessed   by   nuclide  and  dose   type.      The  30  year  genetic 
or  whole   body   dose   in   the   U.    S.    from  C8-137   and  elements   of   shorter   half   life   la 
shown   to  be   less   than   100  millirem  or   less   th»n   3%  of   tlio   natural   background.      The 
lifetime,   70  year,   somatic   bone  dose   to  children   in   the   U.   S.    Is   shown   to  be   about 
200   millirem of  which half    is   from  Sr-90.     This   is   le^s   than   2% of   the  population 
MPD.      Finally   several   appendicos   provide   U-2   operational   scenes,   useful   constants 
and   conversion   factors,   and   a   summary   of   nuclear  detonations. 
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Back;; round 

Chapter I 

INTROWCTION 

Since 1957, the Defense Atom.ic Support ency has conducted an atmospheri c 

sampling pro ram us.in" U-2 aircraft. lulown as the l:ti ..,.h Altj tude .;ampli n'r Proa r 

(HASP), its purpose ha.s been to determ.ine the role played by the stratosphere i n 

the world-wide distribution of fission products from nuclear explosions . I~P has 

been an int~ ral part of the coordinated pro~ram of s tudy of atmosp eric radio

activity whic h is being conducted by the United States Gove:rnment (1). • 

The purpose of this publication is to report · ome of the observations made 

during Phases IV and V of HASP and the conc lusions to be drawn from them. Sin e 

June 1960, the semiweekly collection schedule has been curtailed and t1e DASA 

pro ram has mer .,.ed with studies being jointly conducted by tle U. S. Atomi c Ene r 

Commission, the U. s . eathe r Bureau, and the Air Fo r ce Cambrid e Research Lab

oratory (AFCRL). Semiannual spot c hecks at various places in the world are bein ~ 

conduc ted under t hi s i nte•rated pro ram. Analyse of th ampl s obt ined are 

condu cted at several laboratories , o t h con t ract and -rov~rn nt. Radiochemi c al 

analyses as wel l as particle size di s t ri uti n and parti l ompositio s tudies are 

i n pro.,ress. Anton<l) has reported t he broad s cope of the overall pro ram. 

The details of operation of the HASP meridion 1 network and t le ana ly tical 

procedures used t o obtain the HASP data have been outlined in t he previous special 

report (DASA 532) and will no t be repeated here . :.>om of t he r esul t s previously 

.reported <2- l O) wil l be i ncluded t o provide or.::e cont inu ity o the reader. A brie 

resume of the resul ts obtained since 1 January 1960 and the contents of thi s 

• All references are i1s ted in Appendix IV. 
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eport follows. 

Rccalib~ation of Ducts 

Durin.; the course of analyses of filter papers taken from the nose and hatch 

u ts on the u-2 ai rcra!t, a noticeable discrepancy appeared in the activity of 

imultaneously e . posed samples. It was felt that this discrepancy (abOut 20' more 

a tivity on the hat h papers) was due to an improper calibration of the air flow 

rates t trou •h the ducts. A recalibration pro rWD was completed which produced new 

! low rat s in a dir ction which has tended to cut the discrepancy in half. In 

addition, the inventories previously described are about 13' too low. At the 

present ti all the flow rates for paper~ collected since 1957 are bein recalculated. 

T e fi nal report o the HASP pro ram (DASA 1300 in about six volumes, to be pub-

l i h d i n the fall of 1961) will contain all of t e HASP data with recalibrated flow 

ra t attempt will be made in this r port (DASA 539) to di tinguish clearly 

data that has resulted from recalculat d duc t flows and that which has not. 

I r 1 , all data from Phase V r sult from recalculat d flow rat s while data 

f r om pr viou ph a do . not. 

o l 

l p rt i c l e col l c tion suita 1 f o r s tudy with 1 c tron mi c rosco and with 

e l c t ron mi c r oprobes hav be mad s i nce January 1960. Thes tudies mad by 

Fr i end( ll ) t I o t ope , Incorporat d, and by Jun e , e t. al. (l2 ), at AFCRL, have con

f irmed pr v ious bal loon inves t! ationsC13) which s how a layer of tratospheri c 

ro ol i th maxi mum concentration at about 60,000 f eet. The composition appears 

t o be a su lfate o f ammonia produc d i n th~ s tratos pher by t he a tion of ~one or 

u nli h t o hydro n ulf ide and ~lfur dioxide. These particles may play an 
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Important   rolo   In   Hcaveri«ln»{   of   radioactive   particle»   froic   the   lower   at rato»ph«re. 

This   rep<jrt  will  contain   a  discussion  of   tltcso   results   ami   their   Implication   on 

stratospheric   residence   times. 

Radl ochemical   Analyses 

Since  one  of   the  major   ^oals   of   HASP  has   («en   to   obtain   the   stratospheric 

distribution  of   Sr-90  as   a   function  of   time,   those   data  will   l>e   reported   aion^   with 

a  discussion  of   their  significance.      Tunnston-IHS   Injected   Into   the   troplcpl 

stratosphere   In   1958   provided   a  unlquo   tracer   to   follow   a   test   series  without   ob- 

scuration   by  other   tests.      These   data  and   their   Implications  will   be   reported.      A 

resldoncu   half-time  of   less   than   one   year   for   lower   tropical   stratospheric    InJ^c-tlons 

Is   sui^osted   by   these  data with   movement   out   of   the   tropical   stratosphere   by   turl)ulent 

diffusion*   '   rather   than   "Brewer-Dobson ' circulation.      Incursions   of   iir-90 

from  Teak   and Orange,   the   two   hltfh   altitude  megaton   bursts   of   the   HAKDTACK  tost 

series,   are  noted   In  \yoth   the   Northern   and  Southern   hemispheres   with   the  maxima 

occurring   at   the   highest   altitudes   and   highest   latitudes   sampled.      Another   tracer, 

Rh-102,   produced   In   the  Orange   shot   Is  detected   and   allows   a measure  of   the   residence 

llrae   of   debris   in   the  mesosphoro   to  be   calculated. 

Other   fission   product   nuclldes   auch  as  Sr-H9,   Co-144,   and  Cs-L37,   as  we 11   as 

plutonlum,   have   been  detected.      Use  of   some  of   those   nuclldes   to  determine   the   ago 

of   debris   In   the   stratosphere   assists   In  describing   the   mixing   and   transfer  of   the 

debris   from  place   to   place   within   the   stratosphere   and   Into   the   troposphere.      A 

fairly   well   documented   picture   as   emerged  which   allows   a   selection   from   among   the 

various   theories  of   stratospheric  mixing  which  have   been   proposed.      '      '    '' 

Cortaln   radionuc lides   such   as  Be-7,   P-32,   C-14,   11-3,   and   Pb-210,   occur   aa 

natural   by-products   of   cosmic   radiation   and  decay   of   radon.      Some   are   also   produced 



in nuclear detonations. Concentrations of these nuclides have been .. aaured both 

in the stratosphere and at sea level. A discussion of their distribution sbeds 

additional light on the stratospheric and tropospheric ~xing processes. 

Surfaco lleuureMnts 

A nuaber of studies of radioactivity in rain and air saaples collected at the 

surface of the earth have been undertaken by many investigators since 1954. The 

major fraction of the fi~sion products aeasured in these programs bas undoubtedly 

come froa nuclides which were o•iginally injected into the stratosphere. Many of 

the results of these surface progr~ ar~ consequentl~ directly related to strato-

spheric processes. An attempt will be made to compare some of these results with 

RASP results. One important phenomenon, namely, the apparent rise in rate of 

fallout during the sprin~time, will receive considerable attention. 

Biolo !cal Hazard 

One goal of fallout asurement under the HASP and othei- pro.,rams has been 

the assessment of the biolo ! c al hazard associated with fallout. Suffic ient time 

has elapsed since the last lar e testing series and sufficient measurements have 

been made i n a variety of s amples and locations to make rather accurate estimates of 

the biolo i c al doses to be expected from the past nuclear weapons tests. The most 

si nifi c ant isotopes as far as internal irradiation is concerned include Sr-90, 

Cs-137, I-131, C-14, and possibly plutonium. For external exposure, the si nificant 

isotopes are Cs-137, Zr-95, Ru-103, Ru-106 and Ce-144. An evaluation of the amount 

and type o f doe t o be e xpec ted from e ach of these isotopes will be presented • 

• While no attempt will he made to mi nimize the hazard it will be seen that these doses 

from world-wide f allout are small when compared to the dose received from the ever 

pr e sen t natural ba k round of rad i ation f rom cosmic rays and rocks, 
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Chapter II 

CALIBRATION OF U-2 DUCI'S 

Introduction 

During the course of the HASP program attempts have been made to determine 

accurately the flow of air through the filter paper (IPC-1478) used in the sampling 

ducts of the U-2. Originally a theoretical relationship was used based on an 

extrapolation of data obtained from the P-33 sampler, a wingtip sampler which can be 

mounted on T-33 or B-57 aircraft. This sampler had been previously calibrated in a 

wind tunnel. Since there was some doubt as to the validity of the extrapolation, it 

was decided to instrument the ducts and measure directly the face pressure and 

pressure drop across the filter paper under sampling conditions. This program was 

undertaken at Laughlin Air Force Base, Texas, in 1958. The results of this calibra

tion were reported in DASA-532. 

After l June 1959, a series of dual samplings using both the nose and hatch 

samplers on the U-2 was performed. It became increasingly obvious that the activity 

concentration on the hatch filter papers was about 2~ higher than ~he activity on 

the nos f lter papers. Since the papers were exposed simultaneously, it was 

expected that equal activities would be obtained. The calibration data for these 

ducts showed the linear velocity of flow through the nose to be about 20S higher than 

through the batch. Since this difference could account for the noted discrepancy, it 

was decided to recalibrate the ducts(of the sam aircraft previously calibrated) 

under better conditiona. 

Instrumentation 

The nose duct has a circular opening 3.75 inches in diameter, while the batch 

duct bas an elliptical opening 8.25 by 4,75 inches. (See Fig. 1) When the duct 
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doors are open Ul obstruction 0. 25 inches hilb rell&ina acrose the center of the 

openinc. 'l'be ducts 1rlldually widen until the filter papers are reached. 'nle 

effecthe filter areu are 0.55 aDd 1.31 tt2 for the noM Uld hatch ducts 

reapecti vely. 

An inatru.ant theater supplied by the Allee Laboratory of NASA containing Ul 

alti•ter, airspeed indicator, clock, 2 teaperature guqea (free air, theater), 

and 8 preaaure inatru.anta, wu installed in the equiz-ent bay of tbe aircraft 

abOYe the batch duct. 'l'be inat~nt• .. re pbotocrapbed in a airror by a c-ra 

.aunted in the plane of the inat~nta. Pressure line• connected tbe inat~nt• 

to the pitot-atatic ayat .. Uld to aaall openin1• in each duct at the entrUlce Uld 

i~iately fore and aft of the filter paper. Poppet valves to protect the inatru

•nta when DOt in uM .. re a lao inatalled. Figures 2, 3, Uld 4 show the installation 

f~ tbe face, top, and bottoa respectively. Figure 5 shows the arrange•nt of the 

plu.binc in the recordin1 ay•t-. Six of the preaaure inatru.enta W.re actually 

airapeed •ter• of the standard drua type and two were helicoP,ter airspeed •ters 

for accurate •uu...-nta in the low ranee . 

.. aulta 

!be calibration flilbta were carried out under the supervision of Professor 

.lliott G. Reid, of Stanford University , at &dwards Air Force a ... , California, 

durinc JUly 1960. Several flights were aade at varying airspeeds and altitudes at 

li1ht Uld heavy aircraft w ght using precalibrated filter paper• of nearly equal 

bulk den•ity and perforated plate• of varying poro•ity. 

Reduction of tbe data wu perfor.ed by tbe •thod de•cribed by Reid(2 ,l7 ,l8). 

Basically thi• .-ount• to .. uuring the pre••ure drop aero•• the filter in flight 
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and then do»^rmlnlng the velocity of flow throuKh the paper fro« a presaure drop- 

volotlty characterlat 1 c curve dotemlned by wind tunnel calibration of the filter 

paper used In the duct. 

The flight data obtained are remarkably conalstant atteatlnK to the excellence 

of the InutmmentatIon.  The presaure at the face of the nose filter waa about 97% 

of atatcnatlon pressure and the pressure drop across the flKcr varied from 70% to 

80% of the dynamic pressure.  As a result, the velocity of flow through the fllter 

waa 70% to 80% of the maximum possible value which would be obtained 1? the 

pressure at the face were at the sta/natlon value and the pressure immediately aft 

were at the ambient value.  This drop In efficiency has two causes; first, the 

filter paper Is sufficiently porous that the flow velocity Is about 5% of the free 

stream velocity so stagnation pressure cannot be reached and, second, there is 

considerable back pressure in the duct caused apparently by the manner in which it 

exits at the surface of the aircraft.  The noafi  duct flow rates seemed to be 

independant of the Kress weight of the aircraft, while the hatch duct flow rates 

showed a change with gross weight of only a few percent. 

In the case of the hatch duct, the filter paper face pressures were registered 

to be conslbtently lower  lan those in the nose duct although the aft pressures 

were the same.  As a consequence, the face velocities of the hatch were calculated 

to be about 10% lower than those of the nose at the usual sampling speed schedule. 

(2) 
Radiochemical data     Indicate  that the face velocities should be the same. 

There are several possible explanations for this difference. 

1.  The face velocities may really be different and the radiochemical data is 

in error.  Dual filter papers sometimes show as much as 10% difference in activity, 

although the average difference, using the recalibrated duct data, is 10% more 
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activity p«r unit volume aaopled by the hatch.* (10% lesa vulum« aampled per unit 

area of flIter) 

2 
2. The effective areaa of the filter paper« nay not be 0.55 and 1.3H ft . 

This poaalblllty cannot be completely ruled out although autoradlographs ahow 

uniform density of activity acrosa the filter papera and aelected aamplea cut from 

various quadrants at different dlatancea from the center of the paper she« no trend 

( 19) In activity density. 

3. The preaaure at the filter face In the hatch (P5 In Fig. 5) may have been 

recorded at a value consistently lower than the actual pressure.  It la not known 

how much the asymmetry of the hatch duct affecta the preaaure around the periphery 

of the duct In the vicinity of the filter face.  Only one take-off point for the 

measurement of pj was available while a two point manifold situated 180  apart was 

available for the same measurement In the noae duct (p^ In Fig. 5).  The nose 

duct Is more symmetrical than the hatch duct.  The difference between P2 and P5 waa 

about 9% of the dynaul' pressure. 

4. There may have been exceaalve leakage around the filter papers past the 

Inflatable seals. 

Figure 6 shows the flow ratea based upon the Reid data.  Figure 7, below, 

shows the effective change of flow In each of the ducts compared to the flow data 

previously published In DASA-532. 

Notice that the hatch flow rates have been reduced about 8%  while the noae 

flow rates have been reduced from 8% to 18% depending upon altitude.  The effect 

of this change has been to Increase the HASP inventories from 10% to 13% over 

those previously reported.  The anlyses which depend upon Isotoplc ratios are 

*See Case 5, Table I, pa^e 15 
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uniif feet oil   If   the   valueit   fur   the   two   Isotopes   are   taken   from   the  saae   paper,     Thla 

Is   the  tiuual   practice. 

The  effect   of   the   variability  of   different   filter  paper»  has   benn  shown*     ' 

to  amount   to   '.ess   than  6%.      In  view  of   this   fact   and  In   ll^ht   of   the   forcRoln*: 

discussion,    It   Is   felt   that   the   nose   flow   rates   reported  here  are   tfood   to  ♦10% 

and   that   the  hatch   flow   rates   are  KIXHI   to  ♦20%,   -0%. 

Figure   7 

DUCT   rU*  fACTHRS 
(RcckUbratad) 

ki >0 i5 60 

AUltud«  (Thouaanla  of  T—l) 

H 

Intercomparlson  with   the  B-57  gamplerB 

During   the Air Samplln»;   Prot;rain   iy60^21 •37^ ,   conducted   from  Kirtland Air Force 

Base,   New  Uaxlco,   the   opportunity   presented   Itself   to   intercompare   the   Los Alamos 

Scientific   Laboratory   and  F-33   air  samplliu;   equipment   mounted  on  B-57   aircraft 

with   the  nose   sampllni;   equipment   flown   by   U-2   aircraft   at  Mlnot  Air  Force  Base, 

North  Dakota. 

Three   LASL-U-2   nose   and   two  IASL-F-33   Intercomparlson   tests   were   conducted 

In  March   1960   and   the   data  are   presented   In  Table   1.     For  cases   1   and   2   the  B-57 

aircraft   flew   In   close   proximity   to   the  U-2   and   the     liter   papers   were   exposed 

virtually   slnutltaneously.     In  case   3  a  space  and   time  difference  existed   between 
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Talile   I   Sampler   Interca 11 brat 1 oru 

lASL  -  l'-2   tioae  Sampler  Cociparlaon   of   Sr-^O  Data 

Case   1 Case   2 

Date: March   22, 1960 March   29, 1960 
Altitude: 10,000   feet 10,000   fee t 
Aircraft: B-57 U-2 D-57 B-57 U-2 
FiIter No: WB   091 HASP   3 161 WB   133 WB    13 1 HASP   3 19 8 
Open    L«t. 50ol5'S SO0!?^' \6o0Tti 13o30l 'N so'^n'N 

Lonr. 102o32,N 102o31'W 100° 10'W loo'^ao1 
'W 102o31'W 

Tlmo 1 J00  Z 1359   Z 15J2  Z 1610   Z 1500   Z 
Close   Lat. 5602 »'N 56021'N 3H0\$'ti SHOIS1 'W 380ü 1' N 

LonK. 107o10   W 102o03,W 9905H,W 99058' 'W iooü3 I'W 

Time 1523  Z 1525   Z 1700  Z 1700   Z 1716   Z 

Sr-90  dpn/'lOOOSCF >3.9-fl.3 48.5^.0.5 51.7>1.6 53.6+1. 6 17.7 + 0. 3 

Average: 5 1 .2+1. 6 
Difference  dl vlded 
by   the  mean: 10% 13% 

Case  3 

Date: March   29,   1960 
Altitude: 15,000   feet 
Aircraft: B-57 B-57 U-2 
Filter   No: WB   135 WB   136 HASP  3501 
Open     Lat. IG^O'N 43045,N 38Ü17'N 

Long, 100o30'W 100o30'W 100o36'W 
Tine 1920   Z 1950   Z 1928   Z 

Close   Lat. 13015,N l0o25,N 50C'l7,N 
Long. 100o30,W lOO0^^ 102o3rw 
Time 1950   Z 2020   Z 2129   Z 

8r-90  dpm/lOOOSCF 78.4+2.1 62.0*1.7 

Average: 79.2>2.I 
Difference divided 
by the mean: 24% 
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Table   I   (Cont'd) 

Ca«e   1.      lJlSL-r-33  Sampler Comparlaon  of   Beta Activity   (B-57) 

2 
Area  LAflL Sampler  Filter   Paper:        3,97   ft 
Area  F-33  Sampler  Filter   Paper: 1.75   ft 

35,000   ft.,     Saaplln«   Time   60   mln..   True  Air   Speed   375   knols, 
Flo*  Rate   1260  SCF  mln/ft2 

LASL:      Left   sampler       7H7   c/m  -   2.62   c/m/lOOO  SCF 
Rl^ht   sampler     757   c/tn  »2.52   c/m/lüOO  SCT 

F-33:      Left   sampler        123  c/m  ^   3.20   c/m/1000  SCF 
Rl^rht   sampler     368   c/m  a   2.78   c/m/lOOO  SCF 

■15,000   ft.,     SampllnK   Time   60  min..   True Air  Speed   320   knots, 
Flow  Rate   610  SCF/mln/ft 

LASL:      Loft   sampler        M95  c/m  -   30.9   c/m/1000 SCF 
Rl^ht   sampler      1551   c/m  -   31.3   c/m/1000  SCF 

F-33:     Left   sampler       19 15  c/m  =   30.8   c/m/1000 SCF 
RlK^t   sampler     2026  c/m   =   31.6   c/m/1000  SCF 

Case   5:      Comparison  of  Calculated  with  Measured  Relative  Collection Efficiencies   of 
U-2   Hatch   and  Lose  Samplers   Using   1960  Duct   RecalIbratlor 

Altitude Vo1ume and Actl vlty   Ratios   of Hatch/Nose 
(feet) Volume Total i e Sr-90 W-185 Ce-1 1 1 

70,000 2.28 (29) 2.51 (29) 2.1 1   (28) 2. 13   (15) 2.37   (10) 

65,000 2.28 (125) 2. IH (121) 2.11   (122) 2. 15   (56) 2.18   (26) 

60,000 2.26 (97) 2.50 (90) 2.51   (89) 2.52   (39) 2.58   (1 1) 

55,000 2.20 (30) 2.57 (29) 2. 11   (28) 2.51   (6) 2.19   (10) 

50,000 2.21 (»0 2.5 1 ( tl) 2.50   (38) 2. 11   (12) 2.50   (13) 

15,000 2.23 (9) 2. 11 (9) 2.31   (9) 2.38   { I) 2.55   (3) 

10,000 2.26 (3) 2.53 (3) 2.59   (3) 2.58   (2) 3. 18   (1) 

30,000 2.26 

2.26 

(1) 

(311) 

2.00   (2) 

2. 17   (319) 

2.80   (1> 

2. 17   (135) Average 2.50 (325) 2.50   (77) 

The   number  of   samples   included   In  each   average   are   ^iven.      It   Is   noted   that   the 
Hatch   has   an   apparent   collection  efficiency  which   Is   10%  greater   than   that   of   the 
Nose. 
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the   L)-f)7   and   the  IJ'-21   an 1   It   ma>   ii"t   bo   a  valid  iur.parlt.un  of   !»uj7ii>l 1 n^   oqul pmont. 

Case   J   »how»   the   results  of   «lual   U-57   fllr.lits   usln«   LASL  and  F-;).t  duels. 

Since   u   1   saraplers  used   the   samo   type  uf   filter  paper   (1 PC   1 IVM)   und   th< 

laburaturles   that   performed   tt\o   Isutoplc  anaKsts  were   1 ntercalIbrate 1,   ll   appt'ars 

that   a   larr.e   part   of   the  differences   In   ».he  Sr-l.»0  data   In   tabes   1   and  2   are  due 

either   to  dlfiercnces   In   the   evaluation  of   the   flow   rutea   In   the  sampling  equipnent 

or   to   variability  of   the  Sr-'JO   concentration   In   the   «t ratosphere.     Tlie  f-0   data 

are   based  on   the   recalibrated   flow   rates. 

It   Is   difficult   to  make   an   accurate  appraisal   In   the   absence  of   nore  data, 

but,   since   the  differences   In   the   simultaneous   comparlso-.s   were   rolatlvel>   s.al., 

It   can   be   assumed   that   the  L'-2  data  can  for  all   practical   purposes   be   inte^iated 

with   the  D-57   data.      Further  data  obtained  durint   Phase   V  substantiates   this 

cone 1 us Ion. 

Flow  Characteristics   of   IPC   1178  Filter Paper 

During   the   recallhratlon   pro^rain   two  pieces   of   IPC   117M   filter  paper   weithin,- 

o 
11.3   ^,rams   per   ft     were   tested   for   their   pressure  drop-flow   rate  characteristics. 

2 
The   results   are  shown   In  Fl^'re  H.     The   reduced   pressure  drop  ".'.   p,  L     IS   plutted 

against   0\/s   where   ,".p   is   the   pressure  drop   in  psf,   v   Is   the   fate   velocity   In   ft'se» 

and  "3   and   x  are,   respectively,   the   relative  density   and   relative   vlacosltj   at    tlie 

face   of   the   filter.     An   analytical   expression  which   accurately  describes   this 

result   Is: 

a'p/c2  a  0.577   (-v'O2  ♦   0.966  -v   j.   -   0.12 (1) 

This   expression  can  also  be   used   to   fit   the   average   value   curve  by  Van  den Akker 

previously   reported   In  DASA-532  and   L)ASA-ll*"iH  and   Is   an   Independent   check  of   that 

work. 
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Stern  hau   rep<irt«cl   filter  efflclenclei   and  proBaure   drop-flo*   rate   charac- 

(23 ) terlstlca   of   IPC   M7H   filter   paper   at    low   flow   rates. HI»   rfenorallied  expreaslon 

fnr   flow   converted   to  Kt\,(llsh units   1». 

v   .=    ',   p   (1   ♦   28.65/p) (2) 

whe -e   v    la   the    face   velocity   In   ft/sec   and   .'.   p   and   p   are,    respectively,    the   pressure 

drop   ami   face   prosaure   In   psf.      It   ( aj»   be   seen   that   equations   (1)   and   (2)   are   not 

compatible   since   one   Is   a  quadratic    and   the  other   Is   linear   and   also  one   la   an 

Implicit   function  of   the   temperature   (x  depends   on   the   absolute   temperature   alone) 

while   the   uthe>-   is   Independent   of   temperature.      For   sea   level   conditions   (SL on   Fix. 

H)   equation   (I)   approaches  equation   (2)   as   an   a/iymptote   and   Is    loss   than   10% off 

below   .',   p   equal   to  3   psf   (1.47   cm   H^O,    the   highest   value   of   ^   p   reported   by   Stern). 

For  conditions   at  higher   altitudes   and   pressure  drops   greater   than 3   psf  equation 

(2)   does   not   uive   reliable   results,   as   Stern  was   careful   to   point   out.      Table   II   shows 

the   results   of   calculations  of   face  velocity,   v   ,   using   Reid's   duct  data  at   various 

altitudes   compared   to  values  of   face  velocity,   v,   using   Stern's   expression  extended 

to  higher   pressures. 

Values   as   much  as   76% different   appear  when  ^   p   1 s   aa   high   as  76.5   psf.      One 

explanation   of   this  dlfferonc«   is   the   possitillty  of   compaction   of   the   filter   fibers 

toward   the   rear  of   the   paper  when   exposed   to   a   large   pressure   drop with   a  subsequent 

decrease   In  effective   porosity.       In   addition,   flow   at   high  pressures   Is   probably 

quite   turbulent. 

(22) The   aerosol   efficiency   reported   by   Stern confirms   the   previously   reported 

t.otlon   that   the   filters   In   the   U-2   duct»   are  very   nearly    100% efficient   for   collecting 

particles   In   the  0.1   to   1.0 nicron   range. 
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Table II 

Cutnparlaon of Face Ve luc 1 t IPB 

Altltud« 36K 12K 18K 55K 

IAS 180 180 160 1 JO 

P 570 153 312 256 

■P 76.5 77. 1 62.5 19. 7 

V »0.5 82.0 67.H 55.2 

V* 15.6 J9.6 16.Ü 12.5 

v/v 1.76 1.65 1. 15 1.30 

Altitude 36K 42K 18K 55K 

IAS 100 100 100 100 

P 506 388 297 22H 

■P 2J.1 21.6 25.C 25.6 

\. 25.5 26.2 27. 1 28.8 

• 
V 21.1 22.7 2 1. 1 26. 1 

v/v* 1.21 1. 15 1. IG 1.09 

6 IK 67K 7ÜK 

130 120 no 

200 156 132 

11.5 39.3 33.9 

51.0 16.5 11.2 

11.3 38.2 35. •! 

1.23 1.22 1. 16 

61K 67K 70K 

100 100 100 

179 1 12 126 

20.6 27.H 28. 7 

30.9 33. 1 35.2 

28. 1 29.8 30.9 

1. 10 1. 12 1.11 

v Is face velocity accordlnc to Stern's method. 

v  is face velocity according to Reld's method. 
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Chapter   III 

NATURAL  STHATOSPHERIC  ÜUST 

Int roductIon 

During   the HASP  prograjn  a   subsidiary study   to measure   the   characteristics   and 

distribution   of   «tratospherlc   partlculato matter  has   been   carried  on.      OrlKlnally   the 

effort   was   aimed  at   determining   the   size  distribution   of   the   radioactive   particles 

which   »ere   being  sampled.      It   was   felt   that   this   characteristic   of   the   radioactive 

debris   might   play  an   Important   part   In   the  sampling   efficiency  of   the   IPC   1178   filter 

paper   In  use   In  the  sampling   ducts.      Some  of   these   results   were   reported   previously 

In  QASA-532.      Particles   In   the   size   range 0.01   to   1.0  microns   were  encountered   but   they 

could   not   be   directly   correlated  with   the  sampled   radioactivity.     Based  on   a  number 

of   consideration»,   the  conclusion wa«   drawn  that   the   filter   paper was   very  nearly 

100%  efficient   In  trapping   the   partlculate   radioactive   debris   sampled.      This   study 

has   lead   Into an  Investigation  of   the   naturally  occurring  stratospheric  dust. 

(13) 
Junge   has   suRtjested that   the     natural     population   of   the  stratosphere   oonslsts 

of   three   families,   one  of   tropospherlc  origin   In  a  size   range   of   less   than  0.1   micron, 

one   of   stratospheric   origin   In   a  size   range  between  0.1   micron  and   1.0  micron,    and 

one   of   extraterrestrial   origin   In  a   size   range   greater   than   1.0  micron.      Using   a 

balloon  borne  Altkcn   counter   sensitive   In   the  0.01   to  0.1   micron   region,   Junge   has 

shown   that   the  concentration   of   the   "tropospherlc"   particles   diminishes   with   Increasing 

height   above   the   tropopause   to   1/lOth   the  upper   tropospherlc   concentration  within 

13,000   feet   above   the   tropopause.      (See  Fltf.   9)   Vertical   structure   In   the   particle 

concentration   profile   suggests   horizontal   layering   of   clear   stratospheric   air  with 

the  more   contaminated   tropospherlc   air  and  further  suggests   some   type   of  horizontal 

mixing   between   the   troposphere   and   stratosphere   In   the   mid-latltudc   regions   sampled. 

20 



IZ 

A'iT.Ol        "    L      Mi'th' 

O 

ff^f 

.. ^ 

f «   c 
i-   < 

• ^ 

i 

«    < 



'Jaing   a  balluon  borne  General  Ml 11a   tmpactur  with   peak  collection  efficiency 

near 0.15 micron,   Junge^     '   haa  »lao  ahown  the  existence of  a  duat   layer  extending 

from  above   the  tropopauae   to  around  80,000   feet,   with  maxlmuin  concentration«   near 

65,000   feet.      (See  KlR.    10)     Ualng  an  Electron  Microprobe Analyzer,   these   partlclea 

were  ahown   to  contain   sulfur,   probably   In   the   form  of   aounonlum  sulfate.      Junge 

auggeata   that   these   particles   are   formed  within   the   layer  where   they   appear  by  a 

primary  proceaa   of   oxidation  of  FUS   and  SO2   introduced  by  diffusion   through   the 

tropopauae.      The   sulfur  density  in   the   balloon   collections   was   shown   to  be   about 

3   x   10 gma/cm     Compared   to   1000   x   10~        gma/cm^   of   ^»8*°'-'»   sulfur   components   In 

the  high  troposphere. 

Aircraft  S—pllng 

Since  January   1960   two  U-2  aircraft   used   In  HASP  aanpllng   have  had   probes 

Installed on  a mount   near   the  nose  of   the  aircraft   (See F1R.    1   for   location  of  mount), 

The  sampler  consists   of   a   removable   cartridge  housing   two  retractable   Impactlon 

2 2 - surfaces,   one  of   1.2   cm     area  and  one  on   the   tip  of  0.5  cm     area   (See   FlK-    H).     The 

Impactlon  aurfaces   are  extended and  withdrawn   simultaneously  by   the   pilot   after 

reaching  the  sampling   altitude. 

Collection  haa  been  at   the  rate  of  about   one  exposure  every   two  weetu»   for  3 

to  7  houra.     Alternate  samples  are  analyzed   at   laotopes.   Inc.,   and  at   AFCRL.      The 

results  obtained  by  Friend   and Sherwood^^'   at   Isotopes,   Inc.,   are   reported  below. 

The   Impactlon  surfaces   consisted  of   fonnvar   films  coated  on  200  mesh   «old  screen. 

From each  sample   four   1/8   I rich  discs  were   punched   for  use  as  electron  microscope 

specimens.      Several   electron micrographs   of   each  specimen were  made   In   an  effort   to 

ensure   represertatlveness   for  particle  size   -   frequency measurements.      Electron 

micrographs   of  some   typical   stratospheric   particles   are  shown   in  Figure   12. 
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Most   of   these   particles,   which   have   radii   In   the   ran^e   from   lea«   than 0.10 

nitron   to   1.5  micron«,   nave  electron   diffraction  pattern*   corresponding   tu 

amr.onl um   ptrsullate,    (Ml^o^?0«'      Some   of   the   particles   wore   ahown   to  be   ammonium 

silfate,    (N)l;)2  i>0 j,   by  measuremerit   of   cr>fltal   uiu'les   and   by  electron  diffraction. 

The   sulfate   and   persulfate   particles   were  hygroscopic   and   were   found   to  be 

somewhat   volatile   in   the  electron   beam.      The   1 dent 1f11at 1 on  of   sulfate   and   persulfate 

as   const 1 tutents   of   stratospheric   particles   represents   an  Independent   corroboratl on 

of   the   work   of   Juru;e   and   co-workers. 

Few  of   the   particles   with   radii   greater   than   1 , fi  microns   contain   sulfate.      Most 

of   thf .e   lar^e   particles   have   a  higher   electron  optical   density   and  inore   Irregular 

outlines   than   the   silfate   particles.      Occasionally  spheres   of   hl^h  denslt\   with 

diameters   smaller   than  one   micron   were   found.      It   Is   possll    e   that   some  of   these 

nonsulfate   particles   are  extraterrestrial   In   origin. 

The   particles   as   they  appeared   In   the  electron mlcroKraphs,   were   counted  and 

classified   according   to   radius.     The   number   of   particles   In   each   class   was   corrected 

for   Impactlon   efficiency   for  a   cylindrical   surface  according   to   the  method  of   Ranr 

ai.d  Wonn^2-^   using   a  particle  density   of   2  gm/cm   .     The density  of   (NHj^ S20H   Is 

1.982,   that   of   (NH4)2SO|   Is   1.769.     Because   the   Impactlon  efficiency   for  particles 

smaller   than   0.1   micron   radius   Is   very   small   (-^"t)   the   lower   limit   of   radius  of   particles 

classified  was  0.1   micron.     Figure   13   shows   the  average  distribution  of   particle   radii 

plotted  as     d(log   r)     per  cm     (concentration)   vs   r   (radius),   where  dn   Is   the  number 

of   particles   per   err     of   air   with   radii    In   the   Interval   d(log   r) .      The   dashed   portion 

of   the  distribution   represents   an extrapolation   from  0.16   to 0,10  micron  radius.      In 

all,    the   results   of   classification   of   alxteen   sample»,   covering   the  altitude   range 

between   50,000   and   70,000   feet,   were   used   to   compute   the  average   distribution  of   particle 

radii.      For   altitudes   lower   than  60,000   feet   the  collection  efficiencies   for  particles   with 
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rndll    less   than   one  micron   are   lo*   and   stronKly   dependent   upon   altitude.     For   thl» 

rt-auon   the   portion  of   the   distribution   (urve   sho\»n   In  Flfrure   13   for   radii   less   than   <•. !6 

mlc-rfin   was   detenilnod   primarily   by   thu   resulta   of   nlno   somplos   all   collected   at   r^enn 

altitudes   Kreatcr   than   61,000   foet.      For   particles   *lth   rudll   greater   thai,   or  equal 

to  0. 1   micron   all   sixteen  Harpies   were   Included   In   the   avera^lnf.,    there   not   bcln^;   a 

discernible   altitude   dependence   for   particles   In   this   size   ran^e.      The   average   curve 

vlclds   a   number   concentration  of   1.1    particles   cm     and   a   volure   concentration  of 

-15 cm^   3 
'♦. b x 10        cm .  The number concentration Is determined almost entirely by 

the number of particles In the smallest size rarure considered here (0.079 li^S r i 

0.126^, or r = 0.100^.),  Althc^u^h many particle« of this size ran^e were observsd In 

the samples, their concentration was determined by extrapolation as previously 

explained.  It Is therefore considered that the number concentration ..ay be In error 

by as much as a factor of five.  The volume concentration of particles In the 

extrapolated region Is about \0^  of   the total calculated from the average distribution. 

Thus the error In the volume concentration due to the extrapolation Is probably not 
♦ 200% 

mi re than about -  10%.  The volume concentration of partlc les with radii between one 

micron and 6.3   microns (the largest particles found In the samples) Is about 7 x 10 

)   3 
cm 'cm , as computed from the average distribution. 

Table III lists data pertinent to the nine samples collected In the t;5,000 feet 

altitude region.  The Individual number concentrations and volume concentrations 

listed were calculated uslnn collection efficiencies based on the average distribution 

and are therefore dependent upon the extrapolation as explained above.  Also listed 

3 
In   the   table   are   some  strontium-90   concentrations   (   In   dpn   cm   )   of   the  air  sampled 

by   the   probes.      The   str.ntlum-90  concentrations  were  obtained   fron   HASP  filter  paper 

samples   which   were  exposed  simultaneously  with   the   particle   collections,   and  are 

avoraK»;   values   over   the   flight   paths.      There   Is   Indicated   a   relatively  snail 

L'H 



Table III sumaary of Particle and Radioactivity Concentrattona 

• nt 90 
Sample Date Latitude Altitude v Sr Concentration 

< c::a3 I c::a3) No. Collected (feet) ( cm-3) (d5W'C113) 

W-3 3/ 16/ 60 2'7Mi=!l2N 67,000 1.57 1.24 X 10-14 3 . 61 X 10-7 

W-8 4/5/ 60 15N~8S 67,000 0.94 1.17 X 10-14 2.70 X 10-7 

W-10 4/21/ 80 48N 65,000 3.56 3.36 X 10-14 
6.17 X 10-7 

W-12 4/30/ 60 66N~50N 65,000 1.19 9.43 X 10-15 5.02 x -10 -7 

W-13 5/ 9/ 60 15Np6S 67,000 1.42 1.01 X 10-14 3.03 X 

W-1 4 5/ 12/60 16~98 65,000 0.86 1.31 X 10 
-14 

2.84 X 

W-16 11/ 17/ 60 62N....,.32N 84,000 0.10 4.14 X 10-15 

W-17 11/ 21/ 60 15S....,.20N 85,000 0.63 6.55 X 10-15 

t Number comcentration (baaed upon extrapolation of particle size-concentration 
distribution to 0.1 atcron radius) 

• Volume concentrat1ont4~ contributed by extrapolated portion of particle size
concentration curve) 

variation from sample to sampl e in tbe ratio of stronttua-90 concentration to tbe 

10-7 

10-7 

volume concentration of particles. The larger ratio exhibited by saaple w-12 aay be 

explained in part by tbe presence of stronttum-90 fraa tbe bleb alitude rocket 

detonations Teak and Orange (See Chapter VIII) in addition to tbe atronttua-90 froa 

the lower stratospheric injecttona of the HARDTACK teat aeries. Debris froa this 

latter source was probably the main radioactive component of the particles in the 

other samples . 

Two conclusions may be reached on tbe -baais of the particle size concentration 

spectrum and the particle cheaical compositions. 
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1) Tlitri;   appears   tu  be  a   rwlatlvely   peralatont   aerosol   layer   In  the  stratoBphere 

extendln«   to  an  altitude  above   7ü,000  feet   (to  about   80,000   foet   accordlnK   to 

Jun^12>). 

2) Particle» cociposed of axnmonlua peraulfate and annonlum sulfatc conprlse almoat 

all of the aerosol In the radius range from 0.1 - l.S micron which, In turn, com- 

prise«   more   than  90%  of   the   total   aaas   of   the   aerosol. 

The   most   likely  source   of   the   aulfate  particles   Is   ^S   and  S0?  of   terrestrial 

orlKln,   which  enter   the   stratoaphere  by   some  mixing   process   and  are  subsequently 

z (13^ oxidized   to SO.  by  ozone  and ultiuvlolet   radlatlonv     '. 

Ihe   average  distribution of   particle  radii   ahown  In Figure   13  differs   fron  that 

found  ty  Junge  et   al In  the   region  0,1  ^ s   r  i  1.0   u  In both  slope   and  Intercept 

at  0. lu.     The  valu«.   of  dn/d(log   r)   at  0.1^ obtained by  Junge  Is   about  a   factor  of 

2 
five   lower  tha.i   found   in  this  work.     Jungo  found  that   drv/d(log   r)   varied  as   )/r 

for  this   region  while   In  thin   work dn d(log   r)   varlei   QpproxlmRtely  as   l.'*"  .      rhrse 

discrepancies   point  up  the  rather   large  uncertainties   In  the determination of   the 

number   concentrations  of   particles  with  radii   enaller   than 0.2 micron.     However,   the 

volume   concentrations   represented  by   the  respective  distribution  functions  differ  by- 

only  a   factor of  two  (this  work  yielding  the   lower)   in  the  region 0,1^ tc 1.0^. 

By   Invoking  some  rather  crude  assumptions   the  total  sulfate  content  of  the 

stratosphere  nay  be  estimated  by   two  methods   which   are   outlined  below; 

1)      Assumirg   that   the   aerosol   and   the  at rontl uin-90   in   the  stratosphere  had  mixed 

throughout   the   layer   In   which   the   aerosol  exists   (tropopause   to   80,000   feet)     both 

laterally  and  vertically,   then   the  total SOj  content   of   the  stratosphere   Is  given 

by  the   ratio of   the  average  SO.     concentration g  cm     at  65,000  feet   to  the  average 

■stront iur.-90  concentration   (dpm/cm )   at   the   same   altitude  nultiplled  by   the   total 
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Bt ratüsphorlr  burden of   »trontlLun-90.     The   Inventory  oi    lower »tratosphTli 

«tr«ntlum-90  exrluslve   of   that   from   ,'oak   and  Orange   was   (»bout   O.H  neKacurlc   durin.; 

the   period  January   to  Jjne   1960   (See Chapter   V).      Lees   than   10%  uf   that   amount   waa 

uBtlruatod   to  be   above   80,000   foot.     The   mean   tonrontrat Ion  of   »trontlura-OO   at 

-7 J 
65,000   feet   during   that   tine   wa«   3.1   x   10       dpm   cr,     (ambient).      This   Is   comparablo 

to   the   «t ront 1 urn-'JO   ronrent rat 1 ons   listed   In   Table   III.      Assuraln^   the   aerosol   to 

b(    composed   of   anunonlunj   sulfate,    the  average  SO"     concentration   corresponding   to 

-1 1 1 the   distribution   In  Flrure   13   Is   1.31   x   10 K"/ cm     expressed   a»  SÜ"j.      The   total 

SO"   burden   of   the   stratosphere   Is   thus   calculated   to   be   M.1   x   10     kilograms. 

2)     AseumlnK   that   the   vertical   profile   o'   aerost.'l   particles   Is   constant   rela- 

tive   to   the   tropopause   over   all   latitudes   and   that   the   aerosol   density   Is   propor- 

tional   to   the  nunber   concentration,   as   Indicated   bv   Junto's   work   (see   Flrure   10) 

and   by   the   relative   constancy   of   the   ratio  of   volume   concentration   to   number   concen- 

tration   in  Table   III,    then   Integration  of   the   vertical   profile   over   altitude   and 

around   the   earth   yields   the   total   number  of   particles   In   the  stratos [iicre   (equal   tc 

2 1 T 3.6   x   10        parV.l    . :.      iS^ng   an   avoraRe   number   concentration  of   1   particle   err   ut 

20   km   altitude.1      '.als   number  multiplied   bv   the   ratio  of   average   sulfate   concentra- 

tion  to  average  number  concentration  (Table   III)   yields   a  stratospheric   sulfate 

burden of   1.5  x   10     klloprams.     The  result   of   using  Junge's   particle  size-concen- 

tration  distribution   in   this   calculation   Is   11   x   10     klloprans   of   S0^. 

With   the   assumptions   made   in   (1)   above   plus   the   assumption  of  a   1.0   year 

residence   half-time   for  8trontlum-90  of   tropical   origin,   the  stratospheric   produc- 

7 
11 on   rate   and   removal   rate   may  be   estimated   to  be   approximately   5.5   x   10     kilograms 

of   SOT   per   year  based   on   a   sulfate  burden  of   8   x   1U     kilograms. 
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The concentrations of sulfur found (in the U-2 probes analyzed bv AFCK1. aro 

(2 l) * similar to those obtained at Isotopes, Incorporated,      and have un averaRO 

volume concentration of about 5 x 10"'" cm' cnT ,   This is equal to 2. :\  x 10' " 

1 -IS pm/cm  of elemental sulphur or \>   x 10   i^n/'cc expressed as sulfate and corresponds 

roughly to the value obtained bv balloon sampling (see Table IV)\ 

Table IV 

AfCRl,   1960   SULFUR  UATA 

Element a 1   Sulfur 
Concent rat 1 on 

Date   Collected Altitude Latitude ton   en3   x    10"1S S am pie No 

1 

2 

3 

1 

5 

6 

7 

H 

'-» 

10 

11 

12 

13 

Mid 
Altitude LatItudo 

20km 21f>N 

2ukm 35^ 

20km 37^ 

201 5<1' 

20km 290S 

19 km 20  . 

18km 380S 

2Ukm IH0N 

20 km 50oS 

19 km 7l0N 

20kH l0ON 

20 kr 32^' 

20kjn 32^ 

26  Apr 20km 21^' 1.1 

25 AUR 20km 35°^ 2.\) 

26 Sep 20km ;J7
<>

N 2.0 

2 J  Oct                              201                               5° ' 2.7 

25 Oct 20km 290S 3.0 

0.9 

26 May IHkm :iH"s 2.5 

27 Oct 20km IH0N 2. .'< 

27 Oct          20km         50oS 3.0 

1 Nov 19 km 7 1f'N 2.3 

1 .H 

2. 3 

1 . 1 

AveraRe    2.3 

Elemental Sulfur concentration x 1.1   (.VH.)., SOj concentration. 
Elemental Sulfur concentration x 3.5 = (Nil 1)2 s^ns concentration. 
Elemental Sulfur concent r.it 1 on x 2 ? volume concent rat 1 on in cm-' cm' 

•See also Juni;e CE and JE Man.son Journal of Geophysical Research   i>Gi 2163, (1961) 

32 



Thl»   vulume   conrcnt rat 1 on   Is   aboiit   half   that    found   bv   Isotup*«,    In«.,   but   Is   about 

a   fartor   ol    four   lower   than   the   vulume   concentrn11 on   corrcnpondlr«   to   JunKe'a   particle 

radius   dlatrlbutlon   curve.     Figure   1 1   shows   the   dlstrlbutlun   of   sulfur   denait)   and 

particle   concentration   as   a   function   of   altitude   and   latitude   us   determined   by   Jun^e 

These  distributions   are   based  on   the   aamplea   listed   In  Table   IV. 

A   dual   collection   wa»   made   on   13   February   lyfil   near   JO     N   at   65,00U   feet   nnl 

15,0(^0   feet    (2()ki7'.   and   l.lkni).      The   results   ahowed,    respectively,    a   concent rat 1 c^n   of    i   b 

-15 3 (2 1)* 
and  0.7   x   10 K/cm     of   elemental   sulfur*      '.      These   figures   are   plotted   on  Figure 

10   anl   show   u   sulfur   density  gradient   similar   to   the   nur.ber   concentration  gradient 

for  0,1^   Dilcron   particles   obtained   with   the   General   Mills   sampler   on   the   balloon. 

Effects   of   Dust   Layer   on  Fallout 

The   aerosol   material   described   above   nay   have   a   pronounced   effect   upon   the 

distribution   of   radioactive   debris   Injected   Into   the   lower   stratosphere   anc   may  have1 

an  even   ::;ore   pronounced  effect   upon  measurements   of   radlol sotopl c   concentrations   usinr 

various   types   of   sampllnK   equipment.      When   a   radioactive   cloud   Is   injected   Into   the 

stratosphere,    the   various   radlol sotopes   are   spread   about   in  BIZC  distributions   which 

may  be   quite   different   at   different   altitudes.      Several   processes   r.ay   ai count   for 

this.     For   Instance,   an  element   like   stront1um-HO  with   a   rare   ^as   precursor  may  be   in 

an   almost   ator.ilc   or  molecular   form   as   may   an   element   like   cesium  with   a   low   bolllnr 

point,   while   an  element    like  cerium   with   a   hi^h   boiling   point   may  have   condensed 

earlier   In   the  history   of   the   fireball   onto   unvaporlzed   dirt   particles   or   condensing 

bomb   rase   materials.      The   presence   of   the   dust    layer  would   have   a   tendency   to   Increase 

See   also  Manson,   J.    E.,   C.   E.   Jun^c,    and  C.    W.   Chagnon     The   Possible   Role   of   Gas 
Reactions   In   the   Formation  of   the   Stratospheric   Aerosol   Layer"   paper   presented   at 
Int. Symp.   on   Chem.    Resh.    in   the   Lower   and   Upper  Atns.   San   Francisco,   Calif,    1H  Aprl 
1961   (To  be   published   by   Intersclonce) 
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tht'   averaxe   nlzo  of   the   radioactive   particle«   by   contributing?   to   their  coagulation 

Into   the   bacllground   material.      The   ratea   of   coagulation  depend   upon   the   Initial   alze 

of   the   particle«.      Jun^c haa   calculated   the   coagulation  half-life   at   20taB  of 

Ü.ÜU5  micron,   0.01   micron  and  0,02  micron   particle«   to be,    reapect1ve1y,   20,   HO,   and 

2H0   day»,   the   very   «mall   particle«   being   Incorporated   Into   the   dust   background   In   a 

«hört   time   compared   to   the  meteorological   residence   time. 

Particles   larger   than  a   few  hundredth«   of   a  micron  will   remain   In   a  more   or   less 

separate   population,    Intermixed   with   the   natural   particles.      At   altitude«   higher 

than   the   top of   the   dust   layer,    the  disparity   In  average   particle   size  of   varlou« 

elements   may   persist   for   longer   periods   of   time   since  seif-coagulatIon   rates   are 

muc».   smaller   (although   the  mean   f.-ee   path   Is   Increased). 

Sampling   equlpnent   such   aa   thai   used   In   the Ashcan  Project   have   efficiencies 

which   are   quite   dependent   on   particle   size   due   to  the   «low  airflow   rate«.     Using 

an efficiency   correction  for  0.03  micron   particle  size,   the Ash  Can   and  HASP  data 

(2) confirm   one   another   at   65,000   feet        .      Using   the  aamo  efficiency   correction  at 

95,000   feet   could   introduce   a  departure   from   the  "true"   value«   by   as   much   as   a   factor 

of   2   and   could   thereby   Induce  an  "apparent"   fractlonatlon   in   the  debris   or shift   the 

apparent     age"   of   tne   debris   (See  Chapter   VI). 

Material   Incorporated   into   the   natural   dust   layer  may   depart   from   the   lower 

ftratosphcre   at   a   rate   different   from   those   particles   not   Incorporated   Into   It, 

although   the   difference   Is   probably   not   too  narked,   since   the   rate   of   fall   of   the 

dust   layer   Is   necessarily  slow when  compared   to   the   "airflow'    between   the  «trato- 

sphere   and   troposphere.     The   fact   that   the   HARDTACK   tungsten  was   removed   from   the 

tropical   struto- phere   faster   than   the   HARDTACK   strontium   and   the   fact   that   tungsten 

mlxlni,'   poleward  was   along   surfaces   that   s loped, downward  may   be   partially  due   to   the 

behavior   of   the   dust    layer,   however,    other   processes   may   better   account   for   this 
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particular  buhavlor   (bee  Cliaptwr  V). 

When   parcel«   of   the   atratoapherl i   dust    layer   are   Introducad   Into   the   upper 

trupospheru  their  hy^roaroplc   nature  may   enhance   their  ea.ly   Incorporation   Into 

prflcl pi tat Ion   thereby   cavialnn   f ract 1 onat 1 on   In   the   rainfall.     Often   laotoplc   ratloa 

meaa ired   In   rain  of   material   orlRlnally   In   the   atratoephere   show  considerably  greater 

variability   than   the   atratospher)c   air  raoaauremcnt«   (See Chapter  X). 

SampllnK   of   the   type   described  above  will   continue   for   the   next   few   years   using 

an   Improved  sampler.      Some   of   the  samples   previously   obtained  show evidence   of 

absorption of   moisture   by   the   collected  nnterlal   at   some   time  between   the  exposure 

and   the   analysis.      An   ulr   tight   cartridge   should  eliminate   this   difficulty.      It   Is 

hoped   that   further   Information  concerning   the   structure  of   the   dust   cloud   and   the 

role   It   plays   in   the   distribution  of   radioactive   partlci )B   will   be   forthcotnlng 

from  this   program. 
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Chapter   IV 

SYNOPSIS   OF  PHA^iB  V  DATA 

SlUBplinK  Prograa 

During   May   aiid   Juno   1960,   a   nuinlwr   of   partlculate   culloctiona   were  made   at 

varluus   lucntluna   throughout   the  world   at   ultltudos   ran^ln^   from   IS.OOC   feet   to 

70,ÜÜÜ   («Mtt.      I)-57   and  U-2   aircraft   woro   operated  out   of   Argentina,   Puerto   Rico, 

southwest   US,   Alaska,   and   the   Philippines.      This  was   the   first   of   the   semiannual 

spot   check   programs   described   In  Chapter   I.      Southern   Hemisphere   operation   during 

Novemlxsr    1960   (Ciuwf 11 ^ht   Phase   VI)   was   transferred   from   Argentina   to   Australia. 

Analyses   of   the   samples  wore   perfurmed   by   several   Intorcal Ibrated   lalxjratorlea 

li.eluding   Isotopes,    Inc.   and  AFCKL. 

Hctu Its 

The   analyses   performed   by   Isotopes,    Inc.   during  Crowfll^ht   P.iaae   V were 

confined   to   the   samples  collected   by  U-2   aircraft   and   ar»?   shown   In  Table  V. 

Kilter   papers   marked   WB were  exposed   In   the   nose  duct   and   those   marked   FD were 

collected   in   the   hatch  duct.     The   new   flow   rates   ijlven   In   Chapter   II   were  used 

to  dotormlno   the   sample  volumes.      Altitudes   are  expressed   in   thousands   of   feet. 

All   Isotoplc   concentrations   are   corrected   back   to  date  of   sampling.      The 

persistent    10% difference   between   the   nose   and   hatch  ducts  mentioned   in 

Chapter   II   Is   evident   In   these   collections. 

Table   VI   displays   additional   data  obtained  during  r.id   and   late   i9B0^     } 

In   this   case   the   U-2  data   is   from  papers   exposed   in   the   hatch   duct   only   and   la 

based   on   the   now   flow   rates   ^iven   in  Chapter   II.     The  B-57   aircraft   used   the   F-33 

duct.      The   two   nose   filter   papers   shown   in   Table  V   for   23   May   I960  were  expesed 
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siaaltaneously on the s .. aircraft with the corresponding two batch fil'ter pa.pers 

shown in Table VI. All the isotopic concentration in Table VI are corrected back 

to the date of s-pling with the exception of the rhodium and tungsten values which 

are extrapolated to 12 August 1958 and 15 August 1958, respectively. Values tor 

the half live used were Rb-102, 210 days; w-181, 120 days; ~d w-185, 76.2 days. 

No Sr-89 or Ba-140 was found in any of tbe filter papers. All values shown in 

Table VI have radioche2ical precision with less than 3' error except those marked 

with the letters a through h which stand for the following values of precision: 

(a) 3-5,, (b) $--10,, (c) 1~15,, (d) 1$-20,, (e) 2~25,, (f) 2$-3~, (g) 3~35,, 

(b) 3$-40'- In general the data in Tables V and VI are coapatible when the 1~ 

Nose-Hatch discrepancy is taken into account. 

Discussion 

Before launching into a detailed discussion of these and other data, it ~gbt 

be worthwhile to su.aarize here the salient features of the aaterial described 

above. 

Figure 15 shows the strontiua-90 concentrations for the periods of May-June 

1959 and Kay-June 1960. The equatorial aaxi.ua of ,1959 above tbe tropopause bas 

been replaced by a ~ni.wa in 1960 and the aaxi ... values aay now be found in the 

htgbest latitudes at the highest s-pling altitudes. A8 discussed later in 

Chapters V and VIII, this is explained by the incursion of debris froa the Teak 

and Orange high altitude shots in the 1958 HARDTACK series. The distribution is 

.uch .ore sr-etrical between the Northern and Southern llnaispheres in 1960 than 

it was in 1959. 

Figure 16 displays the tungsten-185 concentrations in the sa.e way that 

strontiua-90 is shown in Figu~e 15. There is a aarked difference in the aanner 
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In which   lungsten  Is dlittrlbuted.     First   the equatorial  maximum at   70,000   feet   ha» 

remained  stationary   altbouKh   Its   value  has  dlnlnlBhed.     The  equatorial  vai.,^8   ol 

tungsten  were   reduced  by   about   70%   In   one  year while   the   strontlum-90  valujs   In   the 

equatorial   rojjlün were  reduced  only  by  about   50%.     This  could  be  accounted   for   by 

the  originally  steeper  tungsten  gradient   and  by   the   fact   that   some  st runt luin-90 

could  hsve  mixed  from  the  new   polar  maxima   toward   the  equator.      In  the  polar   regions 

the   tungsten   maxima  occur  well  within   the  sampling   region  and   the   tungsten  values 

diminish   at   the  higher   altitudes  while   the   strontlum-90  values   Increase   at   the 

higher  altitudes. 

Thece  distributions   can   be   best   explained  by   the   mechanism of   turbulent 

diffusion   along  surfaces   sloping  downward   from  the   equatorial   region.     The   drop 

off   of   tungsten at   the  high   altitudes   and  at   high   latitudes   indicates   that   most 

of   the  stratospheric   tungsten   was  originally   Introduced   into  the   lower  tropical 

stratosphere   (below   80,000   feet).     The   tungsten   distribution   provides  a   very   strong 

argument   against   the Brewer-Dobson  circulation model.*     '      Further  discussion   ol 

this  material   is   contained   in  Chapters  V,   VIII,   and   IX. 

The   cerium data   Indicates   that   the  youngest   debris   can  be   found  at   the   highest 

altitudes   and  highest   latitudes  again   pointing   to  Teak  and  Orange  debris.      Concen- 

trations   of   Rh-lOZ,   a   tracer   element   placed   in   the  Orange   shot,   are   highest   at   the 

highest   altitudes   and  highest    latitudes.     These   distributions   Indicate   that   material 

injected   into  the   atmosphere   above  200,000   feet    follows   a   downward   routi    to   the   lower 

stratosphere   preferentially   in   the   polar   regions.      Further   discussions   or.   these   points 

will   be   found   in  Chapters   VI,   VIII,   and   IX.     The   cesium-l.iT   data,    in general,    tollowr. 

16 



the   strontlum-90 lUlu   in  cor^antratluna  of   about   1.8   tlaaa   tha  atrontlua-OO valuea. 

Exi opt   fur  an ovaluatlcm of   the  hazard   fnm i-e«lun>-137   in Chapter  XI,    little 

further diacusslon  of   thi»   Iso'.  pe  will   be   presented   In   thin   report. 

Tho  Be-7  data  la   uyoimetrlcal  between  hemlapherea   and  ahowa  a maxlmtia at 

hl|{h   latltudou   and  hlt{h  altitudes.     Tho  gradients   are  s\ot  nearly   as   steep  as   thuae 

of   rhodlun»-102,   however,   and   reflect   tho  cosmic   ray  origin of  De-7.      The  P-32  data 

1»   helpful   In determining   the  age of  the  Be-7.      In general  tho  distributions  of   these 

two  nuclldos  are   about   as  expected   (see  Chapter  VII).     The  Pb-210 distribution   In 

the   stratosphere   Is  much   like  the   tungsten  data  and  suggests  an equatorial 

stratospheric  origin   for  most  of   this material.     Although  Pb-210   is   found   in   the 

troposphere  as  a decay   product of  radon,   it   is  unlikely  that   the  stratospheric 

distribution observed  comes   from  this   »^urce   alone,   but   rather  that   some  of   it  was 

produced during   the  weapons   testing  programs  of   the  past  decade.     An   analysis  of  some 

of   the  older  filter   papers   In  the   HASP   library,   which  Is  now  being  undertaken,   should 

be   able   to  resolve   this   point.     Preliminary   results   indicate  that   if   tbe equatorial 

Pb-210  Is  of  weapons   test  origin,   It  predates   the   HARDTACK series.      A more  detailed 

discussion of   the  Pb-210 data is  given  in Chapter  VII. 

Additional   comments  on   the  data  in  Table   VI   have  been  prepared   in  the  U.   S. 

Weather Bureau. ^38^ 
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Chapter  V 

STRONTIUM-'JU AND TUNGSTEN-185   IN  THE STRATOSPHERE 

Int ruduct Ion 

For   the   pusT    few  years   strontlum-90   and   tungBten-185  roncentrat ions   In   the 

lower stratosphere  have  bot-n measured  over  a wide   range  of   latitudes  by   the  HASP 

and Ashcan   programs.      Themse  measuremonts   have  been  helpful   In  detennlnlnK   the   total 

stratospheric   burden  of   these  elements   and   other   relatively   lone    lived   fission 

products.      In   addition,   consider.ible   Information  has   been  gained   on   the  mixing   und 

transfer  of   these   fission   products   within   the   stratosphere. 

While   the   HASP   network  nas   been  successful   in  many  areas,   it   has   suffered   from 

several   deficiencies.      The  greatest   of   these   Is   the   Inability  of   the  U-2   to  collect 

samples   above   70,000   feet.     Estimates   of   concentrations   ebove   this   altltud»   have 

(2G   27) been  made  using   data   from   the  AEC Ashcan  Program.v      '      '   This   program,    too,   has   an 

altitude  deficiency   In   that   collections   are   limited   to  below   100,000   feet.      To  uate, 

no measurements   of   radioactive  weapons   debris   In   the  mesosphere   (160,000-260,000   ft.) 

or  above  hav»;  been   reported.      In  addition   to   the   al   Itude   limitations  mentioned 

above,   both   the   HASP  and  Ashcan  networks   suffer   from   lack  of   latitudinal   coverage. 

Few measurements   have  been made  In   the  highest   latitude  polar  s*. ratosphere,   and   in 

the  case  of   the  Ashcan  samples,   collections   have   been   restricted   to   I  or  5   geo- 

graphical   points.      In  addition,   the   time   coverage  has   been  somewhat   spotty.     HASP 

sumples  north   of    10° N  durlni;   the  winter   of   195H-1959  were   few  as   were   samples  south 

of   the  equator   after August   1959.     Ashcan   sampllnt;   In  the  Southern   Hemisphere   ceased 

on   7   February   1959. 

One   final   complicating   factor  should   be  mentioned  and   that   Is   the   repeated  and 

continuing   Influx   of   radioactive  material   Into   the  sampllnt;   volume   from  adjacent 
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roKlon«.     The  primary  source of   this   Influx  has  been,   of   course,   the stratospheric 

Injections   from attjriU   tests  which  have  been  conducted since   the sampllni;  prot,'rttm 

bet;un.     Accurate   appraisals  of   the   quantity  of  material   Injected   Into   the  strato- 

a phi re   Is   difficult   and  estimates   of   vertical   distribution   remain  somewhat  specu- 

lative.     Another  perturblnü  Influx  of  debris  has  been that   which  has mixed downward 

from  the  Teak  ami  Orarn;e  events.      Vlfhlle   these  events  have   somewhat   obscured  the 

calculation  of   the   atmospheric  burden of   various   radlulsotupet-,   they  have   provided 

the  concentration  gradients   necessary   to  determine   the  stratospheric  mlxlnc: 

processes.      Considerable  prepress   has  been made  during   the   quiet   period  since   iate 

ly5H. 

Distribution  ol   St rout lum-'JO 

Attempts  have   been  made   to  determine   the   average  st ront 1 uin-90   burden   In   the 

stratosphere  during  several   time   intervals.     The method  has   been  described  In  the 

previous   report   (DASA-532) .     Various   small   reuions   In   the   atmosphere  have  been 

selected  and  assigned  an average   strontium-90  concentratii n  based  on  a  number of 

sample  collections  made  in the  region duriru;   the  time period  under  consideration. 

Extrai>olat 1 on  polewan!  has  been  uone on   the  assumption  that   high   latitude concen- 

trations   have  been   linear extensions   of   the   lower   latitude   concentrations.     Ex- 

trapolation  upward   from  the HASP  samplim;   region has  been  done  usin^   the  shape  of   the 

Ashcan   profile.     A  0.03 micron   particle   efficiency   in   the  Ashcan  sampler has   been 

assumed   In   order   to  cause   the  HASP   and Ashcan  65,ÜÜÜ   feet   measurements   to overlap. 

The   average   values   can   be  arranged   to  show   the  meridional   distribution  by   plottin;; 

on  a   vertical   cross-sectional   representation  of   the  atmos..fore   and   then  drawlni; 

1so-intensity   contour   lines   (isopleths)   to  encompass   those   points   in  space  wu°re 

the   stront1um-UO   concentrations   are   the   same.     Figures   17   through   20  show, 
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rcvpflct 1 vely,   thv  atrontliini-'Jü   cuncont.rutluns   tor   1U58,   uurt)   1'jr)'.»,    lulo   IDIiO   und 

early   19G0,       The   firul   thro«  chart»  were  drawn   uslnc,   a   vortical   scale  shuwlnt;   a 

linear   ducrvasu   In  ambient   pressure   (Inverse   loc   of   altitude)   und   u  horl/.untal 

scale   p  uportlonal   to   the   sine   of   the   latitude.      This   depletion   facilitates 

tneaaurlni;   the   inventory   since   equal   areas   on   the   chart   correspond   closely   to   equal 

volumes   of   air.     A   planlmeter  may   then  be  used   to  measure   the   volume  ol   the   atniosphere 

en<ompassed  by  each   Isopleth,      The   tacit   assumption   Is   made   that   all   meridians   have 

the   same   profile   shown   In   the   charts.     All   Isupleths   are   expressed   In  decays   [)er 

minute   per   1U0U   standard   cubic   feet   of   air   sampled.      Reduction   to  standard   sea 

level   pressure   is  made   to   remove   the  altitude  and   temperature  dependence   of   air 

density.      Concentrations   above   the   level   of   the  Ashcan   sampler  have   been   assumed   to 

drop  off   to  zero   linearly   and  no  attempt   has   been  made   to   Indicate   possible   concen- 

trations   In   tho   mesophere   (see  Chapter  VIII).     Fl.'.urc   20   differs   from  FlKures   17-llJ 

In   that   the  scales   are   linear   In   altitude   and   latitude   and  do  not   extend   jbove   the 

HASP   sampling   level.     This   altitude   limitation   Is   placed   on   the   chart   because   no 

extensive  data  above  70,000   feet are   available   for   the   period   In  question.      Consequent 1> 

any   Isopleths  above   this   level   would  be  most   conjectural. 

The   most   prominent   features   of   the   I'JSH  st ront lum-'JO  distribution   (Kif.ure   17) 

are   the   naxlma   in   the  equatorial   regions   and  northern   polar   regions   as   a   result   of 

the   US-UK,   HARI>TACK-GKArPL£   test   series   ol    1958   and   the   autumn  USSR   test    series   of 

1958.      By mid-195S   (FiRure   IH)   these maxima  ^ave   the   appearance  of   havini;   merced 

and   the   concentration    .rudlents   had  become   less   steep.      Little   change   It.   the   Northern 

Hemisphere  was   noted  during   the   last   uall   of   1959   (Figure   19),     This   was   reflected 

All   Isopleths   shown   are   based   on   old   flow   üata,    but   the   hemispheric    burdens   of 
s t ront lum-'.K)   indicated   In   Table   VII   have   been   recalculated   .islru:   the   net    llo\.   rates 
reported   In  Chapter   II. 
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In   the   lowerod  viirface   fallout   rutc-a  noted   In  ground uampllni;  networtcs   at   this,   time 

(sec  Chaptur X).      There   lb   no  strung   ovldtince   ut   .subbf uut i i» 1   ainoimtH   of   debris 

from   the  USSH   test   serle»   ol   I'JSH   remui nl IIK   In   the   nt ratoaphtTG   by    late   I'JS'.t. 

Prebumab1v   the   major    fraction  had   been   removed   within  one   year.      This   Is   confirmed 

by   ar.e  studies   (Chapter  VI)   and  surface  measurements   (Chapter X). 

By   the  spriiii-   of   1960,   the  strontlum-UO   picture  had  changed   from  one   of  hli;h 

concentrations   at   the   equator  and   low  concentrations   at   hu.i   altitudes   In   the 

polar   regions   to  one   of    just   the   reverse.      The   Iru reaslnr   gradient    poleward   and 

upward   Is   believed   to   be   due   to   the   influx   of   debris   from   the  Teak   and  Orange 

shots  of   (iAKDTACK  movlnc   down   into   the  sampling   region  at   hlk'h   latitudes,   and  net 

due   to  ' Urewer-Dobson"   circulation.      This   belief   is   s t ren;: theneu   by   the   t  in.:sten 

data   reported   below. 

The   low  concentrations   at   hi .h   altitude   In   the   [xilar   region:    In   T'-VH   lndl<ate 

either  that   tht   CASTLE   a-.d  KEÜWINC   debris    ha-s    not   mixed   Into   the   (x>lar   regions   or 

that   It   has   already  mixed   Into  <vnd  subsequently   been  removed   fron   this   area.     The 

rates   of   equatorial-polar   transfer   to  be   described   below  are   sufflclentlj   rapid   that 

It   seems   unlikely   that   this   debris   has   been   held   up   in   the   equatorial    region.      In- 

deed,   there  has   been   little  evidence  of   t^*"   presence  of   any   lar;:«'   cohesive   concen- 

trations   of   CAÜTLE   or   REDWING  debris   within   the   HASP  network     since   the   samp'.inc 

program  bei:an   In   late   1957. 

S t ront 1 um-'JU  Burden 

An   attempt   has   been  made   to   calculate   the   burden  of   st rontl lun-'H)   in   the  atmos- 

phere   above   the   tropopause.      (The   burden   In   the   troposphere  within   a   few  months   aftei 

nuclear  detonations   is   quite   low   compared   to   that   of   the   stratosphere   due   to  the 

relatively   short   troposphcrl(    residence   time.)     This  may   be  done   by   startin;   with 
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the  -u'ttb'i rotiu'iit M   In   the   liASV aampllru;   «rua   a:, t   IntcKrat 1 m:   tlu'si"   values   In   the 

muimit   dcfji rl l)i.'il   In   th«'   procidl u;;   uuitlun.      Till«   *1 1 i   Klvc   neaHurcnent M   up  to  aSjout 

'>()  mb   (70,000   ft.)   with   about    \'>"!,  acru racy.      Tin-   A'acan   meaaurcment a   i an   !)<•   use«! 

to extrapolate  upward   to about   \u tnb  (100,000   ft.)   *it!i   {>orliapa    ■<'%  accuracy. 

E\ l raixjl at 1 ona   above   10   ml)  ::iuHt   remain   aonewhat   con)eitural   a«   no  meaHiirementB   in 

till»   re,'Ion  have   been   rcporteil.      It   has   been   eat InateiP*'   '   tliat   u.s   nucli   .\b  •'. t  i,i,.i- 

curle»   of   st ront 1 um-OO   have   been   ln)e<'teiJ   Into   the   niesu:. (.he re   fron   nuclear   tebtb 

(see  Chapter   VIII).      Extrapolations   acrosb   i;ap.s   in   t i .i    and   Into   unsa.npled   ana:, 

(an   be  nade  ubln»;   üäüumed   initial   burdens   and   apparent   reMldemc   times»   calculated 

or  dodi.ied   from   other   evidence.     Ca leu 1 at 1 ont»   nl   thlh   nature   have   been   nudi    and   the 

results   an-'   showri   in  Table   VII   below.      It   should   be   pointed   out   that    there   Is   u 

relatively   lari;e   element   ol   subjectivity   In   «. s t ah 1 1 sh i n,-,   a   slni;le   number   tu   represent 

the   average   value   ol    the   a t rontl um-'JO   concentration   in   u   l.ir/e   region   over   a   period 

of   time   a«   Ion;   as   one   year.      This   is   especially   true   for   the   period   1'.>.r>H-I'.tV'   when 

there  wen-   lar;;e   chan :e.s   in  certain   regions   due   to  the  extensive   ln,)o< tions   froi; 

weajx^ns   tcatlni:   activity   and   the   Jynanli    processes   of   nlxini;   between   ;.< parat»    regions. 

The   inherent   uncertainties   are  conifH)unded   In   the   fact   that   the   aebrls   *as   ii>'t   distri- 

buted  zonally   in   a   symiPetrlc   fashion   during   times   of   activt    Injection   and,    m   addition, 

lar;;e  quantities   of   Soviet   debris   escapeu   adequate  measurement   due   to   its   altitude 

and   latitude   of   stabilization  as   well   as   Its   relatively   short    residence   tlir.r.     Un- 

doubtedly   there   were   tlmos   durlnr   the   i)«,rif>d.s   under  consideration   when   the   Inventories 

were   substantially   greater  or   less   than   the   values   shown   in  Table   VII.    (See   Fl|'.    $2 

Chapter   IX).      A   material   balance-   o(   b t ront 1 un-!»0   based   upon   these   estimates   and   soil 

and   rainfall   measurements   is   reached   in   Chapter   X. 
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ML 1/tit 

(i   mb   -    ID   mb 

1(1   rut)   -    50   mb 

50   mb   -   Trnp 

Total 

TADLE  VII 

Crutle  Strontlum-90   Inventorlo« Ün Morucurl cs ) 

Northern   Uu:nl»pJioro 

Nov   r,7-L)c'(    5H     Jan   59-AUK   59     Sep   5<.»-LK.'c   5'J     Jan  (iO-May   60 

. 2Ü   t    . (J 1 
i t.M     ii    m nn 
.15  t   .05 

.61   ♦    .00 

20   ♦    .0 1 . 17   ♦    .0 1 . 13 ■»   .01 

.27   ♦_   .OH 

. 3H   ♦    . 06 

30   ♦    .08 

.33   ♦    .05 

•>6  ♦   . 20 H5   ♦    . 16 .HO  ♦    .15 75  ♦   .15 

0 mb - 10 mb 

10 mb - 50 mb 

50 mb - Trop 

Total 53  ♦   .13 . 17   ♦    .10 19   ♦    .13 52  ♦   .13 

World  Total 

. 19  +   .33 1.32  ♦   . 26 1.29 ♦   .28 1.27*.28 

Tbt-'   heavy   line   In Table   VII   separateb   the  "measured"   values   from  the Estimated" 

values,   the   values   below   the   line   belnK   those  calculated   from  HASP  and Ashcan  data. 

The   table   shows   that   the   burdens   In   the   Northern  and  Southern  Hemispheres  have   tended 

to  equalize.   This   has   been  brought   about   by   the   rapid   fallout   of   the  Soviet   debris 

In   the   Northern   Hemisphere.      In   addition   there  has   probably   been  some  diffusion 

ai robs   the   equatorial   region  caused  by   the  horizontal   gradient   in   this   area   (Sec  Firure 

19).     The   rise   In   the   total   burden   In   the  ;  nUhern  Hemisphere   durini;   the   last   half   of 

1959   Is   probably  more   apparent   than   real.      The   only  measurements   made   well   into   the 

Southern  Hemisphere  were   perlonned   durin;;   Phase  V  below  50  mb   and  were  of   short 
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(Jurat Ion.      The  errura   ul     cusu rc-nicnf   uro  ouch   that   tho   total   burdun   rnull  have» 

actually   (;<IIU'  duwii.     Another   feature  noticed   Is   that   the   not   residenco   tlmo   of   the 

debris   In   the  »t ratoMphcro   upfHiars   to huvo   Increased.     This   in  dut'   to   tho   Incruaso 

In   relallve  amount.s  of   rnatertul   ut   the hlclt-r  altitude»   whore  residence   fines   art- 

ox JM-'I tod   to  be   longer. 

Stratuspherli   Mixln,-   of   üt ront 1 um-'JO 

Consldorabio   i nfon.iat l on  tan   bo  gained  on  bt ratospherlc   ::.i .in,;   pro( ossoa   by 

obsorvlnj;   the «onthl)   st ront lum-UO   concent rat Ions  ut   uevcral   lutltudea   and 

altitudes.     Fl ;uro  21a   lllubtrates   the  t,,;:,('   variation  of   btrontlum-öO  concentrations 

lor   three  »elected   latitudes. 

Ecuiatorlal   He; ion 

Between   10°  and   If»0 North,    the   latitude  ol   the   laclfl(    tcstb,   several   tiat ireb 

ran   be   noted.     First   the   vertical    ;radlont   1 ^   quite    pronounced   and   rc:Mn;,   r:;ort   or 

less   constant   with   tlmo   Indlcatlnr.   that   vertical   -.l.\ln,:   - •''   si ■■*.     Second,    tiie 

concentration  at   each   altitude   Is   dlmlnlshln;;   with   tine   alter  üeptenber   HI5H   hiiowl n • 

a   departure   of   debris   from   tills   area.     Most   of   this   debris   probably  novos   poleward 

as   will   be   stn-vn  below.      Third,    the   rate  uf   departure   of   the   debris   is   not   unlforn. 

Removal   Is   seen  tu  be   fast   du'-'n;;   the  winter  and  sprln,;   atul   slow   or  even  halted 

during   the   sunner  and   fall.      This   seasonal   dependence   upon   rate   of   movement    from 

the   equatorial   regions   contributes   to   t/ie   aprlni;   nOJC 1 mum   noted   In   sirlaee   fallout    by 

Incrcasln;   the   concentration   of   material   in   the   polar   stratosphere   lurln     the   winter. 

The   Increased   rate   of   poleward   nove::.enf   is   probably   assoi lated   ■-; t h   the   intensifica- 

tion   and   cquatorward   movomont   uf   the   mid-lat 1 tude   let   stream.     üurli,     M.i .    I'.Ujtj   ther« 

has   been   an   apparent   rise   in   concentration.      This    ,a\    be   due   t<.  sotr.e   Material    fron 

Teak   and  Orange   reaching   this   latitude  although,   by   itself,    this   evidence   is   not 

cone 1 us 1ve. 
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North  I'UIBF  Pe ;l<iH 

Uetween  60°  and  G50  North   a   consldornbly   different   picture   hus   prevailed. 

Until   alter Nove;nbor  I'JSH  a  negative  vertical   cratllont   e/.lstud at   this   latitude. 

Sone   evidence   exlatb   in   the   iiAi>l    «anples   wlilch   collected   debris   Iron   the   Soviet 

teutH   that   these  clouds   did   not   rise  above  65,000   foot,   consequently   the   concen- 

tration   at   60,000   feet   was   higher   than  at   70,000   feet.      There   ^as   also  evidence 

that   the  Soviet   clouds   sampled  over Canada  were   found   considerably   further  South 

than   the  Arctic   test   site   IndlcatlnK   an  asyininet ry   In   the   clrcumpolar   flow  ut   thof 

particular   time.      Durln;-.   tho   bprln;;   of   1959,   the  Sr-90   concentrations   rose,   due   to 

an   Influx   of   HAHDTACK-GKAPPLE  debris,   and   then   fell   off   BllRhtly  durln:   the   Bumner. 

Starting   In October   I'.tS'J   the   concentrations   In   the   northern  polar   latitudes 

started   to   Increase   at   70,000   feet.     At   this   same   time   the   concentrations   at   lower 

altitudes   were  still   decreasln,;.      U>   December   the   concentrations   at   Ü5,0o0  and 

60,000   feet   had  started   to   Increase.     Concentrations   ;■ t   55,000  and   50,000   feet   did 

not   start   to  Increase   until   January   1900.     This   behavior   Is   stronrly   Indicative   of 

an   Influx   of  naterlal   fron   above   Into   the   polar   rc,;lon.     This   could  have   resulted 

from   two  sources.     Either   the  riaterlal   mixed  northward   from   the  equatorial   region 

or   It   mixed downward   fror.   Teak  und Orange   In   the   arctic   region.     Probably   It   was   a 

combination  of   both.     The   polar   Increase   Is   consistent   with   the  seasonal   equatorial 

depletion   described  above.      Cerium   datln,-   evidence   (Chapter  VI)   Indicate!?   that   a   lari:e 

fraction   of   this   Increase   may  have   come   Iron  Teak  ar>a  Orange.      If   the   rise   In   concen- 

tration  were due  mostly   to   Influx   of   HARDTACK GRAPPLE  debris   then   the   10°  to   15u   North 

concentrations   should   show   a   similar  hut   earlier   Increase.     An   Increase   Is   observed 

in   this   re;;lon  but   '       Is   not   as   pronounced   as   that   ut   the   »iO0   to  05°  North   re:lon. 
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On«'   loutuii'  u(   note   *hiir(  may   bo  ueen   ut   this  hlch   Iktltwde   is   tint   the   bfunonal 

Influx   uppiarH   tu   reuth   u  "iiiAimam   In   the   lower   polar   s t rutot. jjh«'r»>   during   the   winter. 

ThlB   tun  aicount   for   thf   »prlnj;  muxlmum  noted   In   »virlace   fallout   about   April.      An 

additional   feature   which   lb   quite  noticeable   in   the   polar  stratosphere   is   that   the 

vertlral   conrentrut 1un    'radlent   Is   not   nearly   as   steep  as   that   observed   In   the 

equatorial   regions.      This   indicates   that   vertical   mlxlnt;   in   the   polar   stratosphere 

proceeds   at   a   much   higher   rate   than   in   the   equatorial   regions,   especially   during   the 

winter. 

Ashcan  Data 

The  Ashcan   data   for  San  Aiv.elo,   Te.\as,   and  Sioux  Cit\,    Iowa,    for   195'.'   show 

certain  s i-.l larl 111 s   t(j   the   HASi'  data.      Figure   21b shows   the  avera.-cd  Ashcan  data 

for  several   years   as   depicted  by  Murayai.a   and  Machta.      '      There   appeared   to  be   a 

gradual   diminution   at   all   altitudes   su^es11 n^;   a  half   residence   time   of   about   one 

.ear.      The   naxlmum   concentration  over  San  Anuelo  occurred   at   about   bO,000   feet   un- 

til   the   winter  of   59-60.     At   this   time   the   maxirnuin   shifted   downward   and   values   at 

05   to  70,000   feet   showed  a  marked   Increase,   nore   than  noted   In   the   HASP   sar-.ples   In 

the   same   area.     The   data  suggests   an   Increased   Influx   fron   the   tropical   region   alon,- 

a   downward   sloping   nixing   layer  especially   durlnr,   the  winter  of   195^-59.      This   kind 

ol   mixing   Is   especially   prominent   In   tne   tungsten  data  discussed  below.      The   Sioux 

Clt)'  data   shows   a   less   pronounced   vertical   ['.radlent   than  that   at   San   Anr.elo,      This 

is   consistent   *ith   the  HASi'  data  discussed  above  which  suggests  stronger  vertical 

ml \ir\t\   in   the   polar   stratosphere.     The  Ashcan   de   a.    in  general,   shows   a  much   greater 

monthly   variability   than  does   the  lUSi'  data.      This   is   pr   )abl-    due   primarily   to   the 

small   sample   taken   In   a   relatively   restricted  area.     A  whole Ashca     sample   typically 

measures   1000   scf   while   the   typical   HASP   sample   contains   10.000   to   20,000  scf.      In 
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atidltlun,   u   number  of   iiASi' »umpli'i*   ure   avcracod   for  each   location   In   .1  month   *liilc' 

the Aahcan  generally   collects   Ijut   one   huri^lc   per  ultltutle   per month   at  each  station. 

Another   problem   with   the  A.sh< an  saisiplt-b   Is   the   relatively   low  efficiency   of   col in I ton 

which  is  not   only   altitude  dependent   but   also  parfli le  ai/.v  dependent,     only   •oiural 

trenda   can   be   noted   with   anv   reliability   In   the   A.->ln an   bojnplet. 

Sou t li   Po lar   Ke.', 1 on 

In   some   robpecta   the   concentrations   In   tlie-   southern   polar   stratosphere   (35c'   - 

10     b)   are   similar   to   those  of   the   northern   polar   stratosphere.      Durlni;   the   aprlnt,, 

su-.iac r  and  early   autumn  of   105.1-59   (o< tober   195s   - May   I'.'S'J)   concentrations   generally 

were   at   a  i .a.\ l::iu::.   near   GU.UOU   feet   showln;;   that   HAHUTACK-GHAPPLE   debris   preferentially 

mixed  downward   Into   this   region  aloni;   sloplm;   surfaces  ruch   like   those   followed   by 

the  HARIITACK   tun,;stcri   debris   (see   below).      Uurln,;   tin   winter  of    I'JSO   (Ma\    through 

August)   cunctnt rat 1 ons   1 ru reused  niarkedlv   especially   at   '   e   hi.'.her   altitudes,     Pre- 

sunablj   this   -vas   caused   l)>   an   Increasln;   Influx   fron   the   til   her   equatorial   regions 

at   thut   time.      Cerium   dating   of   tins   material   Indicates   that   It   Is   a   little   older 

than   that   found   in   the   lower   tropical   stratosphere;   consequently,    It    is   felt   that 

only   a  small   fraction  of   the   Increase   could   have   come   from  Teak   and  OranKe.     Some 

rhodluin-102   was   produced   In   the   low  altitude   equatorial   shots   of   HARDTACK   and  was 

found   to  be  distributed   In both  hemispheres   In   the  same  manner  as   was   tungsten.v*' 

However,   somewhat   larger  quantities   of   rhodluin-102   were   found   in   the   southernmost 

and  highest   papers   collected   In August    lt)59   (late   winter).     This   Is   considered   to 

be   tin    first   piece   of   evidence   that   material   from  Teak   and  (jrance   had   reached   the 

lower  stratosphere. ''    '   Bv   the   next   winter   (June   ll*6o)   concentrations   had   Increased 

about   50%  at   all   altitudes   above   50. UÜ0   fert.      In   addition,    the   a',;e   of   the   debris 

had  become   youn   er   irulicatln:   a   further   inc-ursion  of   Teak  and  Orange   debris.     The 
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verlltal   i'.radlfnt   Bceir.e'J   tu  be   sumuwhat   ;»t u«. ,/*.• r   ttran   thut   ■■;    M.c  northi'rn   j>ii;ai 

stratosphere.     Ttil«   may  l)t>   partially   duv   to   the   im.'.    that   tlie   buuthern   lafltuile 

osen   for  cora{)arl son   is   .loser   to   tli<-  ml d-1 at 1 twJe   t ropopauhe   break   where   faster 

influx   of   clean   air   may   occur   at    the    lower   aitltules. 

Distribution  of  Tun';sten-1H5 

Uuniu;   tiie   course   ol   tin    Hy\Ki)TACK   tostln;;   In   !'J5:i   several   weapon;-   were   11 red 

which   produced   lar^e   quantities   of   tun^sttn-1H5   (as   well   as   other   tun,,sti-n   Isotopes). 

In   addition,   a   few   of   these   weapons   hail   sufllclent    to'    1   yield   to   Iniect   a   Ian;» 

fraction  of   the  activity   into   the  stratosphere.     The   productlcjn  ol   tun,;sten-1 .Sfi   li.is 

been   variously   reported. '' Lockhart su'^ests   that   prt^ductlon   In   t lie monii 1 car 

weapons   can   run  as   hl^h  as   four  W-1H5  atoms   pro<iuced   per   It)   fissions.      This   would 

yield   a  '."-IHS/Sr-yO   activity   ratio  o.   about    1K00.      Tin.   amount   measured   in   the   strato- 

sphere   would  depend   up(jr   the   nu  her  of   weapons   tmrst   that   produced   tun;bten   i or,pared 

to   the   total,    the   yield   spectrum   lor   each,    and   the   time   Intervals   between   b.rsts. 

In   addition,   the   selc tlon   of   a   reference    late   to  co-,pare   t  inj'sten   and   strontium 

values   would  affect    the   apparent    ratio.      The   values   noted   l I.   debris   Iron   a   trotM)~ 

spheric   source   could   be  expected   to   vary  substantial!',    from   that   comln,;   I ro:-,   a 

stratospheric   source.      Lo<khart ' has   ;.hed   a   *-lMf)   t»r-l.>(J   ratio   ol    :17M   as   ol    If) 

August    1958   to   cate'iorlzo   liAiUJTACK   fallout.      HarcU^'1'   has   used   a   value   of    IHO   while 

(:)2) 
Martell has   used   a   value   of   21G   for   this   ratio   as   of    1 ,r)   August    lOOH.      The   previous 

report   (DASA-532)   estimated   un   effective   s t rat ospher 11    l)uiden   as  ol    IT.  Auust    r.tfi-i 

to   be   about   5J  me^acurles.      This   is   t.>nu*hat    lower   than   the   amount   reported   by 

Martell   but   seems   to   bo   consistent   *lth   the   IL\i>»'   Inventory   and   the   total    Inventors 

of   5U   mei;aciiriefa   (corrected   to   15 August    iU,r)s)   throu:.h   I'TJ'I   In   rainfall   at   the   s.irface 

calculated   by  Hardy. Mai tell's   value   of   ÜIG   (or   the   W-lh5   Sr-f)Ü   ratio,   (-.(.»ever, 
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Is   In  a(;rt'ement   with   the   amount   of   st ront lum-'to  and   tungsten   Injected  during 

HAKDTACK   (oxrlualve   of   Teak  und Oranr.e)   when   calculatod  by   the  method   deacrlbod   In 

(2)» 
the   pnvlo.is   report. 

The  naterlul   from   the   L'K GHAPl'ü   series, which   showed   no   tungsten, has   diluted 

the   HARDTACK   debris   as   far  as   the   total   effective   W-lH5/Sr-90   ratio   for   the 

equatorial   re, Ion   is   concerned.      A   value   of   H5   for   this   ratio   as   of   1*)  Au^' st   l'.»5H 

may   fairly   well   account   for   the   total   stratospheric    t un,-s t en-1H5   st ront 1 ura-9ü   ratio. 

This   value   Is   in   lair   a-ree-ient   with   the   Porto  Ale>;re,   Brazil   average   of   'J.   ♦   17 

durln,:   July   l.tSH-March   ll'5'.t  which  would   be  expected   to show  a  HARDTACK-GKAPPUE 

mixture   as   su,;i;ested   by   Martell. It   should   be   pointed  out   that   the   average   height 

of   Iniectlun   of   tungsten   was   slightly   lower   than   the   average   height   of   injection   of 

Sr-'.>()   1 ru    lUiUrTACK-OKAPPlj;.     This   can   be   seen  by  conparlm;  Figure   17   with   the 

tan.'sten   li 'iires   that    follow.      As   a   consequence   the   fallout   of     HARDTACK   tungsten 

~ay   not   be   a   perfect   way   to  categorize   either   the   total   HARDTACK   Injection   or   the 

combined  HARDTACK-GRAPPLE   injection.      However,   since   tunt'sten   Is   a   unique   tracer   not 

obscured   lie   a   previous   back,■round   It   serves   as   an   Ideal   vehicle   to   studv   transfer   of 

lower   .stratospheric   air   fron   the   equatorial    region   to  other   re;lons. 

Fl 'ures   22   through   3).   show   bimonthly   plots   of   tungsten-1H5   concentrations   fron 

Septenber   l'.tfirt   throur.h  April   I960.     All   except   Figure   .'il   are   plotted   with   a   linear 

latitudinal   scale   and   a   .Inear  barometric   pressure   scale.     Figure   31   Is   plotted   with 

.i    linear    latitudinal    scale   and   a    linear   barometric   pressure   scale.      Figure   .i 1    Is 

plotted   with   a    linear   altitude   scale.      Several    features   of   note   nay   be   seen   In   the 

several   fiiures.      First,    the  equatorial   naxlmura   appears   to  be   fixed   in   location 

This   value     is   obtali.ed   from   the     tungsten   and   strontlurr;   values   averaged   In   the   cure 
of    the   Septeuber   l!>5h   tropical   concx-nt rat 1 Ons.      The   tuni'.sten   value   selected   is 
31,000   dpi»   an.I   the   strontium   value   selected   Is    100   dpm. 

63 



Bhuwlnt;   no  sl(;nl f leant   vertical   rautlon   as   would   be   expected   In   "ürewer-üob^on" 

11 rculat lotr   J'   or   In   the   tyi*-1  uf   circulation   su,jested  by   Llbbv   and   Palmer. 

Indeed,   the  HAiJP   tungsten  datu  ur»   entirely   Incompatible   with   this   latter   surfest ion 

ul'houi-h   the   general   conclusions   on   the   variability  of   residence   time   with   altitude, 

latitude,   and   seasonal   time  uf   stratosi^ierli    ln)ec'tlon   readied   by   Llhby   and   Palncr 

i 2   7) 
do  a^ree   with   the   tune lut> Ions   to  be   drawn   fr<>!i   the  Il/Xül'  data.      '        Serorul     thi 

tungsten   ap^iears   to   spread  northward   and   southward   1 roi:,   the   equatorial   iiaxln. ■■■ 

alon,;   slopln;;   lines   showing   a  drop  of   about    15,0UU   feet   l>\   the   tliric   the    lebrls 

reaches   To"   latitude.      Third,    inventories   calculated   fron   these   fh-.uros   'din*   that 

the   time   required   for   the   first   half   o!    the   tun   sten   to   depart    f roi     the   s t rat osijhe re 

Is   less   than   one   year   and   that   departure-   from   the   stratosphere   is   not    exponential    In 

time.      Kather,   as   the   debris   a.'.es,    th«.1   apparent    residence   tire   increases,      Koirth, 

b>   December   I'.iSO,    the   equatorial   ,v-l«r>   i>r-yo   ratio   (eorreeted   to   1 fi  August    Tif) .) 

has   dropped   f nxv.   the   K5   fi.ure   previously   noted   to   around    10.      Thl s ' I ndl > ate-    iitner 

that   the   tungsten   has   been   leavln,;   the   st ratos[iier<    faster   than   the   strontli-i  or 

that   the   mixture  has   been   diluted   w i t h   extra   s t ronf i um-'to .      rhe   Jornier   ( OIK luslor, 

seems   more    likely   In   view   .if    the   fact    thai    the   avira-r   ILAIUII At'h-OllAi'l'l-t   Sr-!"(i   *a.s 

injected   at   hi -her   altitude-.-,   than   th<    tuni:.tin.       'I    I h< n    had   bi'i-n   a   sub.stuntial 

1 ncursl on   ol   Sovl et    S r-yo ,    t here   *ou 1 d   have   lie t-r.   a    11 - p   in   a ppa ien t    a   •    ■ d    tin-   il< bn 

above   the   tropical    tropopause.      This   tuis   not    been   hoi«   !   (-it    L'h-iptii'   VI).      lilt;;,    tl.i 

concentrations   in   the   Northern   Hemisphere   an       natei    than   tho->e   of    tin-   Soithein 

Hemisphere.       The    :   to   1    ratio   su •   ested   l)\    i.o« Uiart ^      ^   lor   Januar',    i't^!.'   is   auoat 

correct;   however,    the   values   have   tended   to   equalize   b\   Ma\    1'ido,      KIIMM,    t hi 

t un,;s t en   va 1 ues   sho*   a   ml tu "'.UM   in   the    v , >  . :i i t -.    .. 1    t |.(     I ropopause    ' ap.       Th 1 s   i ou I vl 

be   causeil   b -,    a    I a r   e   sea 11    hor 1 /.on t a ',    ;-,eande r i n      .)<■■■   o I    air   b.o K   and    ! ■ ■; t h   be t >(.-i n 

6 1 



•a-   *&- 

f, 

y    KT     y     y     v    er    w    *■•    v    v r- 
« 

•* >.' 

- 

ta 

»s 

••€ *N   OISTI»I»UTIOH   O» 

TO" «O* SO» «<.)• w »• «» ,•" 
iL f 

.-2 

r So«»» nr     ip     yr     «0-      x>-      af x-      4<^      5p'      %» 

?9    • 

'" .•' 
■ ■■■' 
■    11 

\ 

*   : 

?<• 

Mi »N    OIS'OISU'IO»»     O» 

NOv -0€C    '9M 

.«p»    1OOO »Cf 1 

.-.- 

xr      a" er       o*       o* 
L AI   TuDE 

w      so*      ^r       »tr      *» 

65 



•*) 

"i 

1*1 

\n - 

roc 

m 

V.-SF —(r    *•    ur    «•    %r    «*    nr    v   r? 

\  v. • \ \ 

\\ Or 

WkAH  OlSTNiBOT ION   Of 
JTHATOSPMfltlC    T UM09 T | N - «8 

JAM -fit mm 
(«PO/IOOOK7I 

«1 

•0 

lao 

•O*      •()•       w       w       90*      40*       w*      ■>• o*      o*       o* 
LATtTUOC 

.   ?4 

■r     JO*     «o* acr w     w 

r ^ ar sr    ar    xr    «■    «r    «S'    w   "S? i.-JT 
Lo 

so 

/ 

n 

■ »»■ 

^ 

"> 

r? 

?a;  • 

??^   i 

MftN   DUTMltUTlON   0' 

STOiTOSPxeHlC     TUHOSTIK- 
MAMCM-kPOlL     lt9* 

(«pr./ooo«cr) 

Sou«» 
ao*      so*     «o* »•      ?cr io*       o*       o* 

i ATiTuoe 

4< 

TO*        »' «O" SO* ro* mcr      9n» 

66 



*&     V      V      V      V     V Jt-   V      9*      ** ^    ^r    v    v    'S* *v.jr 

?^ 

v. 

■0 

•0 

TO 

«;   1 
H»    S 

71 

«0    i 

KX 

.■■•^ 

MIAN   O'lrmsuTiom    * 
»T(»«T0»»«IHC    TU»»0»T|N    i»9 

MA*    JUMf     lW» 
i«i>«./Kxe »en 

«   2 

«o 

«r      w '»•      w       «0» 
JO» KT O* O* HT* ir     «*      »• to-      »o-      »• 

L*T.Tu0t 

90* 
r 

So." 
B0* '^ 

*■ 

I 

vr «•     w_ y     y o* c      »•      »•      «o« 51^      ao»      ^r      «'_ »- 

mt* oKruiauTiQN » 

»TUiTOB^CHK     TUNOSU* - l§9 

1«P«/I000S0FI 

v»>' 

.'» I 

Spr     ^       «s.       <v       tfs.       ^ 
^        ^        M        p.       *» 

i »I    '    Dl 

4' 

67 



25- 

30 

lOCH 

i 

iSO- 

i rv- 

?a> 

??5- 

T      -—r r-        t 

^m 

5Ü00 

3001 

öcr- 

Vt AN   O'STRH^T i jN    OF 
r. TMAT0SOHEWC    T   -N'.S'tN      85 

Sf PT     OC T    i 959 

d p m     i000   SCf 1 

IOOO 

ÄXX1 

1000 

[90 

- 

60 

•ir)   '. 

1 
T 

4*)     "' ^J    a 
r- 

■i 

■ 

40      " 

wr    (»•    ns* W" 50»     40*      30*     ^^ IO»      0*      iO*     SO*     JO*     ao*     SO*    60* 

LATiruDE 

^0*     90*     90» 
NO' "i 

r- T- * T-                 t •                 1 T  

?5" 

•5 
mm —' 

\ 

s 
\ 
\ 

\ 

> 
1 
v. 

- -2000 

\ 

\                                   1 

£    .00 
UJ 

5    l?v 

2000—^:::- 
*30- .^ 

-. 

Or 
\ 

|        \                --    -2000 

irv Mf ON  D'STWiBuT iQN    0^ 1 
1          | 

K jTRÄTQSPHfPIC   ruNGGTEN 9S 1              V 

20O- NCv    DEC    i959 

upT    IOOO so ; V             * 

22V 
^-,.00 

.V            ,               1                ■ 

-* 

a 

6f 

45 

40 

90*    80*      ro*      60*      50*      OC*      30*    20* 
Soutn 

0*        iO*     20*       3Ü*     JO*      •yiy     HT      KT      SO* 90* 

L AT i  TuDf 

rtGun a« 

No' "i 

5, 

68 



so- 

°    100- 

iSO- 

?oo- 

.vs- 

lOX) 

SUü - - 
?0ÜD    " 
IQD0-- 

_-' / 

to- - 

\ » 

MtÄN    D'STRiBuTiON   Of 

STHflTUSf'Mt'RiC  T  'NGbTFNiBS 

JAN   FfB    i960 

dp™ 'i OOO SCF ) 

\ .'SODU 

son 

OX) 

-OOO 

90*      SO"       fO4      60"      SO*      40«      30°      ?0"       IQ. 
_4 *- 

SOU 

90 

80 

69 

80 

M 

50 

4 8 

40 

s ■ 

IO
1
    ?o*    »•   40*    so*   sc    ^o»    acr   9tf 

Nortr. 

riGi-u 10 

SO 

100- 
a 
m 

a     iSOT 

?0O- 

280- 

300-_ 

-. , ^- 

eo* 

-i r ■ r 

4000 

3000 5000 

DPM   w'85 / 1000  SCF 
(CQPRECTED  TO 15 AUGUST    1958) 

MÄR-AP«    960 
),9  Sompif« 

-i 1 1 r 

500 

1000 

1000 

60* 40* 20' 0° ?o* 40* 60* 

ro 

-   69 

60    t> 

9e   c 
o 

90 

49 

40 

» 

Sou?« 
SO* 

l^«0'•^^ 

MEAN    DISTRIBUTION   Of   TuNGSTEN     i89,  WARCH - APR IL    i960 

69 



tht)   at rut os ;j)-'re   and   t ropobpJicrc.      Thla   t > [w   of   auvement   would  cause  material 

mlxlni;   poleward   acrobs   tlu-   ^ap   from   the  higher   tropical   re;:loiib   to  be   placed   al- 

ternately   In  the  troposphere  and   In  the  polar  stratosphere. 

Some   of   the  above   phenomena   are   Illustrated   In  Flgurr   32.     TMs   figure   waa   con- 

structed   by  selecting   the   maxlnum   values   of   tungsten   concent rat 1 on  within   5   donree 

latitude   bands   on  a  bimonthly   bchodulc.     Since   the   maxima   slope  downward   toward   the 

poles,    the   altltu!o   represented   at   higher   latitudes   is   progressively   l(jwer.     The 

"wings"   on   the   shoulders   of   the   "normal"   curve   are   quite   evident,   aa   Is   the   gradual 

ulmlnullon   of   all   the   maxima   with   time. 

All   of   the   above   tungsten   observation;,   can   best   be   explained  b"   th     Austauscli 

or   turbulent   diffusion   concept   of   Sparv'6'    '   '   modified   by   th'    perturbations   Intro- 

duced   by   (1)   seasonal   chances   In   diffusion   rates.    (2)   seasonal   variations    In   the 

tropopause   height,   (3)   seasonal   variation   In   location  and   Intensity  of   the    jet 

stream.    ( 1)   seasonal   variation   In   the   location   and   structure  of   the   tropopause   ,:ap. 

Further  discussion  of   this   material   will   be   found   In Chapter   IX. 
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Chapter  VI 

BARIUM-HO,   STRONTIUM-Hy,   CERIUM-1J»     K1IODIUM-102 
AND  PLUTONIUM   IN  THB  STKATOSPHEK* 

Int rotluctlüii 

When  a  number   of   atum«   of   fissionable  material   undergo   the   flsslun   process,   a 

lar^o   family  of   products   Is   fonaod.     Perhaps   as  many   as   100  different   radlolsotopo.i 

with  hall   lives   varying   from   loss   than   a  second   to more   than   1000   years   are   formed, 

Dolan-     '   has   calculated   the  numoor  of   each  of   these  elements   to be   expected   as 

the   result   of   simultaneous   fast   neutron   {~11  Mev)   fission  of   uranlum-23H.     Ninety 

or  more  mass   chains   arc   produced,   each   containing   a  ^roup  of   elements   which  more 

or   loss   rapidly  decay  until   only   the  element   In   the  mass   chain  with   the   longest 

half   life   (plus   Its   daughters)   remains.     After   reaching   this   final   staKe,   each 

Isotope  decays   exponentially  with   a  characteristic   half-life   accordinj;   to   the 

expression: 

N  =  Noe'>t (J) 

where )   =   1/T =   .693/Ti ( 1) 

N   beln^   the  nunber   of   atons   remaining   at   time,   t,   after   the   initial   (or  apparent 

initial)   quantity,   N0,   was   available.      1    is   the   decay  constant   characteristic   of 

each  element   and   is   related   to  the  mean   1 i 1 <-,    T,   and  half-life,   Ti,   as   indicated   in 

(1).      The   activity   or   rate   of   decay   at   any   time,   t,    Is   ^ivon  by   a   similar  expression, 

dN/dt   =  A  =  Aoe"U   =   N^   =   -N0>e"H (5) 

To  a   fair  approximation,   mixed   fission   products   diminish   In  activity   according   to 

the   re 1 atlonsh1p: 

-1.2 
A  = Ajt (6) 
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where A     Is   the   activity   at   unit   time   after   flaalun   und  A   ih   ttie   activitj   at   some 

time,    f,    later   (or   earlier). 

Table   VIII    1H   a   tabulation   t mm   Dolan's    reixirt   ol   all   fission   prixlucta   nth   e, 

half-life  greater   tlian   5   days.      Those  elements   were   selected   to   Illustrate   the 

possible   radloe 1 ementa   available   for  stucl>    In   at ratosplierl c   or   lone   ran-e   tropti- 

spherlc   fallout.      They   are   arranced   In  order  of   Inrreaslni;   half-life.      Except    for 

mass   number   117,    the   elements   shown   are   those   In   any   one   muss   chain   which   have   the 

loru'.ont   half-life.      The   mlssinr,   nasa   chains   between   H5   and   161   have   no  members   with 

half-life  creator   than   5   days.      With   t lie   exception  of   Sb-125,   Te-127**,   I-1U,   Xe-133, 

Pr-1 13,   and  Pm-1 17,    the   precursors   o'   the   elements   shown  essentially   will   have   all   decayed 

within  one  month   after  detonation.      In   the   case   of   the  exceptions   listed   abov,    less 

than   ')%  of   the   precursors   will   remain   one   month   after   detonation, 

N irmally   samples   collected   in   the   I1ASP   network  have   not   been   processed   in   the 

laboratory   In   a   period  of   time   less   than   -mo   month   after  detonation   of   the   weapon 

represented   In   the   1 liter.     This   ap[)ears   to   be   the   case   In   the  other   collection   pro- 

grams   referred   to  herein.     The  half-lives   shown   In   the   table  are  expressed   in  days 

and   the  production   number   Is   that   number   of   atoms   of   the  material   In   question  which 

apparent 1y   Is   produced   for  every    10,00')   fissions   at   the   Instant   of   detonation   when 

observed   after  all    the   precursors   have  decayed.      This   number   is   slightly  rreater 

than   the  sum  of   the   atoms   of   the   precursors   and   the  element   In  question  at   the 

Instant   of   fission   due   to   the  holdup   time   of   final   production  concomitant   with   the 

decay   of   the   precursors. 

*The   asterisk   Indicates   an   Isomer  of   the   nuclldo 
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Table  VIII 

Fa.st   Flsslnn  Product   Produi'tlon   In  U-2:iH 

Elowent   (u Mass   No       Half-Life Pr(>duclli)n          Element   (kMaaa  Nu          Half-Life Pr.xluttlon 

Xe-Ki.i 5.27   d 610 Ce-1 H 285 ,1 I H) 

Tb-161 t;.HH   d 1 Ru-106 369 <J 270 

A^-lll 7.0     d HI Eu-155 020 d 25 

1-131 8. 1     d 130 8b-125 ^M) d Hi< 

Nd-lt7 11.1      (1 220 Pm-1 17 05 .1 222 

Ua-1 10 12.8     d ISC Kr-Hf, 3760 d 10 

Cs-136 12.9     d 3 Cfl-137 '.»7 10 d 521 

Ir-m 13.76   d 396 Sr-90 10100 d 300 

Eu-156 15.1      d 16 Sm-151 3 1000.1 105 

Ce-1 11 33.1      d 132 ne-7 53 d 0 

Te-129* 33.5     d 61 Oil 5760 > 0 

Ru-103 39,8     d 150 P-:i2 1 1.5 d 0 

Cd-115* 12.6     d 6 Rh-102 2 10 d 0 

8r-H9 50.5     d 2 10 ah-102* ? 0 

y-O! 57      d 311 W-1H1 120 d 0 

Zr.95 65      d 170 W-1H5 75.H d 0 

Te-127* 105     d 30 Pb-210 8030 d 0 

8n-123 136     d 78 Pu-239 2 1,300 v 0 

Note:     The  elements   with   zero  production   arc   liHtod  here   for  ronvenience  only 
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A   nuaber  of   these   Isotopea   are   not   suitable   for study   of   fallout   debris   for 

one   reason  or  another.      The  noble  ^«««'s   cannot   be  collected  by   a   partlculste   filter, 

and  some  elements   are   volatile   and  will   not   remain   In   the   filter   paper   residue 

during   the   ashing   process  prior   to   radlochemlcal   separation.     The   decay   schenes 

of  some  elements   are   such   that   they   are   not   amenable   to   accurate   assay   either 

because   the   schemes   are  not   presently   well   known  or  because   the   beta  or  Kamua 

emlsBlon  spectra  of   several  elements  overlap.      Some element»   such   as  Cd-115*,   Cs-IJG, 

and Tb-i61   are   not   produced   In   ^reat   quantity   as   are  other  more   tractable  elements. 

As   far   as   studies   of  world-wide   fallout   are  concerned,   «iily   about   a  dozen 

mass   chains   are   worthy   of  study.     8r-90   and  Cs-137  arc   ^cudled   because   their 

half-lives   are   lonx   compared   to  stratospheric   residence   time»   and   they   are   there- 

fore  useful   In   measuring   the  stratospheric  burden  and  mlxlnK   rates.      They   also 

are major  contribu  ors   to  the   lon^   term   fallout   hazard.      Zr-9S,    Ru-103,    10ß, 

Ce-111,    141   are   studied  because   they,   alon^   with  C8-137,   are   the   major   sources   of 

external   ^amma   radiation   In world-wide   fallout.     Ce-111   Is   also   useful   for  dating 

older  debris.      Sr-Hl.t   and  Y-91   are  useful   for   dating  debris   less   than   one   year  old 

anil   Uu-llO   Is   u.seful    for   dating   debris   only   a   few  months   old.      Mlxej   fission 

product   beta  half-life   Is   another   useful   but    perhaps   less   accurate  method  of 

dating   debris   up   to   u   lew  months   old.      1-131   may  be  an   Important   radloelement   to 

consider   In   tropospherlc   fallout   due   to   Its   stron,.;   tendency   to   concentrate   In   the 

thyroid  «land.      Other   natural   or  neutron  activation  products   which   are   worths   of 

study    fur   the    lU:hf    they   shed   on   stratospheric   ir.lxir..;   processes   or   their   contri- 

bution   to   the   fallout   hazard   Include   C-1 1,   Pu,    W-1M,    185,   Pb-210,    Rh-102,   P-32,    and 

Uc-7. 
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DatlriK   tUüluactlvo   U^'brlB 

One method  of   determlnlriK   the  a^v  of   urunlxed,   unfracttonated   radioactive 

debrla   la   to  measurt.-   thr   ratio  of   activities   of   twu   Isotopes   in   the   sample.      If 

the   Initial   activity   and  half-life   of   each   are   known,    the   ratio   can   be   expreüsed 

aa  ahown   below. 

Aa       A^a  e''at Noa   ^     -(>a-Vb)t -> rt 
Ab       A       e-^b1 Nob   ^b 

"b 

where   R   repjesents   the   ratio  of   the   laotopli    activities,   A,   (say,    In   dpm)   of 

elementa   a  and   b   at   some   time,   t,   after   detonation.      It   la   customary   to   form   the 

ratio  by  dividing   the   activity   of   the   element   with   the   shorter  half-life  by   the 

activity  of   the   element   with   the   longer   half-life.     It   can  be   aeen   that   the   ratio 

decreases   from   aotne   Initial   value 

Noa^ a 
R0   -    (H) 

fWb 

with   a  characteristic   iieca)   constant 

^r   =   ^a   "   ^b O) 

The  half-life   of   the   ratio   Is   ^ivcn   by   the   expression: 

Tir   3   Til>   x   Tja'^ib   "   Tja) (10) 

Knowing   the   ratio   at   the   time   of   analysis   one   can  calculate   the   time   elapsed   since 

the   ratio  was   at   its   original   value.      This   then   Is   the   a^'c   of   the   debris.      In 

principle,   measurement   of   the   activity   ratio»   from  any   two   penultimate  elements 

from  different   mass   chains  should   produce   the   sane  age.     As   we   shall   see  below, 

aeveral   complicating   factors   can   arise   which   obscure   this   picture. 

Uslm;   the   values   of   N     and  Tl   shown   in   Table   VIII   one   can   determine   the 

initial   activity   ratios,   K^,   and   apparent   ratio half-life  Tlr   for   a   number  of   nuclldes, 
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Tal)'«'   IX   shows   these   values   for   the  more   Important   Isotopes   mentioned  above.     The 

upp! :•   urn)   lowt-r   flKures   ut   the   row   um)   column   Intersection  of   an_\   two elements 

are,    respectively,   K,,  and  Tlr  expressed   In  days.     For  example,    the  Sr-HD'Sr-'JO 

activity   ratio   at    I   a  0   apparently   1B    160   and   It   decays   with   a   half    life   ol    50.7 

days.      Although   W-1H5   Is   not   a   llssion   prodmt,    It   Is   Included   In   the   table   for 

convenience.      The   two  values   vi   R(1   shown   in  each   box   are   based   on   the  estimated   tungsten 

to   fission   yield   values   lor   the   HARDTACK   and  llAlU/rACK- ffLE   aeries   respectlvel> 

with   t()   a   15  August   11*58.      These   are   the   stratospheric   injection   valued   discussed 

in  Chapter   V. 

If   unfractlonated clouds  of   two  similar weapons  exploded  on  different   dates 

mix   together,    it   Is   possible,    In   principle,    to  determine   the   dates   of  explosion  of 

each   and   the   relative   fraction   of   the   debris   from  each   In   the   sample   collected. 

This   can  be   done   in   nakin»;   a  judicious   selection  of   several   Isotopes   for  activity 

measurctrent.      In   practice,   however,    this   becomes   quite  difficult   and  may  even  be 

Impossible.      The   difficulties   have   been   discussed   extensively   by   Lockhart' J1 ' J■,' 

and   include:      (1)     fraitlonatIon   of   one   'sutope   with   respect   to   another  during 

transport   through   the  atmosphere,    (2)    fractlonat Ion   by   the   collection  system,    (3) 

use   of   different   fissionable  materials   subjected   to   a   variety   of   neutron  energy   spec- 

tra   resultlnc.   in   different   values   for   R(J,   (1)   upward  shift   of   the   fission   product 

mass   spectrum   by   multiple   (n,)   reactions   on   the   fission   products,   (5)   different 

times   of   arrival   ol   debris   from   the   sajne   event   due   to   varied   paths   of   travel, 

(6)   uncertainties   in   the   measurement   of    Isotoplc   concentrations   in   the   samples 

collected   1ior   uncertainties   In   decuv   schemes,    low   levels   of   activity  or  masklnj. 

by   other   elements,   (7)   a   background   residuum   loft   by   a   series   of   earlier  bursts, 

and   (h)   the   Influx   of   material   from   u   non-weapon   source   such   as   the   1-131   which 
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«•c«po(J   Into  the  ttmoaphcrv   In   the  Wlndscale   Incident.      Surftce  «arajile«  tnoanurlnK 

total   activity   taken   nein   u   reactor  site   are  »»specially   subject   to   this   latter 

(36) 
source  "f  error. 

Another method  of   doteralning   the  a^e  ot  unmixed,   simultaneously   fissioned 

dr>brl»   la   to determine   the   apparent   half-life  of   the   total   beta   (or  ^ammu) 

emlsblon   from   the   simple.      If   It   Is   assumed   that   the   t-^*^   law  holds,   then 

the   apparent  decay   constant,   ^ ,   at   any  one  moment   after  detonation   la   a  decreasln« 

function of   the   time   Blnce   burst.     This   value  of   1   can  be determined  by   constructing 

an  exponential   activity   curve   which  has   the   same   value   and  same   slope   as   the   actual 

activity  curve   at   some   selected   time.     Differentiating   equations   (5)   and   (6)   one 

obtains: 

dA =  -JA^"1 t   =   -XA and (11) 
dt 

dA  =   -1.2 Ajt"1'2  x   t"1   =  -1.2 At"1   =   >A (12) 
dt 

Solving   for   the   apparent   age,    t,   one  obtains   finally: 

t   =   1.2/1   =   1.2T   =   1,731^  =  T  3 (13) 

whert-- T 3 la   the apparent time required for the material to have Its activity 

reduced to three-tenth» of Its original value (alternatively the apparent time 

required to lose 70% of Its activity).  It should be noted that the apparent times 

mentioned above refer to the mathematically constructed exponential curve used to 

determine the a^e and are not the actual times required for the activity of the 

real debris to diminish by a certain amount, since these, of course. Increase as the 

at;e Increases.  A simple method of determining the age uslnt; this technique is to 

plot the activity of the sample ou  semi-lot; paper and to draw a tangent to the 

curve at the selected date.  The time required for this tangent to drop from 10 
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to  3   Is,   then,   tlie   a^e  uf   the   debrla   at   the   point   In   time   at   which   the   tangent   Is 

drawn. 

Table   X   shows   some   typical   values  of   fresh   radlol sotopes   Interrupted   In   the 

HAJP   network  during   195H,       In   addition,   a  sample  of   French   dobrls   collected   by 

B-57   aircraft   durln«   the   sprlnn  of   1960^37^   is   Included.      All   tho  data   are 

expressed   In  dp«n/10O0   scf   corrected   to  sampling  date   except   that   the   tungsten   Is 

corrected   to   15 August   1958.      The   beta half   Ufo   Is   that   valuo  observed   10  days 

after   the   dato  of   collection. 

It   can   be  seen   that   the   fresh   fraction  of   debris   in   the   atmosphere   found 

In   tlie   prusunce  of   older  debris   can   be  dated   quite   well   usln^  either   Ba-140/ai—89   ratios 

(assuming   all  of   both   Isotopes   camo   from  the   most   recent   shot)   or  l>eta  half-life. 

Siunplos   1,   2,   B   and   7   fairly   accurately   date   debris   from  USSR  tents   as   do  samples   3 

and   5   for   UK  debris.      Sample   3   Is   probably   of   t roposphe r 1 c:   origin.      Sample   4   from 

the   United   States   tost   shows   evidence  either  of   some   fractlonatlon  or  of   mixing   with 

the   earlier  UK  shot,   since   the   shot   ciatt?   Is   not   pinpointed   by   the   l)eta   a^e   as   veil 

as   the   others.»     Tho   Sr-H9/Sr-90   ratio  does   pinpoint   the   date   fairly   well,   however, 

aajnplo    I   has   a  ,;roat   doal   of   tungsten-1H5   In   it   with   a  W-Ui5,'ir-9ü   ratio   at   shot   time 

of   nt    loa.st   1150.     This   Is   the   same   order  of   magnitude   for   the  maxlmun   ratio   calcu- 

lated   by   Lockhart from   data  collected   alonK   the   HO"   merlellan   In   June   195K. 

In   general,   the   apparent   a^e   calculated   uslr.^   ratios   with   the   s t ron t lum-90   In 

these   samples  will   yield   an   earlier   date   of   apparent   origin   than   that   obtained   with 

the   nuclldes   of   shorter   half-life.      However,    If   the   background   values   of   Ce-141, 

Sr-90,   Sr-H9   and   Zr-95  observed   ;n   samples  obtained   during   the  month   prior   to   the 

fresh   intercept   are   subtracted   from   the  valuer   shown   in   the   table,   then   mo^t   of 

the   ratios   generally   tend   to   approach   their   rospocrtivo   theoretical   values.      In   tho 

•     The   presence  of   largo  quantltlo-   of   activated   tungsten   will   tend   to   increase   tho 
apparent   a^o   based  on   beta   hall    11.     of   nlxod   fission   products. 
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cas«   of   wuaporiB   fired   well   above   the   surfaie   of   the   earth   (such   a»   In   the   case   of 

the   195H  V*   and  USSR  detonatlorn)   little   fractlonat1 on   is   noted.     Surface  burnt» 

will   displa)   a   greater  decree   of   fractlonatIon.      For   Instance,   the  equatorial 

sa-iiples   collected   from    I'.tfiM   through   1960   seem   to   be   depleted   In  Ce-lll. 

Distribution  of   Dar 1 urn-1 10   and   S t ront 1 um-rt;» 

As   described   In   the   previous   section,   barlum-l 10   and   btrontlum-H9   can   be   used 

t''   elate   debris   a   few months   old.     As   a  consequence,   a  study  of   the   ratio  of   these 

Isotopes   from   place   to   place   immediately   aftei   a   test   series   can  shed   some   ll^ht 

on   the   extent   oi   -nixing   In   the   stratosphere  during   the   first   few  months   after   the 

series.      FlKure   33   displays   the   Ba-llO  Sr-H'J   ratios   in   the   stratosphere  during 

late   195H.     The   dotted   lines   show   the   theoretical   slop«   from   the  U* GHAPPLE   shots 

and  Soviet   series   in  September   and October   n»5H.      Ulfierent   latitude  bands   are 

represented   by   the  shape   of   the   plotted   points. 

In   the   JO'    to   l0oS   band,    the   ratio  has   risen   by   early  October   from   a   low   value 

to   that   expected   from   the   UK   shots   but   then  drops   away   faster  than   the   theoretical 

value.      This   fall   Is   probably   due   to   an   Incursion   of   older   Sr-H9   from   the   HARDTACK 

series.      In  the  equatorial   belt   the   ratio  rises   to   the   value  expected   from   the 

UK  shots   by   the  end  of  September  and   falls   aloru;   the   theoretical   slope  until   mld-Novembei 

when   the   ratio  suddenly   rises   to   the   value  expected   from   the Soviet   test   series.      The 

time   lag   noted   between   the   UK   shots   and   the   peak   in   the   ratio   Is   a  measure   of   the 

time   required   for   the  easterly   /.onal   winds   to   carry   the   debris   fron   the   test   site 

into   the   HASP   sampllnc   network.      The   raid-November   rise   is   apparently   due   to   the 

southward   mixing   of   the   Soviet   debris. 

The   debris   noted   In   the   20"   N   to    '() '   N   band   represent;,   a   mixture   of   Soviet   and 

UK   debris.      The   UK   debris   did   not   contribute   as   much   here   as   It   did   in   the   equatorial 
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rvglon   (the   latitude   of   the   test)   while   the  Soviet   debris   contributed   more   here 

thsn   It   did   In   the   equstorlsl   region.     One  would  expect   the  hl^h   latitude   Soviet  dobrls 

which   reached  the  equatorial   region   to have   passed   through   the  temperate   region.     This 

Is   shown   to  be   so  by   tl9>e data  since   the   temperate   zone   values  show  proportionately 

more  debris   than   the   equatorial   region   and   also  show  an  earlier   rise. 

In general, the ratios noted In the 30° N to 50° N band show Ba-110 and Sr-H9 

exclusively from the Soviet shots of early October. Howevei , the debris measured 

at 50° N to 70° N (the latitude of the Soviet test site) Indicates somewhat lower 

values. Appurcntly the circulation In the polar stratosphere was not symmetrlcal 

around the pole at this time but circulated around a point displaced toward Canada. 

As a result, older Sr-89 from the HARUTACK and GRAPPLE tests depressed the values 

In   the  highest    latitude   region. 

Since   the  half-life  of  Sr-89   Is   about   three   times   that  of  Ba-llQ,   Sr-89/Sr-90 

ratios   can  usefully   trace  debris   from   various   nuclear   test  series   up   to  a   year  after 

the  series.      In   addition,   some  of   the   tendency   for   fractlonatIon   between   Isotopes   is 

reduced  since  Sr-H9   and  Sr-90   are   chemically   similar   and  both  have   a   rare   ^as   pre- 

cursor.     Figure   3 1   shows   Sr-89/Sr-90   ratios   plotted   versus   time   for   three   regions   of 

the   stratosphere:      the   tropical   stratosphere   (30     North   -   30° South),    the   northern 

polar  stratosphere   (north   of   30° North)   and   the  southern  polar  stratosphere   (south 

of   30     South).      For   the   tropical   stratosphere   only   samples   collected   at   60,000   to 

70,000   feet   were   used.      For   the  northern   polar   and   southern   polar  stratosphere   the 

data  were  divided   Into   three  hets:      one   for  samples   collected   at   30,000   to   35,000 

feet,   a  second   for   samples   collected   at    10,000   to   55,000   feet,   and   a   third   for  samples 

collected  at   60,000   to   70,000   feet.     A   curve  has   been  drawn   through   the   points   for 

the   tropical   stratosphere  and   this   curve  has   been   repeated   In   the  other   two   regions 

for   purposes   of   comparison. 
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Between  November   1958   and   September   1B59   the   ratio   In  debris   In   the   tropical 

stratosphere   fell   In   response   to   the  decay   of   strontlum-89.     The   apparent   date  of 

origin  of   this   debris,   obtained  by  extrapolating   the   line   back   to   a   ratio  of   160, 

Id   25  July   1958,   In  good   agreement with   Its  derivation   from  HARDTACK.      After 

September   1959   the   ratio  ceased   to   fall,   cither   because   of   the   Influx  of   younger 

material   from  some  other   region of   the   stratosphere  or,   more   likely,   because   the 

strontlujn-89  could   not   be   measured  accurately   In   the   low  concentrations   present   In 

the   tropical   stratosphere   In   late   1959. 

By   January   1959,   the   debris   sampled   In   the   northern   polar   stratosphere   had   the 

same  apparent   age   as   that   sampled   In   the   tropical   stratosphere.     This  correspondence 

In  apparent   age  between   the  polar  and   tropical   stratosphere continued until   at   least 

September   1959. 

There  are   two  explanations   for  the   apparent   age  of   the  debris   in   the   northern 

polar   stratosphere.      The   first   is  that   It   represents   a  mixture  of  debris   from  the 

October   1958   Soviet   tests  with  older  debris.      If   it   is   assumed   that   the  older  debris 

contained  no  strontlum-89,   the  Soviet  debris  contributed  about   27   percent   of   the 

stfontlum-90   In   the   polar   stratosphere.      If   the   old  debris  did   contain   strontlum-89, 

less   than  27   percent   of   the   9trontlum-90  came   from   the October   1958  Soviet   tests. 

The   second  explanation   for   the   apparent   age   assumes   that   virtually   all   debris   from 

Soviet   tests  had   fallen  out,   or   at   least   had  not   been  mixed   into   the   part   of   the 

stratosphere  which  HASP was   sampling,   and   that   the   apparent  age  of   the  debris was 

caused   by   the   transfer  of   large  quantities  of   debris   from  HARDTACK  into   the   polar 

stratoaphere.      Perhaps   some  Soviet  debris   remained   in   the very   low  stratosphere 

below   40,000   feet   but,   if   It   did.   It   was   certainly   present  even   there   only   in   low 

concent rat Ions. 
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The  chaxiK«   In   Sr-89/3r-90  ratio  which  occurred   In   the   northern   polar   «trato- 

aphere   In October   1959   la   similar   to   that  which  occurred   In   the   tropical   »tratoaphere 

at   the   itaaie   tlae.      A^aln   It   aeeaa  sore   likely   that   the   failure   of   the   ratio   to 

continue   falling   Is   due   to  analytical  error   rather   than   to  the   Influx  of  young 

material,   especially   since   the   ratio   for  debris   from  40,000  to   55,000   feet   became 

higher   than   that   for  debris   from  60,000   to   70,000   feet   and  the   only   likely   source  of 

younger  material   lay   above   70,000   feet. 

(33) Measureinenta  of   the  Sr-89/Sr-90  ratio   in   surface  air made   by   Lockhart show 

that  approximately   75  to 80  percent  of   the  Sr-90  activity   In  the  northern  hemisphere 

during   the  spring   of   1959  can»   from  the  Soviet   series,   with  activities   before 

February   and   after   August   showing  higher  concentrations  of  older  debris   (IIAHI/TACK 

and GRAPPUO.     The   apparent  disappearance  of  Soviet  debris   f'-om  the  northrrn 

stratosphere   supports   the  suggestion made  by  various  Investigators*      »      .      .     '   that 

most  of   this  debris  was   removed   from  the   atmosphere during  the   spring  of   1959  (See 

Chapter  X), 

Th»  Sr-H9/Jr-90  ratio   In debris   in   the  southern  polar  stratosphere  waa   lower 

than  that   In  debris   In   the   tropical   and  northern  polar  stratosphere   throughout early 

1959.      However,   the   ratio   Increased  steadily   during   this   Interval   and   by  mid-1959  It 

was   the   same   (or   almost   the   same)   In   the   southern   polar  stratosphere   ma  It  was  In   the 

tropical   stratosphere.      Even   In  September   and  October   1958   the   apparent   age  of  debrla 

In   the  Soutluirn   Hemisphere  was only   two  months  older,   for  debris   at   40,000  to  55,000 

feet,   or   flvo  months  old^r,   for debris   at  60,000  to 70,000  feet,   than   that  of debris 

In  the  tropical  stratosphere.     The  variation with  altitude of   the  apparent  age of 

this debris   suggests   that  either  HARDTACK debris  mixed preferentially   into  the   low 

southern   polar   stratosphere  or  that  HARDTACK  debris   from higher   altitudes  mixed 

with more  older  debris   (either   In   the   tropical   or   in   the   southern   polar 

H7 



stratosphere)   than   did  HARDTACK  debris   from   lower  altitudes. 

Lockhart's*      '   raeasuroments   of  Sr-H9   at   the   surface   In   the  Southern  Hemisphere 

bhow  a   trend  of   the  Sr-H9/Sr-<J0   ratio  during   1959   ainllar   to   that   observed   at   the 

(30,000   foot   level   with   values   slowly   changinK   from   about   l/5th   that   of   the  Northern 

Hemisphere   in  January   to  about   equal   amounts   In  both  hemispheres  by  September. 

Platributlon  of  Cerlum-lll 

As   seen   above,   strontluni-89  measurements   In   the  stratosphere   are   useful   In 

tracing   debris   for   about   one  year  before   the   concentrations   become   too   low   for 

accurate   analysis.      Cerlum-ltl   with   Its   hulf-lfe  of   285   days   may   be   useful   for   periods 

jp  to   ;i  or   I   years.      Figure   3J   shows   the   Ce-lll/Sr-90   ratios   measured   In  HASP  and   some 

Ashcan   samples   versus   time   for   three   regions   of   the  stratosphere.      The  depletion   Is 

similar   to  that   of   the  Sr-H9/Sr-90   ratios   shown   In  Figure   31. 

For  samples   collected   In   the   tropical   stratosphere   since  September   1058,   the 

data   fit   the   theoretical   decay   curve   for   this   ratio  quite   satisfactorily   as  did   tho 

Sr-89   data.     For   samples   collected   In   the   northern  polar  stratosphere  during   this 

same   Interval   the   data  show  more   scatter   and   there   Is   a   distinct   difference  between 

the   ratio   In  samples   collected   at   55,000   feet   and  below  and   that   In   samples   collected 

ai   60,000   feet   and   alxwe.     The   data   for  samples   collected   In   the   southern   polar 

stratosphere   show  even  more»  scatter   thoui:h   there   Is   no   obvious   altitude  effect.      In 

all   regions   of   the   stratosphere  which   were   sampled,    the   apparent   are   of   the  debris   Is 

older   according   to   this   ratio   than   to   the   Sr-HO'Sr-OO   ratio,   probably   because   the 

bulk  of   the   debris   present   In   these   regions   was   derived   from   United   States   ground 

shots   in   the   Pacific   which   produced   fractlonat1 on  of   strontium-90   relative   to 

cerlum-lll,      i'nly   two   Important   sources   exist   which  could   contribute   debris   *ith   a 

Ce-1 1 l/Sr-90   rall'i   higher   than   that   found   In   debris   in   the   tropical   stratosphere; 
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material   fron   the  October   10SH  Soviet,   and  material   fron   the Au^tmt    1'»^«  United 

btati'.s   hi ;h   «Itltkide   rocket   shots.      The   ratio   should   t)^   hlrher   In   dehrl«   fremi   thenc 

sourccb   slrue   tfie>   probably   prodiucd   no   f rait 1 onat Ion   and  were   fired   later.     Figure 

l,ri  shows   the   theoretical   slop«   from   these   two   sources, 

HASP   Pat a 

In   the   northern   polar  stratosphere   durlr.     the   sprint;   and   ■uminer   of   19r)ft   there 

»as   a   negative   gradient    in   the  Ce-1 I l.'Sr-OO   ratio,   the   values   at   the   hl.-.hest   altitude 

helni-    lower   than   the   tropical    values   while   the   values   helow   (',0,000   feet    belnr   hi -her   than 

the   tropical   val ics.     As   tine   progressed,   most   of   th«1   voun   er   debris   at    the   Ic^wer 

altitudes   (from   the   Soviet   series)   departed   ( ror   the   s f r,i;   • »phe re   while   sone   at   ttie 

remainder   -av   have    mixed   upward.      By  October   1059   ,i 1 !   .i 111 ' ides   hacl   the   sane   ratio 

ab   that   of   the   tropical   stratosphere.      Hie   debris   present    it   HO,000   to   70,000   feet 

had   a   slightly    lower   ratio   than   found   In   the   tropl i a!    »•ratospht're   probably  due   to  a 

snail   hacK^'iSiund   ol    pre-HAHOTACK  debris.      The   negative      radlent   observed   In   these 

cerlun-ltl   data   is   not   .ii>   apparent    In   the   s t ront 1 um-H'i    l.ita   ab<ive.      TTi 1 J   Is   probabl) 

due   to   the   fact   that   the  Soviet   debris   which   ac    ount;    for   the   hl/her   values   at    lower 

altitudes   Is   relatively   unfractlonated   *hile   the   HAIUJTACK  debris   is   relatively   more 

depleted   of   cerlum-111.      In  anv   event,    the   cerlum-111   data   suggests   that   the  Soviet 

contribution   during   early    1959   accounted   ff)r   no  more   than   20^  of   the   Strontlum-90 

activity   In   the   northern   stratosphere   below   SO,000   feet. 

Starting   In   October   1959   and   concurrent   with   the   rise    in  Sr-90   concentration 

noted   In   Flcurr   21,    the   Cc-lirSr-90   ratio   makes   an   abrupt    rise   at    the   00,000-70,000 

foot    level.      A   few   months    later   a   sinllnr   rise   Is   noted   at    the   lower   altitudes.       It 

Is   quite   evident    that    this   material   did   not   come   fror   the   tropical    regions   sampled. 

It   Is   su^'Ki'Stcd   that    the   major   fraction   of    this    increase   Is   due   to   an   incursion   ol 
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debris   from  Teak  and  Orange.      Some   quantitative   eatlmatc   of   the   fraction  of  Teak   and 

Orange   In   thl«   region   can   now  be  mado. 

Froir,   Figure 21* It   can  be   »een   that   at   the   hlk;hoBt   altitude  In   the   region  of   60° 

to  G51'  N   the Sr-90 background   roae   from about   '.50   to  225  dpov/1000  acf,   ao  that   b. 

December   over   ;t0%  of   the   anount   present   Is   from   a   recent   Influx.      *hllc   part   of   thia 

may   have   teen   from   t\ifi  equatorial   region,   the   increase   at   lower   latitude*   la   not 

as   pronounced and  Bu^i;ests   that   the  equatorial   region   la   not   the  major  aource  of 

Sr-90   increase.      L'sln;   the  Ce-1 11   Sr-90   ratio   It   can  bo   seen   from  Figure   35   that   on 

1   June   1960   the   tropical   average  was   5.0  while   the  north   polar  average  at   the  high 

altitudes   was   about   ß.ö    Assuming   that   .eak  and  Orange   had  an   initial   production 

ratio of   39  and  is  unfractionated,   one would expect   this  debris  to have  a  value  of 

about   H.K   on   1   June   1960.     Abbur.lnK   further   that   the   increase   in   concentration  of 

cerlum-ltl   was   due  only   to   Influx   fror".  Teak  and  Grange,    It   appears   that   as   an   upper 

limit,    10%  of   the   strontlun-90   actlvlt)   in   the   northern   polar  stratosphere  between 

60,000   and   70,000   feet   wab   pioduced   by  Teak   and  Orange.      While  some  of   this   cerium-Ill 

may   have   come   fror   debris   from   the   Soviet   test   of   195H,   other  evidence   suggests   most 

of   the   Soviet   debris   was   removed   from   the   stratosphere   by   this   time.     Conclusive 

evidence   provided  b\   rhodlun-102   data   that   debris   from   at   least  Orange  and   probably 

also   Teak   entered   the   lower   .stratosphere   in   the   fall   of    1959   will   be   presented   later 

in   this   chapter. 

Ashcan  Data 

The  Ashcan  data   shown  on   Figure   Ü5   indicates   that   sometime  during   the   winter   of 

1958   -   ly59   fresh   debris   entered   the   northern   polar   stratosphere  at   the   80,000   and 

90,000   foot    levels.      The   Ce-111   Sr-90   ratios   at   80,000   feet   rose   to   values   similar   to 

that   absoclated   with   the   HARDTACK-GRAPPLE   debris   while   tne   ratios   at  90,000   feet 
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romm  to valuas mov ch*r»cterl«tlc  of T««k and Orange  or Soviet  debrl».     8»lt*r(12^ 

h»*   Indicated  that  etartlng   In July   V9S9   the  debrle  at  90,000   feet  started alxlng 

downward and   that  by October  the Ce-M4/Sr-9C  ratio at   80,000   feet  waa  the  aaae 

a«  at   90,000   feat   (See fUure   36).      It   waa   the month  of  October   1959   that  marked  the 

beginning  of   the   rlae  In  the Ce-nVSr-90   ratio at  60,000  to  70,000   feet  in  the 

northern   polar  HASP meaaurvments   (Plfcure   35)   ao  theae Aahcan   data  are  not   Inconalatent 

with   the  HASP  data. 

Soviet  Debris   va Teak and Orange 

While   It   cannot  be  categorically   ahown   that   the high  valuea  of   the Ce-lll/Sr-SO 

ratio  at   90,000   feet   In  the  spring  of   1950  are definitely   frocn   the  Soviet  aerlea 

alone  or   from Teak  and Orange  alone,   downward mixing   from Teak and Orange   la  strongly 

auggeated  and   It   la  poaalble   that   these  90,000  foot Aahcan   collections  of  March   and 

April   at  Sioux  City are  the  flrat   recorded  collections  of  debris   froo Teak and Orange. 

There  are  several   additional   reasona   for  believing   that   the  high  Cc-llLSr-00   ratloa 

In   the Aahcan   collections  are  not   wholly   from Soviet  debrla. 

First,   It   aeena  unlikely   that   debris   from  the Soviet   aerlea  would  r.ppear  at   all 

( 39) altitudes   except   80,000   feet.-   Murayama haa  ahown   rather  convincingly   that   the 

large  Increase  of   atrontlun-90  at   80,000   feet  In  the  northern  atratoaphere  was   almoat 

exclusively   from  testing   In  the  equatorial   regions  (See Figure  21b).   fhe  tungsten marked 

debrla did  not   rlae aa  high  as  did  the  average 8trontlum-90  Injections,   consequently  the 

material   entering   the  80,000   foot   level   had  a  lower  than  normal   tungaten concentration. 

At  90,000   feet   the Sr-90  Increase  was  not   as  pronounced  aa   that   at   80,000  feet   but 

surprisingly  the debris  at  90,000   feet  seemed to have more  than  Ita  ahare of  tungaten. 

One  possibility   thst  suggests   Itself   la   that   the Aahcan aampler had  a   lower collection 

efficiency   for  at.-ontlum-90  at   the  highest   altltudea   (Some   reason»   for this  possibility 
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hav«   b««n  outlined   In  Chapter   III).     This   notion   la   aupported  by   the   fact   that,    In 

the   paat,    the  at ront luin-9U   profile  haa   dlnlnlahed   at   higher  altltudea   faater   than 

haa   the   carbon-l»   profile   meaaured  at   the  aaae   time        .      In  addition,   Murayama^      ' 

haa   alao  ahown   that   Ca-Kl?/Sr-90   ratloa   in Aahcan   aamplea   are hlKher   than   thoae 

In   the   HASP  aanplea   and   alao  hlKher  than   the   theoretically  expected   value   (2. !S   va. 

1. H) ,   a^aln  auKKeatlnK   lowered   at ront 1UIB-90   collection  efficiency.      In  other  word», 

the   definite  poaalblllty   exlata   that   the  high  Ce-Mt/Sr-00   ratloa  observed   at 

90,000   feet   are  not   repreaentatl ve  of   the debrla   aaoipled. 

The   aecond   arguaient   a^alnat   a   large  quantity   of   Soviet   debrla   rraalnlnft   In   the 

high   northern atratosphere   la   the   fact   that   a   lar^e   fraction of   the  Soviet   Injection 

of   1958   can  be  accounted   for   In   rainfall   and   lower   atratoapherl c   HASP   aaaplea   through 

November   1959.     Ualn«   a  Sr-H9/Sr-90   ratio of   160  at   tla»   of   formation  and   the 

increaaed  HASP  atrontlun-90   inventories   deacrlbed   above  aa  aodlfIcatlona,   the ■•thod 

of   Inventory  uaed  by  TeldRBdaa auggeata   that   0.85  +   0.15  megacurlea   of   Sr-90 

originating   from   the   1958  Soviet   aerlea   can  be   accounted   for  below 70,000   f met. 

Probably  no more   than  0.25  megacurlea  of   the  original   production   from   the  Soviet 

aerlea   remalna   unaccounted   for. 

The   final   argument   agalnat   there  being   large  quantltlea  of  Soviet   debrla   In   the 

higher  atratoaphere   aa   late  aa  mld-1960   la   the   rather  aymmetrUal   dlatrlbutlon  of 

atrontlum-90  between  hemlapherea.     The  hlgheat   concentratlona  are  found  at   the  hlgh- 

eat   altltudea  and  at   the  hlgheat   latltudea  with   the   total   Inventory   In   the   Northern 

Hemlaphere  being  no more   than   35%  greater  than   that   of   the  Southern  Hetnlaphere.      If 

any  Soviet  debrla  migrated   Into   the Southern  Hemlaphere   It  muat   have  don«  ao  at   a 

level   above  70,000   feet   aa   there   la   little  evidence  at   all   of   thin  debrla   below 

70.000   feet   In   the  equatorial   region.      In addition,   the  O-14VSr-90   ratio«   during 

■ld-1960  do  not   differ   too  markedly  between   the  Northern   and  Southern   Hemlaphere. 
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Fl^ur»'   .17   ahowa   t   repreaontat i ve   aamplln^   of   the   Cf-lll   Sr-90   ratio«   obtained   during 

Phase   V   «ajnpllriK.      (See   alao  Tablea   V  and   VI)      While   the   Northern  Heolaphere   valuea 

are   iU   to   2(1\  higher   than   the   Southern   Hemlapher«   valuea   at    10      latitude,    the   hlghsat 

valuea   are   found   at    the   hl^heat    latitude»   and   hl^heat   altltudea   in   both   hemlapherea. 

Further  dlacuaalun   on   tfila   point   will   be   found   In   thj   aectlon  on   rhodl urn-102   below. 

It   la   noted   alao   that   the   balloon   valuea   a^'aln   are  aouewhat   higher   than   the   aircraft 

valuea   at   equivalent   altltudea. 

Kflille   all   of   the   above   ar^ufflenta   by   no  tieana   prove   that   no  Soviet   debrla   la   left 

In   the   atmosphere   they   certainly   tend   to ahow   that   acne   other  aource   oi   debrla, 

naanely  Teak  and  Orange,    la   contributing   to   the   concentration«   found   at   h   irh   latitudes. 

It   aeeraa   reaaonable   to   a««ume   that   at   leaat   half   of    the   Increaae   In   concentration   of 

at ront 1 um-'Jl)   at   the   h 1 K^   latitudea   durln«   the   winter  of   1959-196Ü  wa«   due   to  Teak 

and  Orange.     Thl»  aaaumptlon   1«   «upported  by   the   re«ultB   of  meaaurementa   of   rhodlum- 

1U2   deacrlbed  below.      If   the   aaaumptlon   la   correct, the   upper   limit   of   the   a t ront luiD-90 

Increaae   due   to Teak   and  Oranne   of    10%  aa  au^Kested   earlier   In   thl«   chapter   la   re- 

duced   to  20%. 

Distribution  of   Rhodium-102 

In   the   prevloua   report   (UASA   532),   atratoapher1c   concent rat 1 ona   of    rhodlum-lÜ2 

were   reported   lor   the   period   July   I'.tSH   to August    1959.      During   that   period   the 

trixlmuni   concentration«   were   found   In   the   tropical   etratosphore   alon^-   with   concen- 

tration«   In   both   the   polar   stratospherea   one-hall    to   one-quarter   that    of   the   tropical 

region.      Since   that   time   the   picture   has   changed   radically. 

Apparently   there   have   been   two   dlatlnct   source«   of   rhodlujn-102   Injected   into 

the   atratosphere.      Approximately   J   me^acurlea   of    rhodlum-lU2   were   produced   In 

Oranne,    the   «econd   hl^h   yield   rocket   «hot<J8)    (1 red   at    the   end   of   the   HARDTACK   series. 
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It   la   •■tKnated   that   aa   much   aa  0.3  rnvKaiurtea   »rre   produced   In  ■•v«ral   other   low 

altitude   ourata   of   the  HAKOTACK  aortal..      Th 1 a   latter  aourc«  .nay   hsvu   Injected  as 

■ uch  aa  u.l'i   meKacurlea   into   the  at rat oaphere   with   an  ultimate  dlrtrlbutlun   alvllar 

to   that   of   tun^aten.      It    Is   unlikely   that   aore   than  Ü.02  meKKcurles   frmn   thla   euurce 

remained   In   the   atratoaphere   after May   1960, 

AccordlnK   to  data  obtalnel  by   Kalkateln  at   AfCHl   thrcugb   the   analyale   of   filter 

auoplea  of   at ratoepherlc   air,   the   »t ratoapherl c   concent rat lona   of   rh<xll um-102   In 

the   Northern  Hemlephere   Increaaed  during   the   autumn  of   1959   to   valuea   above   thoae 

attributable   to   Injectlona  of   rhodium-102   by  HARDTACK aurface  bursta.     Meaaureaeiita 

of   at ratt)spherl c   air   In   the   Southern   Hemlaphere   by   Ka 1 ks t«l n* au^ea ted   that   a 

almllar   Increase   may  have   occu-red   there   In   the   autuinn   (May,   June)   or  winter   (.'uly, 

August)   of   rj!)9   and   that   by  the  autuinn   (June)of   1960   the   rhodlum-lU2   concent rat lona 

In   the  Southern  Hemisphere  equalled   those   In   the   Northern  Hemlaphere. 

A   number   of   HASP  samples   collected   during   the  winter  of   1959-1960   In   the 

Northern  Hemisphere  have   been  analyzed   for   rhodlura-102.      The  mean   concent ratlona 

indicated  by   theae   eamplea,   arranged   accordlnR   to   the   5000   foot   altitude   layer   and 

accordlnr,   to   the   region   (aouth  of   R&jr.ey,   south   of   LauKhlln,   between   Lau^'blln  and 

Mlnot,   or  north   of   Mlnot)   In  which   they   were  collected,   are  «Iven   In  Figure   3Ha.      It 

Is   evident   that   the   hiebest   concentration»   occur  at   the   highest    latitudes   and  highest 

altitudes.      This   latitudinal   dlatrlbutlon   of   activities   Is   conftnned   by   the  AFCR1, 

data, 

It   appears   that   the   rhodlun:-102   la   boin«   brought   down   from   its   original   injec- 

tion  site   by   strong   vertical   mixing   in   the   polar   stratosphere   during   the   "winter 

seaaon   (late   autuinn   to   early   spring).      The   vertical   concentration   gradient   suKKesta 

that   venUal   mlxln/   rather   than  subsidence   of   air   is   the  main   factor   In   the 

* I .i, i'-   I  n     i M! ( 'i   .it    ,\K'     '    |.<- i    A'- ;n:  .nr   i •     .. .r  ,  I ;. i ■.,••,.'•■   I A 1 bil'i"«' f';' if    ( \ ,■. r; !     !  "'. 1) 
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appearance   of   rhodiua-102   below  70, OOO   foet.      The   rh<>dla«-lü2   In   the   tropical 

■tratuaphere   probably   reached   there   through   doimward  mixing   Into   the   polar   «trato- 

aphere   an!   then   lateral   mixing   into   the   tropical   a t rat oaphe re.      "Hie   total   ajac>uiU 

of   rhudluin-102   In   the   at ratoapJiere   of   the   Northern  Heinlapher©   daring   the   winter  of 

1959-1960   was   about   U.V5  meRftcurle   (corrected   for   decay   to  Au^uat   195«).      Thua, 

during   the   second   year  after   Ita   Injection   at   hi^h   altitude   about   y   percent   of   the 

rhodium-1U2   activity   waa   carried  down   Into   the   lower  northern   atratoaphere.      If   the 

aaaumptlon   la   made   that   an   equal   aaiounl   ol    rhodiuni-lü2   resided   In   the   lower  Southern 

Honlsphere   by   May   1960,    then  U.52   me^'acurie   of   rhodlun-102   or   \H%  of   the   activity 

from  Orange   (and   probably   from Teak)   was   below  70.OOO   feet.      Figure   38b  shows   the 

rhodlum-lU2   measurements   made   during   May   1960.      List has   calculated   that   this 

distribution   represents   a   total   stratospheric   Inventory   between   10,OOO   and   70,000 

{net.   of   0.37   mcgacurles.      This   cotnpares   favorably   with   the   estimate   made   above   when 

consideration   is   made  of   possible   amounts   that   have   fallen   below   10,000   feet   since 

September   ly.V»   (when   rhodlum-102   was   detected   in   ground   level   air   near  Chicago  by 

Gustafson'      ').      In   addition,   It   is   seen   In   Figure   J8b   that   the   rhodlum-102   is 

distributed   symmetrically   about   the   equator   In   the   range   that   the  sampling   has   betn 

conducted.      There   is   a   possibility   that   this   "snapshot"   of   the   stratosphere   Is   not 

representative   ol    the   whole   year   and   that   seasonal   effects   will   produce   differences 

not   apparent   here. 

An   initial   estimate  ol   the   residence   half-time  of  material   placed   In   the 

mesosphere   Is   afforded   by   the   rhodlam-102   data.      If   the   assumption   Is   made   that   a 

few  months   (lor   instance,   3  months)   are   required   for   the   debris   to   be  mixed   to  anv 

extent   through   the  mesosphere   then   It   Is   seen   from   the   above   Information   that   about 

one-sixth   of    the   rhodlum-102   from   üiange   departed   from   the   mesophere   within   1H  months 

after  mixing.      This   represents   a   residence   half-time  of   6M  months   or  about   fiji   years 
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(mean   roaldence   time  of   H  years). 

The   rhodium-102   data  also  afforda   an  opportunity   to evaluate   In  a more quanti- 

tative  manner   th«  aourco of   atrontlum-BO  and   cerlum-lil  concentrations   found   In   the 

polar  stratosphere.      If   the  assumption   Is  made  that  Teak  and Orange   debris  contains 

the major  fraction  of   the 0.4  megacurles  of   strontlum-90  orlKinally   placert   In   the 

aeaosphere ,   then   for every  300  dpn  of   rhodlua-102  on   12 August   193H   there  would 

be  on   1   June   1960,   JH  dpm of   strontlum-90  and,   assuming   the   Initial   production  of 

cerlum-lll  shown   In  Table  VIII,   there   would   be  on   1   June   1960,    318   dpoi  of  cerlum-lll. 

When   the  Teak   and  Orange  debris   Is   subtracted   from  the   values   shown   In  the May   1960 

"snapshot"   (Table   VI   and Figure  37)   by  using   decrements   proportional   to  the  rhodlum- 

102   values,   the  re-ltl/Sr-90   ratios   that   remain  average  about   4.7   In   the Southern 

Hemispheric  and  northern equatorial   stratosphere  and  average   about   5.7   In  the  northern 

polar  stratosphere.     The decrements   amount   to  about   25% of   the   strontlum-90  at   70° 

North,    10% at,   10"   North   and   40"  Soutli ,    and   about   2%  at   the  equator.      Tlioso   fii^vircs 

are  comparable   to   the  20% to   10%  figures   previously  suggested   for  the  amount   of 

atrot.       i -        * n   the  northern  stratosphere   from Teak  and Orange   deduced  from strontlum- 

90 ar.ii c».»-144   data.     The ce-14VSr-90   ratios   of   the  remainder   imply   that   the  debris   in 

the  northern  polar  stratosphere  exclusive  of  Teak and Orange   is   about   80 days   younger 

than   that   found  elsewhere  in  the  stratosphere.     This   result   suggests   that  some  of   the 

debris   1     the   northern  polar  stratosphere  came   from  Soviet   tests,   although  it   is   not 

altogether  conclusive.     For  instance,   it   another decrement  similar   to   that  aasigned 

Teak  and Orange   is   applied  to  the   previous   remainder  to "remove"   the  Soviet   debris, 

the  strontiuin-90  concentrations   In   the   Northern Hemisphere   fall   to   values  about   30% 

lower   than   those   in   the Southern Hemisphere.     This  is   an  unlikely   situation  although 

it  could actually   prevail   If   the Southern Hemisphere  were  receiving   a  large austral 
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winter  Influx  of   older material   from   the  high equatorial   region.     On  the other  hand, 

even  before   the   late   19SH  Soviet   aerlea,   HASP meaauremonta   have   ahown   that   debrla 

In   the  Southern   Hemlaphore  haa   alwaya   tended   to  be  older   than   In   the  Northern 

Henlaphere. 

While   the   rhodluni-102   data   tan   yleia   valuable   Information   on   the   rates   and 

location  of   entry   into  the   lower   atmoaphere   of  debrla   from  OranKe,    there  are   several 

uncertalntlea   In   the  data.      First,    the   actual   amount   of   production   Is   not   known 

with   certainty.      Fortunately,    rhodium-102   la   not   a   fiaalon   product   alnca   it   la 

ahlelded   In   the   decay  of  masa   chain   102   by   atablo   ruthenlum-102   (rhodl ujn-102   la 

produced  by   the  n,   2n  reaction  In  natural   rhodlun-103).     Second,   the  decay  acheme 

of   rhodlum-102   1»   not   well   known.      Rhodlum-102  decays   by  K   and   L  capture  as   well   as 

by  negative   beta   emlaalon.     An   additional   caoplIcat 1 n^   factor   is   the   presence  of 

rhodlum-101   and   a   Ion«   lived   laooer   of   rhodlum-102  which   has   an   Ill-defined  half 

life  of   several   years  and makes   >      »ectlon   fo,   decay   to   the   anniversary  date   un- 

certain.     The  empirical  decay   curve  obtained  by Kalkstein  at   AyCRJ,  ha»  been  used   to 

coriect   rhodium  counting data on  HASP  «amplea   lor  their   rhodium-ivj2   concentrations 

and   these  have  been   extrapolated  back   to   12  Ausist   1958   usini:   ■   210   day  half   life. 

Finally,   concentrations  of   rhodium-lÜ2  have   been somewhat   low   and   long  exposures   of 

the   filter   paper  are   required   to  obtain  Rood   counting   statistics.      Often  several 

papers   collected  over  a   relatively   large   range  of   latitudes   are   pooled   to  Increase 

the  amounts   of   rhodlum-102  available   for r.^asurement. 

Distribution  of  Plutonium 

Plutonium  has   been measured   in   a   number  of  HASP  aamples   collected  up  to  mld-1959. 

The   plutonlum   samples  were  measured   in   separate  allquots   of   the   original   sample 

solution  of   the   filter  paper.     After   selective  purification,    the   .jlutonlum   in   electro- 

deposited  carrier-free  on  stainless   steel   disks   (See  Figure   39).      Radiometrie  assay 
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l«   p«rfürmed   by  aclnt11 latIon   countln«  of   the  alpha  enlaalons.     Sine«   the  alpha 

apectrua   la   not   neaaured,   no  dlacrlmlnation  between  plutonlua-23y  and   plutonlua- 

2 10   la   made. 

FlRure    10  ahuwa   the  dlatrlbutlon  of   the  Pu/3r-90   ratloa   In  22H  HASP  aaaplea 

collected   over  a  period  of   1H  montha.      The  mean   value   la   0.01H  dpm  Pu   per  dpoi  Sr-90. 

Varlatlona   frcm»   thia   mean  are   larRer  and  more   abundant   than   waa   true   for   the  Ca-137/ 

Sr-90   ratios   reported   In  DASA-.')32.      Real   varlatlona   In   the   Pu/Sr-90   ratloa   are   not 

unexpected   since   this   ratio   for  debrla   dependa   upon   the   capture/flaalon   ratio   In   the 

weapon   which   produced   It.     Even   so   the  extreme   values   ahown   In   the  Fljfvire   are 

probably   the   result   of   analytical   error. 

In  Table XI   the  Pu/Sr-90   ratio   Is   tabulated  according   to   the origin  or 

aajnplln«   date  of   the  debrla.      Certain   tests,   especially   the   fall   1958  UK   test, 

produced   debris  with  a   low  Pu/Sr-90   ratio.     Debris   In   the  Southern  Hemisphere  had 

a  higher  Pu/Sr-90  ratio  than  debris   In  the  Northern  Hemisphere during   late   1958   and 

early   1959.     This   probably   resulted   from  a  greater   representation   In  the  Southern 

Hemisphere   of  background  debrlr   from  high   yield   weapons,   especially   from   the 

CASTLE   tests  which  would  have   a  high   capture   fission   ratio.      This   substantiates   the 

conclusion   reached  above   In   the   discussion  of   the  8trontlum-90  distribution   that 

debris   sampled  in  the  southern   polar  stratosphere  especially  was  originally   Injected 

Into  the  high   tropical   stratosphere. 
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No. of Samplet 100 Pu/Br^ 

k 1.6 t  0.3 
3 2.1 f 0.3 

12 1.8 t 0.3 
3 l.U± 0.5 
9 2.1 t O.k 
12 1.9 l 0.9 
6 1.2 ^0.5 
2 1.5 t 0.1 

26 1.6 f.0.U 
3 1.9 ±0.1 

TABLE  XI 

VariBtione  In the Plutoniura/Strontiuni-90 
 Ratio of Btretoepheric Debris  

Northern Polar Stratoephere 

Background debrli, November 1957 
Debris  fron fall 1957 Bovlet tests 
Background debris, March-April 1958 
Debris  from spring 1958 Soviet tests 
Background debris, May 1958 
Background debris, September-October 1958 
Debris   from fall  Soviet  tests 
Background debrlB, Jnnuary-Febru&ry 1959 
Barkgroand debris, March-April 1959 
EacV^round debrle. May 1959 

Tropical Stratopphere 

Backgro-ind flebrls, November 1957 2 1.2 i 0.1 
Debrle  from fall I957 British tests: 

1. Intercepted during November 1957 
2. Intercepted during February 1958 

Bacjcground debris, March 1958 
Debris  from spring 1958 Soviet tests 
Background debris. May-June 1?58 
Debris  from HARDTACK: 

1. Intercepted during June 1958 
2. Intercepted during September 19^8 

Debris  from fall 1958 British tests 
Background debrln,   j00 North to 15° South latitude. 

November-December 1958 
January-February 1959 
March-April 1959 
May 1959 

Background debrle,   15° South to  30° South latitude; 
November-December 1958 
January-February 1959 
March-April 1959 
May 1959 

Southern Polar Stratosphere 

Background debris, September-October 1958 
Background debris, November-December 1958 
Background debris, Jruiuary-February 1959 
Pnrkground debris, March-April  1959 
Background debris, M«y 1959 

k l.U i 0.3 
k 1.2 ±  0.2 
k 1.7 ± 0.2 

I 1.6 ± O.k 
2.3 ± 0.2 

1 3.0 
V 1.6 ±0.9 

10 0.7 ±0.2 

9 1.3 ±0.3 
12 1.5 ±0.5 
8 1.6 to.6 
2 1.8 

k 1.9 ±0.5 
2 3.7 42.U 
k 2.8 ±1.3 
1 2.2 

U 2.3 + 1.0 
±0.7 6 2.6 

9 1.8 to. 3 
6 2.8 ±0.8 
2 3.7 to.5 
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CHAPTKH   VI I 

NATUHAl,  KAÜItJACTlVITY   IN   THI  AmübWERf; 

Int rtxluc t ion 

With   the   drop   In   rate   of  weapon«   toBtln«   «Ince   145H,   naturally   radioactive 

material«   either   produced   In   the  «trato«phere   by   the   action  of   coBinlt    ray«   or 

exhaled   from   the   «urlace   of   the  earth   may  become   Incroaalnnly   Important   a«   trace 

materials   for   the   Htady   of   the  behavior  of   the   atmosphere.      In  addition,    the   source 

of   the  natural   radioactivity   1« more  evenly   dl«trlbuted   around   the   world   than 

fl«alon  products   and   the   material«   have  had   «ufflclent   time   to  establish   equilibrium 

distributions,   If   such  exlat.     Measurement«   of   the   Kradlent«  of   these   distributions 

can  cast   considerable   ll^ht   on  the   rate  and  direction of   various   possible  mixing 

processes.      Unl ortunate1y ,    the  natural   background  of   several   isotopes   such   as 

carbon-ll   and   tritium  has   been  overwhelmed  by   the   production  of   these   materials 

in weapons  detonations.      An  attempt  will   be  made   in  this  chapter  to  outline   the 

information   that   has   been  gained  in  studying   the  distribution  of   carbon-ll,   tritium, 

beryllium-7,    pho8phoru8-32,   and  radon  daughter   products  such   as   lead-210. 

Carbon-1\ 

Carbon-ll   is   produced   In  the  stratosphere   by   the   Interaction  of   cosmic   ray 

neutrons   with   nltroKen   in   the  air.     While   the   reactions   probably   take   place  mainly 

between   50,000  and   100,000   feet,   the   5760   year   half   life  of   carbon-ll   Is   so   long 

compared   to  mixing   rates   in  the  atmosphere   that   a  natural   gradient   of   thin  material 

is   not   expected.      Since   the  stratosphere   coritalns   about   311   ppir  of   carbon  dioxide 

and   the   normal   stratospheric  carbon-ll   content    Is   about   9   x   10       carbon-ll   atom8v      ' 

the   natural   concentration  should  be   about   71   x   10     atom«  of  C-ll   per   gran  of   air 

or   13 dpm  per gram  of   carbon. 
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vhrtn  neutrons   earap«   from   a  weapon   Into   the   air,   carbon-14   Is   formed   In   a 

manner   similar   to   the   natural   pr<>< esses.      Lll)l)y ha«   estimated   that   the   atrato- 

■ pherlr   burden   of   c arlxm-ll   had   doubled   as   a   result   of   weapons   testltut   up   to 

(45) 
1   January   1958,      This   was   borne   out   by   balloon   measurements   reported   by   llaitemann 

who   also  estimated   the   total   Ixjtnb   production    if   carbon-11   by   the   end   of   1958   to  be 

27 
25  x   10       atoms. 

Tli«'   st ratosphorl«    distribution  of   carbon-14   reported   by   Makcemann  was   compared 

with   the   HASP   and   Ashcan   results   In   the   previous   report   (DASA-532).      Briefly,    It 

was   noted   In   that   report   that   the  excess   rarbon-M   profiles   showed   a  maximum   at 

HO.OOO   to  90,000   feet   at   most   of   the   siunpllnt?   sites   as   Is   su^ested   bv   the 

s t ron t lun>-90  data.      Tlie   size   of   the   peak   at   this   altitude   was   greater   In   the 

carbon-14  profiles   than   in   the   stmntlum-90  profiles.      This   may   be  due   to   a   possible 

dncroase   In   sampling  efficiency   for   strontlum-90   In   the   Aflhran   at   higher   altitudes 

which   is   rmt   t>elni;   taken   Into   account.      If   the   HASP  data   are   extrapolated   upward 

uslnn   the  carbon-14   profile   rather   than   the   Ashcan   profile,   the   ILAiP   stratospheric 

Inventories   would   be   Increased   by   perhaps   25%.      The   stratospheric   mean   residence 

time   for   debris   Injected   Into   the   hls;h  equatorial   region   based   on   the   carbon-11 

data   Is   about    1   vears.      This   Is   not   vastly   different    from   the   value   based   on 

measurements  of   partlculate   debris.      The  carbon-11   data   indicate     that,   prior   to   the 

October   1958   injections,    the   Soviet   Injections   were   all   stabilized   at    low   altitudes 

In   the   polar   stratosphere   and   they  made   no   lom;   rani^e   contribution   to   the   stratospheric 

burden   of   nuclear  debris.       Finally,    It   was   noted   that   the   carbon-14   exhibited   a   poleward 

transfer  of   debris   from   the   equatorial   re.;lon   preferentially   during   the   winter   season 

In   each   hemisphere. 
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Since   January   i'MiO   u   numbor   of   sample«   of   tarbon-11   it,   ((>.,   taKcn   fn»1    s.rla<r 

ulr  have   been   meuitureiJ   as   part   ol    the   HAbl'   proi;rar..      The   CO^   lh   purlllici   in   a   VPI   I .:• 

syuteni   (Ki^urc    11).      Oxyden  and   nitrogen   arc   removed   In   p.imping   tr'>''    t ht   ti   /LTI 

CU-^.     After   reaction   *ith  Cu O,    radon   is   removed   by   further   pu-pin.-.      Th«-   i .1  c<.j 

lb   decomposed   by   heating   and   the  CO2   ih   nnalv/ed   b\   prop«jrt l onu 1   ''..ntin,-   at   1 *> 

atmospheres   in   u   well   shielded   ant l col m 1 dence   (wititltn;   apparatus   (Figure    11.'). 

The   result»   of   the   measuremonta   are   shown   in   Table  xil   and   lie   hetween   the 

15%  and   30%   values   predicted  by   Llbby   and   Hak;emann.      Surface   air   ilurlnn   early   ll.*60 

was   enriched   In   carbon-1 I   by   about   20%  over   the   c<»ncent rat 1 cjn   wti 1 < h   would   have 

existed  hud   there   been   no  production   of   that   radionuclide   by   nuclear   weapons   test- 

ing.     This   is   in   agreement   with  data  obtained  by  Munnich   at   Heidelbern   where   the 

excess   carbon-1 1   reached   ♦ 30% duritu'   mld-1959  declinin.;   to   about   «20%  by   ttie   end 

of    1959,      It   also   threes   with  data  obtained   bv  Broecker   lor   three   sites   In   the 

Northern  HemlsphPie   during   late   195':»   and   early   19G(J.     Concentrations   in   the  Southern 

Hemisphere   may   still   be   a   few  per   cent    lower   than   those   In   the   Northern   Hemisphere 

according   to  data  obtained  by   both  Munnich   and  Broecker,      There   is   only   a   slight 

su^estlon   of   a   sprln»;   peak  during   March   and  April    1960.      The   spring   peak   in 

tntiun   described   below   was   much   more   pronounced.      A   possible   peak   in   carbon-1 I 

may   have   been   partially   obscured   by   u   wintertime    increase      n   the   use   ol    fossil 

fuels   depleted   in   natural   carbon-11   (Suess   effect).     A   drop   in   concentration   is 

noted   start 1m;   in  September.     This   sUK^ests   that   the   rate   of    removal   1 ror,   the 

stratosphere   Is   diminishing   during   the   tali   which   has   been   the   case   lor   partlculate 

debris   and   tritium.      Uy   early   1961,    the   concentrations   fell   to   around   10%  but   then 

returned   to   the   20%   level   by   February        This   drop   ma>    be   due   to   a   combination   of 

winter   Suess   effect   and  ralxlnt;   into   the   ocean.       It   is   apparent   that   the   concentra- 

tion   in   the   troposphere   has   been   diminishing   somewhat   faster   than   had   been 
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Tabl« ZU 

Radiocarbon Concant rat ions in Tropoapharlc Air at Washington 
 Townahlp, Now Jawy  

Colloctlon Porlod 

19 Jan - 25 Jan 1960 
2 Fob - 9 Fob 1960 

23 Fob - 1 March 1960 
1 March - 8 March 1960 

29 March - 5 April 1960 
5 April - 12 April 1960 

26 April - 3 May 1960 
24 May - 31 May 1960 
28 May 1960 (oak loavoa) 
21 Juno - 26 Juno 1960 
26 July - 2 Aug 1960 
23 Aug - 6 Sopt 1960 
6 Sopt - 20 Sopt 1960 

27 Sopt - 4 Oct 1960 
4 Oct - 11 Oct 1960 
. Nov - 17 Nov 1960 
1 Doc - 11 Doc 1960 

31 Doc 1960 - 18 Jan 1961 
18 Jan - 35 Jan 1961 
18 Jan - 25 Jan 1961 (Clostor, N. J.) 
1 Fob - 8 Feb 1961 

16 March - 3 Apr 1961 
16 Apr - 1 May 1961 

AC 14' 

♦20.85% 
+20.00% 
♦18.45% 
♦22.43% 
♦ 22.40% 
♦16.00% 
♦18.24% 
♦20.82% 
♦17.78% 
♦ 19.73% 
♦20.76% 
♦ 18.10% 
♦ 19.57% 
♦17.19% 
♦17.19% 
♦14.09% 
♦12.02% 
♦ 9.04% 
♦ 15.42% 
♦ 14.40% 
♦19.13% 
♦20.42% 
♦15.63% 

»* 

*      Ixcoss of Standard ■ 0.95 x NB8 oxalic acid 

•♦ Counting arror » ♦  1.5% excapt for saaploa collectad 5-12 April  I960,  and 
18 Jan - 25 Jan 1961  (Cloatar,  N.  J.)  which,  because of ■mall alze,  had an 
error of ♦ 2.5% 
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previously mxpectmd. 

Tritivm 

natural trltlua In th« ataoaphar« raaults fro« tha apallatlon of ataoapharle 

nuclldaa by anargatic coaalc ray partlclaa.    Racant aatalllta aaaauraaanta indl- 

cata that trltlua aay alao ba a coaponant of aolar flaraa.    Tha half Ufa of 

trltlua la ralatlvaly abort (~12.4 yaara);   conaaquantly,  thara aay ba a 

notlcaabla gradlant of natural trltlua In tha atratosphara.    Trltlua la alao 

Introducad Into tha ataoaphara by tha axploalon of tharaonuclaar waapona.    Soaa 

trltlua aay ba present Initially In the weapon and soae trltlua aay be produced 

during the courae of the theraonuclear reactions. 

Only a Halted niaiber of trltlua aeasureaents have been aade In the atrato- 

apbere.    Thoae reported by Hagemann^49' Indicated that trltlua had a poaltlve linear 

correlation with exceaa carbon-14 atoaa auch that the T/C-14 atoa ratio was 0.4. 

The deduction waa aade that on 1 January 1958 the stratoapherlc Inventory waa 

2.4 x 1027 boab produced trltlua atoaa and 0.6 x 1027 natural trltlua atoaa.    Thia 

latter figure aaounta to 7 x 10    trltlua atoaa per graa of air and  leada to a natural 

production rate of  1 tritium atoa per aquare centlaeter per aecond.    Aaauaing a 

water vapor concentration throughout the atratoaphere with a froat point of about 

-75° C,  the natural atratoapharic concentration of trltlua in water would be 

S it 18 about 10   T.U.   (tritium unita) or 10    tritium atoaa per 10      hydrogen atoaa.    Thia 

number can be compared with preboab continental rains which contained about 9 T.U. 

and the oceanic tritium content which la about  1 T.U.^47). 

Since 1 January 1958 there have been aeveral aourcea of injection of tritium 

into the atratoaphere.  Libby^46,48^ haa auggeated that little tritium la injected 

into the atratoaphere from aurface burata  in the troplca  (eapecially from water 
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•urfac« bunts).    Ihm vmoa for this is thm fact that the Mpaelally cold tropic 

tropopausa acts as a cold trap and prsvsnta tho antry of aost of the water 

(Includlnc TaO or RTO).    Indaad, ths trltiua concantratlon In rains falling after 

tha 1954 GABTLI taat aarlaa dlad away with a 35 day half Ufa suggaatlng a 

tropoapbarlc sourca for thla aatarlal.    Howsvar,  as Llbby points outt4*),  Task and 

Oranga dabrls was not subjected to the tropopausa acavaoglng action and conse- 

quently nay have ralaed the natural level of atratoapherlc trltlun several hundred 

fold.    In addition,   the Soviet shots of October 1958 having been fired In cold 

dry polar air nay have left «ore In the atratoaphere than other tropoapherlc ex- 

plosions.    Llbby^    '  predicted that spring and auaner rains In 1959 could reach 

a value of 1000 T.U. 

Measureaenta of trltlua In rainfall have been aade as part of the HASP prograa 

since April 1959.    After collection In receivers similar to those shown In Figure 

43,  the rain saaplea are distilled and then enriched elsctrolytlcally.    Analysis 

Is performed In the proportional counting apparatus shown In Figure 42.    The 

results are tabulated In Table XIII and are plotted In Figure 44.    As predicted 

by Llbby,  there has been a spring rise In 1959 with concentrations reaching at 

least 1400 T.U.    A similar rise was noted in Chicago rain in the spring of  1956 

after the 1955 Soviet  test but not in the spring of 1955 after the 1954 CASTLI test 

series.    Miring the summer and fall of 1959 the tritium concentration diminished 

exponentially with a half  life of about 40 daya.    This suggests that  little tritium 

was entering the tropopausa during this period.    Starting in December 1959 the 

concentration of tritium in rain started to rise exponentially with a doubling 

time of about 55 days until a peak was  reached in July 1960 and then the 

characteristic 40 day depletion rate was again established. 
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FIGURE 43  RAINFALL COLLECTION RECEIVERS 
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Tabl« XIII 

Trltlua Concentration» In Precipitation *t W«»twood, Hew Jersey 

Collection Date Inches of Rain                  Trltlua Ut:ita 
 (T/H x 1018) 

28 Apr 59 0.9S 1435 
1 May 59 0.34 1370 

13 Jun 59 1.00 843 
14 Jul 59 0.22 650 
9 Aug 59 2.10 148 
2 Sep 59 0.92 38.5 

24 Oct 59 1.41 86.5 
25 Nov 59 1.33                                46.5 
29 Dec 59 1.10 100 
14 Jan 60 0.82 42.0 
11 Peb 60* 62.9 
11 Peb 60* 65.6 
26 Peb 60 1.07 102 
18 Mar 60 0.28 76.0 
31 Mar 60 0.74 123 
27 Apr 60 0.40 193 
12 May 60 0.28 213 
31 May 60 0.30 282 
18 Jun 60 0.20 249 
2 Jul 60 0.48 432 

15 Jul 60 0.84 431 
31 Jul 60 2.80 190 
11 Aug 60 1.49 249 
13 Sep 60 5.01 100 
17 Oct 60 0.50 75 

Analytical error la about. + 10% 

* Duplicate analysis 
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Coupled with oJier evidence that debris from Teak and Orange had reached 

the lower atratoephere by the winter of 1959-1960,  it is suggested thet a saall 

portion of this spring rise is from these high altitude rocket shots.    If Ubby's 

injection estimate is correct,  the spring of 1961 and 1962 may show even greater 

increases of tritium in rain than in 1959 and 1960.    An Increasing trend in 

mid-stratospheric tritium concentration is borne out by balloon measurements 

between 80,000 and 100,000 feet over England made by F. Brown(19).    Hin results 

indicate a gradual rise in tritium concentration from about  4.5 x 106 atoms per 

gram of air at mld-1958 to about 7.2 x 106 atoms per gram of air at mld-1960.    This 

Is consistent with the picture of an influx from Teak and Orange. 

An interesting side light of Brown's work is the persistent high water vapor 

concentrations noted at 90,000 feet.     He measures a mixing  ratio of about 0.04 

grams of water por kilogram of air (F.P.  = -760C)  while frost-point measurements 

at 50,000  feet over England have given mixing ratios of about 0.002 g/gg (F.P.  ■ -830C). 

This distribution can be produced by strong vertical mixing  in the polar regions 

which takes water vapor originally in the upper troposphere to the high latitude 

mid-stratosphere where It can mix equatorward.    The low readings at 50,000 feet 

may be partially accounted for by the "sponging" action of  the hygroscopic sulfate 

dust  layer  found above the tropopause  (Chapter III)  as well  as by the action of a 

"cold trap" such as that found at  the tropical tropopause.     Since the sulfate concen- 

—6 tratlon is  about  4 x 10      grams per kilogram of air at 65,000 feet,   the water/sulfate 

ratio Is  about  1200 grams per gram (M.R.  - 0.005,  F.P.  = -820C).*    A completely 

satisfactory explanation of the observed stratospheric water vapor concentrations 

has not a«  yet appeared.** 

•cf. Mastenbrook, H. J. and J. E. Dinger, Journ. Geophys. Res. 66, 1437 (1961) 
♦♦but see:  Goldsmith, P. and F. Brown Nature 191, 1033 (1961) 

and deTurvllle, C. M. Nature 190, 191, 156, 1183 (1961) 
and especially Gutnick, M. Journ of Geophys. Res. 66, 2867 (1961) 
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On« wtakDM* auat b« ■•ntloned cone«mlng th« HASP «urfae« air and watar 

collaetlona and that la, of coura«, that thay ara point aaaauramanta In apaca. 

Whila it aay ba arguad that a particular point on tha aarth aay ba rapraaantatlva 

of a larga araa, aapaclally long aftar larga acala taatlog haa caaaad, axtraaa 

caution auat b« axarclaad In aaklng this ganarallty. Conaldarabla aataorological 

variability can axiat fro« point to point in auch itoaa aa rainfall and pravioua 

hiatory of passing air naaaaa. Thaaa factora can ba takan into account proparly 

only «hen coaparisons ara aada with a nuabar of othar stations. In tha caaa of 

tritium in rainfall, aavaral additional coaplicating factors nay axiat. Machta^90' 

has pointed out that part of the Westwood rise aay ba due to increased aaounts of 

tritium input fron surface aourcea such as escape gaaea fro« tha Savannah River 

plant coupled with seaaonal flow fro« the south. Another source of the spring 

rise has been pointed out by R. H. Brown^91' and that is the increased evaporation 

of surface water during the spring and early suaaer,  Brown has shown trltlua 

concentrations in rainfall during 1959 and 1960 at Ottawa which are alailar to 

those at Westwood. The levels of tritium in surface water have not shown the 

same large fluctuations, however. By aid-1959 the surface water had a trltlua level 

of about 300 T.U. which gradually dropped to 250 T. U. by late 1960.  It la seen 

that the surface concentration waa higher than the rain concentration for a good 

deal of this period and aince Brown estimates that aa much aa 10% of tha aurface 

reservoir may evaporate each year; this source can make a substantial contribution 

to the tritium in rain.  This recycling mechanlsa apparently does not apply to 

particulate fission products, however. (See Chapter X). 

Beryllium-? 

Berylllum-7 is a spall product of high energy coamic rays acting upon the 

the elements of the atmoaphare.  It apparently haa not been produced artificially 
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In any noticeable quantity aa a result of  nuclear exploalon«^92,53'.     Lai baa 

predicted tbe equilibrium distribution of  this material  throughout  the atmoaphere 

aa a function of   latitude and altitude assuming a perfectly quiet  atmosphere (See 

Figure 47).    Since  there Is a marked production gradient  In the atmosphere and since 

the half  life of  berylllum-7  (53 days)   Is  relatively short,   departures of the 

measured berylllum-7 concentrations  from  the estimated production concentrations 

should shed some   light on the mixing processes In the atmosphere. 

Measurement«  of Be-7  In surface air and rainwater have been made by a 

number of  Investigators^53"5*^.     Gustaf son'     '    has made an extensive set of measure- 

ments of berylllum-7 and other nuclldes  In surface air filters collected at  the 

Argonne National   Laboratory near Chicago.     The results of his berylllum-7 and 

ceslum-137 measurements are shown In Figure 45.     The most evident  feature  of  these 

data la  the pronounced spring rise In both  1959 and 1960 similar  to that obsenred 

In the Westwood  tritium data (Figure 44).     Guatafaon attrlbutea  the rlae In 

ceslum-137  to the disruption of  the tropopause In the mld-latltude  regiona during 

the spring months  resulting In an influx of high altitude dobrla,   much of  It of 

polar origin,   Into the  lower troposphere.     In addition,   the  rising  tropopause In 

the spring encompasses more stratospheric  debris.     During the summer and fall  the 

concentration of  cealum-137 diminishes more or less exponentially ahowlng tropo- 

spherlc clearing  of  the  large aprlng incursion.     The minima in cealum-137 concen- 

trations  are conaldered  to be a measure of  the steady-atate atratospherlc drip upon 

which  the springtime gush  la superimposed.     If  this is  the caae.   It  la noted that 

the apparent stratospheric  reaidence time  la  increasing.     This situation la  to be 

expected aa debrla  originally Injected at  high altitudea  in the atratoaphere begins 

to predominate over that  Injected only a abort  dlatanca above the  tropopause. 

*See alao Cuatafson,   P.   F.,   M.  A.   Kerrigan,   and S.   S.   Brar,   Nature  191,   454  (1961) 

118 



©K 

ACTIVITY    IN   CURIES/CUBIC   METER   OF   AIR 

o I 

C1 
c: 

I 
^1 

8 

o 
o 

^5 

o a 

ei 
o 
> 

o 
i 

o I 

o» o 

o 

2 

> 

o    
m 

oo 

of- 

o 
c-, 

T-rr 

2 
> 

_  c_ 

O  > 

o 
z 

- o 
■ ' ■ 

-i—i—iiit 

~* 

>♦  i   i  i i i 



The  berylllura-7 exhibits  a spring  rise  as does  the ce8iuB-137  but   It  Is  not 

as  pronounced.     The   reason  for  this   Is  the  fact   that  berylllum-7  Is continually 

helm;  produced   in  the  troposphere   (as  well  as   In   the  stratosphere)  while  cesium-137 

is  not.      Usln«;  the  slmplifylni»  assumption  that   the  concentrations  noted   in  the   air 

at Chicago   are  of   "tropospl .rlc" origin  and   represent   the  equilibrium concentra- 

tion minus   that   scavenged  by  precipitation,   Gustafson   "added  back" the  portion 

removed  by   the   rainfall   and determined  the  i..ean effective equilibrium  tropospherlt 

concentrations   In   the  summer  and winter  seasons   respectively   to be  25  and   14 

berylllum-7   atoms  per   liter   (7.7   and   4.3 dpm/1000  scf).*     This  difference   Is 

explained   as   IndicatlnT   the   increased   size  of   the   summer  troposphere which  includes 

the  higher  producing   layer  between 30,000 and  45,000 feet.      It  should  be  pointed 

out   that   this  somewhat  simplified  picture makes  no attempt   to  describe  the 

vertical   or   latitudinal  distribution  witnin  the   troposphere   but   rather  applies 

only   to   the  eventual concentration   in  surface  air.      Limited  data  from Canada'      ' 

and   the  U.K.        '   indicate  concentrations  of  beryllium-7   in  surface  air which  are 

not   inconsistent with those measured  by  Gustafson.     A number  of  tropospheric   air 

samples  of  berylllum-7 were made usln^ B-57  aircraft  between   15,000  and  50,000  feet 

(37) during March  and  April   1960 .     When  these data are   fully   analysed  and correlated 

with other  meteorological  data  they   should  shed  considerable   light  on   the  springtime 

tropospheric   distribution  of   this  material, 

A number of   HASP samples  collected  during  the winter   and   spring  of   1959-1960 

have  been   analysed  for  beryllium-7.      Standard chemical   separatlor   and  ^amma  ray 

spectroscopy   techniques  were used   to  determine   the concentrations.     The mean distri- 

bution  is   pictured  in  Figure  46.      LAI'S calculated equilibrium distribution  of 

•     For  Be-7   in  air,   1  dpm/1000  scf   =   2,7   atoms/gm = 3.2  atoma/llter  =   1.35 x   10"14 

cu rfn/vß  =   1.35 x   10-17  curies/liter. 
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■trato«ph«rlc b«ryllluB-7 concentration«,   •«■lalng • stagnant ataoaphere,   la 

■bown In Figur« 47 for coaparlson.    The measured concentrations have roughly  the 

saae distribution as tbe equlllbrlua concentrations,   but  the activity  levels are 

different.     In the polar stratosphere and in the southern tropical stratosphere 

the measured concentrations «ere  lower than predicted and In the northern tropical 

stratosphere they were slightly higher than predicted.     These discrepancies may be 

attributable in part to Inaccuracies in the predicted Concentrations and In part 

to  analytical errors in the berylliua-7 measurements,   but  they probably stem mainly 

frosi the mixing of air masses  fron different  regions of the stratosphere and from 

the  Interchange of stratospheric  and tropoapheric air. 

We have shown parlier (Figure 33)  that  radioactive clouds  from Soviet  arctic 

weapon tests  crossed the HASP sampling corridor at  20° - 25° North  latitude  less 

than a month after their injection.    With such rapid meridional  transfer existing 

it  is natural  that  the predicted steep meridional  concentration gradients should 

fall  to develop,   and that  concentrations should never reach the theoretical  levels 

in the high  latitudes.     The effectiveness of the mixing process  is borne out by 

the   fluctuations  in concentration  from mission  to mission and from month  to month 

at   individual  sampling sites.     The concentrations  found in the tropical  stratosphere 

probably have more nearly approximated the theoretical  values because of  the  less 

effective meridional   transfer in  that  region  (clouds   from weapon  tests  in  the 

tropics  tend to cross  the sampling corridor at  about   the  latitude of  injection). 

Certainly air from this  region does mix with that at  higher  latitudes,   especially 

during  the winter season,   but  there seems   to be slightly  less north-south meandering 

here  of  the air currents which comprise  the zonal   flow than there  is  in  the  polar 

regions. 
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PIOÜRI 46 MEAN  DISTRIBUTION OF BERYLLIUM-7 (dpm/IOOO SCF), OCT.'59 - JUN.'60 
(INCLUDING HASP AND WEATHER BUREAU    DATA) 

FIGURE  47 PREDICTED   DISTRIBUTION OF BERYLLIUM-7 (dpm/IOOO 9CF) ACCORDING TO LAL 
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Th« vertical  concentration gradient« In the  polar stratosphere are also 

observed to be less steep than predicted.     This  Is doubtless the result  of  the 

relatively rapid rates of vertical mixing and of stratospheric  - tropospherlc 

exchange which exist  In the polar stratosphere during the winter.     It  Is  these 

processes which produce the Increase In rates of  radioactive fallout  and  the 

Increased concentrations  of tropospherlc ozone In the north temperate  latitudes 

nach spring.     Lal^     '   has  suggested a method by which  large scale,   closed, 

meridional and vertical  circulation patterns  can be studied by the distortion of 

the equilibrium Isopleths.     The data presented here  fall   to reveal  any  flow patterns 

of  this  type.     If any such exist,   they must  have  a  period which  Is   long  compared 

to the half  life of  berylllum-7.     Seasonal   fluctuations  In mixing  rates  and 

fluctuations In cosmic  ray production rates as  well  as other Inhooogenletles may 

tend to blot out  the departures  from equilibrium.     Certainly the limited data 

presented here cannot  be expected to produce anything but  a gross  picture of  the 

true average distribution.     While  these berylllum-7 measurements are not  sufficient 

to permit   reliable  calculation of   the  rates  of mixing and exchange,   they  do  provide 

additional  evidence  for  the  importance of  turbulent  exchange  rather than meridional 

circulation of  the stratosphere for the  transfer of stratospheric  r<>Hloactlvlty. 

If  the subsidence of  air  from high  altitudes  in  the  polar  regions  were  an  important 

phenomenon,   as most   theories  of meridional  circulation postulate,   air with high 

berylllum-7 activities  should have beer,   carried  down into  the  lower polar strato- 

sphere during  the  winter  of   1959-1960,   and   the  observed  concentrations   there   (Figure    Ki) 

should   havo.(*»en   higher,    not    low*»r,    t'iB"   t!ip   prcdlc t«»;!   t-oncent rat ions   (Fl:ur.>   -17) 

Phosphorous-32 

Phosphorous-32   is   found   In  the   atmosphere   as   a   result   of   the   interaction  of 

hijTh  energy  cosmic   rays   on  arKon.      Lai        '   has.   summarized   the  production   rates   to 
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b« expected In the atmosphere for both berylllum-7  and phosphoroue-32  (ae veil a« 

other cosmic ray produced nuclides).     While the absolute rate of production of these 

two Isotopes Is strongly dependent upon altitude and  latitude,   the ratio of  the 

production rates expressed as Be-7/P-32 atoms  per unit volume per unit  time may be 

fairly constant  In time  from place to place.     Lai has calculated this  ratio to be 

about  100  atoms/atom.     Since the half  life of phosphorous-32 (14.3 days)   Is smaller 

than that of beryllium-?  by a factor of 3.7,   then the still air,   Infinite bombardment 

concentration ratio would be 370.     Lai has suggested that stratospheric air should 

show this  latter ratio.     If a parcel of this air were to be brought Into the 

troposphere,  where the absolute production rates  are considerably  lower,   then the ratio 

would Initially Increase with a doubling life of  19 days due to the faster decay 

rate of phosphorous-32.     A  ratio as high as   1000 might  be reached In 70  days or ao 

before It gradually returned to the equilibrium ratio of 370 within 

one year due to production In the troposphere st  lower absolute levels.     Tropo- 

spherlc air recently washed by heavy rains might be expected to have a concentra- 

tion ratio near the production ratio of  100. 

Phosphorous-32 and berylllum-7 have been reported in Indian rains  from 1956 

through 1959       '       .     In reporting these data Lai  and Rama have made the simplifying 

assumption that  little stratospheric input of these nuclides occurs and that they are 

of  tropospheric origin.     This  is based on the  tuet  that stratospheric  residence 

times are  long compared  to the half-lives of  the isotopes.     That  this  is  a somewhat 

oversimplified  picture,   at   least  for higher  latitudes,   is evident  in the  seasonally 

dependent  beryllium-?  data  reported by Gustafson.     On  the other har.H the  calculated 

annual  deposition asing   the  above assumption agrees with the observed annual 

deposition  for berylllum-7 within 50% and for phosphorous-32 within a  factor of 2. 

Considering  the  limited data,   its  variability,   and  the Inherent  uncertainties  in the 
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calculation, the agreement la quite good. 

The average ratio of Be-7/p-32 In Indian rains has shown annual differences 

(Table XIV) which may be partially explained by the presence of some boob 

produced pho8phorou8-32, especially In 1958.  In addition, the production rate 

ratio may not have been constant from year t«- year although this seems unlikely. 

Finally, annual differences In rainfall, air mass history and other meteorological 

variables may have Introduced the differences noted.  In 1959 when essentially 

no detectable bomb produced phosphorous-32 could have been present, the ratios In 

Bombay rain ranged between 127 and 1150.  These are close to the values described 

above respectively for recently cleaned tropospherlc air and ex-stratospherlc 

air which has been aged a few months In the troposphere. A certain amount of 

caution must be exercised In applying the results of sampling rainfall In one 

place such as Bombay to other latitudes or meteorological regimes.  In addition, 

rainfall measurements may suffer fron fractlonatlon effects which will Introduce 

anomalies In the data. 

Table XIV 

Bombay Rains (atoms/ml) 

Year Be-7 P-32 Ratio 

1956 4200 +600 31+7 135 

1957 3400 +600 26+6 131 

1958 4300 +800 43+8 100 

1959 2900  +500 12+2 242 

A number of HASP samples have been subjected  to analysis   for phosphorous-32 as 

well   as  berylllum-7.     Results of  these measurements  are shown  In Table XV.     While 

the amount  of data available  Is quite   limited In extent  It  appears   that  the  ratio 
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T>bU XV 

8tr>to«phTlc Concmntntion* of Bryllif-T and Pho»phoru»-3a 

Saapl« Collection 
Date 

Approxlaate 
Utltude 

Approxlaat« 
Altltud« 
(KllofMt) 

g of air 
»toM Ba 
•tau P331 

• •♦ 

».3 
KN.ll 
IN.2 
IN. 10 
IN.l 
A. 18 
A.2 
A. 26 
A.7 
A. 29 
A. 13 
A.22 
*A.12 
A.21 
A.30 
A.14 
'A. 23 
3064 

•3962 
A.6 
A.31 
3911 
3930 
3913 
3934 

• ♦ 

10 May 60 
17 May 60 
10 May 60 
17 May 60 
10 May 60 
20 Apr 60 
5 Apr 60 

27 Apr 60 
7 Apr 60 
3 May 60 

14 Apr 60 
26 Apr 60 
12 Apr 60 
21 Apr 60 
3 May 60 

14 Apr 60 
26 Apr 60 
10 June 60 
10 June 60 

Apr 60 
May 60 

23 May 60 
31 May 60 
23 May 60 
31 May 60 

7 
5 

70^ 
70ON 
70*^ 
70^ 
70^ 
60^ 
60^ 
60^ 
60*^ 
60°« 
40^ 
40^ 
40°« 
40°^ 
40°» 
20^ 
20°« 
20% 
20% 

50N 
5^ 

40oS 
40OS 
40OS 
40oS 

64 
63 
60 
60 
50 
65 
60 
00 
45 
40 
70 
70 
55 
55 
40 
70 
70 
65 
60 
ro 
70 
66 
65 
60 
60 

10.9 
14.0 
9.12 
10.9 
7.06 
10.9 
10.9 
8.19 
5.60 
6.20 
9.65 
9.21 
3.78 
4.07 
5.33 
4.37 
12.4 
6.78 
6.16 
2.64 
2.69 
4.90 
9.73 
8.66 
4.97 

224 
226 
242 
305 
229 
185 
231 
237 
244 
202 
227 
237 
134 
256 
252 
319 
161 
256 
125 
333 
290 
546 
232 
194 
290 

•  Abnormally low Be-7 
•• Abnormally high P-32 
••• Abnormally low P-32 
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In th« high •quatorlal  region reaches 80% of the equlllbrlua value predicted by Lai. 

o o At 60    N and 70 N there Is a alight euggeatlon of a negative gradient which would 

be expected If  there had been a downward aoveaent at  these  latitudes a few months 

before.     It  Is seen that the average stratospheric ratio of 252 +  25 coapares well  with 

the average of  242 measured  In Bombay rain In  1959. 

Lesd-210 

Lead-210  (Radlua-D)  Is a daughter product of radon-222,   a noble gas foraed by 

the decay of  radluB-226.     Since  radon-222 has  a half  life of only 3.82 days,   little 

escapes   from the oceans;  consequently It  Is exhaled Into  the atmosphere mainly  from 

exposed   land masses.     The  lead-210 which  Is  formed In the  atmosphere decays  according 

to the  following acheme: 

22y 5d 138d 
Pb-210  v   Bl-210  ^   Po-210  .    Pb-206  (Stable)    (14) 
(Ra D) ^        (Ra B) ^        (Ra F) ^ (Ra G) 

A number of  investigators have  reported concentrations of   radon daughter products 

in  the atmosphere and biosphere  (61-63)      The  reauits of these and other 

Investigations  show that  lead-210 and Its daughter products  form a substantial   frac- 

tion of  the alpha activity In plants  and  land animals.     The source appears  to be 

"fallout"  of  this partlculate matter scavenged  from  the  air by  rainfall   rather than 

by  plant  uptake  from the aoll(     '        .     Another possible  source of   lead-210 la 

neutron  bombardment of the heavy elements blsmuth-209  and   lead-208 with 

the  following  reactions: 

31-209   (2n,p)   Pb-210 (15) 

Pb-208   (2n,v)   Pb-210 (16) 

*A   low  value of  85 for the Be-7/p-32  ratio is  found in one of   the Kodalkanal   rains 
of   1959,   so it may be  that  the  production  ratio of  100  predicted by Lai  la  15% 
or so too high. 
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Meaaurenenta of laad-210 in air flltara collactad at altitudaa up to 48,000 

feat and In rainfall collected at  the aurface have been made In the U.  E.     In 

reporting theae reaulta Burton^59'  ha« shown that between 1954 and 1956 there waa 

a poaitlve gradient in the trupoaphere (7xl0~3 dp«/Ig of air at aea level with an 

increaae of    ~10"3 dpa/Kg/1000 ft)  which increaaed in the stratosphere (^Ixio"3 

dpa/Kg/lOOO ft).     Hia conclusion was that  lead-210 in the lower troposphere was 

continually being washed out in rainfall but that in the upper troposphere it had 

a greater residence time and could consequently reach a higher equilibrium concen- 

tration.     The gradient in the stratosphere was found to be comparable to that of 

fission products but the explanation of higher stratospheric concentrations based 

on "Brewer-Dobson" circulation has  certain difficulties.     Primarily this would 

require the tropospheric concentration levels Just below the tropical tropopause 

to be higher tian those Just below the polar tropopause.     To produce these concen- 

trations would require either a proportionately larger effective land mass in the 

equatorial  regions or proportionately less atmospheric scavenging in equatorial 

rains when compared to higher  latitude regions.    Neither situation seems  likely. 

Telegadas^     ' has  reported concentrations of lead-210 in the springtime tropo- 

BxtBve   of   1960 over North America  from 30° N to 56    N.     In these data there was  a 

very slight  tendency towards higher concentration« at  40    N in the troposphere 

than at  30° N or 45° N.    There was a more noticeable vertical gradient,  however. 

Table XVI  shows  these average concentrations  in dpm/1000 scf  and dpm/Kg at various 

altitudes.     The figures In parentheses are the number of  samples used in each average 

value.     The concentrations  for  1954-1956 in the U.   K.   as   reported by 3urton are 

shown   for comparison. 
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Altitude 
1960 U.S. 

dpa/1000 met* 

0.29 (7) 

0.32 (16) 

0.38 (50) 

0.43 (32) 

0.51 (16) 

0.43 (3) 

0.56 (2) 

0.29 (1) 

Tabl« ZVI 

in the Ataoephere 

1954 
dps»/ 

1960 U.S. 
dpn/KgxlO"3 

-56 U.I 
KgxlO"3 

8.5 'Srf 80 

9.3 50 

11.0 38 

12.7 34 

14.8 30 

12.5 26 

16.2 21 

8.5 18 

50 

45 

40 

35 

30 

25 

20 

15 

10 — — 14 

5 — — 10 

0 — — 7 

(«For Pb-210 In air 1 dpa/1000 ecf > 28.8xlO~3dpn/Kg - 3ö.4xl0~3dpn/aS) 
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It  Is  evident   from  the   table  that   there  has  been a marked change  especially  in 

stratospheric  concentrations  in the  four  years   that have elapsed.     Concentrations 

have been   reduced   tenfold  In  the  stratosphere   and about   twofold   In  the   troposphere. 

As  a  result* the  gradient   In  the  stratosphere  has become negative  and  the maximum 

concentration appears   to be at   about  30,000  feet.     It   is possible  that  some of  the 

difference  noted   in  the  troposphere  is   due  to   the  fact   that   the  U.   S.   measurements 

were made during   the  sprln« while  the  U.   K.   measurements  were made  predominately 

In the summer.     The  increased  scavenging  from  spring  rains may  have  reduced  the  air 

concentrations.      In  addition,   the  U.   S.   measurements  were  "downwind"   of  the Pacific 

Ocean which  could have   reduced  these  values  more  than  the Atlantic Ocean  reduces   the 

U.   K.   values.     Consequently the differences   in  the tropospheric   values  may not 

reflect  a substantial   change  due  to  the   passage of   time.       Burton has   calculated 

from   rain  water  concentiatlons   that   the   lead-210  fallout   rate   in middle   latitudes 

2 
is  approximately   10  dpm/m /day.     This   compares   favorably with   the  production  rate 

2 I 2 of  13.6 dpm/m /day  (a mean radon exhalation   rate of 2.8x10    dpm/m    day assuming   10% 

of  the Northern Hemisphere is   land).     It  is  noticed that  the  activity  ratio in 

-3 3 surface air and   rain  water  is  about  9x10       dpm/m    of  uir per  5  dpm/liter of  water or 

3 
equivalent  activity   in   1   liter of  water and  550 m    of  air.     Similar equivalent 

activity  ratios   have  been noted  in surface  air  and  rainfall   concentrations  of 

fission products   in  Norway       '   during   1959-60  where  the  ratio  varied   from about 

3 ^ 500 m /liter  in  the  summer to about   1200 m^'liter In  the winter.       The  possibility 

does  exist   that   the  differences  between   the  U.S.   and  U.   K.   data  shown  In Tublc XVI 

are more  apparent   than  real  since  no  accurate   intercallbratlon  of   the   two sampling 

systems has  been undertaken. 
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A   number of   lead-210 measurements   were made  In  filter  papers  collected  in   the 

stratosphere during May   1960  (Table VI).     Figure   18  shows   the  distribution of   lcad-210 

In  the  »tratosphere  from  these  data,     Tungsten-lSl   data   collected  it   the  same   time 

are  also  shown  for comparison.      In both   the   lead-21ü  and   tunKSten-lHl   distributions 

there   Is   a suRgestlon of  a  positive  Rradient   above  the  equatorial   trupopaase  and 

a negative  gradient  above  the  Northern   tropopAuse.     The   distributions   of   the   two 

Isotopes   in   the Southern stratosphere  are also  similar.      Since  the   tungsten distri- 

bution  is  due  to stratospheric   injections   from  the HARDTACK weapons   test   series, 

similarities  noted here  suggest   that   at   leajt   same of   the   lead-210 was  also  Injected 

into  the   tropical  stratosphere  by  nuclear weapons   testing   (but  not  necessarily 

during  HARDTACK).     The   tenfold  drop in  stratospheric  concentration  in   ij  years 

noted  above  implies  a mean  residence  time of  about  2  years  assuming all   the  lead-210 

is   from  weapons   testing  prior  to   1955.     If half  of   the    stratospheric  concentration 

In  1950   is  due  to natural   lead-210,   then a mean  residence  time of   1.5  years  is 

implied.     The  average  stratospheric  concentration of   lead-210  shown  In Figure   18 

is 0.3  dpm/1000 scf or  a total   stratospheric  burden of   3.6  kilocurle  (0.22 moles   or 

16  ^rams).      It   would have been  difficult   to detect   artificially  produced   lead-210   in 

surface measurements  since  it   would be masked by  the   i illout   of  natural   lcad-210. 

This   latter  amounts  to  about   10   kilograms  per annum worifi-wtde  while  bomb  produced 

lcad-210   fallout   probably  could   not  have exceeded  a  few   percent   of   that. 

It   should  be   pointed  out   that   the   data  discussed   above   are   ratt.cr   limited   and, 

as   a   consequence,   the   conclusioos   to  be  drawn   from  them   are   sonicw'at   conjectural. 

Undoubtedly   a   considerable   bit   of   the   uncertainty  as   to   the   sources   of   the   strato- 

spheric   lead-210   can  be   eliminated   by   continued   sampling   and  by  measuring   the 

lcad-210   content   of   some  old  HASP   samples.     Both  of   these   steps   are  being   taken. 

Preliminary   results  of   measurements   of   lead-210   In  older   HASP   samples   (mid-1958) 
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show a uniform concentration uf about 0.3 dpm/1000 scf  (not unlike  the mld-1960 

values)   with no tendency  to  increase with increases  of 8trontiuin-90.     If  any 

of  this   lead-210 has originated in nuclear weapons  tests,   it obviously  predates 

the HARDTACK series.     Until   further information can be gained as  to the source 

of  the  lead-210 observed in the stratosphere,   caution should be exercised in 

interpreting  radon daughter  product measurements  as  applied to atmospheric 

movements. 
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CHAPTER VIII 

FALLOUT FROM TEAK AND ORANGE 

Introduction 

One of  the objectives  of   the HASP program has  been the determination of   the 

fate  of   fission products   placed  In  th? highest   regions   of   the  atmosphere.     During 

thu HARDTACK series  of  nuclear  tests  two weapons  of  megaton    report ions  were 

launched  by   rockets   at  Johnston  Island  in  the  pacific   and  were detonated  at   high 

altitude.     The debris   from  these  shots  stabilized  in   the  highest   levels  of   the 

atmosphere  and  have   provided   a  unique  opportunity  to  study  the mixing  mechanisms 

at   these  elevations.     While   no  direct  measurements   of   the   residual   concrntrations 

from  these bursts  have been   reported  from altitudes  above   100,000   feet,   a  number 

of  measurements  below this   altitude have  provided  some  direct   aryl  Indirect   evidence 

of   the   fate of   this   debris.      Some  of   this  evidence  has   been  discussed  before 

(Chapters   IV-VII).     An attempt   will   be made  below  to   review  this  evidence  and 

provide  some  conclusions   that   can  be  drawn   therefrom. 

Initial   Distribution 

Teak was   fired   on   1   August   1958  at  an  elevation  of   approximately   250,000   feet. 

Photographs  made  at   Hawaiiv      '   showed  that   the  airglow  cloud   rose  with  an   Initial 

velocity  of  approximately   1   km'sec   tc  an altitude  ol   around  300   km  (1,000,000   feet). 

Orange  was   fired on   12 August   1958 at  an altitude  about   half  that  of  Teak.     The   debris 

from Orange  did  not   rise   as  hi,r:h   as   that   "f  Teak  nor   were   its  electromagnetir   or 

auroral   effects  as   pronounced.      In  any event   it   is   probable   that  most   of   the   debris 
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from both  shots   Initially   rose  above   the aesophere   Into  the   Ionosphere   (See  Fit;.   49). 

After  stabilization of   the  cloud,   the   predoalnant  forces  acting  upon  the 

Indlvldu«!   particles   conprlslng  the  debris  would   be  those  of  gravity   and  quasi- 

viscous  retardation   by   the  atmosphere.     A number of calculations   have   been made 

of  thj  fall   rates  of   small  particles   In   the  upper  atmosphere. Using  the 

(67) 
terminal  velocities  calculated  by  Small for  unit  density  particles   of  varying 

diameter  a  d   assuming  no vertical  motion  of   the  air,   a  rough calculation  of  the 

time of  fall   from 300  kilometers  has  been  made.     The  results   are  shown   for submlcron 

particles   In   Figure   50.      It  can  be   seen   that  within one week  all   but   the  smallest 

particles  will  have   fallen  Into  the  mesnphere.      (Self  coagulation   processes  during 

the  first   few  days  may   result   In   substantial   amounts of debris   residing  on  particles 

In  the 0.001   micron  diameter  range).      It  can   also  be  seen  that,   except   for  the 

larger  particles   (0.1   micron  to   1.0 micron),   once  a particle   reaches   the  mesosphere 

It   remains   there   for   periods extending up  to  years.     In other words   In   a   "quiet" 

atmosphere  the  particles  fall quickly  Into  the mesosphere  and  are  then virtually 

stopped   there.     Essentially   the  same   result  would occur even  If   the   particles  fell 

from  a   lesser or  greater  Initial  height   (100  km or   1000 km  for example). 

In  actuality   the  mesosphere  Is   far   from   "quiet".     Vertical mixing   Is  probably 

promoted  by   the   temperature   lapse   rate   as   Is   the  case   In  the   troposphere.     Sodium 

vapor  trails   released   in   the mesospnere   and   lower  Ionosphere  Indicate   the  presence 

of considerable  shear  with vertical   and  horizontal  as well  as  small   scale eddy 

turbulence .      In  mid-latitudes   a  strong   zonal  monsoon wind  occurs   in   the 

(69-71) * mesosphere .      These  seasonal   reversals   along with  the  vertical   and   latitudinal 

shearing  action  should   promote  rapid  mixing  of   the debris   from both  Teak  and Orange 

throughout   the mesosphere.     From a consideration  of energy   propagation  within the 
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stratosphere,   Charney concludes   that   the  circulation  In  the upper stratosphere 

and  mesosphere   is,   tu  a   lar^e  extent,   mechanically   independent   of   the motion   in   the 

lower   atmosphere.      This  conclusion  would   indicate,   then,   tiat   the   debris   reaching 

the  mesosphere   would   probably   not  mix   downward   to  any   great   extent   and would   remain 

trapped   in   the  mesosphere. 

(2H) According   to   Glasstone*     '   approximately   0.4  megacurles   of   3trontium-90  have 

been   Injected   Into   the  mesosphere   during   th«  course  of  weapons   testing  up  to   1959. 

If   it   is   assumed   that   the  major   fraction   of   this  debris  came   from Teak  and Orange 

and   if   it   is   further  assumed   that   the   debris  became  uniformly   distributed within   the 

mesosphere,   then   concentrations  on   the   order  of   7000 dpm/1000   scf   of   8trontium-90 

would  be  expected   to  be   found  within   the   mesosphere.      Rhodium-102   concentrations 

from  the 3  me^acurie    production   in  Orange  would  be  about   55,000  dpm/lOOO  scf 

corrected  to   shot   time.     This would  mean   that   the  Rh-102/Sr-90  activity   ratio of 

mixed  Teak   and  Orange  debris  corrected   to  Orange   shot   time  would   be   about   8   to   1. 

Downward  Mixing 

One  particularly   interesting   feature  of   the  polar   stratosphere   is   that   during 

the   fall,   when   insolation   is   Jimlnishlng,   a pronounced   cyclonic   circumpolar  vortex 

or   Jet   is  established.        ' By   early  winter,   the   Jet,   which  has  cooled  by 

,.   (71,72) 
radiation,   becomes  unstable   and  undergoes   a  series  of     breakdowns   . These 

are   accompanied  by   explosive warmings  which  suggest   adiabatic   warming  of   subsiding 

air  probably   due   to   the   tilting  of   the   isentroplc   surfaces  with   respect   to   the 

(72) 
axis  of   rotation. In   the  Northern   hemisphere   the  disintegration   of   the   vortex 

is  usually   complete   a month  or   two   before   the  vernal  equinox   whi \e  that   In   the 

Southern   hemisphere  occurs   after   the   equinox.      In   any   event   It   is  evident   that 
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considerable   Interchange  of   polar   air  between  the  mesophere  and  the   lower 

stratosphere   (pnd even  the upper  troposphere)   can  occur  during   these  breakdowns 

and  nay   also  occur when   the  vortex   Is   forming   In   the   late   fall. 

A  crude  calculation  of   the   stratospheric   concentration  of   strontluiD-90   and 

rhodium-102   from Teak   and  Orange  can   be made   If   It   Is   assumed   first   that   debris   In 

the  mesosphore  becomes uniformly mixed  and  next   that   a   localized  fraction  of   the 

mixture   Is  qulckl>   mixed  downward   into  the  stratosphere   In  a vertical  column  centered 

on   the   pole.     Since   the mass   of   the   stratosphere   Is  about  200  times   that  of   the 

mesosphere,   the  radioactivity   concentrations  described   above  would  be  diluted  by 

that   factor  and  one  might  expect   to   find  stratospheric   concentrations  of   about 

35  dpm/lOOO  scf  of  strontium-90  and   about  275  corrected  dpm/1000  scf  of   rhodium-102. 

It   is  unlikely   that   the mixing   in  the  column would   be   uniform down   to  the   tropopau.se, 

consequently,   higher values  than  those mentioned  abo vr might   be  found  at  higher 

altitudes.     The  total   amount   of  debris   removed  from  the  mesosphere would  depend 

upon   how  much of   the  mesosphere   Is   involved   in   the  polar  vortex  motion.     As   a 

first   approximation  one  can  say   that   the  motion   probably   does   not  extend  more   than 

30°   from   the  pole.     Since  only   13% of   the mesosphere   lies within 30°  of   the   pole   In 

each   hemisphere   this  may   be  a   reasonable   fraction   to expect   to  be  removed  per   annum. 

This  would   amount   to  a half  residence   time of  about   5 years.     Rapid mixing equaturwarc 

and  downward   from  the   polar   regions   with  the   concomitant   Influx  of     clean"  air 

would   complete   the   annual   cycle     and   allow   an  equivalent   removal   fiom   the  meiosphere 

during   the   next   season. 

Radiochemiea 1   Data 

A  detailed  discussion   of   the   radiochemical   measurements  of   debris   from  Teak 

and  Orange   has   been   presented   before   (Chapters   V-VI).      A  short   review   of   th.j 
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discussion   la   approprlato   here.      Figure   51   shows   the  Northern   stratospheric 

concentrations   of   four  nuclldes  during   the  early   spring  of   1960.      It  can  be   seen 

that   the   strontium-ftO  distribution   differs   markedly   from   that   of   tungsten-185. 

The   strontlum-BO   has   a  positive   gradient   at   all  altitudes   and   latitudes while   that 

of   tungsten-1H5   is   negative   In   the   higher   latitudes   and   altitudes.      This   suggests 

a   recent   high   polar   source   for   a  substantial   fraction  of   the   3trontiuiD-90.     The 

rhodium-102   (corrected  only   to   sampling   time   in   this   figure)   has   its   highest 

concentrations   a^   the   highest   latitudes   and   altitudes.      The   cerium-144  data  shows 

that   the   a -bris   Is   youngest  where   the   rhodium  concentrations   are   aighest.      Figure 

21« showed   that   the   stron11um-90  concentrations  in   the  Northern   polar   region 

increased   from   about   145 dpm/lOOO  scf   to   about   220  dpm/1000   scf  during October   1959 

at   70,000   feet.       If   half  of   this   increase  were   from Teak   and   Orange   it  would   be 

conslstei.t   with   the  35 dpm/1000  scf   calculated  above.      In  addition,   the   apparent 

decrease   in   age   oj   the  debris   shown   b;    the   cerium data   (Figure  35)   is  consistent 

with  an   Influx   of   stron11 um-i»C   from  Teak   and  Orange   in   an   amount  equal   to  20% to 

40% of   the   total   present.      Rhodium   102   cor.'-entrations   shown   in   Figure  38   indicate 

stratospheric   concentrations   In   the   275  dpm/1000  sei   range   as   calculated   above   und, 

in   addition,   delineate   the   stratospheric   distribution  of   debris   from  Teak   and 

Orange.      By   May   I960  about   0.5 megacurles   of   rhodium-102   had   descended  IHJ low  70,000 

feet  which   again   corresponds   to   a  half   residence   time  of   about   5  years.     The 

distribution   was   symmetrical   al>out   the  equator  and   the   fraction  of   the   strontlum-90 

from  T<'ak   and  Orange   at  various   latitudes   was   respectively   25%,    10%,   and   2%  for 

the   latitudes   70°   N,   40*   N   and   0°.      More   recent  balloon  measurements  made   by 

(73) 
Ashenfelter at   AJTRL  Indicate   concentrations   at   85,000   feet   on   27   October   19b0 

at   Minnoapo'ls   to   I«   about   300   corrected   dpm/lOOO  scf   of   rhodium-102   and   130  dpm/1000 
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scf  of   strüntiun»-90.     This  amounts  to 30% of   the  8trontiuiD-90  b«lng  from Teak  and 

Orange.     An earlier  balloon  flight  on  22   June   1960 at   the  same   place  showed   18% 

of   the   9trontium-90   to  be   from  Teak   and   Orange.      Finally   a    small   portion 

of   the  springtime   1 icrease of   tritium  In   rainfall  noted  in   1960  may  have  cone 

from Teak  and Orange. 

Conclualon 

The  results  of   the rneasurements  described  above  have   indirectly  shown  that 

rapid  mlxin,;   probably  occurs  within   the   mesoaphero.     Within   6  months  or  so  substaj t   al 

amounts  of  debris   from Teak  and Oran :e  wore  available   in  both  polar  regions  to  be 

mixed downward   by   their  winter  vortices.      Equatorward   and   additional  downward 

mixing   In   the   stratosphere   further  distributed   this  debris  where   it  became  subject 

to  the  normal   stratospheric mixing  processes.     The   total   atmospheric   half   residence 

time  of  debris   injected   Into  the  mesosphere   is   probably   no  more   than   10 years. 

(Mesosphere   5*3   years,   stratosphere   2*1  year).      It  may   bo   that   debris  stabilized 

Just   below   the   stratopause   in   the  equatorial   regions  has   an  effective   residence   time 

somewhat   longer   than  debris   stabilized   in   the  mesosphere  due   to   slower   latitudinal 

and  vortical   mixing   rates,   however,   no  evidence   is   available   to   indicate   that   this 

Is  so.     Consequently,    10  years   represents   a  probable  upper  bound  on   the  effective 

total   atmrspheric   half   residence   time  of  debris   injected   anywhere   in   the   atmosphere. 

One  of   the   important   Implications   of   the   above  conclusion   is   that   any  debris 

that   Is   released   in   the  upper   atmosphere   or   that   strikes   the   top  of   the   atmosphere 

from  above  will   be  subjected   to   this   hold-up  time.      While   this   may   be   long  enough 

for  most  of   the   fission   products   to   decay   almost  entirely   such   Is   not   the   case   for 

long   lived   nuclides   like   strontlum-90   and  cesium-137.      Even   If   the   ha 1 f-residente 

time   Is   as   long   as   10 years,   the   activity   from   those   two   nuclides   will   l>e   reduced 
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only   20% by   the   time   they   reach   the   „'round.      Since   radiation   from   these   two   niKlldoa 

accounts   for   abou1    three  quarters   of   the  world-wide   thirty   year  dose   fro«   iow»r 

atmospheric   releases  of   fission   products   (Chapter  XI),   It   appears   that   releases 

of   these   materials   at   extremely   hi^h   altitudes   will   reduce   the  eventual   population 

dose   by   no  more   than  a   factor  of   two  when  compared   to   low   atmospheric   releases  of 

the   same   magnitude.     This   applies   equally   to  any   fission   products  which  may   1« 

released   outside   the   atmosphere   and   which  eventually   strike   ttie   top  of   the   atmosphere. 

Finally   It   Is   rioted   that   the   relative   fraction   nf   debris   from  TeaK   and  Orange 

in   the   stratosphere   Is   increasing   (due   to   the   faster   removal   of  other  debris   from 

the   lower   stratosphere).      It   is   anticipated   that   by   1962   over  one-half   of   the 

atmospheric   burden  of   3trontium-90  will   be   from   this   source   1 f   no   furtr.er   testing 

occurs. 
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Chapter IX 

STRATOSPHERIC MIXING PROCESSES 

Introduction 

In this short chapter an attempt will be made to describe the mixing and 

transfer processes which occur In the stratosphere as suggested by the HASP data. 

In addition some speculations will be offered on the location and rate of departure 

of nuclear debris from the stratosphere and the various mechanisms which may be 

Involved In this transfer process.  A number of f?atures of surface fallout can 

be directly tied to conditions In the btratosphere and to stratosphere-troposphere 

Interchange mechanisms.  This Includes thi unusual latitude distribution of surface 

fallout and the seasonal varlat'on In surface fallout rates and composition.  Since 

an encyclopaedic compilation of these data and a thorough discussion of the con- 

clusion« drawn by the many Investigators Involved In these studies cannot be made 

here, only a sampling of the more pertinent studies will be presented.  Additions 

Information on surface fallout will also be presented In Chapter X. 

Vertical and Meridional Transport 

Several features of the stratosphere are reflected In the HASP data.  These 

Include vertical, meridional, and seasonal movement of debris.  Perhaps the most 

pronounced feature which relates to vertical movement Is the perslstamr of the 

tung8ten-185 maximum located near 70,000 feet In the tropical stratosphere (Fins. 22-;U) 

It is evident that no steady vertical mass movement la occurring at these latitudes. 

During the first months after debris Is stabilized in ttu lower equatorial stratosphere 

the lowest portion (Sfi.OOO - GO, 000 feet) is "washed out" (probably by local fluc- 

tuations of the tropopause) and the resultant vertical gradient above the tropopause 
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bucomes  quite  ateep.     Thereafter   little  of   the  debris   appears   to move  across   the 

tropical   tropopause   Into  the   tropical   troposphere.      There  appears   to  be  some 

tendency  of   the   tungsten-185 maximum  to  shift   back   and   forth  across   the  equator  a 

few  degrees  seasonally,   but   this  motion   Is   not   pronoun  ed.     Both  meridional   and 

vertical   removal   from  the  equatorial  raax?rnum can  be   approximated   by  assuming   an 

anlsotroplc eddy  diffusion  process which  will  cause   a  net   flux  down  the concen- 

tration  gradient.      It   Is  quite   apparent   the  meridional   transport   away   from  the 

equatorial   regions   proceeds   at   a  rate much  greater   than  upward  movement  within  the 

equatorial   regions.     Usln::   a  quasl-Gausslan model   of   turbulent  dlfflslon   (or 

Austauch)   away   from  a central   concentration  of debris,   Spar^2'  has  calculated   both 

the  vertical  and  meridional   diffusion  rates.      In   this   model   the   half-width  of   the 

cloud  grows   In   time   according   to   the  expression: 

h  =   1.67^ (17) 

where  h   Is   the  half-width   In  centimeters,   T  Is   the   time   In  seconds  since   Injection, 

and  K  Is   the diffusion coefficient.     The  strontlum-90  and   tungsten-185 data  suggest 

9        2 a  value  of  K   ,   the  meridional  diffusion  coefficient,   on   the  order  of   10    cm  /sec, 
y 

The   tungsten data  suggests   a  value  of  Kz,   the  vertical   diffusion  coefficient,   in   the 

3       2 tropics  on   the  order  of   10     cm  /sec. 

The   tungsten-185  data   also   show   that   meridional   mixing   from   the   tropics   appears 

to  proceed on surfaces   that   slope  downward.     The elevation  of  the   zone  of  maximum 

tungsten-1K5  has   lowered   about   15,000  foet   by   the   time   It   reaches   70°  N.      No 

fully   satisfactory  explanation   of   this  phenomenon  has   l)een  offered   but   It   may   be   a 

combination  of   gravl tat 1' nal   settling     especially   after   the   debris   t)ec.imes   Incor- 

porated   Intci  the   stratospheric   sulfate   layer   (See  Chapter   III)        occasional   subsidence 

In   the  ext rat roplcal   regions,   or   backflow  equatorward   alon,;   the  downward   sloping 

Isentroplr   surfaces   after   some   type  of  dlabatlc   p<>le*ard  movement, 
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Another   feature  of   the  tung«ten-185 datf   la   the  saddle   point   In  the  30° N   to 

50° N   reßlon   (Fl^.   32).     Thl»   Is   apparently  caused by   poleward mixing  which  alter- 

nates  between  flow into the polar atratoaphere and flow Into the troposphere.     This 

type  of   action  could be  provided  either by  a meandering  wavelike   flow  through   the 

tropopause  gap or by  vertical   motions   fore  and  aft   of  high   tropospherlc   troughs 

which   are  associated  with  extra-tropical  disturbances.     This   latter   type  of  motion 

hab   been  described  by Staley^     '(see  below).     The  action  of   the  vertical   motions  Staley 

describes  may  extend  some  distance   Into the  stratosphere  and could  also  contribute 

to   the   lowering  of   the   tunK8ten-185   maximum  as   1t   moves   towards   the   poles.     The 

apparent   vertical   diffusion   coefficient.   K2,   measured   In   the   polar  stratasphere 

la  on  the  order of   10     cmVsec.      In  other  words,   vertical   mixing   In   the   polar 

stratosphere   la  more   rapid  than   in   the  tropical   stratosphere.     It   is  possible   that 

this   relatively  rapid  vertical   mixing   is more  pronounced   in   the   lower  polar  strato- 

sphere   than   In  the  higher   polar  stratosphere  (say  above  65,000   feet).      If   this   were 

the  case,   then   the   tungsten-185  maximum  could  be  depressed  by   raster  downward  mixing 

than  upward  mixing   as   the  debris  moves   pole<  »rd. 

Seasonal   Trends 

Several   pronounced   seasonal   features   can  be   noted   in   the  HASP  data.      First   the 

debris   seems   to be   removed   from   the   tropics   Into   the   winter  hemisphere   faster   than 

It   is   into   the  summer  hemisphere.      This  may   be   due   to  an   Increased   meridional 

diffusion   coefficient   In   the   winter   hemisphere   compared   to   the   summer  hemisphere. 

Another   explanation   is   that   the   volume  occupied   by   the   winter   stratosphere   Is   greater 

than   that   of   the  summer   stratosphere  and   there   Is  more   "uncontaralnated"   air   Into  which 

the  debris   can  move.     This   latter  situation  Is   due   to   the   lowering   of   the   tropopause 

and  equatorward  movement   of   the   tropopause   Rap   in   the   winter  hemisphere.      in   addition, 
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the mld-latltude Jet stream moves equatorward and Inteaslflea; which action may 

»lao contribute to Increased mlxlns Into the winter hemisphere.  Surprisingly, 

however, the onset of the more rapid departure from the tropics seems to beln« at 

higher altitudes and then to progress downward (See Fit;. 21a). 

The second seasonal trend which Is evident Is the Influx Into the lower polar 

stratosphere of high altitude debris brought down by the polar cylonlc vortex which 

develops during the winter.  Since this action has been discussed In the previous 

chapter, which described the fate of debris from Teak and Orange, no further 

reference to It will be made here.  Suffice It to say that the various seasoi ally 

dependent characteristics of the winter stratosphere are such that debris originally 

remote from the polar tropopause is preferentially placed nearer this tropopause 

in the late winter.  This situation leads to the "spring rise" In fallout rate which 

will be described in some detail In the next chapter. 

Residence Times 

As the previous report (DASA 532)   pointed out, the concept of a single repre- 

sentative stratospheric residence time Is an untenable one.  This ccncept is based 

on the physical notion of a steady removal from a unlfomly mixed stratospheric 

reservoir under such conditlona that the stratosphere remains uniform.  As we have 

seen, the stratosphere has remained remarkably 1nhomogenlous for at least two years 

after the last major nuclear test series (late 1958).  Even In the case of debris 

originally stabilized in one region of the stratosphere, a single residence time 

probably cannot be selected to account for the departure rate lor rr.ore than a few 

half lives and even thiS will show seasonal fluctuations.  For Instance, the tungsten-1H5 

stabilized in the lowrr and middle tropical stratosphere showed a high fallout rate 
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inltlrlly   (half   residence   time   of  about   it  TiOnths)   and   then  a   lowered   fallout   rate 

(half   residence   time  of   more   than   1H  months). 

A   number  of   investigators   have   su^c.ested   variable   residence   tl^es   as   a   function 

of   latitude   and  altitude.      Staley's  estimates have   ranged   from  2  months   to   1H 

months   for  debris   placed   respectively   just   above   the   polar  tropopause  and   In   the 

ml d-ecjuatorl a 1   stratosphere.      He  makes   no  estimate  of   residence   time   In   the   high 

stratosphere  or mesosphere.      He   further  indicates   that   the  residence   time   for  some 

debris   could   be   as   short   as   a   few  hours   If   the   debris   were   Injected   Into   the   lowest 

stratosphere   on   the   cold   side   of   the   jet   stream   associated  with   an   upper-air   frontal 

zone.     Martell's   estimates^   ^   have   ranged   Iron   a   few  months   for  Soviet   test   debris   to  5 

to   1U   years   for  debris   at   higher   levels   near   the   equator   (CASTLE  debris).      However,   both 

Machta1     '   and  Kuroda^76'   have  objected  to Martell's   treatment   Indliatlng   that   the 

spread  of   a   factor of   60   between  soviet   tests   and   the   CASTLE   test   is   too  great.      On 

the  other hand   the   s1n(; le-valued  half   residence   time   of   0.5 +   0.1   years   which   Kuroda 

reports   based  on   strontlnm-'JO   concentrations   In   rainfall   at  Fayettvllle,   Arkansas 

seems   merely   fortuitous.      Libby       'suggests   a  half   residence   time  which   ranges   from  6 

months   for Soviet   Injections   to  3^  years   for  high   equatorial   (CASTLE)   Injections.     We 

have   seen  before   (Chapter   VIII)   that   debris   Injected   Into   the  mesosphere   (Teak   and  Orange) 

appears   to  have   a  half   residence   time   on   the  order   of   5   years   and   that   10   years 

probably  represents   an  upper   limit   on   the  half   residence   time  of  debris   injected 

anywhere   In   the   atmosphere   (Including   debris   which   falls   on  the   top  of   the   atmosphere). 

Even   though   the   assl,   iment   of   varying   half   residence   times   to   various   locations 

in   the  stratosphere  may   not   be   proper   1 ii   the  strictest   sense.    It   is   tempting   to  do  so 

because   the   calculation  of   the   resulting   stratospheric   and surface   Inventories   becomou 

quite  simple.     Figure  52   shows   the   results   of   a   calculation  of   the  quarterly   strato- 

spheric   inventories   below   150,000   feet   and   the   surface   inventories   of   strunt 1uin-00 
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originally  In   the  »tratosphere based  on  half   residence  times  of   5  months   for   the 

lower polar atrato«phere,   10 months   for   the  tropical   stratosphere  up  to 70,000 

feet,   20 months  between 70,000 and   100,000   feet   In  the  tropic«,   30  months  between 

100,000   and   150,000   feet   In   the   tropics,   and  60  months   above   150,000   feet.     The 

8trontlum-90  was   decayed  at   2^% per  annum.      The   vertical   distribution   of  debris 

within  the   cloud   and   the  amount   injected   Into   the  stratosphere   was   calculated 

according   to   the  method  described   In   the   previous   report   with   the   additional   assump- 

tion   that   50%  of   the   «t ront lujn-90  was   scavenged   into   local   fallout   from   land  surface 

bursts   and   30%   from  water  surface  bursts.      It   can be  seen   that   the  soil   and   rainfall 

Inventories   at   the   surface   a^ree   reasonably   well  with   the   calculation,   but   that   the 

calculated   stratospheric   Inventory  drops   off   after   1959   at   too   rapid   a   rate.     This 

latter  discrepancy   Is   enhanced  by   downward   nixing   Into   the  HASP  and  Ashcan  samplliv: 

region  of   debris   fron  Teak  and Orange   (which   were  accounted   for  only   In  the   surface 

1nventory) . 

Meridional   Circulation  Models 

Besides   the   Feely-Sparv   '   model   of   meridional   transport   of   debris   through 

turbulent   diffusion   processes   which   has   been   described  above,    two  other  schemes 

involving   ort;anl^ed   circulation   patterns   to  account   for  meridional   movement   within 

the  stratosphere   have   been   suggested.      Tte   first  of   these   is   the   Brewer-Dobson 

model. ' This   model   suggests   that   tropospherlc   air  moves   upward  across   the 

tropical   tropopause   arul   then   proceeds   northward  and  southward   deep  within   the 

stratosphere     escendin^   in   fie   polar  or   temperate   regions   and   thence   back  into  the 

troposphere.      This   model   was   originally   evoked   to  account   for   the   dryness  of   the 

polar  st ratosphr-re   and   the   efflux   of   ozone   from   the   stratosphere   into   the  higher 

latitude   troposphere.     A  number  of   investigators*'* • '■'' '9.59,77-79,8 1)   have   found 
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this   circulation   pattern  to be  compatible  with  surface  meaaurements   of   fallout 

material   as   well   as  stratospheric  measurements  of   various   radioactive  materials.      in 

almost   every   case,   the   Freely-Spar  model   can  be  used equally  well   to  account   for   the 

distributions   and  concentration«   observed.     On  the  other  hand   the   tungsten-185  data 

obtained   by   HASP  seems   to  be  entirely   incompatible  with   the  Brewer-Dobson  model 

since   the   equatorial  maximum  has   shown  no  tendency  to  rlae.      Furthermore   the  steep 

gradient   noted   in   the  polar   regions   for  all   Isotopes  militates   against   a  persistent 

subsidence  of   air  In  this  region  as   required  by  the Brewer-Dobson  circulation.     Except 

for   the   "cold   trap"  mechanism  to explain   the  apparent   low  water  vapor concentrations 

In  the   polar  stratosphere  there  seems   to  be   little  evidence   left   to  commend   the 

Brewer-Dobson  circulation  pattern.      Recent   measurements   of   relatively  hif;h  water 

vapor   content   at   90,000   feet'" surest   that   the   low  concentrations   in   the   lower 

polar  stratosphere  may  be  accounted   for  by  eddy  diffusion  out   of   the   tropical 

tropopause   region   Into   the   polar  stratosphere  and   the   possible   interference  with 

frost   point   measurements  by   the  hyproscoplc  sulfate   layer   present   in  the   lower  strato- 

sphcre. ** 

More   reently  Libby  and Palmer'      '   have  su^ested  a  meridional   circulation  cell 

which   lies   cc«pletely  within   the   stratosphere.     This   pattern   provides   for  slow 

poleward  movement   over  a   lar^e   region  of   the  higher  stratosphere  and more   rapid 

equatorward  movement   in  a  smaller   region  of   the   lower  stratosphere  with  upward  move- 

ment   at   the   equator  and  downward   movement   at   the   poles.      Since   the   pattern  described 

lies   almost   entirely  within   the   HASP   sampllnt;   region,   this   type   of   circulation   almost 

certairly   should  have   been  observed   In   thf  HASP  data   If   it   in   fact   exists.     Such   has 

not   been   the   case.     Llbby^     '   su^u;ested   that   the   tungsten-1H5   injected   into  the   lowt-r 

tropical   stratosphere  was   prevented   from  entering   this   circulation  pattern  by  beinn 

t rapi*jd   In   the  Berson  westerly  winds   which   lay   lust   above   the   tropical   t rojK^iause. 

*See   also Mastenbrook,   H.   J.   and   J.   E.   Dinger  Journ  Gcophys   Res   Gf   1137   (1961) 

•*Sec   also   Goldsmith,   P.   and   F.    Brown   Nature   191.    1033   (1961) 
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However  these  winds  had disappeared   from  the   tropical  stratosphere  by  the   late 

summer of   195HV      '     r and were   replaced by  the more general   Krakatoa easterly wind 

regime which   prevailed thereafter.     This   fact  seems  to  vitiate  Llbby's  argument 

somewhat.      In any event,   neither  the  strontlum-90 distributions  nor  the tunK8ten-185 

distributions  observed by HASP   tend   to support   the Llbby-Palmer  circulation model. 

Finally,   Independent  support  of   the  Feeiy-Spar model   Is   provided by Newellv     '   who 

su^KCSts   that   the  surface measurements  of   tunt;sten-185 originally  placed  In  the 

stratosphere   Indicate  that  this material  was  carried  poleward  and downward  by eddy 

processes   rather  than those of  so-called mean motions. 

Stratospherlc-Tropospherlc   Interchange 

A  number  of   Investigators  have  su«i;ested  possible modes  of   removal  of   radioactive 

d«brls   from  the  stratosphere.     Spar'   '   has  shown  that   a  pure  eddy  diffusion  across   the 

tropopause  may  occur but   that   It   is   too slow t<    account   for  the  short   residence  times 

observed.     He  has   further su^ested  that   turbulence  In  the   tropopause ^ap  region 

mi^ht   produce  higher  horizontal   diffusion  coefficients   and   could  promote   turbulent 

transfer   through   the gap.     Large   scale  horizontal  meandering   stream  flow  through   the 

gap  was   also  suggested.     Without   suggesting  how   the  debris   crossed   the   tropopause, 

Machta'     '   has   calculated  that   the   not   zonal   removal   of  atrontlum-90  fron  the 

stratuhphere  during   the  spring   of   1959  was   proportional   U-   the   area of   the   zone   I.e. 

the  net   flow   per  unit   area  north   of   30°  N  was   uniform. 

Perhaps   the  most   evident   feature   of   the   surface   fallout   Is   that   it   descends   at 

a  maximum   rate   during   the   bprin,    and  has   a   peak   In   the   JUU   -   C3U     latitude   bund. 

Among   others.   Gustafson has   su     estcd   that   t tie   sprir.      i*'ak  ran  be  explained  by 

the   increasing   volume  occupied  hj   the   syrin-line   troposphere   us   the   tropopause 

rises   and   as   the   i;ap   region  -.oves   poleward.     This   action   would  encompass 

•    See   also  Heed,   R.   J, ,   A.   J.   c ampl>e 11 ,   L.   A.   Rasmussen,   and   1).   G.   Rogers 
Tourn   of   0« ophvs   lies     fir,,   813   (19<'>1) 
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stratospheric  air which  haa  had  sufficient   time   to  have   It»   radioactive  content 

enhanced  by  the  seasonal   stratospheric  phenomena  described  above.     In  addition, 

Gustafson  attributes  considerable  InPux   to a disruption  of   the   polar  tropopause 

in   middle   latitudes  durinj;   the   sprlnr  months.     He   further   points   out   that   little 

stratospheric   removal  occurs   in  the   late  summer  and   fall   while   the  polar  tropopause 

la   lowerlni;  and  the  Rap  Is   moving   toward  the equator.     This   is  evidenced  by   the 

fact   that   surface air  concentrations  decrease   rapidly during   this   time   (apparent 

residence   time  of   less   than  50  uay;.).     Waltonv '   has   discussed  the  effect  of 

subsidence  of  stratospheric  air  into  the   troposphere   in   the  wake  of  cyclonic 

disturbances.     These  disturbances  are  prevalent   in   the mid-latitude  region  and 

produce  heavier  rainfall   during   tie  spring months.     Walton's  studies  have   shown 

that   the  tropopause  can  be   lowered  by  these disturbances   and  it   is  possible   that 

as   it   is   reestablished  at   a  higher altitude sor.e   of   the  stratospheric  debris   will 

be   incorporated  into  the   troposphere. 

In  a  classic  study  of   atmospheric   phenomena   in   the   vicinity  of  the  polar- 

equatorial   tropopause  discontinuity  (tropopause   "gap"),   Staley''*'   has   reviewed 

sone  of   the  above  notions   and  points  out   the  difllculties   involved  in  considering 

the  tropopause  to be some   kind of  barrier  to airflow with  the gap region  providing 

a  hole   In  this  barrier.      In  fact  his  study shows   that   tho    isual   definition  of   the 

tropopause becomes  inappropriate  in  the  gap region  when  associated with  an  extra- 

tropical   disturbance.     Here  the discontinuity  in  potential   vortlcity appears   to be 

the   significant   physical   quantity.     This   construct   is   the  same   thing   as   the   tropopause 

away   from the  g.v  region  and  in  the gap region defines  what  has  been described  as 

a     folded"   tropopause  or   tropopause   "funnel"   which  may  extend  down  to  800  mb   (5000 

feet).     Consideraule  vertical  motion of   the air   in   the   vicinity of   this  "funnel"  has 
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been  noted.      In   the   lower stratosphere   subsidence occurs  over  areas   as   lar^e  aa 

IK 10    Km^  with   velocities  as   «reat  at   10  cm.^sec  In  the  frontal   zone  usually  found 

on   the  southwest   side  of  the   trough  aloft.     Wlthl;i  2 1  hours  some  stratospheric   air 

can  be  brought   down   along  Isentroplc   surfaces   (adlabatlcally)   to within 5000   feet   of 

the  ground.      It   also appears   that  dlabatlc   incorporation of  stratospheric  air  Into 

the   troposphere   can   take  place.     RlslnR   air   is   found  on  the  northeast   side  of   the 

trough  aloft.      Trajectories  show  that   most   of   the  rising  air  is   not   air  that   had 

Just   subsided   and  vice-versa.     In other  words,   the  circulation   is   not   closed  in  the 

immediate   vicinity  of   the disturbance   and   there   is  a  net   InterchanBe  of  air.     Since 

the   tropospherlc   residence  time oi   fallout   debris  is  short,   it   is   to  be expected 

that   the   radioactivity will   be   removed   from   the  air  which  descended   from  the 

stratosphere   prior   to   its   return  to  the   stratosphere   from   the   troposphere.     This 

would  result   In  a net   outflow of  debris   from   the stratosphere.     Assuming  that   there 

are  5  auch storms  operating   in each hemisphere  at  all   times,   Staley  has  shown   that 

a  act  quantity  of  air  equal   to half   the  mass  of   the  stratosphere   is   exchanged  in 

ubout   18 months.     His   conclusion concerning   the mass   flow out   of   the  stratosphere 

associated with  extratropical   disturbances  of  moderate   intensity   In  middle  and high 

latitudes  as  being  quantitatively  Important   for  the  residence   time  of   debris   injected 

into  the  stratosphere  seems  entirely  Justified  If   the  stratospheric   behavior described 

above  Is   taken   Into  account.     Further  it   provides  considerable   insight   Into  the 

mechanism of   interchange  In  the "gap"   region.      It   is  not   to be   concluded,   however, 

that  Staley's  mechanism  is  the  only  one  which   produces  egress  of   radioactive  debris 

from  the stratosphere,   since   the  other mechanisms  described  above  doubtless      -e 

real.     The  relative  Importance  of  these  mechanisms  cannot  be   fully  evaluated 
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at   the   present   time;   moreover,   their  effectiveness   probably  would  be   strongly 

dependent   upon  the   precise  conditions   and   location   of   Injection  of   a   particular 

cloud  of  debris   into  the  stratosphere. 
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Chapter X 

SURFACE  FALLOUT 

Introduction 

Willie   the   HASP  program  has   contributed   little   direct   data on   surface   fallout 

distributions,   since   Its  major   aim  was   to delineate   the   role   played  by   the 

stratosphere   In   the  world-wide   distribution  of   fallout,    It  was   hoped  tnat   this 

program  would   contribute   to   an   understandlnj;  of   the   surface   distributions  observed. 

*hl le   It   will   be   Impossible   hero   to   produce   on  encyclopaedic   survey  of   the  many 

fallout   measurement  protrrams  which   are   presently   beln;   conducted  and  which  have 

been  conducted   In   the   past,   it   will   be   Instructive   to  note   some  of   the   features 

which   have   been  observed   In   a   few  of   the  more  extensive   collection  networks. 

Surface  measurements  generally   fall   Into   three  categories,   namely,   measurements 

of   activity   In   surface   air,   surface   rain,   and   soil   (and   sea  water).     Surface   air 

measurements   generally   reflect   the   amount  of  material   available   for   removal   by 

rainfall.      A   single   station  may   i>e   represer   atlve  of   a   relatively   lar';e   area  and 

will   reflect   to  some  extent   the   se.isonal   influxes   from   the   stratosphere   tempered 

by   the   removal   of  dehris   by   recent   rains.      Surface   rainfall   measurements   generally 

reflect   the   rate  of   fallout   at   the   collection   station   and  may   not   be   as   representative 

of   as   large   an   area  as   are   the   surface   air measurements   due   to   the   localized   nature 

of   rainfall.      Total   Inventories   can   be  evaluated   by   inte^ratln,;   the   rainfall 

collections   takln.;   into   account   the   variations   from   place   to   place  of   specific 

isotopic   concentrations   and   rainfall   amounts.      Except   In   areas   *hlch  experience 

little   rainfall,   dry   fallout   Is   a   relatively  unimportant   factor   since   rainfall   Is 

believed   to   be   the   primary   scaven ;in,:   at;ent   for   fallout   debris   over  most   of   the    jlobo. 
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Soll   rwasurements   provide   a  direct  metnod  of  detennlnl rv;   the   total   surface   burden 

of   radioactive   fallout.      However,   this   technique   has   a  number  of   difficulties   in 

practice  which   include:      problems   in   radlochomlcal   extraction,   problems   in   accounting 

for   rainfall  variations   from   place   to  place,   and   problems   in   accounting   for 

radioactive  decay  of   the  various   nuclides. 

In   the  sections  which   follow, several   topics  will   be  discussed, including;   the 

latitudinal   and   seasonal   variation   in   fallout   rates   from  various   sources,   total 

inventories  both   surface   and   atmospheric,   fallout   from   the   French   tests,   fallout 

from   the   Nevada  Test  Site,   and   certain  characteristics   of   concentrations   in   rain 

water   and   the   sril. 

Dlstri butlii.,  of   Surface   Fallout 

(31,33, 
One   feature  of   surlace   fallout  which  has   been   almost  universally   observed 

36,40,76,79,84,87,89-90)   4      ...       ,     ,    tu   ,    „. ,   r   ^^      *   ..^ '••'•' is   the   fact   that   the   rate   of   fallout   in   the  spring   is 

greater   than   in   the   fall   by   a   lar^e   factor.     One  of   the  most   strikln;;  displays   of 

this   seasonal   variation   Is   provided  by  measurements   of   cesium-137   in  surface   air 

collected   at   the  Ar:;onne  National   Laboratory  near  Chicago.      Fl;jure   53,   provided   by 

Gustaf son, shows   that   there  has   been   an   increase   in   the  concentration  each   spring 

sinc-c   the   first   thermonuclear   detonation.      A number  of   explanations  of   this   phenomena 

have   been  described   in   previous   chapters   and   it   seems   that   it   is  caused   primarily 

by   seasonal  changes  of   the   meteorological   conditions   in   the  upper   atmosphere.      It 

has   also  been   suggested   that      seasonal     variations   in   nuclear   testing  cycles   have 

produced   the   periodicity   noted.     Certainly   these   testing  cycles   affect   the   spring 

fallout   rate  but   It   seems   reasonable   to  believe   that   they  relate  more   to   the   quantity 

♦   See   Gustafson,   P.   F.,   S.   S.   Brar,   and  M.   A.   Kerrigan  Science   133,   460   (1961) 
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C93   95) of   fallout   produced  each year   than   to   tho   yearly   frequency   observed.      Hvlndpn* 

has   su,jested   that   annual  variations   In   rainfall  may   account   for   the   seasonal 

variations   In   Mie   concentrations  noted   In   surface   air   and   rain   water.     He  has   r.hown 

that   the   Iru roase   in   rainfall   durinj   the   spring   and   summer   tends   to  depress   the   air 

concentrations  which   later  build  up  when   Mie   rainfall  diminishes.      Ifvindon  concludes 

that   stratospheric   fallout   rates  may   be   fairly  constant   In   time.      Hfhi le   the   seasonal 

factor   in   rainfall   no doubt  enhances   the   seasonal   fallout  effects,   It   is  difficult 

to   attribute   the   tenfold   fluctuation   In   air   concentrations   to   the   twofold   fluctua- 

tion   in me an   riinfall. 

An  extensive   surface   air   samplin-;   network   lias  been   operated   alonj;   the  80th 

(3 1   33) meridian  by   the  U.   J.   Naval   Research   Laboratory  since   1956.        ' Several of   the 

features  of   this   network  have   been   described   in   previous   chapters.      The  network 

has  shown   that,   in   general,   the  greatest   concentrations  of   radioactive material 

occur   in   both   raid-lat1tude   regions.      In   addition  It  has   shown   that   concentrations 

in  the  Southern   hemisphere  have  been  conslstantly   lower  and   the   debris  has been 

older  than  in  the  Northern hemisphere.     These differences  have   been  due mainly  to 

the   hi ;h   latitude   Soviet   tests.      The   1959   sprln:;  peak   In   the   Northern   hemisphere 

was  well  documented   and   it  was   shown   that   the  bulk  of   this   peak   came   from  the   fall 

1958   Soviet   test.      After May   19.r9,   the   surface   air  concentrations   in   the  Northern 

hemisphere dropped   rapidly which  indicated   that   little  debris  was  enterim;  the 

troposphere   from   tho   stratosphere.      By   lato   1959,   most  of   the   debris   that  was 

measured   at   tho   surface  appeared   to  be  of   HARDTACK origin. 

(Gustafson's        '   extensive   Investigation   of   air  samples   collected   at  ANL sheds 

additional   11 jht   on   some of   tho   surface   fallout   features   after  rld-1958.     Figure   5-1 

shows   the   concentrations  of   tunjsten-181 ,   cesium-137,   and   rhodium-102  measured   by 
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;ainina-ray   spectroscopy   in   the   air   samples   collected.     The   tunjsten-181   Is  presumed 

to  vnmc   from   the   I'-ARETTACK  series   alotio   and   the   rhodium-102   from  Oranje.     Usinü   these 

isotopic   measurements   as  well   as   others,   Gustafsor.  was   able   to   reconstruct   the 

fraction  of   the   cesium-137  observed  which   could  bo   attributed   to  various   sources. 

A multiple   isotopic   analysis   similar  to   that   described   in  Chapter  VI   was  employed 

alonj  with   a  motoorolo jical   construct   to  eliminate   the  contribution   of   pre-HARDTACK 

debris.     The   results   are   shown   in  Figure   55.      It   Is   seen   that   about   80% of  the   1959 

sprir;  peak  came   from  the  jovlet   test  of   late   1958.     No   further  debris   from this 

source  was   seen   after   late   1959.      The   sprin-   peak  of   1960 was  mainly   from  HARDTACK 

and   included   an   Increasin,;   amount   from  Teak   and  Orange.      The   apparent   stratospheric 

residence   time   has   Increased  due   to   the   removal   of   the   lower  altitude  elements. 

Gustafson   indicates   that   roughly   50% of   the   cesium-137   found   in   the   surface  air 

durln,;   the   fall   of   1960 was  pre-HARDTACK   in  origin. 

Similar   results   to   those  of  Gustafson   concerning   the   fallout   from   the  Soviet 

test   series  have   l>oen   reported  by   a  number  of   investigators.     Walton'      '   concludes 

from  tungsten-185  and  strontium-89,-90 measurements  in New  Jersey   rain  that  70% to 

80% of  the  strontium-90  in  the   1959 spring  peak came  from the  Soviet   test.     A true 

seasonal  variation  of   the equatorial  debris   is   also observed  in   t'.e   tungsten-185 

collections  at  Westwood   from the  HARDTACK series.     Usinf;  a method  similar to that 

of  Gustafson,   Edvarson^     '   concludes   that   only   55% of   the   cesium-137   in   the   1959 

spring   peak   in   Sweden  was   attributable   to   the   Soviet  series   and   that   the   residence 

time  of   this  material  was  about  6 months.     On   the  basis  of   tungsten-185 ireasurenents 

In   the  world-wide   AEC  pot   (rainfall)   collection  program,   Hardy^     '   concludes   that 

no more   than   20% of   the   3trontium-90   in   the   1959  spring   peak  can   be   assigned  to 
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(89) * 
the   HARDTACK  serlos.      Blelchrodt has   reported  the  81ron11um-90  spring  peak 

in   1959   In   rainfall   over  Holland  to  l>e   composed  of   aa  auch  as  80% to  90% Soviet 

dobrls.      He   also   notes   the   rapid  decrease   In   concentration   after  May   1959   (Initial 

half-tlnve   somewhat   more   than  one  month).      He   attributes   this   to   a   sudden   reduction 

In   the   rate  of   Input   of   radioactive   dust   from   the   stratosphere.      Blelchrodt   also 

observes   a peak   In   the  spring of   19G0 which  he  attributes  to meteorological   factors. 

(77) 
Kuroda has   reported   that  60% of   the   1959  sprln,;  peak   in  Arkansas   rain  can  be 

t "7 C \ 
attributed   to   -Soviet    lebris.     The   1960   sprln,;   peak   is   also   apparent   li    his  data. 

A  number  of   studios  of   faliout   debris   in   rainfall   In   the  United   States   have 

(87   K8 ) 
l)een  undertaken.      Some   of   the   results   obtained   by  Walton's        ' study   of 

New  Jersey   rain   will   be  mentioned   here.      The  most  evident   feature   that   is   noted   in 

the  Now  Jersey   rain   is   the   seasonal   fluctuation   in  concentration.      From September   1959 

through   July   I960   the  concentration  of   s t ront liim-90  could  be   approximated  by   a 

2 2 steady   fallout   of   0.08  mc/ml   /in  wltn   a   spring  excess   of   about   0.15  mc/ml   /In, 

Over   40% of   the   total   deposit   for   this   period   came   from  the  excess.      Over   the   yars, 

the   rate  of   accumulation  of   8tront)um-90   at   Westwood,   N.   J.   and   New   York  City 

calculated   from   rainfall  measurements   has   paralleled   the   rate  of   departure   from  the 

stratosphere.      Table   XVII   shows   the  deposit  each  year  up  to  July.      It   ran  l>e   seen 

that   the   deposit   prior   to   1954  was   low   and   that   between  mid-195 1   and   mid-1958   the 

2 
annual   rate  was   fairly   constant   (MO mc/ml   /yr).      From  mid-1958   to   mid-1959  the 

rate  more   than   doubled   and   thereafter   dropped  off   to   a   low  value.      The   net   deposit 

2 2 of   83.5  mc/ml"   reduces   to 78.5   mc/ml"   on    1   July   1960   If   radioactive   decay   Is   taken 

Into   account.      The   changes   in   rate   noted   hero  compare  with  those   shown  previously 

•  See   also  Blelchrodt,   J.   F.,   Joh.   Olok,   and   E.   R.   van   Abkoud»-,   Journal   of 
Geophysical   Research 66,   2183   (1961) 
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In  figure   52. 

Table  XVII 

Incromontal   and  Net   Deposits   of 

Strontluny-90   In  tht  Westwood,   N.   J. 

Area  Since   1954   (mc/ml2) 

T"  MU-Yoar Increment Net   (undecayed) 

1951 4.2 4.2 
1955 9.5 13.7 
195r. 10.9 24.6 
1957 11,5 3(3.1 
195« 13.1 49.2 
1959 27.1 76,3 
1960 7.2 b3.5 

Moasurementa  of   the  Ce-144/Sr-90   ratio  In   Wostwood   rains  can  be  compared   to 

those   collected  elsewhere.     This   is   done   in   Pi^re   56   for   rain  collected   at   Westwood, 

N.   J.,   Pittsburgh,   Pa.,   Houston,   Texas,   and   Richmond,   California.      In   addition   the 

lower   stratospheric   concentrations  obtained  by   UA3P  and   the   rainfall  measureirants 

at   Rijswijk,   Holland  are   shown   for  comparison.      It   caxi   l>e   seen   that   there   is   con- 

siderable   difference   between   the   stations.     Part  of   this   may   be   due   to  differences 

in   laboratory  calibrations   but   this  should be  a minor   factor  (and  should  be  absent 

in   the   Wostwood-llASP  comparison).      It   is  evident   in   the   figure   that   the   January   1960 

U.   .i.    readings   are   all   hi ;her   than   the   HASP  road'.n;s.      This  may   be  due   to   the   last 

Increments  of   Soviet  debris   l>oln':  deposited while   the   HASP measurements   in  the 

lower   stratosphere   reflect   the   incursion  of   HARDTACK  debris.     No   support   for   the 

contention   that   the   January   rainfall   contains  much  Soviet   debris   can   be   provided   by 

the  Chicago  air  measurements,   however   (see   Fl»;   55).      After   January   the  overall 

average   U.   J.   rail.fall   measurements   drop  to  about   that   value  which  would   be  predicted 
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from   lower   stratospheric  measurements   but  the   Individual   U.   S.   station  averages 

show   lar.:o   variations.      The   Rainfall   measurements   at   Rljswljk'        '   a«jree   re- 

markably   well   with   the   HASP measurements j   however. 

Waltonv     '   has   Investigated   the   notion  that   the   low  values   at  »estwood   are 

caused   by   rosuspenslon  of   3trontlun»-90  previously   deposited.      He   shows  convincingly 

that   this   cannot  be   the  case.      One   clue  as  to why   the  various  U.   S.   stations   show 

so  much  variability   from month   to  month  and   from one   another   is   supplied  by   solubility 

(42) 
studies   on   various  nuclides   in   rainfall.     Salted     '   has   reported   that   the  cerium-144 

in  one  Pittsburgh  rain  sampled  was   about   1% water  soluble  while  the  strontium-90 

fraction  was   about   50% water  soluble.     This disparity  may  well   lead  to  fractlonation 

between   the   nuclides  during   the   course  of   their   incorporation   Into  rain   and  eventual 

deposition.      In   addition,   this   disparity   places   a  premium  on  careful  collection 

and   analysis   techniques.     Salter  concludes  that   large   fluctuations   in  the Ce-l44/Sr-90 

ratio   in   precipitation  may   be   expected,   dependin;;  upon   the   history  of   the   preci pi tat In, 

elements,   and   the   relative  quantity   of   partlculate  matter   included.      It   should   be 

noted   also   that,   like   the  Ce-144/Sr-90  ratio,   the  Cs-137/Sr-90   ratios   in   rainfall   and 

soil   samples  collected   it   a number of  sites       '        '  have  often differed markedly   from 

the   theoretical   ratio.     Measurements   in   stratospheric   samples   collected   by   HASP   lead 

to   the   conclusion   that   these  differences   are  engendered   after  departure   from   the 

stratosphere   sinr<>   th«1   ratios   in   the   HASP s^unples   are   close   to   the   theorotlca1   value, 

(PS) 
Walton has   reported   that   dry   fallout  may  be  enhanced   In   cerlura-144   and  may 

show    ;rrater   variability   than   fallout   in   rain  water.      In   addition,   h«    notes   that 

the   specific   concentration   of   strontium-90   In   the   lltht   rain   followin;   a  cold 

frontal   passage   Is  often  greater   thar   that   In   the   heavier   rain   in   the   frontal   /.ore. 

Finally,   Walton  has   shown   rather  conclusively   that   one   cannot   recoi.stnu t   soil 
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concentrations   of   s t ror, t liin-90   at   one   geographical   location   from   rainfall   concentra- 

tions   at   another   site   >,'Ven  when   the   two  are   at   the  name   latitude   and  have   the   sause 

amount   of   rainfall.      This   Indicates   that   local   moterorolo,;lcal   conditions   as  well 

as   variations   In   trüpopause   heights,   elevation   of   clouds   producing   precipitation, 

and   the   history   of   particular   air   masses   may   affect   differently   the   rate   at  which 

various   nui Udes   are   incorporated   irto   rain.      The   fact   that   Rijswljk   lies  downwind 

of   a   lar-e   uniform   region   (the   Atlantic  Ocean)   may  explain  why   its   rainfall measure- 

ments   reflect   so closely  the   lower  stratospheric  measurements. 

The  major  point   to be  made  here   is  that   extreme  caution   should  be  used  in 

making  generalizations   from  rainfall   collected   at  one  geographical   location. 

rallout   from  Fre11ch^ Nuclea.-  Tasts 

On   13   February   1960  the  French detonated   a device with  approximately  6C  to 80 

kllotons  yield.     ainco   a number of  months  had  elapsed  since   the   last  detor.atlor, 

the  presence  of   its   debris   in   the  80° meridian   surface   air  network  was  quite   apparent. 

Twenty  days   after  detonation   It   !iad   reached   three-quarters  of   the way   around   the 

globe   and   the  cloud   had  a half  width   at   the   surface  of   about   20°   latitude.     Using 

ID    2 
expression   (17)   al)ove,   this  yields   a meridional  diffusion  constant of   10 cm  /see 

for  the equatorial   troposphere.     The  effective   zonal  wind   (not  necessarily  tho 

surface  wind)   would   lie 35 statute  miles  per  hour.     A similar  passage  was  noted   for 

the   27   Oecemt>er   I960   shot,   but,   even   though   It   reached   the   network   in   one-half   the 

(99) 
time,   concentrations   were  one-fifth   to one-tenth  t'iose  of   the   first   shot. A 

number  of   other   investigators   have   reported  measurements  of  debris   from   the   first 

French detonation. ^^ •37 •76 •87 •89,98 ' l00)     These  all  occurred  in  surface  air   and 

rainfall   at  higher   latitudes  than   that  of   the  explosion.     Apparently   the  high 

tropospheric  winds   were  not   zonal   during   the   course  of   the   first  cl rcuaylobal 

(97) 
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traverse.      in   addition,   the   cloud   probably   *as   split   up   Into   a   number  of   sej,rments 

due   to  wind   shears. 

To   determine   what   effect   this   detonation   had   on   the   "sprln;   peak     of    1960,    It 

is   necessary   to  determine   the   fraction   of   activity   (both   short-lived   and   longer- 

lived)   attributatjle   to   the   test.      A   roujh  approximation   can   tx;   made   by   comparing;   the 

strontium-90   produced   in   the   French   test   (~6  Kllocurie)   with   the   amount   available 

for   the   spring   fallout   in   the   lower   stratosphere   of   the   Northern   hemisphere.     Table   VII 

shows   this   to   be   about  330   Kilocurie.       It   appears   then   that   at    least   2% of   the 

fallout   could   come   from  the   French   test.      It   is   an  easy   matter   to determine   the 

French  contribution   of   any   isotope  observed   In   a   particular   sample   by  measuring   its 

strontium-89   or   barium-140  content.      Kuroda reports   that   the   rain   sample   at 

Fayettevl1le,   Arkansas  with   the  most   French  debris   amounted   to  3% of   the   total 

(87) Strontl im-90.      W£)ltoiiv     '   reports   a  maximum   in  one   New   Jersey   rain  of   6% which   in- 

creased   the   total  of   that   month   (February   1960)   by   11.     Blelchrodt reports   an 

increase   In   cesium-137   for   tie   T.onth  of   April   to  be   2.3% of   the   total   at   Rljswijk. 

It   is   seen,   the',   that   t!.         ■;    .i,,   increase   in   fallout  of   longer   lived   isotopes   is 

only   slightly   affected  b     the   French   test.     On  the   other  hand,   a   lar;e   fraction  of 

the  spring   Increase   in   total   beta  activity   can  be   attributed   to   the   French  debris 

at   a number  of   stations  since   there  were   proportionately  more   short   lived   beta 

emitters   in   the   French  cloud   taan   in   the   older  background.      For   instance   the   1960 

pring   increase   in   cumulative   fallout   (mc/Vm     based  on   l>eta  decay)   at   KJeller,   Norway 

reported   by   Hvindenv     '   appears   to   be   mainly   fron,   the   French   test. 

Surface   Inventory   of   Strontium-90 

Two   basic    types  of  data  are   available   for  determining   the   total   burden  of 

strontium-90  on   the   surface  of   the  earth,   namely   concentrations   of   this  nucllde   In 
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soli   and   In  rain.     Soll  measurements  provide  the most  direct  measure  of   the  total 

concentration.     There   are  a number  ot different methods  of   attack which may  be 

used  to  extend   the  sparse  soil  data available   to  represent   the whole  jlobe. 

Walton and  Alexander*       '   have examined   several  of   these  methods   and have 

detailed   the  strengths   and weaknesses of  each.»    Walton's  basic   system  is   to  sum 

over each   10°   latitude  band  the   product  of:      the  band   area,A    in ml   ;   the  mean 

deposition concentration,   f*   expressed  in mc/ml     per  inch of mean  annual  rainfall; 

and  the mean  annual   rainfall  for   the   latitude  belt,   p.   in   Inches.     The  analytical 

expression  Is: 

A 

Inventory  = _    A  .f..p. 'IS) 
1=1     1 

One  way   to obtain  the  value  of   f     for  any  one  site   Is   to divide   the quantity 

o 
of  strontlum-90  in  a soil  sample   (mc/ml   )  by   the  amount  of   rainfall   that   fell   at 

that   site  between   1953   and  the   time  the  sample  *„„   taken   and  then multiply  by   the 

number  of  years  between   1953   and   the  time   the   sample  was   tauten.     Aasumintj   that   in 

any  one   latitude band  the  deposition concentration  is   independent of   the mean   annuul 

rainfall   (MAR)   at  the  various   sites,   f     is  obtained  by   taking   the   ari tlunetical  mean 

of   f     for each site.     Using values of  p    determined   from extensive  climatologlcal 
1 1 

studies  one  can   then  calculate   the   Inventory.     Table   XVIII   shows  Walton's 

results  based on  the   above  system. 

One  major  deficiency   in   the   above  calculation   Is   that   the   assumption   that   the 

deposition  concentrations,   f,,    are  independent  of   the  mean   annual   rainfalls   at 

various   sites   in  any   one  band   is   probably   n   *   valid.      Vialton  has  shown   that   there 

is   a  negative  correlation  between   these   two  variables,    i.e.,   the   soil   deposition 

•  See   also  previous   report   (UASA 532) 
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TABLE XVIII 

Latitude 

80° - 9ü0N 

70° - 80oN 

60
u - 70UN 

50° - G0UN 

40° - 50oN 

30° - 40oN 

20° - 30oN 

10° - 20oN 

0° - 10oN 

0° - 10oS 

10° - 20oS 

20° - 30OS 

30o . 40°S 

40° - 50OS 

50° - 60oS 

60° - 70üi 

70°  -   80oS 

80°  -   90OS 

re a 
(Bi'4   x   10'6) 

1.6 

4.3 

7.3 

9.8 

12.2 

14.0 

15.5 

16.5 

17.1 

17.1 

16.5 

15.5 

14.0 

12.2 

9.8 

7.3 

4.3 

1.6 

MAR»* 
(inches) 

4 

6 

14 

26 

31 

•^H 

25 

34 

61 

16 

37 

26 

31 

44 

38 

16 

3 

1 

Deposition 
Concentration 

(mc/ni2/in.   UAR) 

Deposit 
(negacuries) 

1.47 0,009 

1.47 0.038 

1.47 0. 150 

1.47 0.375 

1.47 0.556 

1.47 Ü.576 

0.95 0.378 

0.54 0.303 

0. 19 0. 198 

0.22 0. 173 

0.23 0. 140 

0.40 0. 161 

).39 0. 169 

0.39 0.209 

0.39 0. 145 

0.39 0.046 

0.39 0.005 

0.39 0.001 

3.63  M 

•    Calculated   from  soil  data- 
• •   'Mean Annual   Rainfall  fro. MdUer. 
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toncentrutInns   In   areas   <>f    1"*   rainfall   are   proportionately   higher   than   those   of 

hl ;iier   rainlall.      Ki;ure   .r)7   shows   this   relation   for   the   30"  N   to   bü0  N   latitude 

l;ancl   for   soil   aiul   rainfall   up   to  mid-195«   and  mid-1959.      The  deficiency   described 

above   may   l>e  overcome   1J>   usin.;   plots   like   those   shown   In   Ki,;ure   57   for  various 

latitude   bands   to  obtain   f     directly.      This   is  done   by   usin;   the   intercept  on   the 

curve   i or resiHMull i:,;   to   the   value  of   p     for   that   latitude   band.     Walton  has   shown 

that   this   correction   AIII   increase   the   soil   inventory   for   1   July    1959   from  3.0 

mo^acunes   to   1.3   me ;a<-urios. 

Alexander*        '   nas   used   a  different   approach   to   obtain   the   Inventory,      H?s 

method   is   to   plot   the   total   concentration   in  mc/mi     observed   in   a   soil   sample 

directly   upon   an  equal   area   projection   of   the   globe   which  contains   c llraato lo,;ica 1 

rainfall   contours.      Lines   of   equal   concentration   are   then  drawn   amon^   the   plotted 

points   usin;   the   rainfall   contours   and   plots   such  as   those   shown   in  Figure   57   as 

guides   to   interpolation.      Alexander's   result   for  mld-1959   Is  shown   in  Fi cure   5h.      The 

total   inventory   obtained   by   inte^ratin;   the   isolines   with  a  planineter   is   1,1 

me-;acuries.     This   compares   well   with  Walton's   result.      One   possible   source  of 

systematic   error   which   the   soil   data   are   subject   to   is   Incomplete   recovery   of 

strontium-9ü   In   the   radiochem: c a 1   processii  ,,      Alexander   has   shown   that   as   much   as 

16% of   the   strontiuin-90 may   be   overlooked   in   the   soil   samples.      By   far,   the   greatest 

uncertainties,   however,   are   the   iunount   and  distribution  of   precipitation  over   the 

(jlobo   since   1953,   and   the   quajitilies  of   fallout   in   the   oceans.      Limited  evidence        ' 

indicates   that   the   specific   activity  of   strontium-90   in   rainfall   over   the  oceans   Is 

greater   t.irji  over   the   inland   re,;ions  where  most  of   the   soil   collections   are   made.      In 

(47,104) 
addition, dry fallout which nas amounted to 15* of the total in some areas 

will distort some of the analytical corrections which are nude on the basis of rainfall. 
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The ve t· a ll error in the soil i nven t o ries c a lculated above may Le as muc:1 as 1 

me:;acuri e , 

Anothe r somewhat independent source of data for comput int: t lle surface burde n 

of stront ium-90 is that provided by measuri nJ concentrations of t li s nu lide in 

rainfall. Tele., adas (lOS) has c alculated quarterly increment s by two meth ds . One 

c a lculation is made by s wwnin"' t he product of th average deposition in mc/mi 2 at a 

numoe of station s in any one latitude b and times t ile area of the latitude band. 

A.10t !1er c a lculation is made in a similar manne e x ce pt t he avera.;e deposition is 

cor r ec ted to the amoun t which mi gh t be expe ted if each s tation were to experience 

t 'te c limatolo.;ica l mean rainf all. Us in~ a similar approac h, Walton(l02 ) has 

calculated t he values of fi based on rainfall for e ach quarter since 1953. These 

values are shown in Table XIX. Immediately evident in this table are the differences 

between the Northern and Sout 1ern hemispheres and the sprin·• (second quarter) peak 

in the Northern hemisphere. In the Southern hemisphere t he "spring " peak appears 

to be more of a " late winter" (third quarter) peak. Usi n:; these f igures and 

applying t.hem against expression (18 ) above, Walton c alculates the sum of the 

quarterly g lobal increments to be 3.89 megacuries on 1 July 1959. If each quarter 

is subjected to radioactive decay (2~i per annum) then the inventory on 1 July 1959 

reduces to about 3.6 megacuries which is essentially the same as the soil inventory 

of 3.63 megacuries calculated under the same premises. At the bottoa of Table XIX 

is a calc ulation of the "rainfall " burden of strontium-90 at the end of each yeu 

from 1954 to 1959. The method of calculation used is that described above. In 

addition, a s~what arbitrary increase of 15i is added to each annual total to 

account for the negative correlation between fi and pi which was noted in the 

inventory calculations based on soil data. It~uld be pointed out that the s ... 
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TABUS  XIX 

Idealized Concentrations   (c.c  Sr    /ml   /Inch)   of  Strontlain-90  In Precipitation  for  the 
Period   195»   -   1959 

Qviarter South Latitude North Latitude 
90-30 30-20 20-10 10-0 0-1C 10-20 20-30 30-90 

195» 
1 0.03 0.01 0.01 0.01 0.01 0.02 0.06 0.11 
2 0.03 0.01 0.01 0.01 0.01 0.03 o.u 0.16 
3 0.05 0.03 0.01 0.01 0.01 0.03 0.06 0.09 
» 0.05 0.03 0.02 0.02 0.02 0.03 0.08 0.10 

1955 
1 0.06 0.02 0.02 0.02 0.02 0.0 » 0.13 0.23 
2 0.06 0.06 0.02 0.02 0.03 0.09 0.2» 0.36 
3 0.07 0.12 0.03 0.03 0.03 0.07 0.16 0.2» 

1 0.07 0. 12 0.01 0.01 0.02 0.01 0.08 0. 10 

1956 
1 0.07 0.03 0.02 0.02 0.02 0.06 0. 19 0.33 
2 0.07 0.06 0.02 0.02 0.03 0. 12 0.32 0. »7 
3 0.09 0.06 0.02 0.02 0.03 0.05 0. 12 0. 18 
» 0.09 0.05 0.02 0.02 0.03 0.06 0. 1 » 0. 19 

1957 
1 0.09 0.02 0.02 0.02 0.02 0.05 0. 1 » 0.2» 
2 0.09 0.0» 0.03 0.03 0.03 0.0H 0.20 0.30 
3 0.06 0.06 0.03 0.03 0.02 0.05 0. 13 0.20 
» 0.09 0.06 0.03 0.03 0.02 0.05 0.12 0. 16 

1958 
1 0.07 0.02 0.02 0.02 0.02 0.05 0. 18 0.25 
2 0.0» 0.0» 0.03 0.03 0.03 0.09 0.28 0.58 
3 0.07 0. 10 0.03 0.03 0.03 0.07 0. 16 0.30 
1 0. 11 0. 10 0.03 0.03 0.03 0.07 0. 16 0.35 

1959 
1 0. 1 » 0.08 0.03 0.0H 0. 16 0.57 0.62 0.82 
2 0.09 0. 10 0.09 0.0» 0.03 0.2G 0.33 .2» 
3 0.07 0. 10 0.01 0.0» 0.03 0.05 0. 1 I 0.2» 
» 0.1» 0.08 0.02 0.05 0.01 0.0 » 0. 10 0. 10 

Year End Global Surface Inventury* 
(MoRacurles of Strontlum-90) 

195» 1955 1956 1957       195H      1959 

0.37 1.06 1.81 2. »1       3.3»      ».H5 

*Based on  summation  of   above   data  uslnt:   Möllers  MAR with  a   15%   increase   due   to 
negative  correlation  between   fj   and p^   (from  soil  data) 



dlffl. jltles   In  analytical   treatment   and  the same sources   of  error  that   apply   to 

"aol1"   Inventories  apply equally   to  "rainfall"   Inventories.     Soil   sampllnK has   the 

advantage   that   correction  for decay   is  unnecessary and   furthermore,   If  weathering   Is 

negligible  over  a  period of  several   years,   It makes   llitle  difference when  the  samples 

are  collected.     Rainfall  samples  are  not   as  subject   to  radlochemlcal   loss  as  are  soil 

samples,   but   they  only  provide  Increments   for  the  periods   In  which  continuous 

collections  are made. 

Material   Balance  of Strontium-90 

An  estimate  of  the material   balance of  strontlum-90  can  be  made  from  the  above 

data.     Based on  reasonable  climatological   and  soil  data,   Walton's   best  estimate of 

the  surface  burden on  1  July   1959   Is   about   1.3 megacuries.      When  added  to  the 

atmospheric  burden estimated   In Chapter V of  about   1.3 megacuries   In mld-1959  we  note 

that  a   total  of   about   5.6 megacuries   Is  distributed world-wide  on   1  July   1959.      If 

this   strontium-90 had not  been  subject   to radioactive  decay  since   Its  formation,   It 

would have  totaled 5.9 megacuries   (5% or 2  years  average  decay).     This   compares 

favorably  with   previous  estimates  by Glasstone^     '   K     tell^37^   and Llbby^ ,6^   of   the 

net   stratospheric  Injection of   5.9,   6.2  and 6.5 megacuries   respectively.     The 

renalnder  of   the 9.2 megacuries  originally  produced has   apparently descended  in 

local  and  tropospheric  fal lout   into areas away  from sampling network stations.     About 

0.1  meKacurie descended in  local   and tropospheric fallout   from the Nevada Test Site 

(See below).     As  a consequence  soil   and  rainfall  samples   immediately  downwind of 

Nevada  were  not   used  tJ determine   the  average   latitude  concentration«.      It  may  be   that 

some  of   the high specific  values   noted  in Canada,   Alaska  and Northern Europe  are 

from   tropospheric  fallout   from  the  Soviet   test   sites  and bias   the  surface   Inventory 

slightly   If  only   the  stratospheric   component  of  the  surface   Inventory   is  being 

sought. 
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Figure 52 In th« previous chapter allowed that by late 1961 the total surface 

Inventory was expected to reach a aaxlauB of about S aegacurles. This situation 

would prevail when the rate of decay of the total strontluB-90 on the ground Just 

equalled the rate of fallout froa the stratosphere. Figure 59 shows the estlasted 

average latitudinal distribution on the surface «hen this occurs. Mean annual 

rainfall for each 10° latitude band la also shown. 

Tropospherlc Fallout froa Nevada 

A substantial fraction of the fallout experienced In the Plains States In the 

U. S. Is frcai tropospherlc fallout froa the Nevada Test Site. As a consequence 

on« cannot use the values of Sr-90 in soil and rainfall In these areas to calculate 

world-wide fallout as they will tend to bias the calculation in the 30° N to 50° N 

latitude band. An estlaste of th« fraction of th« fallout fro« Nevada which haa 

fallan on th« U. S. can be obtained by reversing the world-wide fallout caloulation, 

(87) 
however. Walton    has predicted the world-wide fallout to be expected in the U. S. 

by using Figure 57 and the known rainfall at various stations in the U. S. since 1953. 

By subtracting these values froa the observed soil values an "excess" at each 

ststion can be determined. Figure 60 shows these excesses at a nuaber of stations. 

Isollnes have been drawn through the points down to 10 ac/ai . A large "hot spot" 

centered on Nevada is lamediately evident.  Integration around the contours down 

to the +10 ac/ml Isoline produces an inventory of 40.9 kilocurle« or about 40% of 

the total strontium-90 produced froa the 970 kilotons of fission products released 

in Nevada. Usually firing of the teats in Nevbda occurred when the upper wind 

trajectories were to the northeast. Conaequently, aost of the remaining fraction 

of the Nevada fallout apparently has descended over Canada and the Atlantic Ocean 

outside of soil sampling locations, although acme undoubtedly appeared in local 
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fallout within the test site.     It can be seen that the "excess" east of the 

Mississippi River is about -10 mc/mi2.    This reflects the fact that precipitation 

in this area usually coaes fro« marl tine air fro« the Oulf of Mexico.     Consequently, 

little Nevada fallout appears here,   and the amount  that does appear is proportionately 

noaewhat depleted of strontium-90 when compared to the rest of the 30° N to 50° N 

latitude band. 

HASP Soil Studiea 

From the point of view of the external radiological health hazard it is 

important  to know the deposition and distribution in soils of the ganma emitting 

nuclldes such as cesium-137.     Such  information has generally been Inferred from 

the strontium-90 deposits and the  theoretical production ratios of the gamma active 

nuclldes to strontlum-90 in the fission process.    Although this approach is reason- 

ably satisfactory when only  the total amount of deposited radioactivity  is required, 

it  is obviouoly of  little use when the vertical distribution of the gamma activity 

is  the unknown factor.     Such  Information cannot,  of course,   be deduced  Immediately 

from the vertical distribution of  strontlum-90 within soils because of  the 

different chemical properties of strontium and the other nuclldes.     In the case 

137        00 of cesium-137 an activity production ratio of Cs      /Sr      of  1.8 can be assumed 

and thus the total cesium-137 deposit within the soils can be calculated by 

multiplication of the strontlum-90 deposit by  the above ratio.     However,  because 

of  the greater adsorption of cesium-137 on clay minerals compared to 8trontlum-90 

it   is expected that the cesium-137 will tend  to be more concentrated In  the upper 

layers of  the  soils than the strontium-90.     The exact distribution of cesium-137 

with depth  in soils can only be determined,  therefore,  by direct  radlochemlcal 

or gamma spectroscoplc  analyses. 

One of  the objectives of  the  HASP program has been to define at  least some 
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of the factors responsible for the distribution of radioactivity In soils.    Within 

Mew Jersey there exists a vide range of soil types covering area« of excellent and 

poor drainage, high and low pemeabillty, high and low organic content,  and of 

course, disturbed and undisturbed sites.    The undisturbed sites are those which 

have been subject only to natural processes during vao past 10 years or so since 

radioactive fallout frost nuclear weapons testing became appreciable.    For these 

reasons several soil ssaples were collected in New Jersey during the si lie r of 

1960.     In addition a few ssaples «ere collected in the state of Kansas,  an area 

of contrasting major soil classification.    Ssaples were collected in the above 

areas with a specially     designed coring device which was basically a steel 

cylinder with 1/4 inch wall thickness,  two feet long and one foot in diaaeter.  The 

soils were then returned to the laboratory «here they were reaoved free the corer 

by an extrusion process,  crushed, ground, and blended.    Aliquote froa several 

depths in the core were then separated for radiochealcal analysis. 

Concentrations of strontiua-90,  nitheniua-106,   ceslua-137 and ceriua-144 in 

New jersey soils «ere determined as a function of depth in the soil cores.    For all 

four nuclides there was a sharp decrease in concentration «ith depth.    In general 

the concentrations dropped by aore than one order of magnitude in the first 6000 to 

7000 graas of soil,  which is equivalent to a depth in most soils of about 6 Inches. 

Hie study showed that, as expected, strontiua-90 penetrates to further depths in the 

soil and is aore mobile than cesiua-137.    Direct comparison of these two nuclides with 

the remaining two nuclides,  ruthenlua-106 and ceriua-144,  is coaplicated by the 

fact that the latter two possess such shorter radioactive half-lives {r-\ year)  than 

the former pair (^30 years).     It is difficult to correct the observed concentrations 

of the short-lived nuclides at a given depth in soil because the age of the 

aaterial at any point cannot be assessed accurately.    However,  because of the 
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closmiMa of th« half-llv«s of coriuB-144 (285 <Uya) and ruthonluB-106 (1 y«ar) 

SOB« infonuitlon on th« aovMwnt of activity can ba obtalnad froa a coaparlaon 

of tha bahavior of th« two nuclldaa     Tb« ralativa profilaa of ruthanlua-106 and 

carluB-144 indlcata highar concantrationa of oariUB-144 at tha top of tha aoil 

cora and a aora rapid dacraaaa in concantratioa than ruthanlua-106 for the firat 1000 g. 

Bayond this dapth, hoaavar,  it ia noticaabla that tha rutharlua-106 concantrationa 

continua to fall quita rapidly wharaas tha cariua>144 raaulta tand to «ho« a 

diainiahad rata of dacraaaa. 

Tabla XX givaa th« avaraga dapoaita of tha four ratioactiva nuclidaa atrontiua-90, 

nithaniUB-106,  caaiua-137 and cariua-144 in Ma« Jaraay aoila.    The dapth at which 

100 parcant of tha total aaount of fallout radioactivity «aa aasuaod to ba present 

«aa 14,000 grans of dry soil.    With the possible exception of cerlum-144,  it 

appaara from this table,   that tha assumption of 100 percent of the activity being 

present in the first 14,000 grams of dry soil (—12 inches)  is justified.    The table 

also shows that the ratio of caaiuB-137/strontiun-90 in the cumulative deposits to a 

depth of 14,000 g (~12 inches) is 2.1 + 0.8 which is In accord with an initial 

activity ratio of 1.82 for the faat fission of uraniua-238 and a value of 1.8 +0.5 

determined from the analysea of air filter samples collected in the HASP program. 

Other analyaea of soils for cesium-137 by Gustafson    have been performed.    Combined 

with the strantium-90 results,  which were determined by HASL, Gustafson obtained 

an average value for the ceaium-137/strontium-90 ratio down to a depth of 6 inches 

of 1.62 + 0.34.    Also Gustafson recently reported that the cesiun-137 concentration 

in soil near Argonne at the end of 1959 was approximately 200 mc/mi* compared to an 

average deposition in Mew Jersey of 155 mc/mi  .    The ratios of the cumulative deposits 

«Gustafson,  P.  F.,  Science 130,   1404 (1959) 
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of other nuclldes to •trontiuB-90 in New Jersey soils «re slso given In Table XX. 

Although these results agree quite well with predicted ratios,  there are sooe large 

discrepancies between these results and those of Gustafson is soil analyses at 

Argonne.    The results predicted fro« Gustafson's data are factors ->f 3.5 and 2.5 

higher than these data  for  ruthenium -106 and ceriua-144 respectively.    A more 

complete discussion of this study is contained In Part  III of the final HASP 

Report  (DASA  1300). 

In summary the following conclusions may be drawn regarding the deposition of 

strontium-90,  ruthenium-106,   ceslun-137 and cerlum-144 in N«w Jersey soils. 

1. ne average deposits of the above four nuclides in New Jersey were about 

75,160,155 and 295 mc/mi     respectively on 1 July 1960.     These values are in agree- 

ment with results for this area predicted on the basis of results of fission pro- 

duct determinations in precipitation and ground-level  air. 

2. Some discrepancies are observed between the ooncent rat ions of the short   lived 

fission products ruthenium-106 and cerium-114 in the New Jersey and Chicago areas. 

3. The average deviation of the cumulative deposits in New Jersey calculated fro« 

the results of analyses of 11 cores,  is about  15 percent for strontium-90, 

ruthenium-106 and cerlum-144.    Cesium-137 results reflect a higher deviation of 

about 27 percent.    With the exception of one soil the maximum and minimum cumula- 

tive activities did not differ by more than a factor of three of each other for 

all nuclides and all soils. 

4. Vertical profiles of  radioactivity within soils vary considerably and can be 

correlated with certain physical parameters.     Permeability and drainage characteristics 

of the soil and underlying strata,  appear to have profound influences on the distri- 

bution of radioactivity with depth. 
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5. In thm "myrmfm" Umm J«rs«y soil 1B 1990 about 55 parcaat of thm total deposit 

of strontlua-fK) la contaload la tho top 2 lachoa, about 79 parcant la tha top 4 lachaa 

and about 96 parcent la tba top 9 lachaa.    Tbaaa valuaa ooatraat qulta aharply with 

■lallar data obaarvad by Schulart at al for aolla eollactad la tha aaaa gaaaral araa 

In 1958. 

6. Aa axpactad atrootlua-90 appaara to hava paaatratad to gr€>atar daptha la tha 

aolla, on tha avarag«,  than tha othar coaparabla lonf-llvad nucllda caalua-137. 

Bacauaa of the dlfflcultlaa Involved la correcting the obaerved activities of 

cerlua-144 and ruthenlue-ioe for radioactive decay the relative aobllltle« of the 

nuclldes are •oaewhat obscured.    Nevertheless, while rutbenlua-106 ahova relatively 

aore penetration In the tops of the cores than cerluB-144 the profile la uawxplalaably 

reversed at greater depths. 

7. Proa the radiological hazard point of view the coablned actlvltlea of the 

three gsana-ealttlng nuclldes yield a doae rate on 1 July 1960 which la less than 

3 percent of the external dose rate recoaaended by the MCHP for the general populace. 

This level of activity will, of course,  decreaae rather rapidly with tlae aa the 

radioactivity decays (See Chapter XI). 

183 



CHAPTIS XI 

BIOLOGICAL HAZARD FROM FALLOUT 

Introduction 

Ta» ultlut« goal of all fallout atudlaa la to aaaiat in tba aaaaaaaant of tba 

biological haxard fro« fallout, paat, praaant or futura.    Ttaa HASP prograa has 

contributad conaidarabla knowladga wbicb aay ba uaad in thla taak.    Tbia includaa: 

a aaaaura of tba aaount of varioua radionuclidaa available for avantual dapoaition 

on tba ground with aubaaquant biological axpoaura,  rataa of dapartura of atratoapbaric 

dabria injactad undar varying aataorological and burat conditiona,  and eventual 

location of tbia aatarial on tba aurfaca of tba aartb and in tba bioapbara. 

In attaapting to datanaina tba affact of tbaaa fallout aatariala on man, a 

nuabar of difficultiaa and uncartaintiaa bava ariaan.    Aa wa bava aaan in pravioua 

cbaptara, tbara ara uncartaintiaa in tba aataorological or physical aapacta of 

diatribution of tba radionuclidaa upon tba aurfaca of tba aartb.    Howavar,  tba 

pbyaical aapacta can ba aaid to ba "wall known" whan coaparad to tba problaaa inbarant 

in dataraining auch tbinga aa toil waatbaring,  plant uptake, nuclida diacriaination 

factora in tba food chain,  abialding froa external axpoaura, calculation of effective 

doae ratea to varioua organa, and ao on.    Perhapa the greateat uncertainty liea 

in the area of biological reaponae aa a function of varying typea and ratea of ex- 

poaure to the ionising radiation froa varioua nuclidea (including diaruptive recoil 

of eleaantM auch aa carbon-14).    The reaaon for tbia latter unknown ia that there 

have not been, nor ia it  likely that there ever will be,  any individual caaualtiea 

clearly attributable to the low levels of radiation which world-wide fallout haa 

produced to date.    The only hope of uncovering dose-effect relationabipa for these 

levels liea in:    extenaive epidealological atatiatical atudiea, extrapolations froa 
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hlghar doumm and doM rates, and «xtrapolatloos to aan froa lovar anlsala and plants. 

Factora Affacting Radiation Hasard 

In ordar to avaluata tha long-tars raaldual radiation hazard froa world-wlda 

fallout,  a nunbar of coaplax and Intarralatad concapts mat ba daalt with.    First 

tha type of axpoaura which nay occur nuat ba conaldarad.    Ulis night Includs axposura 

fro« axtamally or Internally located elaaents giving radiation doaes either to the 

whole body or apeclflc organs or localized regions of the body.    Second the type of 

response the body aakea to whatever kind of exposure It nay receive auat be considered. 

This night Include genetic effects or sonatic effecta such as disease or accelerated 

aging.    Third the typea of radloelenenta present In the fallout naterlal which could 

produce aoaa specific response nust be considered.    Such factora as the abundance, 

type of radiation enltted, chenlcal nature, and nethod of reaching the organ to be 

exposed nust be deslt with.    Finally aoaa yardstick nust be establlahed to nsssure 

the snounts of exposure and anounts of reaponae to that axpoaura.    After these steps 

have been taken the relative Inportance of various radlonuclldes,  as far as hazard 

la concerned, can be established. 

While the saount of response the huaan body nakes to the low lave la of radiation 

encountered so far fron fallout la only vaguely known, nature haa provided a yard- 

stick of aorta In the fom of natural background radiation.    Since aanklnd has 

developed In the presence of this aoatwhat fluctuating background   hlch Itaelf nay 

have been a large contributing factor In the evolution of the apeclea found on earth 

today, we night assune that doaes which are snail coapared to this background will 

not generally be harnful.    This Is the kind of value Judgaant which auat be nade 

cautiously,  however. 
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Ixposur«* to radiation can ba brokan into tvo baaic catagoriaa:    thoaa that 

orifinata fro« aatarial takan into ttaa borty and thoaa that originata fro« aatarlal 

outaida tha body.    In aithar caaa axpoaura to tha wbola body conaidarad aa a aingla 

organ can raault.    Oaaaa radiation outaida tha body can aaaily panatrata any call 

in tha body and «ban abaorbad can produce dMaga.    Oaaaa ray a ami t tad inaida tha 

body can do tha aaaa thing.    Bata ray» aaittad by aoaa alaaanta that apraad unifomly 

through tha body can alao produce a wbola body doaa.    Soaa apaciflc organa of tha 

body auch aa tha gonada,  lana of tha aya or bona narrow nay ba aapacially auacaptabia 

to radiation.    Critical organ doaaa by natarlala which prafarantially concantrata in 

thaaa araaa nay ba of apaclal inportanca.    lodlna la prafarantially concantratad in 

tha thyroid gland whlla atrontlun and calciua ara prafarantially concantratad in tha 

bonaa. 

Any biological affact produced by radiation dapanda on tha absorption of anargy 

fro« tha radiation,    for «any yaara tha roantgan (r) haa baan uaad aa a aaaaura of 

»•and ga—a-ray abaorption in body tiaaua.    Conceptually, the roentgen is only a 

«aaaure of tha ability of x- or gsa«a-raya to produce Ionisation in air and not of 

tha abaorption of thaaa rays in tinaue.    More recently the abaorbad doe« of any 

radiation haa been defined aa "tha energy iapartad to natter by ionising particles 

par unit aaaa of irradiated «atarial at tha place of intereat."   The unit of absorbed 

doaa is tha rad.    for «oat pirposes,  the nuaber of roentgens can be considered to be 

nuawricslly "qual to the nuaber of rada in aoft tissue. 

The aaaa abaorbad doaa of different kinda of radiation does not,   in general 

produce the saaa biological effect.    The different kinds of radiation have a different 

relative biological effectiveness (RBI).    It Is well known that the RBI for a 

particular kind of radiation nay be highly dependent upon such factors as the specific 
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biological «ffoct unüor consideration,  tho tlaau* irradiation,   th» radiation dos«, 

and tba rat« at which It is d«llv«r«d.    Th« HU do«« la «qual nuaarically to th« 

product of th« do«« in rada and an agr««d convsntional valu« of th« rslativ« 

biological «ff«ctlv«n«88 (RBI).    Th« unit of RBI dos« is th« r««,  consld«r«d to b« 

that dos« which is biologically «qulvalant to on« ro«ntg«u of x or gaaaa radiation. 

For axaapl«, on« rad of nautrons is convsntionally conaid«r«d to b« «quivalant to 

10 ro«ntgans of gaaaa radiation, and this «quivalanc« is «xpr«aa«d by saying that 

ths RBI dos« is 10 rs«.    However,  it has b««n found «xp«ria«ntally that tha mm» 

RBI doa« of dlff«r«nt radiation sourcas in th« bon« do«s not always produca th« 

saas biological «ff«ct.    A nua«rlcal factor callad th« r«lativ« daaag« factor la 

Introduced to tak« cars of thia diff«r«nc«.    Thus, in th« caa« of bon«, th« biological 

effect is «qual to the product of th» RBI doae and the relativ« daaage factor. 

Moat dolayad affects, in «an,  are lnf«rred froa consideration of experiaantal 

knowledge in aniksls, fro« available epldealological atatlatical observations,  and 

fro« a lialtad nuaber of «edical case obaarvatlons.    Delayed effects herein considered 

are thoae effecta observable at soae time following exposure.    The effects considered 

are:     (1) genetic effects;   (2) soaatic effects, including the appearance of l«uk««la, 

skin changa«,   precancerous  lesions,   neoplaaas, cataracts,  changes in the life span, 

and effects on growth and developaent.    The delayed effects produced by ionising 

radiation in an individual are not unique to radiation and are for the aost part 

indistinguishable froa thoae pathological conditions which are noraally present in th« 

population and which «ay be Induced by other causes. 

Biologically  Important Wuclldes in Fallout 

As a result of consideration of the above factors and with a knowledge of the 

characteristics of  the products of nuclear detonations,  it is possible to eliminate 
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ft iTf nualwr of nuclld** as posslbl« sourc«« of hasard in world-wld« fallout. 

Thaaa ara alaaanta with abort half llvaa,   low production,   Uttla affinity for Incor- 

poration Into food chalmor tba body, or waak radiation*.    Tha fa« raaainlng nuclldaa 

that appaar to account for tba aajorlty of tba doaa to tumana say ba convaniantly 

groupad Into two claaaaa, tboaa that produca who la body radiation and tboaa that 

produca locallaad radiation.    Tba major alngle aourca of whola body radiation appaara 

to ba fro« caalu»-137 dapoaltad axtamally on tba ground and Intamally froa Ingestion 

through tha food chain.    Tha ahortar llvad alaaanta of slrconlua-9S,  rutbanluB-103,-106, 

and carlu»-141,-144 alao contribute a significant aaount to tha axtarnal c'oaa.    All 

of tha above nuclldaa aait gaaaa radiation.    Beta radiation froa carbon-14 alao aay 

contribute to the whole body doaa.    The aajor aourca of localised radiation la that 

which coaea froa atrontlua-90 which la dapoaltad In the bones.    Another Important 

aourca of  localised radiation is that to the thyroid gland froa iodine-131,-133. 

Since iodine-131 baa a half life of only eight daya, past expoaure to thla nucllde baa 

been priaarily confined to tropoapheric fallout.    While the largest doaa rates to a 

alngle organ (the thyroid) of people in the general population have probably resulted 

froa iodine-131 in tropoapheric fallout, it la felt that it doea not represent as 

great a world-wide Lasard aa does strontiua-90.    This is because the doaea have 

been tranalent in nature. 

A nuaber of aaapling networks have been established for the purpose of evaluating 

tha aaounta of expoaure the general population baa been and will be subjected to 

froa fallout.    Theae Include:    aeaaureaenta in air and rainwater and aoll to evaluate 

the aaount and rate of accuaulation on the surface of the earth; aeaaureaents in 

foods such aa allk, wheat products, vegetablea, aaat etc.,  and aeaaureaenta in people 

directly.    Coapariaona between the aoll, rain,  knd food aaaaurcaanta provide a 
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Mithod for «valuatlng th* aachanlaBa of Incorporation Into thm food chain.    Soil 

■aasuraaanta alao allow calculation of tha axtamal gaama doaa to ba aada. 

Coaparlaona of concantratlona in paopla with thoaa In food, ate. ,  provida infor- 

mation on dlacrialnatlon factors and tha effect! of varying diata.     Continuing 

reports of data collected in the varioua networks along with interpretive coawnts 

■ay be found in "Radiological Health Data" published Monthly by the U. S. Public 

Health Service and tha Health and Safety Laboratory (HASL) Reporte published 

quarterly by  the U.   S.  Atoaic Energy Pn—lesion. 

Maasureaent Standards 

A great deal of effort has been expended in recent years to establish yardsticks 

which can be used to measure the saount of danger involved in expoaure to the radiationa 

from varioua isotopes.    Maxlaua permissible concentrationa of varioua isotopea in the 

envirooment have been suggested by the ICSP and MCHP.    The term "maximum permissible 

concentration" la somewhat misleading becauae it may suggest to some that concentrationa 

below UPC Insure immunity from deleterious effect while concentrationa greater than 

MFC will surely cauae a deleterious effect.    This is not the caae and both organisations 

hsva been quick to point this out.     Recently the Federal Radiation Coumeil baa taken 

steps to establiah a set of Radiation Protection Quidea for normal peacetime 

operations.     Like the MFC's, they are baaed primarily on background radiation levels 

supplemented by the sparse data which axlats on radio-biological,  dose-effects 

relationships. 

Hie natural background radiation haa always exiated and actually was greater 

in the past  than it  is today.     It conaiata of two parts,  that of  terrestrial origin 

and that of extra-terrestrial origin.    The latter, known as cosmic radiation la 

variable and increaaas with latitude and altitude.    The coanlc radiation besides 
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giving direct dosea also produc«* carbon-14 «hieb ia ita«lf radioactiv«.     Tb« 

background radiation of t«rr«atrial origin COMC fro« thoa« naturally radioactive 

• laaanta found in rocka and mineral*.    Table XXI abowa the avarag« annual doaa to 

varioua organs fro« tbe natural background  (aadical and fallout dosas ara axcludad). 

Broadly apaaking,  the background doaa to tbe body  liaa roughly between  100 and  190 

■illiraa/yaar but may rise to aaveral tlaaa that value in aoae areaa.    The federal 

Radiation Council has eetabliahed a Radiation Protection Guide of 170 alllire-n for 

yearly whole-body exposure of average population group*.     This gul'ie,  or dose which 

should not  be exceeded without    careful consideration for the reasons for the ex- 

posure,   is  in essential agreeaent with the recoaaendatlona of the MCRP,   1CRP,   and 

the National Acadeay of Science population genetic dose of 9 re« in 30 years  (ex- 

clusive of natural radiation and aadical x-ray exposure). 

S0URCI 

Cosalc Rays 

Sea Level 

9,000 feet 

Terrestrial  Radiations 

Internal Baitters 

K-40 

C-14 

Radon 

Radius 

TABLX XXI 

Natural Background Radiation 

(Ml Hire« per Year) 

SOPT TISSUI UJN0S BONK BONX MARROW 

30 30 30 30 

70 70 70 70 

50 50 50 90 

20 20 9 9 

2 2 2 2 

2 100-1000 2 2 

__ «• 40 __ 
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Who!» Body DOM  (Ixtern»! Sourc««) 

The whol« body do«« fro« fallout froa p««t nuclear test« 1« coapo«ed of 

radiation« froa extern«! and Intern«! «ource«.    The extern«! exposure r«te«  froa 

gaaaa r«y emitting nucllde« on the ground have been reported by « nuaber of In- 

vestigator«.    Vennart  (106> haa c«!cu!«ted th«t  the open field do«e In the UK froa 

alxed fl««lon product« reached a pe«k of «bout one-half the n«tur«l background In 

1950.     Vohr«^107) calculated froa ralnf«!! aeesureaents In Indl« that the 9 aonth 

peak  In fallout between October  19S8 «nd June  1959 would produce «n Infinity extern«! 

aa radiation do«e of about 60 allllrea.     The Scandinavj in aeeaureaent«^    '  «how 

«n  Increase of «bout 20% of background during August   19S8. 

(108) Qu«t«f«onx      '  h«« reported exten«lve reeult« froa aeaeureaent« of various 

nucllde« In «oil collected near Chlcego.    Unshielded  (open field) aeasureaents t«ken 

«t  the collection «It« In April  1959 «howed « dose rat« of 18 «Icror«« per hour. 

Calculation« b«sed on radlochealca! «n«!y«l« of the sol! «nd expected «oil shielding 

showed th«t «s auch a« 8 alcror«« per hour caae froa fallout aaterlal.    As a check, 

the nature! b«ckground was  "calculated" to be 11 «Icror«« per hour.    The calculated 

total of 19 alcrore« per hour check« «ell with the total of 18 «Icror«« per hour 

measured In «Itu.     It 1« reasonable to expect that a shielding factor of 5 can be 

applied to the open field doe« when celculstlng average population exposure aa 

Qustafson h«s done.     Weetherlng ha« «pp«rently not b«en an laportant factor in 

reducing the expoeure to accuaulatlon« « few year« old. 

A f«lriy «l«pl« c«lcu!«tlon c«n be «ad« using Qustafson's sol! asasursaents of 

ce«lua-!37 to obt«ln the external open field dose froa ce«lu»-!37 and the shorter- 

lived elea«nta.     It 1« reasonable to «««uae  th«t half  the ce«lUB-137 which fell 

near Chicago during the  last decade w«a froa U.  S.   tests with « aean re«ldenc«  tlae 
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of about  500 days and that half can* fro« Soviet testa with a aaan rasldan:« tlae 

of about 200 days.     It say be further aasuaed that there la  little fractionatlon 

between nuclldes,  that their radioactive half  livea and productions are those given 

2 
In Chapter VI,  that the specific doses expressed in  (microre«/hr)/(1000 mc/ui  )  are 

thoae given by Gustaf son and that  the ultlaate concentration of cesluB-137 on the 

ground will be 220 mc/ui  .    The calculation of the open field 30 year exposure dose 

near Chicago leads to the results shown In Table XXII. 

TABU XXII 

30 Year Open Field Dose  1995-1965 at Argonne 

Total Dose**» 
Specific US 

Nucllde Mean Ufe* Production Doae Debris 

Zr-95 94 4.7% 6.33 35 

Cs-137 14 ,600 5.4% 2.56 47 

Ru-106 530 2.7% 0.85 9 

Ru-103 58 4.5% 2.10 7 

Ce-144 420 3.3% 0.18 2 

Ce-141 46 4.3% 0.22 
Total 

0 
100 

Soviet 
Debris 

69 

49 

12 

15 

3 

1 
149 ■ 249 ar 

50 mr 
(shielded) 

♦ In days 
•• in  (■icrore«/hr)/(1000 »c/«!2) 

•♦• In ■illlrea 

The fraction of any one nucllde that decays prior to deposition is given by 

the expression: 

' - T»/<Tr + V 
where T and T are, respectively9 the BMteorological aean residence tiae and H     r 

(19) 
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the radiological mean  life.     It can be seen that the Soviet debris contributes about 

50% more dose than the U.   3.  debris due to its shorter residence time.     Aasumlng a 

shielding factor of 5,   It Is noted that the total external dose from cesium-137 In 

30 years Is about 20 mllllrem and that for the shorter lived elements It amounts to 

about 30 mllllrem.     During   1959,  cesium-137 contributed about  1 mllllrem while those 

of shorter  life contributed about 20 mllllrem to the shielded external dorn«. 

Since there is considerable variability  in fallout deposition from place to 

place in any one   latitude band,  it is difficult  to assign a single set of values 

for  the representative population doses  to be expected from various nuclides  In 

stratospheric  fallout.     Chicago lies sufficiently  far from the Nevada test  site that 

ic  is not unduly biased by  tropospherlc fallout from this source and use of  the 

cumulative cesium-137   levels in this vicinity as a base  line may fairly well represent 

the aid-continental U.   S.     It is noted that  levels of Cs-137 in Chicago milk have 

not differed markedly  from the national  average.     The 220 mc/ml    peak concentration 

of cesium-137  assumed to exist in the Chicago area appears to be somewhat higher 

than the average peak value to be expected in the 30° N to 50° N  latitude band. 

Figure 59 shows that the strontium-90 peak will be about 79 mc/ml2 which suggests 

that the cesium-137 peak should be no more than about  150 mc/ml2.*    Use of  the 220 

mc/ml' figure may then represent a slight overestimate and la therefore conservative. 

On the other hand we have  assumed that the Isotopes with a half-life of  less than 

two weeks have decayed completely prior to deposition.    This,  of course,   Is not the 

case,  especially for tropospherlc fallout. 

Whole Body Dose  (Internal Sources) 

Cesium-137  is a source of Internal gamma exposure since It can be Incorporated 

*    ct New Jersey Soil data.  Chapter X 

7^ 
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Into food chains.     It la chralcally  sonawhat  like potaaalim and consequently la 

dlstrlb ttad In the auscle tiaaue of the body.     A number of studies have been made 

of the concentrations of cesium-137 In food.    Walton '  has reviewed these studies 

and finds that the source of about, one-half the cesium-137 ingested In the U.   S. 

comes  from milk alone.     In addition,  he notes that there  Is a growing body of evidence 

that  shows that paat concentratlona of cesium-137 in foods and consequently In people 

have been more dependent on the rate of fallout on plants used for human or dairy 

animal consumption than on the cumulative amounts In the soil.    This  apparently  Is 

due to the fact that larger quantities of cesium-137 are deposited on the  leaves of 

planta than are Incorporated into the  leaves by uptake  from the soil through the 

root systems of the plants.     Burton'      ' has shown that only about 20% of the 

strontium-90 In milk In the U.  K.   in 1998 came from the soil.    A similar situation 

apparently prevails In the case of cesium-137. 

Due to Its similarity  to potaaslum, aeasurements of cesium-137 In the biosphere 

are usually made In terms of micromlcrocurles of cesium-137 per gram of potassium 

(the cesium unit or C.  Ut).     The expected body burden in C. U.  and the resultant 

internal dose to the general population can be calculated from diet concentrations. 

The equilibrium body burden  in C.  U.   should be about  1.8 times the average  level in 

the diet.    The doae in mlllirea per year is numerically  about one-fiftieth the body 

burden in C.  U.    The moat direct way of measuring the cesium-137 body burden,   how- 

ever,   is through the use of  a whole body counter.     Table XXIII shows average values 

of cesium units measured in milk and in individuals in  the U.  S.   along with the 

calculated dose since  1956*f 

*     alao known as the moonshine unit 

•• cf.  Daarli,  J. ,  et.   al. ,   Radiocaeslum and Potaaslum in Norwegians, Nature,   191, 
436  (1961) 
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Several features can be seen In thla data.     First there was a gradual Increase 

fro« 1956 to  1958  as  the soil accuaulated aore and »ore ceslua under conditions of 

constant fallout rate.     In  1959 the fallout  rate doubled and the concentrations in 

■ilk and in people  also increased markedly.     During  1960 when the fallout  rates were 

dropping rapidly,  the «ilk concentrations started dropping but  the concentrations in 

people  lagged behind.     This  lag nay be partially duo to the  140 day  biological half- 

life of the cesium and partially due to consualng stored food which was grown during 

a period of high fallout rate.    By   late  1960 the concentrations  in people started to 

drop off rapidly.     If  the early  1961 figure  represents the ultimate concentration 

due to removal of  the fallout »rate factor,   then the 30 year cesium-137  Internal dose 

will be about 20 millirem. 

TABU XXIII 

Internal Doses from Cesium-137 

Year 

1956 

1957 

1958 

1959 

Early   1960 

Late    1960 

Early  1961 

Milk* People* 

24 41 

49 44 

57 54 

74 83 

38 80 

- 20 46 

~  10 32 

Dose** 

0.8 

0.9 

1.1 

1.7 

1.6 

0.9 

0.6 

6 Millirem 

*    concentration  in micromicrocuries of Cs-137/gram K  (C.U.) 
♦♦    dose in millirem per year. 

Carbon-14 is a radioactiv    isotope of carbon which occurs in nature due to 

s 
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coMlc ray boabardasnt of nltrogen.    It has a half-Ufa of about 5760 yaara and 

•alt« a waak bota-ray.    Sine« carbon la wldaly dlatrlbutad In tha body,  It producaa 

Intamal whola body radiation and accounta for about oaa par cant of tha natural 

background radiation to tha body (1.6 ar/yr).    Carbon-14 la alao producad by nautron 

boabardaant of nitrogen In tha air during thw couraa of a auclaax detonation. 

Recent data «hows that the concentration of carbon-14 In toe air has Increased 25 per 

cent (see Chapter VII); however, the aaount which will ultimately remain In the air 

after Mixing with the carbon reaervolr of the oceans will be about  1% of that pro- 

duced naturally.    Walton haa calculated that boab-produced carbon-14 will then 

contribute a whole body dose of about 6 allllrea during the next 30 years and about 

90 allllrea during the next 8000 years.    Theae totals show that conaldered over the 

next few generatlona, carbon-14 la considerably leaa hazardous than ceslua-137; but, 

If the genetic lapact on the next 200 generatlona la to be conaldered.  It aay be 

coaparable to the total doae received froa ceslu»-137 and the other external emitters 

during the next two generations. 

Single Organ Doae 

The moat algnlflcant single Isotope froa fission products In world-wide fallout 

which can produce a single organ doae Is atrontlua-90.    Since It la chemically 

similar to calclua.  It can be deposited In the bones where It has a long biological 

half Ufa.    Concentrations In the bones and dleta of people are often expressed In 

mlcromlcrocurles of Sr-90/gram of calcium.    This Is the strontium unit or S. U.* 

Like cealua-137,  a major source of strontlua-90 In the typical U.  S.  diet Is mil . 

Unlike cesium-137,  however, biological discrimination factors tend to reduce the 

S. U.   levels In the plant to man food chain.     During 1959 the average U.  S. diet 

contained about IS S.  U. , however It dropped to about 10 S. U.   In  1960. 

*    alao known aa  the sunshine unit 
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fhi» r«fl«ct« tli« d«p«ndenc« of food I«v«ls upon Xh» rate of fallout factor daacribod 

above.*   Walton baa »bown tbat  the C.  U./S.  U.   ratio In U.  S.   milk baa reaalned 

at about 6 to 1. It baa been estinated that a constant diet level of about 200 S. U. 

would produce a body burden of about 50 S. U. which In turn would give a bone dose of 

about  150 mllllreM per year.     Bulp baa aade an extei jive study of the concen- 

trations of strontlu»-90 In «an.     His study allows thai the segment of  the population 

with the greatest bone concentration la children who were one year old In  1959.     He 

estlaates that  this group will reach an average peak concentration of  less the 3 S.   U. 

and then will gradually drop off to about 0.9 S.  U.    Older segments of  the population 

will reach the 0 9 S.  U.  equilibrium level sooner and adults will  approach this  level 

from below since their  levels today are  about 0.5 S.  U.     Figure 61 shows these 

concentrations  and the estlaated future  levels In the concentration for three age 

groups.    Butler has shown that measurements Bade If-, teeth and bones In the U.   K. 

are comparable to those reported by Kulp.    These results are shown In Figure 62. 

Calculations of the cumulative dose In  the one year old age group for the coming years 

can be made from the projection shown In Figure 61.    By  1985 a total dose of about 75 

mllllrea will   isve been received and by  the end of the normal  life span It will be 

about  100 mllllrema.     This can be compared with a Radiation Protection Guide of  150 

mllllrea per year. 

Besld«strontlum-90,  two other laotopea which nay produce significant single 

organ doses are Iodine-131 and plutonlum.    Aa we have aentloned before,   Iodine exposure 

comes alaost exclusively from tropospherlc  fallout.    Measurements of Iodine-131 In 

fallout have been scanty and the concentrations In people and the  subsequent effect 

Is not well documented.    Iven though some may have had thyroid dose rates higher than 

In any other organ,   the exposure haa been transient and the  tot^l dose   iow due to the 

•See also Menzel,  R.  0..  D.  L.  Myhre.   and H.   Roberts.  Jr..  Science  131.   559 (1961) 
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•hört half  llf« of lodltM-131.     Uomvr,  tbmr* baa b—n !••■  total dabrii pl«cad 

In tropoapherlc fallout than In atratospharlc fallout,  and tha distribution of 

tropospherlc fallout haa not bean aa axtanaiva aa that of atratoapharlc fallout, 

for tha above reaaona It is felt that the hazard aaaociated with iodine-131 la 

conalderably  leaa  than that of atrontlu»-90. 

Aa part of the HASP prograa, aeveral Maaureaenta of plutonlua in human and 

animal tisau« were made.     Er«y<113)  reports  that activity of plutonium in the 

pulmonary lymph nodea and gonada could be aa high aa i% of the MPC.     Inhalation la 

the auggeated mode of entry «id,  if reauapenaion in duaty areas la effective, it 

vay be that,  in time, plutonium concentrationa in the body could be comparable to 

thoae of strontium-90, 

Suamary of Paat Teata 

Table XXIV ahowa a summary of tha radiation exposures from nuclear weapons 

teats.     It la seen that during testing years,   the annual exposure haa reached aa 

high as one-fourth the background lave la of radiation.    During the thirty >aar 

period from 1955 the whole b Jy dose accumulated is about 2|% of the background. 

The 30 year whole body dose Is considered to be the doae of genetic algnificance 

for any one generation.    The lifetime doae from strontium-90 to the moat suaceptable 

element of the population  (children born ir   '<»5a)  is seen to be less than J% of the RPO. 

If the whole body doae is added to this amount, the bore dose remaina  less than 

1% of the RPO.     It la evident that the total effective dose from world-wide fallout 

is quite small even when compared to the fluctuations in the natural background 

exposure from organ to organ within the body  and from place to place on the ground. 

Figure 63 shows graphically that radiation exposure from world-wide fallout produced 

by past nuclear tests falls at the bottom of  the radiation exposure spectrum. 

•but may be about 2% of the RPO for bone marrow (170 mlllirem/year) 
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TABU XXIV 

RADIATION* IXPOSURB FROH NUCLÄAR WEAPONS TBSTS 

(in «11 lire«) 

Whole body dose from: 1959 1955-1985 1955-2025 
(70 yr) 

Internal C-14 0.4 5 8 
Internal C»-137 2 20 30 

1959 1955-1985 
<l yr) (30 yr) 

0.4 5 
2 20 
1 20 

20 30 
23 75 

100 3,000 

Ixternal Cs-137 1 20 30 
External Zr,  Ru,  Ce 20 30 30 

Total 23 75 98 

Natural Background 100 3,000 7,000 
(cosmic rays,   rocks, etc.) 

Additional bone dose to 
children from: 

Internsl Sr90 7 75 103 

90 * Population RPO for Sr 600 15,000* 35,000 

tlntake guidance provided by the PRC is based upon 1/3 of the RPG 
•    The RPG is not usually applied to periods grester than one year 

FOTüm TESTS 

The questions is often asked, "what exposure can be expected if weapons test- 

ing were to be resumed?" While It Is Impossible to predict the course weapons 

testing might take. It may be instructive to estimate the ultimate levels of 

exposure which might be expected If the testing pattern of the years 1953-1958 

were to ha  repeated Indefinitely. The most evident consequence of such a sltu- 

a tion Is that the exposure levels would not continue to rise Indefinitely, rather, 

they would tend to level off at some equilibrium value.  One reason for this is 

the fact that part of the exposure Is proportional to the rate of fallout and 

consequently If one has a steady fallout rate one will have a steady exposure 

level.  In other words, a portion of the radioactive material has only a 
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fleeting opportunity to produce expoeure before It le effectively removed froa the 

biosphere. Since the rate dependent exposure Is associated with foliar deposition 

and since plant harvesting responds to annual seasonal cycles, It Is appropriate 

to consider a one year time span as the Interval of Importance In calculating the 

rate effect. 

Another characteristic of fallout that prevents exposure levels from rising 

indefinitely under continued testing is that of radioactive decay.  Some shorter 

lived elements will have decayed almost completely by the end of one year.  Others 

such as strontlum-90 and cesium-137 will Increase in quantity until their ultimate 

accumulation is about 40 times their average annual production.  Carbon-11 would 

have an equilibrium Inventory equal to about 8000 times the average annual production. 

Since the bulk of the past tests occurred during a 5 year period, the ultimate annual 

exposure rate from accumulated strontlum-90 and cesium-137 would be about 8 times 

that due to the accumulated fraction of these elements from pest tests. For 

carbon-1! It would be 1600 times, although the equilibrium point would not be approached 

for centuries. 

Table XXV shows a rough estimate of expected equilibrium exposure levels expressed 

in mllllrem per year that might be expected under Indefinite testing similar In 

character and amount to that conducted in the past. The figures In the table actu- 

ally represent an upper limit to the exposure since they are based on the 1959 

exposure levels shown In Table XXIV.  The fallout rate In 1959 was greater than at 

any other time In the past, so the results given here are somewhat conservative since 

they overestimate the exposure to some extent. The 1959 exposure is divided Into 

fractions due to accumulation and rate.  For internal strontlum-90 and cesium-137 about 

two-thirds Is attributed to rate.  For carbon-11 the exposure Is all attributed to 
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TABLE XXV 

ANNUAL RADIATION EXPOSURE 

PAST TESTS  (1959) CONTINUED TESTS 

Rate Accumulation Rate Accumulation 

Internal C-14 i .016 5 (25)*• 

Internal C»-137 1 i 1 1 

External C«-137 0 1 0 8 

External Zr, Ru, Ce 18 2 18 3 

Whole Body Total 24 +      15  =  39 

Internal Sr-90 2h 20 24 

*  in mil11ren/year 
♦* not included in total 
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rat« «ine* only a null fraction of th« carbon-14 has boon lacorporatod lato tho 

largo ocoanlc rosorvolr. Asaunlng a a«an uptako roaldonco tla« Into this rooorrolr 

of about 50 y*ara, tho carbon-14 rate «xpoouro cuuld Incroaae to 5 ur/yr.    Tho 

ovontual accunulatlon oxposuro duo to carbon-14 could roach u high aa 29 mr/yoar 

but it would tako many thousands of years to do so. Hovevor, within th« noxt 

contury, this factor would bo loos than 1 ar/yoar, consequently, It is not Included 

In the total. External Cs-137 exposure Is considered to be mainly due to 

accumilatlon. The shorter lived elements are considered mainly rate dependent here 

because their half lives are abort compared to the yearly time Interval used. Only 

Ru-106 and Ce-144 have mean lives greater than one year. These two elements would 

therefore contribute a small fraction of the exposure In the succeeding year. 

It can be seen from the table that the ultimate whole body dose could reach 

an upper limit of about 40 mllllron per year which compares with the Radiation 

Protection Guide of 170 mllllrem per year. An additional dose to the bones of 25 

mllllrem per year could be expected from strontlum-90. This may be compared with 

the strontlum-90 Radiation Protection Guide of 900 mllllrem per year.  In general 

It Is concluded that continued testing at the past rate would cause equilibrium 

exposure levels to be about throe times the 1999 It/el.  If testing wer« to bo 

conducted for many thousands of years, additional carbon-14 accwul&tlon could raise 

the equilibrium exposure level to four times that of 1999.  In any case, the added 

amount would be considerably less than the present natural background radiation 

exposure levels. 

It should be pointed out that the above results would be altered If the rate 

or character of testing were changed.  If the rate were doubled, the exposure would 

double.  If low atmospheric explosions were changed to upper atmosphere or near 

outer space explosions, the longer residence time in the mesophere would eliminate 
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exposure fron the short  lived elements but would reduce the exposure from strontlum- 

90,   cesium-137 and carbon-14 no more than 50%.     If   low air bursts were changed to 

surface bursts In remote regions much of the world-wide fallout material  would 

be scavenged into local fallout to be deposited outside of the ecological reaches 

of mankind.    Deep underground testing could further reduce the exposure by a 

substantial amount. 
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Chapter XIX 

CONCLUSIONS AND FUTURE WORK 

General 

The High Altitude Sampling Program has,   to date,   provided the most detailed 

and extensive study of  radioactive material in the stratosphere carried on anywhere 

In the world.    Over 100 million standard cubic feet  of stratospheric air have been 

sampled.    The program has  fulfilled the task It  set out  to do,   namely,   to determine 

the role played by the stratosphere In i. e world-wide distribution of  radioactive 

debris  from low atmospheric weapons testing.     The basic concept of the meridional 

network has been shown to be sound.     Sampling  In  this network has provided  Inventories 

and distributions of material which help explain  the major features of surface fallout 

noted by other programs both here and abroad.     The U-2 can sample a major fraction of 

the stratosphere and good extrapolation may be made from balloon data up to 

100,000 feet.    Considerable Information has been gained on the fate of debris 

Injected Into the aesosphere above 150,000 feet. 

Rocallbratlon of Ducts 

Simultaneous sampling with  the nose and hatch ducts  revealed an apparent 

discrepancy In the flow rates  through  those ducts.     The 20% difference was  reduced 

to a  10% difference and at  the same time the absolute flow rates were changed in such 

a manner as to Increase the  total   Inventories  previously calculated by 8  to  13%. 

No evidence has been forthcoming  that would suggest   that   the assumed  filter paper 

efficiency of  100% Is  substantially wrong.    As  a  result  It   Is concluded  that, 

considering variations   In  radlochemlcal   reproduclbl11ty,   variations In  paper weight, 

non-uniformity of debris  within  the stratosphere,   seasonal  movement of  debris within 

the stratosphere,   and  lack of  vertical  and  latitudinal  coverage,   the ausolute HASP 

Inventories are good  to +   20% and  the  relative  values of  various  averaged measurements 
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such as Ce-1 ll/Sr-90 ratios In any region at one time are good  to ■«■   10%.     The 

problem of accounting  for the outstanding   10% difference of flow rates between nose 

and hatch samples  remains unresolved.     Inventories based on both  samplers  are 

calculated as  If  there were no differences  between  them. 

Stratospheric Measurements 

The stratospheric measurements of  a number of  radlonuclldes  has  produced a set 

of data which  Is   remarkably consistent   Internally.     These data allow a detailed 

picture of mixing  and transfer motions  wlthin and departing  from  the stratosphere 

to be constructed.     An eddy or turbulent  diffusion model of mixing supplies  a simple 

explanation of the major  features of   the motion.     Vertical diffusion proceeds  at  a 

lesser rate  than does   latitudinal  diffusion and both are subject   to variations  in 

magnitude at different   locations  and with  changes  in season.     Large  scale meridional 

circulations  as  a  transport mechanism seem to be  ruled out by  the  HASP data. 

The effective  residence time  for debris  injected at  various   places within the 

stratosphere  is  now  fairly well documented  as  are  the conditions   leading  to exit 

from the stratosphere.     While the  relative  importance of  the  various mechanisms which 

have been suggested  for stratospheric-tropospheric  interchange have not  been determined, 

stratospheric measurements are consistent  with the temporal and  latitudinal  distri- 

bution noted on  the ground. 

Fallout From Teak and Orange 

Perhaps   the most   important  result  of HASP has  been  the measurement of  the 

content  and  rate  of   removal of weapon debris  from  the stratosphere.     In  time, 

however,   the same  values  could have been  determined by surface samplinK.     One  result 

that  the HASP program has  provided that  surface sampling alone probably could not 

have provided  is   the  fact  that debris  from  the mesosphere has  a half  residence 
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time of about 5 years and that seasonal efflux In the polar regions provides the 

main avenue of escape for this material.  The most significant conclusion to be 

drawn from the Teak and Orange data is that placing debris from weapons tests in the 

very top of the atmosphere will not substantially reduce the population dose fron 

this material.  While the 5 year residence time is sufficiently lung to eliminate 

the shorter lived radionuclides, which account for one-third to one-sixth of the 

population dose, it is not long enough to reduce the population dose from 

strontium-90 and cesium-137 by more than 20%.   In fact, it can be shown rather 

conclusively that a weapon burst on a land surface in tne Pacific Ocean under 

conditions similar to many of the HARDTACK shots will produce less significant 

world-wide fallout than the same weapon burst at any altitude short of deep outer 

space. The reason for this, of course, is that more debris can be scavenged into 

local fallout from a land surface burst than can be expected to decay during its 

sojourn in the upper atmosphere. 

Fallout Dose to Man 

While the ultimate measure of the population dose whi'h fallout materials may 

be expected to produce can be provided only by measurements on the surface and in 

the biosphere, proper prediction of this dose defends upon a knowledge of the 

amounts of debris available for future fallout and the rates at which this will 

occur.  HASP has provided a great deal of information on these latter two topics. 

Considerable confidence can be placed in the prediction that surface concentrations 

of strontium-90 and cesium-137 will be^in to diminish by late 1961.  Since concen- 

trations of these materials in food depend on fallout rate as well as total 

accumulation, the reduction in fallout rate in late 1959 engendered a concomitant 

reduction of concentrations of strontium-90 and cesium-137 in food and in people. 

However, due primarily to dietary habits there was a time lag of as much as a year 
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before this drop was reflected in the internal cesiuB-137 concentrations in people. 

Finally, it Is concluded that the expected population dose fron world-wide 

fallout is insignificantly small. The 30 year genetically slgnlficart whole body 

dose will be less than 3% of the ubiquitous natural backgrour.'4 radiation.  The 

70 year bone dose from stron*iuin-90 and other radiations will be no acre than 

2% of the Radiation Protection Guide in that segment of the population most 

susceptible to the radiation, viz., children born in 1958. These percentages are 

smaller than the fluctuations In the natural background exposure fror organ to 

organ within the body and from place to place on the globe. 

Future Work 

The HASP program, as such, concluded its sampling program in June 1960,  The 

final report of this program (DASA 1300) will be ccapleted by Isotopes, Incorporated 

by August 1961.  Since June 1960 the HASP effort has merged with the cooperative 

DOD-AEC aircraft sampling program operated by the United States Air Force.  Con- 

tinued spot checks have been made in Australia (Crowflight Phases VI and VII) and 

elsewhere during November 1960 and May 1961.  Limited sampling of stratospheric dust 

has been conducted on a continuous basis since June 1960. 

Commencing in June 1961 limited HASP-like sampling was reactivated at 

Laughlin AFB, Texas. This program, under the nickname of STAR DUST, will extend 

the spot checks over a longer period of time in the mid-latitude regions.  While 

the sampling will be more limited in extent than was the HASP program, its 

analytical effort will be expanded in scope.  Its major goals are:  to extend the 

HASP correlation with other sampling data, to elucidate further the fate of debris 

from Teak and Orange, and to provide a semi-empirical formulation for predictlniT 

fallout levels and population doses to be expected from the release of fission pro- 

ducts in any region of the atmosphere as the result of the use of atomic energy 

in weapons or aerospace applications. 
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APPENDIX  I 

U-2 OPERATIONS 

Considerable Interest has been shown in the operational aspects of gathering 

the HASP samples with U-2 aircraft.     It  is therefore appropriate to provide here 

an illustrated description of a typical mission. 

As  is usual  in the Air Force,   the mission  really  starts a  few daj     before    take 

off.     Extensive planning  is  necessary to insure  the success of  the mission, since  ho must 

act  as  pilot,   radio operator,   navigator,   flight  engineer,   and survival  expert   as 

well  as scientific observer,   each moment of  the  flight  and each  action  the  pilot 

must   take is detailed In advance.     Since celestial  navigation  is  conducted,   the 

sextant  angles  are precomputed based on  forecast   take-off  time,   winds  ajolt,   expected 

time  of observation and expected  true air  speed.     Then   lines of   position  are  drawn 

on  a  strip map of   the   route   on   the  basis  of   these   precomputed  angles.     Corrections 

to  these LOP's  are  also   indicated  if   the  si^ht   is  eventually  taken  a  specified 

period of  time  early or   late.      In addition  a composite   navigation,   communication  and 

aircraft   lor  is  prepared  alon;;  with  the HASP flight  data card.     When Air  Rescue 

Support   is   to be utilized  in   the mission,   extensive  coordination of  emergency   and 

communication  procedures   takes   place. 

Several hours before  the U-2 pilot  is awakened  for an early breakfast,   the Air 

Rescue aircraft   takes  off  and  proceeds  aUng  the course.     Since the U-2  flies  about 

twice as  fast  as  the Air  Rescue aircraft,   this   procedure allows maximum  coverage 

of   the U^'s   route.     On   the  day of  the mission   the   pilot  must   prebreathe  oxygen 
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for «evvral hours prior to take off.     This procedure prevents decompression sickness 

if the U-2 cabin becomes depressurlzed during the flight.    Considerable precautions 

are taken to insure that the pilots personal equipment and survival gear are in the 

proper condition.    A partial pressure suit is worn in case of cabin depressurlzatlon 

since exposure to the ambient pressure at 70,000 feet would be fatal within minutes. 

Since the pilot is  subjected to considerable physical stress during  the prolonged 

flight at high altitude,  a careful examination la made by the Plight Surgeon prior 

to take off  and after landing.     In the meantime the filter papers  are inserted in 

their holders and Installed  in the changer.     This mechanism then receives a last 

minute operational  check. 

«hen the flight Is ready to go,   the pilot is assisted aboard.     His personal 

equipment is  rechecked and the aircraft la inspected by another pilot.    A portable 

oxygen bottle is used while boarding the aircraft to en.     e the efficacy of the 

prebreathing. 

At  the  appointed time the  pilot  starts his engine and proceeds  to the runway. 

After aligning the  aircraft  for take off,   a ground crewman removes  the safety pins 

from the outrigger gear which keep the wing tips off the ground.     During the take-off 

roll the wings flex upward and the outriggers fall off.    The pilot  then climbs 

abruptly to the sampling altitude. 

While  flying the sampling route the pilot maintains his  logs and flight data 

card and periodically changes the filter papers.    He also sends position reports 

to the ground stations and maintains  radio contact with the Air Rescue aircraft. 

The Air Rescue aircraft has a para-medical  team to assist the pilot  if ^e goes down. 

In addition this  aircraft provides normal communications snd navigational assistance 

as well as emergency assistance. 
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At  the end of the route the U-2 pilot  reverses course and changes altitude 

to sample  inbound.    The Air Rescue aircraft usually reverses course at about the 

same time.     At  the end of  the flight  the aircraft  Is stopped with the aid of a 

drag chute and the outriggers are  reinstalled prior to abandoning the runway.     Wing 

tip skids  protect the aircraft if  the wings tip down before It stops.    A complete 

debriefing of  the pilot Is accomplished and the exposed filter papers are removed 

and placed  Into mailing envelopes.     The mission Is over when the Air Rescue aircraft 

returns,   usually a few hours after the U-2. 
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APPENDIX   II 

CONVENIENT CONVERSION FACTORS AND CONSTANTS 

Mass of Mesosphcre 

Mass of Stratosphere 

Mass of Atmosphere 

Ataosphere 

15 14 
4.32  x   10       Kg  =   1.24 x   10 

9.40 x   1017  Kg  =  2.70 x  1016 

5.26  x   1018  Kg  =   1.51  x  1017 

1000 scf 

1000 scf 

1000  scf 

Air  Density  at  273° K,   76  cm H^ 

Air  Density  at  288° K,   76  cm  Hj 

1.293  Kg/m3  =  0.0807   Lb/ft3 

1.226  Kg/m3  =  0.0765  Lb/ft3 

1 Atmosphere =   1013 mb =   1034 cm HO = 76 cm Hg = 2116 psf 

1000  scf = 34.7  Kg =  76.5  Lb = 28.3  m3 

Radioactivity 

1  dpu/lOOO scf  =  28.8  x   10"3  dpm/Kg  =  0.0354  dpm/m3 

1 dpm = 0.45  u licuries 

Earth 

Surface Area =   1.97 x   108 mi2 = 5.06 x   1014 m2 
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APP8NDIX   III 

SuiMiary of Nuclear Datonation» 

The following list of nuclear detonations has been compiled by Telejadas principally 

from press releases of the United otates Atomic Energy Commission Public Information 

Service. However, reports In goverruoent publications and by government officials as 

to the size, type, cloud height, etc., of various explosions have been included when 

available. Press or unofficial estimates have not been included. Additional 

Information   is  contained  in  HAUL 111,   April   1961. 

The ASC  has  pol ited  out   that   this country  does  not  disclose  all of   the  USSR 

shots of which  it  has   knowledge but   limits  itself   to statements about explosions of 

special  interest.     The   actual number of  Soviet detonations  is,   therefore,  higher 

than those announced.     Similarly,  not  all of   the detonations by  this country have 

been  announced.     The  United Kingdom  and  Republic  of   France detonations   are under- 

stood   to be   the   total   number made  by   those  countries. 

The  total  fission   yield  m  kilotons   from   testin;  through   1958   Is  given  below: 

YEAR US b UK USSR 

1945 

194G 

1943 

1949 -   51 500 60 

1952  -   54 37,000 500 

1955 -   56 9,200 4,000 

1957 -   58 19,000 21,000 

US & UK 

60 

40 

100 

500 

37 ,000 

9 ,200 

19, ,000 
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Listed below are the approximate latitudes and longitudes of the various 

test sites: 

U.S. 

Nevada Test Site (NTS), U.S.A.   310N 1160W 

Sniwetok Provlny Ground (EPG), Pacific   

Bniwetok    110N 162°! 

Bikini   110N 163°« 

Johnston Island, Pacific   170N 1690W 

U.K. 

Monte Bello  Islands,  Australia   20oS  1150I 

Woomera,  Australia  310S  13701 

llaralinga Proving Ground,  Australia  SO^^lSl0! 

Christmas  Island,   Pacliic   2*^ '"T*^ 

U.S.S.R. 

Arctic Test Site   75*^ 55°! 
(Novaya Zemlya) 

Siberian Test     52*^ 78°« 

U.S.S.R.    denotes the explosion 
was in Soviet terri- 
tory,  the test site 
was not given. 

Republic of  France 

Reggan,  Sahara Desert    27*^ 0° 
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