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samus 
.The purpose of tMm project U to invMtliat« the f«Mitoility of 

coDductin« long-rwge ^»oepherlc tracer experl«ente to ituiiy treaeport 

K>ü Ulffueion of geeeew« plo~e over coatlaeotel dietencee. Such experl- 

Mnte would be used to exteud our underetendlag of Che behevior of pollu- 

tea^ pluww to re^'nua «nd continentel .celee/erd leprove our ebllity to 

relate the locatloo end etreagth of pollat^t »ourcee to dletant eir con- 

centretioa ■»«euremente. 

- Thie etudy coneidered the feaelbiUty o« a eerlae of u-ytUmxf la 

which e tracer ga* would be rclaeaed ia the weetera U.S. eed croee-couatry 

air aa^>llag would be carried out to determlae the dlatributtoa of the 

trecer aa e fuactloa of tlae ead dietaace fro« the eource, at grouad level 

ead aloft.    Th* feaalblUty of euch large-scale esperiaeate reets oo the 

awallebtUty of * aoa-toxl    tracer gas that csa be detected at very low 

conceatratloas using reUtl#ely sla^le and iaexp«»sive techniques.    Ideally, 

Che fr--* 0i tracer already preeeat ia the ttnosphere should be beloir the 

level of detsctsbllity. 

Two Mia alt««atives hw^We« considered.    The first iwrolvee taking 

adwaatag« of a source of ovoortuaity. fhx eMtted fro« a auclear fuel f- 

proceeeiag pleat, to obtain loag-range plisM data.    Drwback» are the high 

cost of Mto sMVling sad enalTeis. which ll«lts ths ts^er of ssaples that 

be processed, sod the hi^t probability tha* tha plMe WOMU be l«st la 

tsmtal bsckgreiwid lavala ot 85Kr «« <** •**'*** »«M^» (tbousa»ls ef 

ka) ef laterest to thie study. y Calcwlatioiw indicate that detection of s 

*hx ?; «e is feasible at dlatences to at least 1500 ka. 

m 
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The second alternative la to develop new tracers and technics »es 

£01 continental-scale experiments.  Potential long-range tracers Investi- 

gated In this study Include sulfur hexafluorlde (aF^) and two fluorocsrbons 

12B2 (CF2Br2) and 114B2 (C2F4Br.). All are detectable by electron-capture 

gas chromatography at extreaely low concentrations. 

The uso of SF6 as a long-range tracer appears Impractical because of 

-he high i\arage background concentrations already in the atmosphere (on the 

order of 1 part in 101J) ana likely interference from many strong local 

sources. However, SF6 is still i-n excellent trscer for distances up to 

several hundred kilometers. 

A field experl»Wi£ was conducted in September 1972 to test equipment 

and techniques for release, sampling and analysts of 12B2 and 114B2 and 

to obtain plume data to a distance of 90 kilometers. These tracers, alon« 

with 8F6, 
85Kr, methyl iodide, and uranine dye were released from a 76-meter 

stack over a 3-hr period. A detailed discussion of this experiment is pro- 

vided in section 2 of this report. 

Heaaurements or SF,, 12B2 and 114B2 were made with a dual-chrumato- 

graph deatgned for this project. The limits of detection with this inatru- 

ment were about 5 parta in 1013 (by volume) for 3F6, i part tn iO
12 for 

12B2 and 3 parts in 1012 for 114B2. detection limits can be lowered by pre- 

roncentration of the sample. A simple cryogenic technique for field concen- 

tration of aamples wee successfully demonstrated and concentration factors 

up to about 40 were achieved; factors up to 80 have been attained la la- 

boratory experiments. Concentration factora on the order oi  103 may be poe- 

sible afto*, further development work. This would permit measurement of 
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Air ccmc«ntr«tlonB down to about 1 part in 10 , aufficlant for a cross- 

country axpariuant. 

In altu maauraaactB of SF, pluaa profxlaa ware alao made with an 

alrborna chromvcograph daalgnad by tha Brookhavan National Laboratory. 

This inatruaant provad vary uaaful asd could a?ao ba adapted for uaa with 

1212 ami 11412. 

Althougn baaic procaduraa lor cryoganic aaapling and Chromatographie 

aaalyala of 12B2 and 11412 wara auccaaafully damnstratad, probleaa wara 

aucountwrad which Indicate that More davaloptaent work will be needed. The 

tine required to develon e reliable loa^raage capability with theee tracers 

cannot be fixed with any certainty» Therefore the alternative esperlaentel 

ee 
approach using  Kr is racrj—ended for »ore iewsillafe reeults. 

Instead of estc islve crose-country aaapling of plunss froie a relatively 

few releaaea of apeclel trecers, it is proposed to institute «ore Halted 

long"range eeapliog   ehe extsting plune eaenating fro« the National Reactor 

Teating Station In Idaho. Cryogenic sampling equi^aaot will be Inatailed 

at 10-15 Hatlonal Weather Service atatlons along an are froa Kinneaota to 

Taxaa, about 1500 ka froa the aource« twice-daily aaaplaa will he collected 

over a 4-aottth period. At this diataoca (about 2 daya trawai) the pluaa will 

go through diurnal cyclra of wind aibi stabillwy coaditioon and will alao «tow 

the effecta of paa^gs over aoanta-Lnoua terrain, faaple concectratlons will 

be reXatad to source strength, aateoroioglcal tt. jectorieo. wind apead, aad 

atablUty. 

RaaulLs will be used to develop a «»del of plune tranaport «ad diffu- 

aion to • distance «f aevaral thoasand kilooecar«. 

r- 



1,    Proposed Long-Range Tracer Experiment 

Two    alternatives for conducting continental-scale atmospheric 

tracer expeHwents were considered In this feasibility study.    The first 

involves a series of releases of special gaseous trscers (fluorocarbons 

12B2 «nd 114B2) with an extensive cross-country sampling program.    Results 

of a short-range field trial, discussed in detail in the uext section, 

indicate the need for further development work before these new tracers 

can be used operationally.    Therefore» a second approach, taking «dvantagc 

of an existing 85Kr plume, is recommended. 

Operations at the National Reactor Testit.» Station in Idaho are 

axpected to provide a nearly continuous plune for a period of about 

four months during the winter of 1973-74.     It is proposed to develop 

cryogenic sa^»li£g equipment to be installed at 10-13 National Weather 

Service stations.    Twice-daily samples (8-12 hr duration) will be taken 

routinely at these stations, locatec along en arc from Minnesota to Texas, 

about 1500 kn from the source.    Plume travel time at thi? distance should 

be about 2 days so the plums will experience diurnal cycles of wind and 

stability conditions.    It will also undergo the effects of mountelnoue 

terrain as It passes from the «ockiee to the Great Plains.    Both effects 

need to be studied. 

Peak saaqple concentrations at thl« distance are expected to be about 

40 percent above backgrounti, which should be readily distinguisheble 

with existing analysis techniques.    If the eeapllag arc were placed 

further to the east, interference from other sources could be anticinated. 

Sampling reeults will be analyxwd in conjunction with meteorological 

data to develop an i^nr/ed model of plume transport and diffusion ewer a 
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distance of thousands of klloaeters. Diffsrant techniquas usad to con- 

struct «ateorcloglcal trajactorlas vlll ha taatad to datarmina which bast 

explain the saaq)ling «aasuraaants. This azpari^nt should also indicate 

which synoptic scale weather conditions produce the highest air concentra- 

tions at this distance fro» a sour-.a and provide inforaation on tha range 

of pollutant dilution factor- produced under different «ataorological 

conditione. 

2. Sbort-Sanga Fiald Trial 

Aa etisoapharic tracer ezperiaant waa conducted during tha afternoon 

of September 22. 1972 at tha National Reactor Tasting Station (ARTS) near 

Idaho Palls, Idaho. Tha prlaary purpoaa waa to flald-tast instruaantation 

end techniques for rslease, saapling, and analysis of two natariala 

vfluorocarbona 12B2 and 114B2) previously idantlficd in this study ss 

potentially uattful tracers of stnospharic notions to distances of at 

leaat aaveral hundred k«. Tha second ol iertive of tha axparl ant waa to 

obtain data on plune behavior to a distance of about 90 kn fron the source. 

2.1 Site Deectiption 

Tha location of the »etlonal feactor Tasting Station in aouthaastern 

Idaho la shown by the shaded area in figure 1. Tha roctaagle aurrounding 

tha alte (130 kn long by 100 kn wide) rouglily daflnea tha area of interest 

for the ahorc raage experinert, Tha eoutlnssst-notthaaat orientation 

follows tha 9n-ka livar Valley irtiich tanda to chauaal low-level wind flow 

owr the area. Conputer programs (1) haw« be« developed to provide wind 

flow patterne and air tia^.torins baaed on d«te tw* atout 20 wind 

towere within this area. 

itinin inili ir    ■ IIMHMIOII iiiia»tiiiiiini[i 



nptx* 1.    Lccfttioa of ItetionAl Reactor Toatlag Scfttion (shaded feme within 



£1 ***<*«■ MMMMMMMM MauawMMU ■CM    I v*-*»""- 

The t«rr«in at the test sit« 1« lllustrat«! In fIgur* 2 «long with 

wind tower locations and the coaputatloaal f d. The alte la fairly 

lavel (aaan elevation about 1500 a MSL> but bounded, hy  rugged oMmntalne 

to the norther-^, northeast, and eoutheeot with peakj fron 2400 to 3000 D 

above eea lavel. 

Four sanpllng "arcs" wers set «p at approslaatsly 6, 18, 47 and 87 ka 

downwind of the release point aa ahown In flgur« 3. Prbdataralned aaapllng 

positions on each ere are alao indicated (7 o* ire .4, 9 each en area B 

and C, 14 on arc D). The sampling progrea Is leecrlbed In section 2.4. 

2.2 Tracer Beleese 

Six tracer aaterlals were relaaoad alanlcanaoualy (torn the 76-tMter 

stack of the XRTS chsalcal plant. Multiple tracera wet« ucad to allow 

lutercoaparlson« and croaa-ehecka of the behavior of different tracert 

and to Indicate the accuracy and reliability of the various saapllng and 

analysis techniques. Plaaaad «ad actual total release saouats for the 

four tracara discussed In this report «re ehown in Table I. Saall 

eaouata of aethyl Iodide «sd uraaln« dye «er« «leo released. It was 

intended to releaec each trecer unlforaly orbr e 3-hr period. The 

release begaa at 1233 MTT. 

Tracar 

1212* 

11412 

* 

tie« 

Tracer leleaae iaounts 
njaaad 
BalUnai 

tetual 
lele&se 

270 lb«. 274 lbs. 

Sit lb«. 212 lbs. 

410 lb«. U6 lb«.   (45 ain.) 

1060 Cl 1013 Ci 

ft* 

CF Br., («caufactured by X^erial GheamiOa, Im* - m 

ctf4*T2  («M*»11*^»1
»^ ^ öapont ~ HA) 

IMMÜ ***** 
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VlftuM I.    R»Uaf wu» of tfe« «MS «it«.    CmUmx vUue» aro in faMod*»*» »S Fi««« 2,    Jfcl-t ^ ^^ ^^ f^   (isoc ^ ft», in «.iff^ 
«ar«« «loo« eh« **** of ü« «*e««Mtl« l«lte«t« tfM eoaput 
•p«ftia« (about 7.i*»i).    So5l4 <*«*• «i» iri»l towr loc^icta». 
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Sulfur hexafluoride (S?6) wai Intended to be used as a stand:rd In 

thin experlaent since release, saapllng and analysis techniques had 

previously been successfully deaoaetrated (2,3,4). Another Important 

consideration was the avallabll^.y of an alrcraft-isounted Instrumnt 

developed by Brookhaven National Laboratory that could provide real- 

tJ*e SP6 pluM profile« «loft. The SFg releese »-^s accomplished as 

plaoned with nearly uniform release rate of about 12 g/sec from 1233 to 

1533 except for e five minute period (1315-1320) when no sr6, 12B2 or 

11482 «as emitted. 

The planned release amount» of 12B2 and 114B2 were thoa« celculated 

to produce the same air concent ret ions, by volume (cc/cc), aa SP6. Some 

difficulties were experienced with each of these new tracers. The 12B2 

was released at a fairly constant rate of obout 9 g/sec during the same 

period as SF.. The rate and total amount released were about one-half 

(0.53) that of SF6 on a volume baais.  Improper connector threedlng» on 

one of the 12n2 cylinders was responsible for the reduced releese rate 

(only 2 of 3 cylinders were usable). The 114B2 wae releeeed at the 

desired rate (about 20 g/sec) during the eerly part of the reJea*e period 

(1233 - JJCT* mi).    At 1305 the dispensing pump failed, terminating the 

flow of 114B2. Plow was subsequently restored for approximately 3-minut« 

periods at 1345, 1400, 1405, end 140« VST,    Some physical properties of 

12B2 end 114B2 ere given la Table 2. 
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Phyalcal PropartiM of Vracar H«t«rl«l« 

Fork. "Itt 
Moloo lar WalRht 
Boiling Point Co) 
FrMSing Point CO 
Critic«! TMp. CC) 
Critical Pr«M. (pet») 
Critic«! Daoaity (ft/ec) 
BMt of Vaporisation (ccl/g) 

12B2 

CP2lr2 

22.8 
-141.S 
198.1 
r» 

.836 
28.3 

11412 

C2FABr2 

47.3 
-110.5 
214.5 
506 

.7^0 
-35 

Tha radioactiva gas, 85 b (half-Ufa 10.7 yaara), la alao undar 

conaidaration aa a long-ranga tracar. About 1090 01 wara relaaaad through 

tha atack «1th tha othar tracer» fro« 1236 to 1S30 MET at an vvaraga rate 

of 6.3 Cl/Rla. 

Total amounts of SFg, 1212» «ad 114B2 ralaaaad «am dataralnad by 

walghing the eontainata bafor« «ad after ralaaaei «ccurete flovw^ere 

«ere uead to aonltor ralaaa« rate«. Tha trecere were injected Into a 

•tack «irflow of «pproxlaately 3.1 x 103» par niaute. 

2*3 Meteorology 

Tha «pacing of rtnxtioe uppar-air «aaeuraaent «tation« la euitad to tha 

definition of «ted flaw oa >» weh lavgar aeala than that of interest fh 

this «rpariaent. This aay \m  »aaa in figar« 1 «her« «fa« «irelas loa,icate 

locatlone of tha aynoptia uppar-air aauBdlag ««aSdane of «ha Batiosal 

Weather Service. Per this axparlaast, rantina uppar-alr data «ere 

by data fro« tha WKTS wind tawsr Mtwm'h «ad tra^ecry infonwtioa trim 

tftdar-trackad caerooaa. 

-^- —-■' 
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Th« 700 Ab charts for 1200 GCT (0500 MST) on September 22 and 0000 

OCT, '2 hours later, «re shown in figures 4 and 5. Theje charts show that 

at 700 ab («bout 1500 ■ above the ground) the geostrophic wind flow '/as 

steady Froa the west-southwest during the experiaent (1230-1730 MST). 

Th'.. 850 nb geostrophic wind (not shown) was nearly parallel to the 700 nb 

flow ovsr the test sit« during this period. 

The sain features of th« 3-hourly surface weather charts ire showi 

in figures 6-8. Th« direction of plgas travel is shown by a dashed arrow 

originating at the releaee point. On the day of the experlatent» a cold 

front passed the test site at about 0330 MST and then stalled about 100 ka 

to the south. Surface wind d«t« ie«8ur«d «c statlun« on the Snahe River 

plain are plotted along with isobars indicating the surface geostrophic 

wind flow over th« region. Winds in the «urfsc« layer tended to follow 

the ahape of the Snake River Valley from Boise (BOX) to West Yellowstone 

(WET). Thus,the flow was fron the southwest or south-southwest over 

NRTS, apparently opposite to the geostrophic direction at 1800 GCT. 

Actually the surface wind flow was Influenced by a aeso-acale low pressure 

center in the extreas upper «ad of the Snake River Valley that was not 

detected in the synoptic scale pressure analysis. This situation ia 

typical of aaay observed «u the OTtTS site. 

Hourly average eurface winde frost the CFA tower (Table 3a), just 

«oath of the tratar releoee sit«, «how «crang steady flow frc« the 90* 

sector centered on soarhweet chrooghout the day. Vpper winds (fable 3b) 

tended to becoae aorc westerly with increasing altitude, this 1« m 

iatereatlng caee illustrating the fact that synoptic seels geostrophic 
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rtgnm 4      »IMM» cli*rt f«r 1200 OCX ($5Ca «ST) «* 8«9MHft«r 22, 1S72. 
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Figur« 5.    70CM» UM»« «or 0009 Cd (1700 »ST oft S*pt«*«V 22» 1972). 
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Table 3a 
Surface Wind« (6-nieter touer) 

September 22, 1972 
(Tracer Release: 1230-1530 iHST) 

■ 

Time Dlrectloi, 
(MST) (degrees) 

0800 240 
0900 230 
1000 220 
1100 220 
1200 230 
1300 230 
1400 230 
15CJ 230 
1600 230 
1700 220 
1800 220 
1900 210 

I. 
Altitude 

(asters above sea level) 

Surface 
1880 
1830 
2130 
2440 
2740 
3050 
3660 

Table 3b 
Upper-Air Winds (HRT8) 

0730 MST 
Direction   Spesd 
(degrees)   (n/sec) 

Speed 
(a/sec) 

230 
2:0 
250 
260 
260 
270 
270 
250 

5.8 
14.7 
14.7 
15.2 
16.5 
14.3 
16.1 
16.1 

1510 MST 
Direction  Speed 
(degrees)   («/sec) 

220 
220 
^30 
230 
230 

240 
240 
250 

12.5 
16.5 
20.6 
18.3 
12.5 
12.5 
15.6 
11.6 
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flow can b« • ▼•ry poor «pproxlmatlon to actual win* flow In thi aurfac« 

layer, particularly In «ountalnoua tarrain. 

CoBputar-calca-atod aurfac« wind flow ovar th« aita at 1300, 1600 

and 1900 HST la cbovn in figur« 9f Tha NITS towar wind data ware uaad 

to calculat« hourly avcraga winda. Wit'n «irrow« ara plot tad at aach 

towar aita (aach barb rapraaanta 10 «ph). An Intarpolatlo« achaao (1) 1« 

than uaad t« ..alculata a wind wactor at «ach vld point. V«ctor length 

ie plotted prooortional M wind »paad. 

Tetroon« w re laun« hod nunr the tracer reUaa« point at half-hour 

Jnterrala dating the i«l«a«« p«rlod «ad tracked by r«d«r to provide 

estiaatea of pluna trajectorlea. Utroort tf«J«ctorl«« «od corpu-.er- 

c«lcuUt«d aurface wind trajectorlee (1) for th« ««a «tarting time 

(MST) ar« ahown in figur« 10, Lei ».are «lang each trajectory (upper- 

c««« for aurface wind«» low«r c««« for t«trooiwi) J«note aucc««aiw« '.5- 

minute poaitione (i.e., A denotea poaUion 15 «ieutea «f^r «tart, B 

denote« position 30 «ioutee «ft«t «t«tt. «tc). A e«ry at««dy wind flow 

p«tt«rn during th» axperlnant la cwidant with trajectorlea atartlog 

toward th« «ortba««t «nd gr«dtt«Uy cunrte» toward th« north, lotroon 

tr«JI«ctorl«« ere cott«l«t««Uy « littU to th« »l(At of th« «urf«ce wind 

trajectorie« «nd about 50% f««tar. Th« «ntlr« 3-hr plu» ^r««r«tttly 

pcaaed over alJ 4 aawpling «re«. Tww«l tim to th« l««t ««aipltig «re 

(about 90 1«) wa« «laooc 2 1/2 hr» neat th« ground «nd «bout 1 1/2 h*a 

aloft. Arc-cro««log poattiona, neaa trawal tiaea and tr^wl apeada to 

each arc. aa d«ter«ined frw« t«troo« tr«Ji5tori«#, «r« providod in 

Tabl« 4. 
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IH)   1233 <9)   S303 

<«>   133** (7>   l>*09 

m 
rtftr« 10»,    T«tro«B, UmMir «MM l«tt«r«) «ad twitfatt* «tad (wpj>«r CKB«) 

tr«ject«zlMi dtoria« ttu» tr«e«r swiWM»« pvrtad.    Suurcia« tis» 
{MR} 1» iaa(ieAt»4 «bw« «Mat jrtctMSt«. 
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Itblm 4 
Tatroon Trajectory Data 

fee 

Mian 
Crossing 
Folnt* 

ftanpa of 
Crossing 
Potato 

Width 
(to) 

Htan 
Traval Tlae 
(minutas) 

Traval Spaad 
(Mtart/aac) 

A 2.6 2.1-2.8 1.08 5 16.6 

B 4.9 4.0-5.8 2.46 21 14.6 

C 5.0 4.4-5.7 4.28 52 14.9 

D** 3.« 2.5-4.8 8.34 94 15.8 

«Croaalitg points ara ladlcatad by ground aaapllnft position 
quasars (aaa flgura 3). 

**TraJactorl,fa iwra artrapolatad for thoae tatrooaa that 
wars not trackad aa far aa «c D. 

Tatrooos respond to vartlcal aa i»all as horlsontivl air «otlons but 

£ha raatorlug forca on a tatroon tanda to danp Its vartlcal oscillations. 

A prallslnary Indication of vartlcal air sotlon during tha axparloant la 

shown hy tha tatroon vartlcal notions In flgura 11. Immlng tha raatorlng 

forca on aach tatroon, actual air notions can ba calculated fron thasa 

data. Tha restoring forca ioeraasas aa the tatroon is carried a «ay 

frofc ita pre-set float laval and apparent vartlcal valocltlaa stay be In 

orror by as snch as tSOT. »averthalaes, thasa tatroon fll^ta Indicate 

strong vartlcal notions vlth aaeorslons up to about 900 Meters ebove the 

terrain. This vas h^rae out alao by aircraft aaapllng} tracere nara 

detected as high ss 1450 «atara over are B. 

2.4 Saa^llng Progra» 

Smpllnt »Mtlon« »era aat op along f*w»t area Aommtsd of tha aourea 

(aa* flgura 3). TU» avnmaad ciw»s«ft«d profiles of tha plena at ground 

mm ! ^fn   ' ■^•'•■T 
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level were obtained along each arct. Samples were obtained at each 

station by pumping ambient «ir Into plaatlc baga and balloons during the 

entire tine of plume passage. A portable Chromatograph, mounted in a 

small aircraft, obtained nearly Inetantaneous crosawlnd plume profiles 

aloft. Cryogenic traps were used at several ground stations and In the 

aircraft to neasur« shovi-term plume concentrations. 

2.4.1 Time-averaged Samples 

At each ampllng position or. each arc ambient air was jumped Into 

a 48-llter Saran bag at 2 to 3 liters per hour. Pump, bat eery moi  bag 

were contained In a portable aluminum caae. Pumps were s.ar.ed manually 

prior to plume arrival at each arc and were turned off 8w«e time after 

the entire plume had passed. These samples were Intended to collect 

SF6, 12B2 anr* 114B2. Collection of SF* was successful but very little 

of the other two tracers wee detected In these bag »amples. Evidently, 

the fluorocarbons reacted with the Saran, plated out In the bag or 

migrated through It. Firther experimentation will be necesaary to find 

a suitable material for collecting the fluorocarbons. Scmplli g times 

and SFg concentrations are tabulatec In Appendix A. 

Several methods of obtaining large air samples for *\t  analysis 

were also teeted. A whole-alt sample volume of about 200 ft3 la required 

for eeparation and counting of  Kr. A« Indicated In Table 5, a krypton 

»ampler wee »ft up on each arc (two on arc C) and operated for the same 

period aa the Saran bag eampler at the same location. At position C-6 

a hlgh-preaaure compresaor (pumping rate of 1.8 ft3/»in to 3100 pal) was 

uaed U< fill 4 steel sphere» (each with a volume of 0.7 ft' aad rated 
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capacity of 3000 pal) in aaquanca. Unfortuaataly, thia aaapia waa Iwat 

durinf laboratory analyala. 

Tabla 5 
85Kr taapliot iaaulta 

Arc 

A 

Poaitlon Sailing Natbod 

Flaatic balloon 

Concentration 
(pCl/SCH) 
1380 

A Naopraaa Balloon burat 

I Plaatlc balloon 33«. 2 

C Plaatle balloon 13.8 

C wttOP>T4VHI DAAXOOO low volua» 

c ttaal Spbara loat aaaplc 

c i^aopraaa balloon 296 

0 ilaoprana balloon 

  ■ m ■ i i 

157.4 

At tha othar aaMplUg poailtlona, mall» low-praaan-ra puap« vara 

uaad to alovly tnflata aitbar atandacd wsatbar balloona (naoprana rafcbar) 

or iirga pUstn balloona. Ut«rt tba hi^-praaaur« conpraaaer waa 

uaad to traaaf*r air aaoplaa fron tba balloona to ataal apharaa for 

ahipMmt to tb« laboratory. 

iaplicata aaaplaa nara plaamad at poaitionat A-4, C-3. and C-4 »o 

chack ratfwtlon of krypton hy rubbar cad plaatlc balloona. Aa la avident 

fro« Tabla 5, «iwhapa pravantad our obtaiolog cay rapllcata fc»TI>ton 

eaaeaatratten«* Navartbalftaa» four of tba ftva »aceaasf«! eollactir.'^ 
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contained concentrations on« to two orders of Mgnltude above the back- 

grmmd of about UpCl/SCM. Coaparleons with SF6 concentrations are dis- 

cussed la section 2.7.1. 

2.4.2 Cryogenic Santpllng of 12B2 and 114B2 

Seversl hundred saall cryogenic saapllng traps wsre fabricated 

for use In this experlaant. Each cryotrap consisted of a stainless 

steel tube, about 9 CM long,  internal disaster about 5m, crisped and 

«aided shut at one rod. The other end wes silver soldered to a snaller 

bore copper tub« about 7 ca In length. 

To obtain s cryogenic air sawple with this slaple apparatus, the 

tube Is lowered into a dcwar flask containing liquid nitrogen. Air in 

the tube is liquefied after about 30 seconds «id more air is continuously 

sacked into the tube until the subasxged portion le filled with liquid 

sir. A 30 ca length of teflon tubing was fitted over the open end of 

the copper tube during stapling to ensure (hst the air drawn into the 

tube would not be unduly contaalaeted by nitrogen vapor froa the flack. 

In a few alsutes several hundred allllllters of air are draw into the 

tube ead liquefied. The tube is then removed fron the liquid nitrogen 

end the trapped air is allowed to boil off as tte trap wsrns. The 

tracers 12B2 end 114B2, as well ae ether trace eoastituent* with relatively 

high boiling points will be largely retained in the tube. The end of 

the copper tube la then «rlaped ead the trap is stored in the liquid 

Di.trogen flask until it Is returned to the laboratory for analysis 

(see 2.5.1) 
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AyproxtMtalv 3-minut* cryofanlc ••«pic« ware tefam «vary 15 

adnut«« at poaitlon« A-4, B-A, C-4, C-6, C-8 end D-3. One« ««ch hour 

duplloiu saapl«« w»r« taken aa nearly «laultanaoualy a« po«»lbl« «t 

•ach poaitlon. 

Tb« ««M t«chnlqu« «a« uaad to obtain «bout 30 cryoganic aaaplaa 

In tb« aircraft a« it travaraad cha plua« ov«r «ach ««rpliag arc. 

Ground-laval cryo|anlc ««npling raaults ar« tabolatad in Appendix B 

«ad alrboma cryotrap data at» in Appendix C. 

2.4.3 Alrbom« Cbronatofrapb Plus« Frofll«« 

An «lactron-captur« ga« chroMatog^ph.dev«lop«d (2,3) at Brook- 

havan National Laboratory, waa nountod in a enall aircraft (Caaana 206) 

for thl« aaparlmrat. A 3-«an craw «a« uaad; pilot, chro«atograph operator, 

and cryotrap aaarpler. Callbretifn of the chroaetograph wee partially 

•"10       11 
parfonaad at WtTS with lectur« bottle« containing 10   and 10 ** parte 

of Stf, per part of air. It «a« diacowared, ho.war, that the inatrueant 

reaponee «M Mneltive to beroaatric preaeuve and in e non-linear «ay. 

Since the ataoapharlc precrur« at Ideho Valla waa eboot 635 aa Hg et 

ground level (1.5 k» above aean aaa level) and eaalyaee vere ?erfor*ad 

«t altitude« up to 1.4 ka above ground level (2^9 ka MBL) «here the 

presaor« aaa 5)5 aa Hg, additional calibration vaa found to be aeceaaaty. 

Xhla aaa parforaed in the High Altitude Tent Cbaaber et the Health and 

Safety Laboretorie« (HASL) of the ASC la See York City. Siaalaterl 

baroaetric preaauree ae lew «a 550 aa Kg wwr« achieved during «oalyecfc 

with «taadard aixturea of 10  and iO*10 ec/cc. Ute coabiaed reaolt» 

of the calibration at the SOfB alte aad at lASt «are correlated by 
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iMst »quar«« «ppToxiaatlon «ad plottud, for various altltudM, a« 

shown la figure 12. Tha circlaa rapraaant tha avaraga« of data ataaurad 

c thraa coacaatraclona and four slaulatad altitudaa. At 1.5 x 10~9 cc/cc 

tha »ansitlvlty dacraaaad by a factor of thraa going froa aaa laval to 

-1' 
10.000 faat, but at 10  ' cc/ce tha chaag* «at alaoct 13-fold. In tha 

futura tha iastruaaat will heva a conatant prasaut« (*aa-laval or 

hlgbar) within tha datactor to iapvava aansitivity. 

Frontal chrttaatography wta uaed for aaapling inataad of tha aora 

usual finite injaetion iupliag. A continuous straaa of aabiaat air was 

passed through t nitrogen oxide-treetad aolocular sieve column ae thn 

aircraft traversed the luae. The coluan separatee the SF6 froa the 

oxygene nitrogen, and other eir coaponants. About 40 second» efter 

»aapllAg begins, the SF6 »tsrte to eaerge fro« the coluan in a contin- 

uous etreaa which is paesed through en electron-capture detector. In 

the detector, the Sf6 abeorb« eoa» of the electrons produced by a eaall 

radioactive source, reducini the electric current la proportion to 

the ewMtaC of 8F6, The contlauoue trace of the detector output <p»ea- 

tltetivaly deplete the actual profile of SFÖ in the pluae drring the 

aircreft traverea. About 46 second« after the fifj begin« 19 «aarge froa 

the colwan, the oxygen «tart« to appear and the ^eapllng a««t be stopped 

to backflueb the coluan. this inetnaenit pro^dea 46--e«cood aaapllag 

window« »epareted by «bout 3 alnwto» refuired fee backilush. anther 

d«VAl«iaa»t of tht« ineeruaant eould »13 JT oontiuuou« «ncpllng o^er any 

deelred t iae interval by autoaatically «witchlag chrwettograpfc coluan« 

dar^f« backflueh. ti» iaetruaaat f^tirmm 150 watt« {UO volt AC) 
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ccmtlnuoaaly «ad an additiowd 200 tmtt* mctmnfry «urg* for activattog 

a aolanold snitching valva. 

Sine« tha plm* im» not viattlo. th« «uccaoa of tha aircraff 

saapling progra« w»a dapandant oa accurata aatiaMtaa of pluaa location 

(tha Chromatograph aanpllng parlod of 46 aaconda was aqulvalaot to a 

dlatanea of 2 to 4 ta at aircraft apaada of 40 - 80 n/aac).    Tha aircraft 

«as trackad hy « M-33 radar «hlch plottad tha aircraft track on a aap 

of tha taat ara«.    Tha aircraft controllar In tha radar van had voUm 

coiMunlcatloo (radio) with th« aircraft as It flaw plannad tracka across 

aach of tha saHpllng area.    Tha controllar racalwsd continually updated 

infowatlon by radio fro« tha control point, ^ wind apsada, tatrw» 

crossing positions (at aach arc) and tatroot idtltuda variations.    This 

Infomatlon w»s uaad vo aatlaata enrraot plum positions, datarmlna tha 

altltud« to ha flown on aach aaspllng run, and datamlna whara along 

tha arc to atart aach chrowtograph aaapl«.    Th« chnrnto-raph oparator 

ralaywi his raeults (froi his rscordar chart trscs) hack to the controller. 

Th« start and finish of oach cryotrap ssoola «as also dlractsd fro« tha 

radar nd ssapling positions wars warkad on tha radar plot    ( tha air- 

craft track. 

At i«««t «wo eaapllng runs uara plaowd at aach of aarfral «lttttid«B 

mm. aach aaatdlng arc.   Tha altcraft ashling prtgra« «as ^ult« soc- 

caMfttl on th« wbol«. alchou^J «nsKpactadly strong winds «tod oparatio«! 

difftcuUias (prlMclly radio eoMBnlcntlo«» ptohlaw «nd an wa*jl«dulsd 

landing to seplac« a d«pl«t«d batt«ry) pr«v«nt«d chs full «ttalawant of 

»U sMpUftft fo«a«.   On «res 4 sal »„ wMw» th» «ntlra phma mwn-m^tlen 

mmm 



r 
could b« —an within tha 46~««cond window, cryotrap« wir« uned to 

ovarlap Chromatograph aanplea. Cryotrap aanpllng parloda rangad fro« 

2 to 5 Blavtaa, provldiog avaraga concantratlon« of 12B2 and 114B2 ovar 

diatancaa fro« about 5 to 12 k». On area C and D whara ihm antira plwn 

could not h« travartad In 46 aaconda. cryotrap» and ch.oMtr^raph pro- 

fllaa jara takeo altamataly along aacb travarac. occaalonally with 

BOM ovarian. In an attempt to obtain ae much information ae poaalbla 

Two eacplaa of PF^ profile» obtained with the alrboirra Chroma- 

tograph era ahown In figure 13. The original tracea have been computer 

proceaead to remove background noiae and correct for altitude. Rota 

that the entire plume la included in profile 4A but the aircraft «ae 

atill in the pluma at the end of the 46-aecond sampling period in 

profile 21C. 

Aircraft cryotrap data and Chromatograph profile data are given 

is Appandiz C. A eonplata eet of profile plota la available from the 

Air Saaourcaa Laboratorie», Silver Spring, Mi. 

2.5 Saapla Analysis 

Whola-Air aamplea collected in balloona ware compreeaed into hlgh- 

preaaura apharar and ahlpped to Airco, Inc. in Murray Rill, Raw Jeraay 

ae 
tot »aparmcion end redio-aaaay of Kx. 

Ul other »aaplcs collected were analysed for 8F., 1212 and 114*2 

b> ASLat the VSXU uaina chrawatcgrapha baaed on a prototype dasign^ 

by Uwaloek <3). The Lovelock laatrcmamt fabrieeted fur thia project 

la acfeUy a parallel Chromatograph «yet«» with two «ol» an», two 

detector a and two «laetromic »y» terns, mm  for aoalyala of iV^t  the other 
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for 12B2 and 114B2.    Th« coluan Mt «rial uMd for SF6 tMparatlon VM 

Lind« 5A MoXoculcr Siova, 80-100»«hll« Durapsk Low K C«rbow«x 400 on 

Por««il F 100-120 Msh wt» uMd for Mpvratlng th« fluoroc«rbon». 

Th« d«toctor« uMd 15 «Cl       111 r«dlo«ctiv« «ourcoi «nd pur« nittogon 

WAS u««d «• th« c«rrl«r gss.    Th« nyst«» WAS opsrstud under gas phas« 

couloMitrlc conditions. 

At pr«s«nt, th« practical Halts of d«t«ction with this chronato- 

»13 »12 graph ara about 5 parts la 10"  for SF^, al>out 1 part in 10" for 12B2 

12 
«nd about 3 part« in 10  for 114B2. The staple cryoganic trapping pro- 

cedur« used la this experiasnt (including subMquent dilution with pur« 

aitroffse) produced coou«ntr«tion factors b«tw««n 3 sad «bout 40 (average 

factor was «bait 20) for 12B2 and 114B2. Th« detection liaits for 

cryotrapped saaples «ere, th«refor«* lowered by the «MM factor. Th« 

lowest air concentrations actually swasurad rro« cryotraps «era 4x10"^^ 

for 12B2 and 8»10"n for 114B2. Only a «Mil fraction of th« saaples 

eontaisad «aaaurabl* 114B2 bacauM of th« relatively short rdeaM 

pariod. 

2. Sol Anal ./si« Procedure 

Tiaft>-in£4^r«t«d saHpl«a war« analysed for SF6 by rsnovlns Sec of 

air froa Che Sara» bag coll«ctor wich a hypoderalc syringe.    Th« «aapl« 

wee than injected dlt«ctly upstraa* of th« chroastograph colaanr    Tfaa 

«Astnsasnt aM«uree th« aaouat of BF^ In th« a«»pl« «ad «inc« th« 

volttM «as iaamm (See) th« conesetratiaa «a« xmatil? obtained.    Aa 

«beolttt« aaMure of tba «aaunt of «lectroa-absorbiiig subetance <SF^f 

112B2, «nr 11412) p«Mi«i eteo«#i &t daeaetor a«y b« ob&afaaft ml? if 
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th« mftlcimty ot ttm <l«t«ctot !• kncnm.    Efflclencl«« d«t«r«lt»«d by 

Lowlock for thl» instnnMnt d««igQ and oporattng condition «re glvon 

in Tabl« 6. 
— 

Tabl« 6 
ChroMtogrnpk Dotoctor Efftcloncl*« 

114W 
ftmoo-11* 
CCI4* 

Kfficlaocy 

0.44 

0.50 
0.30 
0.40 
0.66 

*UMd to d«t«rHdna •wvl« volumn* {••« 2.5.it) 

la ^tt«vtlng to vorlfy thw« •fftdnnclo«, it w*m «oeed tb»t May «wrt 

▼«xlabUs am lavolvad tten Mai «atlclpatad.    Tha valnas in T«bl« 6 

«or« uaad to obtnia all coacaatratloa« Mportad te th« Appandlewi. 

Efforts at« contiauin« to wrlfy Umllock,• «fflctaacla« for thl« parti- 

cular lastruMRit «ad oparatlag procadara.    If al|alflc«Bt chaaf«« 

result froa thl« vork, tbay wUl ha raportU. 

Cryotrap« «ar« r««wad fim tha 4mnr «ladt« la th« lÄorat«fy «ad 

aaint«inad at « reduced taaparatura «Ml« the copper tube was cot 

belcv the crl*p.    4 fiaa-tlght fitting alth a «eptusa «a« pieced «war 

tha opea end «nd th« ««Mpl« «•« mamA to ««bient teaperatitre.    4 

hypoderalc syrlase ^«w» «••^ t0 ,,lx 6 ttc 0' **** tt4*«*1» •*** ^^ 

air vaeple la the cryotr«? («boat 1 cc) untiS, th« saapl« aa« «|alll- 

br«t«d with t »a nttrofea.    flw cc of the düfeattit «aa^le ta»« than 

withdrwe in the eyrtag» Jud iaj«ct«d into t$g« alii&wdttafr«^ ealnae» 

4« befo?mt the «aoam: ef tracer <12l2 m& 11*82) «oataiaad in the 5 cc 

«miiln—'i^n««« Au^äk ■■■B—ill mmmi ■ 
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•«■pi» WAS MMurttd. To obtain th« origin«! conc«ntr«tlon In the «It, 

th« «ifoctlv« volume r«pr«8«nt«d by th« »anpl« h«d to b« determined. 

2.S.2 Cryotr«p Voluac Dttcrmlnntlon 

Bffoctlv« ««apl« volu«*s w»r« d«t«mtcMKl Indirectly by ■««•urlng 

th« Fr«<m-ll (CCljF) *nd c«rbon t«tr«chlorid« (CC1A) conc«ntr«tlcm« la 

e«ch ««apl«. Air concentration« of  both •ub«t«nc«a «ay b« asatmed con- 

stant ov«r th« tins and «pace friuw of this experlmnt and both are 

electron «beorbere that era readily ««petated and «eaeured by the ««a« 

coluem Mt«rl«l u««d for 12B2 and 114B2 «nalyel». Maaaured background 

concentretlon« averaged 7.6X10"11 tc/cc for Freon-ll end T.OalO'11 for 

CC14. All four «ub«t«nc«« h«v« boiling po'. ta i«ll «bov« th«t of liquid 

nltrog«n (-196#C) or oxygro (-183*C); 12B2 boll» «t 22.8,C; Preon-il «t 

23.8*C; 114B2 «t 47.3,C; end CC1A «t 78.8
#C. For purpo««« of calcuUtlng 

«ff«ctiv* VOIUMM, It ««• «seuMd th«'. 12B2 follow« the behavior of 

Freott^ll to the cryotrap procedure «ad 114B2 follow« CCl^. Fractlon«- 

tlan between Freon-ll end CCl^ w«» «laoat always 1««« th«t a factor of 

two a« c«n be »een la figure 14. 

The effective voluwe r«pre««nt«d by th« ««npl« in1«st«d into th« 

chrowatograph, with Fr«oia-ll a« th« «t«nd«rd, is 

"«ff "-^—   'toj 
b 

Bq. 1 

irttere C^, 1« th« wn^fttred <«mc«tttr«tlon of Fr«oo~ll In the «««pie 

C^ ic »He background conc«ntr«<:ion of Freon-ll to th« «tiMwphere 

vtoi l* t'*i 1K,lwm ot tb* ^«c*«* •«■pl« (o«u*lly 3 cc>. 
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tot «ach Mnpltt injcct*d into th« chcovAtograph, the «aeauurad waount of 

12B2 (cc) «as divided by th« «ffectiv« VOIUM (ec) to obtain tha 12B2 

conc«ntT«tion is the eabient «ir originally •«apl«d. A iilail«r calcul«- 

tioo we« «ttd« for each eaaple, using CCl^ es a standard, in order to 

determine the ^ffectiv« voluae end concentration of 114B2. 

The vatios C^/C or Vtff/Vlnj represent the eff«ctiv« cotuMatratlag 

factor acaieved by eryotrepping as subsequently dlainisoed (aised with 

5 ec of 112) during reaovsl of the saapl« fro« th« cryotr«p. Concentra- 

tion factors vith respect to Preon-U sad CCl^ are plotted in figere 14 

for all eryotrap sestples. The scetter in the dit« Indicates that a 

high degree of praeislou cannot be «xp«ctod with th««« «xpsrlaftatal pro- 

csdures. In g«neralt concentration factors appaar to be slightly greater 

for CCl^ than for Freon-ll but only e few points «how «ore than a factor 

Oi two difference. Tha line of one-to-one correspondence and the factor 

of two rang« ar« shown. Th««« data Indicate an average conc«ntr«tio« 

factor of about 20. Pre«uaably, if th« eryiitr«p volua« war« S a« rather 

than 1 cc, and the saaplee could be introduced directly into th« chrca- 

atograph without dilution with fy  «a «varag« concentration factor of 

alaost 100 should b« achlavad. To dat«, concentration factors up to 80 

have beau «ttain«d in laboratory acperlaente. 

If auch largfti saaples ware colloctad und«r rigid proc«dure« with 

«11 dilution« avoidad. It appaar* that a two~9tag« eryotrap procadar« 

aight «ohlava concantratioa factor« of 1000 or «or«. This al^it b« 

achlasad for eaawpl«, by fi'.st cryotrapplng into « 1 liter containsr, 

«llmKiag th« nltvagsa «ad oagfyea ta boll off, and than cryotrappiag 

the rawnlaiag «ir and ttaca ceasrtsltwwt» lato a S ec trap. It is 



mum 

pltsaami  to ccmtlnu« mcpmximnta  (not ARPA-fundod) with this «id oth«r 

coocintrating tochnlqu«« to dotoniitMi tho practicol llalt» of concen- 

trating 12B2 and 1UB2. 

2.6 Anaiyala of SFft PIUM Data 

lalaaaa, aaapllng and analyais of SF6 war« ganarally auccasaful 

and yood definition of the pluaa wee achieved both at the ground with 

tliw-lAtegrated eaaplea and aloft with nearly Inetantaoeoue croaawlnd 

profllea. As might be expected» ecwe difficult lea were experienced In 

the first field trial of the two new tracer«, 12B2 and 11482. Raleaae 

of 12B2 «ae «ueceeeful althou^i the release rate was about one-half the 

plaaMd rate. The aejor problea with 12B2 wee the Inability of the Seran 

bags, used for ground-level Integrated aanple«, to retain thla tracer ^ 

(or il4B2). Very little data ware obtained with 114B2 beceuee of thl« 

probl«« end the relatively abort release achieved with thla tracer. On 

the positive eld«, both tracer« were eucceeefully cryotrepped and both «ere 

detected et the «oet dlatant «anpllng arc (about 90 Ira downwind). 

Since the SF^ aaapllng data set was the most qonplete. It was used 

for analyses of plune behavior which aw auMBarlsed in this section, 

gvaluatloas of lUß, 11482, end 85Kr data wsr« node, wherever poaaible, 

by comparison with SP6 data and results ere preeented in section 2.7. 

2.6.1 Nsterial la^joee Calculationa 

<hwmd-l«v«l coocenuatlaas of SF6 collected la Seran beg» over the 

entire duration of pljne pseaagc on each arc era listed ia Appendix A. 

Croaawlnd concantratioa prof Use on «*eh arc ar« plotted £B flgcnrea 15 

and 16. Thar« WM a surprlalnely steep drwp la pnait concentration fren 
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arc A (6 ka dowmrind) to «re B (IS km),    Thm  co«p«r«tlv«ly long •«■pllng 

duration on arc B (••• Appao-^lx A) can account for only a noil part cf 

thi« dacraaa«. Paak concentration« on arcs C and D (about 47 «ad 89 ka 

dowmrind, raapnetivaly) war« only slightly 1««« than on arc B, although 

th« tiaa-avaragad plus« had broadanad conaidarably. 

Tha total aaount of SF. that paaaad aach arc hatwaan tha ourfae« and 

a haight of 30 aataro, was calculated assuming uniforn concantration in 

tha yartieal within this layar, a «aan wind spaM of 11 nj—c,  and using 

tha «irsraga saapling durationa on ««eh «re (torn Appendix A. 

(  ul«ted «aounts, in grass of SF,, «r« as follows: 

Arc A  7,6xl03 

Are B  T.&dO2 

Are C  1.64S103 

Arc D  1.74S103 

Tha aaouat of SF6 p««si&g through this Isyar would b« «cpaetad to dacraaa« 

•lowly with dlstsnca «« th« pitas «in« upward to incra««slng haights. 

Tha data again show a larga dacraaa« fro« «re A to «re B «ad «van aor« 

surprising, «n ineraaaa of «bout « factor of two «e «re« C sad D over th« 

tot«l «t «re B. The are B «urf«c« caapllog d«t« appear to ba out of lias 

but th« r«««on« for this b«bsvior ara not r«adily «ppar«nt. 

Crosswiad profil«s obtciarl with th« sirborn« ehroa«togr«ph (Appandis 

() war« u««d in conjmction with th« grooad saapling dat« in an «ffort to 

obtain a cos^lai^ «wtarial balanca «t ««eh ar. . Clwan tha aircraft nfmi 

on aach saapling ran (froa radar tracking dat«) «ad the aaan wind «p«ad 

i loft (U a/«ae; fro« t«tro«ö tracklag d«t») th« craaawlad iat«gral af 
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•Mh proflU OWT «re« A and 1 ••• uwd to clculat« th« total sr6 

paaaing throush a 30-«atar Uyar cwtarad at aach aa«plint altltuda. 

It «a« nacaaaary to aoauM that aach aaatly inatantaaaoua profila ia 

rapraaaotatlva of tha concantratloua durlai tha antlra 3-hr parlod of 

pita» paaaaga. Staca only oaa aircraft «aa uaad, alwltanaooa profllaa 

at diffarant altlt«daa could not ba ohtalaad, furthar adding to tha «n- 

cartalatlaa In «atarl^l biklanca calculationa. Tha raaultlng vartical 

profllaa of tota* «F6 par 30-a»tar alUa at« arc A «d arc 1 ara ahaw 

In flguya 17. Each point plottad rapraaanta a alagla cro ^Ind prof Ha 

«capt that at 600 «atara ovar arc A, ahlch la ar avaraga of tw profllaa 

(1.3x10* and 1.9K10* g/30») taka« 8 «lauttaa apart.   Thla Indlcataa that 

fluctoationa of at laaat 501 occurrad in tha croaawlnd Intagral at a 

givan altltuda at arc A (only 5 «Inutaa traval tlBa urn tha aourca). 

Such fluctuatlona laava tha actual ahapa of tha ^rtlcal profUa vary «ch 

in doubt. Roaavar, it ia claar that tba plu» h^ «ixad upward to «aarly 

* M«d t« e*mr  1500 Mtara at arc ». Ho trarar waa datactad 1000 aatara at arc A aan to ewar ww ^t»»» 

at 1000 «ata-e abova arc A (crjwtrap data ronfl« tha nafativa rtault 

obtainad with tha alrborua chroa*tograp4i>. tha t«p of tha plu« at arc K 

ia uncartaln alaca hi»i concaatratlon» uara found at tha highaat a^iiai 

altltuda (1450 ■). 

lutagrating tba araaa uaiar th« vartleal profllaa, tha total 8F6 

m calculatad to ba 4,O7K105 g ******* arc A ««I l.OtelO5 g paaalng 

arc i.   thla co^azaa with tba **•* »f6 «Uaaa of 275 Iba or l.25sar g. 

Tha intagral c-lc«Utad « aw A la «Wfa tha« 3 mm ^ ^taal raiai*a 

«a^.   8i»e« tin aaavllng •*«* ««• ^l^** *» *• «awwa^ »• meh bas:»«r 

tha» a factor of 3, It U coßiwtur^ that plaua fluatuatUa» 1« tba 

MfrMMManaHMMKMMnnnM 
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vertical were too lar; ,e at this closest arc to permit an accurate Material 

balance with the linrt.e^ number of instantaneous profiles obtained aloft. 

At the distance of arc B the instantaneous plume may have been more uniformly 

mixed in the vertical and a much better result was obtained. 

Aircraft sampling on arcs C and D was curtailed becauae of strong 

winds which shortened the available sampling period, and the need to make 

two landings» one for refueling and one to replace a depleted battery. 

Sampling tracks were flown across the plume at 2 altitudes on both arcs 

A third sampling run, at about 1000 meters altitude on arc D, J*S  apparently 

made just after ehe tall end of the plume had cleared the arc. 

Cryotrap samples and Chromatograph profiles ware taken at intervals 

during each flight across the plume since the pluee width waa too great, 

at there distances, to be encompassed in a single sample period. Details 

of the sampling on arc D are illustrated In figure C-l in Appendix C. 

Information from ssvaral cryotraps (12B2) and Chromatograph profiles was 

pieced together 'M estimate the crosswind integrel of SFg at each sampling 

altitude. Results are shown in Teile 7 along with the integrals previously 

obtained by surface ormpllng. 

Teble 7 

Crosswind Integrals on Arcs C and D 

Altitude 
Arc  (Meters above ground) 

c 275 

c 330 

c Surface 

D 225 

D 440 

D Surface 

Crosbwind Integral 
(gram of Sf6/30 mstcrs) 

1.61xl03 

l.48xl03 

l,£4xl03 

l.MxJO3 

1.45xl03 

1.74X1S3 



A7 

It ie Intsrcatlttg to not« that th« two aircraft saupllag runa on 

arc C wara «a^a about an hour apart. All tha data ahow esaanttally tfaa 

aaaa croaavlod integral, at avaraga of about 1.6xUr g/30m on both area. 

If «a aaauaa tbia valua raaalna unlfom with altitude, a pluna top at 

2340 aatara would giva tha propar aatarlal balance (total of 1.25xl(r g 

of SP,). Thia height appaara raaaonable whan compared to tha height of 

at laaat 1800 aatara aitinatad at arc B and in liuht of the fact that 

aurfaca air concantrationa changed very little fron arc B to arc D. 

2,6.2 Eatlnatea of Croaawind Standard Davlatlon 

Batlaatie of tha nroaawind standard deviation {&')  of tha pluse 

ware calculated ttom the ground aaapllng data (figa. IS and 16) and tha 

airborne Chromatograph profilea. With tha strong winds and fairly strong 

inaolation, stability conditions during tha exparimant wara eettnated to 

lia between Pasquill categorlea C end D (slightly unstable). Curvea of cry 

aa a function of plume travel dlatrnca for theae conditions are shown in 

figure 18 along with the values obtained in this axparlne   Theae curves 

aa preaented by Turner (6) were extrapolated from experimental data 

largely confined to travel dlatancas of a few to with sampling durat .one 

on tha order of % «;.autes. The aircraft profilea repraaent neerly inatan- 

tamaous "ampshotc" of the plume while tha ground aemple profilea repraaent 

the result ot suparimpoaiug ».uny auch "anapahots" taken over a ^-hr period, 

tbua incorporating the affects of plume meander at each arc. Aa expec ad, 

the aircraft "anep»>hota" yield relatively raail valuea of oy and the tiaa- 

avaragad dlatrlbutlone yield much larger valuea. 
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Ttm point« lodlcated by cross«« (3-hr «aapl««) w«r« c«lcul«t«d 

using « «tsndard fonmiln for the r;«nd«rd devl«tion of « frequency 

dl«trlhutlon: 

«jy2 - r1  - (T)2 

where y2 »   ixy /JX 

(f)z - (Exy/rx)2 

eq. 2 

end value« of y (croscwlnd dlstence) end x (concentretlon) «re dstermlned 

et unit Intervale of y. 

The oy'« aeaeured for the 3-hr saopllng duration at arcs A «nd B 

«re larger th«a tho«e estlaeced for 3-nlnute ««atples (represented by the 

reage between curve« C end D). However, the oeesurcd 3-hr value« on 

«re« C «nd D appear to approach the 3-nlmite expected value«. This aay 

result fro« the uueiutlly «nail eaount of plus« asunder during the 

«xperlaenti as the dlf t, ^Icn cowponent of the horlsontal spread grew 

larger with Increaalng distance« the coaponent due to pluae aeander 

beceae lees slgnlficent. 

Since oy valt ee «Manured In dlffuel A experlneat« are veu. lly 

applied to a Gaussian pluva nodal. It if» Interasting to eempute oy frost 

these masursasnts, aseuadng e Gaussian distribution. Ooder thie 

assuaptlon: 

07 m 3fsn •«•3 

where I is the Measured croeswind Integral (area under the curves la 

flfzrea 15 and 16) and 4 1» th« aapiltude or peak concentretlon. 
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Th« solid triangles plottad In figure 18 rsprsssnt ay values cal- 

culstad fro« aq. 3. Presuaably a Gaussian pluae aodel would better 

reproduce the observed peak concentratlona using these "effective" 'Ty 

values. This rsises a question aa to the aoat efficacious way to derive 

oy eetiaates froa sxperiiental data where dletributiou» sre not truly 

nonaal. Basults for the two siethods illustrsted h*. i differ by »ore 

than a factor of two on arc B 

The standard deviations fro« aircraft profiles (open circles) were 

derived fro« eq. 3. Nusbers in parentheses indicate that 3 separate 

profiles gave the indicated ay value. On arc« C and D the plum« was too 

wide to obtain oy eetlaate« frow sirbome ssa^ling. 

2.6.3 Calculated and Maasured Peak Concentrations 

Peek ground level SPg concentratlona expected fro« a continuous 

Gaussian plune «ay be calculated at each .nnling arc fron 

3L  exp 1-1/2 (1L) ] 

where x " »%**,t concentration (g/e ) 

Q ■ eaiasion rate (11.6 g/eec) 

u - «sen wind speed (13«/sec) 

H   -    initial plows hei^it  (76«) 

oy, c«   •   horlsoatal and vertical standard dsviatiens («) 

Estioated values of ay end az (waters) for stability conditions 

nid-way between Peequill categories C and D are (6): 

eq. 4 

• 
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Arc 

B 

C 

D 

420 

1100 

2600 

4500 

0« 

170 

380 

750 

1100 

Thus« o V«1U«B. bM«d on «pproxiantcly 3-«ln •aspllng data ware 

uaad la aq. 4 to calculate tha 3-«ln paak concantratlon plotted (croaa 

la circle) 1« figure 19. Although tha ralatlonahip between concentre- 

tiona obtained over different aaapliag perlode la complex (dependent 

on the relative effecta of turbulan' diffualon and trajectory meander) 

theae value« am le edjuated for a 3-hr aaapllng period ualng an approxi- 

■ate relationahip» «unseated by Turner (6), baaed on axperlaental data 

.17 
Xa-Xk /^ 

(^) 

«q- 5 

«ntre t la aapllag period and the oubacript a denote« the dealred period 

end k demote« the period for which the concentration ie known. This 

Indicete« 3-hr peak concentrationa would be one-half the 3"«in valuaa. 

Calculated peak ooacentretione edjuated to a 3-hr aexpling period are 

plotted «a e eolid curve in figure 19. The deehed curve glvea the peak 

concentraclona fro« the ti»e-lategrated ground «eaplea edjuated to a 3-hr 

eeavllag period (concentrationa eultlplied by the ratio of actual «««pling 

period to 3 hre). The ahapea of the two curve« are quite different. 

Maaaured ead calculated peak «soeentration« agree mil  at arc A but the 

neaeured peak at arc » ia «ore than a factor of three lower than the 

calculated value. Ihla dir£«re»«e appeer« -y ie the reeult of «uch greater 
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v«ttic»l 8pr«*dlag of the plua* at arc B than acauatd In tha calcula- 

tion*. Aa aantloaad ««rllar, aatarlal balance calculation» nuggaat 

that tha vartlcal »praad of tha pltnw ineraaaad only »lightly fro« arc 

B to arc D. Aa a raault» tha calculatad and Masurad concantratlons 

agraa wall at arc C and tha ataaurad paak at arc D la actually hlghar 

than calculatad. dot« that tha «djuctad (3-hr) paak concentration on 

arc D 1« slightly graatar than on arc C. 

Calculated 3-nin concantratione any be coapered with tha peak 

concent rat lone observed in approxlaately 3-aljo cryogenic seaples at 

tha ground (crcaeas) and with inetanteneoue peak concentrations obtained 

In the aircraft pluas profilaa (open circlee). Calculated and wesured 

peaks agree within about a factor of two except for the ground-level 

cryotrap on arc B. 

2.7 Trscar Iritarconperlsons 

Direct cofiparleon of 12B2 and 114B2 concentrations with SF6 was 

prevented by the failure of the Saran bag aaaplers to retain the 

fluorocarboaa. However, Indirect coaparieoaa of 8F6 «1th 
85Kr, 12B2, 

and 11AB2 were aede wherever poeslble. 

2.7.1 Coaparleon of 85Kr with SF, 
a 

85 
Whole-air aaaplaa (belloona) analysed for  Kr and Saran baa eaamlas 

eaalysad for SF. were available at tha poaltlooa llatad la table 8. Both 

ayataos »eapled conelnuoualy during tha tlaa of ploBM paaaaga and wire 

turned on and off at the asHe tls». Tha expected ratio of 85Kr pCl/SCM) 

to SF^ (10  cc/cc) Is 55, baaed on the releaea aaoucta (background 

of IS pCl/SOf was suhtreetad ftom   ^Kr valoaa) ■ Sea» dwvlatlon fro« 

this ratio would be expected fcacsnae of a difference of a few «Inutes 
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la the fmyctiy* rslMUM periods «ad devietioo* trom tbm avers«« 

retee («bout ±35X for 85Ir).    Thl« canaot expl»la the Urge di«crep«iicie« 

«t »-4 «ad C-3.    CryofMtic »««pie« «t *~A •ait««t th«t th« SF6 ««««ured 

«t th«t poBltloe i« low by «bout « f«ctor of 2 but «djustwmt for thl« 

would «till l««ve e di«cr«p«acy of «or« tb«a « f«ctor of 2 la th«     Kr/8F6 

r«tlo.    At C-3 there la nothiag to indie«t« which a»««ur«««at 1« correct. 

85 Kr «Ight have been loat during collection or l«t«r handling of the 

Saapliag 
Legation 

A-4 

table 8 

Conparieon of 85lr «ad SF^ S««pl«« 

■12ei 
85sr 

C-3 

C-6 

1365 

324 

Background 

281 

142 

(l(rl2cc/cc) 

29 

1.2 

1.1 

8.4 

3.8 

85Ir/8F6 
Ratio 

47 

270 

33 

37 

2.7.2 Cryo^nic Saapling Saeulte (12B2 «ad 114B2) 

Cryogenic «««pllng we« Intended only to «upunt the «ore precise 

d«t« obt«lned fro« Saren bag collections et the ground «ad the 3*^ 

profiles aloft, «hen the Saraa bags failed to retela th« fluorocarbon«, 

the cryotraps t»cea> the only source of data on 12B2 and 114B2 coneea- 

rration«. 

Cryotr«p s««f»les wer« t«k«n «w»ry fifteen «isute« «t on« location 

oa each sealing arc (3 locatio«« oe arc C). Data are provided io 

B. An tllttstration of the pluas coaceatratlon fincfeiatl««« with 
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tlw at a flxad twwp.Ung poaltlon (C-6) Is shown In flgur« 20. When 

duplicsts ssaplss wsrs taksn, both ths rang* and tha aaan are shown. 

Slwltsnaous cryotrap sasplaa were taken otce each hour at the 

saapllng positions listed in Table 9. Saskia pairs are listed only 

«hen at leaat one positive reading was obtained. Ir. general, the 12B2 

saapls pairs reveal the lack of precision inherent in the cryotrep 

techniques used in this experiment. Although sons psire of siaultaneoue 

saaples show good agreei«ent, others differ by a factor of 4 or «ore. 

Tvo steps in the ssapling end analysis procedure are believed to have 

reused aost of the trouble. First, allowing most of the Oj and Ng to 

boil off before crimping the cryotrap may have allowed fractionation 

to occur; that is, different fractions of 1212 and Freon 11 may escape 

from the trap. Thia problem may have been most severe with the duplicate 

samples because of the difficulty in handling two samplee elmltaneously. 

The 1212-8P6 coaparieona (Tables 10 and 11) show better egreeaeat then 

the duplicate samples. 

Only 2 pairs of 114B2 simultaneous meeiuremsnts ware obtsined 

but they show agreement well within a factor of two. Baaed on release 

rates, 114B2, »hen present in a sample, should show about twice the 12B2 

concentration. 

to indirect coaparieon may be made between 12B2 and SP^ concentretione. 

At those sampling positions whers cryotraps were cek*n, the SP6 in the 

Saraa bag collection can be used to celculate the average 12B2 coocentretion 

during the colltetlon period (12l2/8f6 - 0.53). By ave^ragin« the cryotrap 

conceatrations taken every 15 mlnutee during plums paaeege. one can aleo 
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Tabl« 9 
Cryotrap Saapl« Etpllcat«» 

(Gtound-L«v«l Sonplc«) 

mn. 
1320 

12B2 
{ir11 cc/ce) 

13.6 
29.4 

57 

L4B2 

A-4 

A-4 

1420 

1520 

5.9 
1.6 

0.11 
<0.15 

B-4 1500 18.1 
14.1 

C-4 

C-4 

1330 

1430 

6.6 
2.6 

' 0.77 
<0.21 

6.2 
5.1 

C-4 1530 
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•stiaat« the «vcrttge 12B2 concentration during the Saran bag collection 

period. Results of these two «stiiiates ere costpared In Table 10. 

Telia 10 

Covparlson of Cryotrap Saaples (12B2) with 
Tiae-Integrated Saaples (SF,) 

Saaple 
Position 

A-4 

B-4 

C-4 

C~6 

C-8 

D-3 

Esti^.ed 12B2 Concentration in Saran Bag 
(10-12 cc/cc) 

FT« Cryotraps 

18 

1.2 

0.58 

3.1 

Not detectable 

0.30 

in bag 

16 

0.64 

0.75 

4.5 

Not detectable 

0.43 

Agreement is rather good in every case. This msy indicate that while 

the cryotrap procedures «ere subject to rather large random errors, as 

indicated by the duplicate saaple results shown in table 9, the average 

of e aeries of cryotrap"? was much more reliable. 

On arcs A and B, individual aircraft Chromatograph profiles of SF^ 

and cryotrap samples (12B2 and 114B2) both encompassed the entire plume 

cross-section. Since the cryotraps sampled for a longer period (1 to 

3 minutes compared to 46 seconds) th* cryotrap concentrations should be 

lower than the average concentration in the corresponding SFg profile. 

The SF. profile area («ec cc/cc) divided by the cryotrap duration (a«c) 
o 

for each pane gives the expactat» SF( (or 114B2) concentration in the 

cryotrap. Adjusting for release ratas by multiplying by 0.53 gives the 

expected 1212 in the cryotrap. Tab!« 11 compares the measured 1282 and 
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1UB2 cryotrap concentration» with th« expected concentrations calculated 

fro« the SF6 profile«.    Baaic data are provided in Appendix C.    The agree- 

iient between aeaeured and calculated valuea la surprisingly good con- 

sidering the •mcertaintlea involved.    The oneet tiae of cryotrap sampling 

(after the cryotrap was laaersed in liquid Nj) la known t« *•: -a been 

variable and the flow-rate into the trer after aaapllng began wa« not 

uniform.    In the rapidly changing concentration field encountered at 

the aircraft traversed the plwae, la la eat lasted tlv.t theae factora could 

affect the «eaaured concentration by i30 percent.    C*her uncertainties 

involved in the cryotrap sampling and analyala procedu-sa have already 

been diacuaaed. 

2.8   Conclualona 

"ihla flrat field teat of Inatruaentatlon and techniques for release, 

saMpling and analyala of two new ataoapheric fracers achieved auat of Its 

objectives.      Peaalblllty of a sinple    Inexpensive cryogenic saspling 

procedure for fluorocarbon» 12B2 and 114B2 has been denonstrated.    Concan- 

trationa down to 4 parta In 101   of air ware cryotrapped in the field and 

Measured by an electron-capture gaa chroaatograph.    Several problaiis wate 

uncovered which indicate the need for further deveTopaent work before r 

coapletely aatiafactory aetecrological experiaant can be conducted with 

theae trocere. 

The aoat covplete aet of data was obtained with the srb tracer ualag 

previoualy tested technique».    The use of an alrboru» chroaatograph 

preatly enhanced the inforaatlm obtained by ground-level saapllag. 

Saeulta, probleas encountered, and araaa where further developaent 1» 

needed» arc auaearlaed below. 
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2.8.1 Plua» Tran»port and Diffusion 

Pluae trajectory sad  borl«ont«l spread war« wall dalinaatad to a 

dlataaca of alsoat 90 k« by ground-laval SY6  sanplefi and airboru« chro«a- 

tograph profllaa. Badar tracking of tatroons launched near the tracer 

rele»'-> point proved very useful In locating the narrow plus» and direct- 

ing aircraft eampllng- Dependence of the horUontal atandard deviation (cry) on 

sampling duration is clearly seen in coapering instantaneous values fro« 

airborne eaapling with iong-tere average values fro« continuous ground- 

level saeples. More such data are needed to develop a functional reletion- 

«hip dependent on atability, wind speed, and pluM travel %*** or distance. 

Another problen enccKintered in the analysis involvea the eat lust ion of 

oy frow exi^r-«—«ntal data that are ncn-nornaXly distributed. On the 18-kn 

arcr for eauB^l«, oy of the actual croasidnd diatribution at ground level 

differed by aore than a factor of two fron the oy obtained by »s «unlng 

a Gaussian distribution. Since axperinentwl values are Intend« 1 for uee 

In a Geueaiaa pluaa aodel, it aeena logical to use the Gaussian assuwp- 

tion In eetinating ay ttom piua* concentration data. It is suggested 

that «ore attention be given to effecte of aanpllng duration and nathode 

of eatl» ''"g oy so that aacperlaental data fro« Hftmizzt  studies could 

be placed o i a truly cowpetibl« basis. 

Sailing profiles aloft indicated that the plum had «Ised upward 

to nearly 1000 «stars at the 6 k« arc but the calculated total anount of 

8f6 paeeing tki« arc was abont a factor of 3 toe Wjb i*wn Mastered t» 

the r^ieaae aaouat. This sugfeats that the lastantaneows pluns waa not 

spreed through the 1000 nster Uyer, bwt rather, s «ore narrow plftn» 
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experienceJ vertlcel oscllletlonB within the layer thet reeuited in an 

unrepreeentetive vertical profile being obtained fro« non-fiwultaneoua 

croaavrind profilea at different altitudea. Thia hypothaala could be 

checked with another tracer experlnent under similar meteorological 

conditiona, uaing several aircraft to obtain a weri*» of  aimiltaneoua 

profilea at aeveral altitudes over the arc. Another poealbillty might 

be to visually observe and photograph a plume of flmoke or dye under 

similar conditiona. 

Croaawind profilea and material balance considerations suggest that 

the plume had spreed fairly uniformly in the vertical» to about 2000 

meters at 18 km and e>ottt 2300 »mtera at 40-90 km. Unfortunately, with 

strong winds blowing tha plum rapidly p«at the arcs, there waa ineuffi- 

clent time to directly eatabliah the altitude of the top of the plume 

beyond the flrat arc. The uae of two aircraft in future experiments 

of this type would involve little additional expense, while greetly 

enhancing the prospects for attaining all objectives of the experiment. 

2.8.2 Tracer Release, Sempling and Analyeis 

Several problems were encountered in release, sampling and analysis 

of 1212 and IW12. None of theee dlffioultle» appear to be ioaumBuntabl«. 

There were no serious problems in the release of SFft or 12B2. How- 

ever, release of 114B2 waa terminated wbiin the dispensing pump failed. 

Thia was a Mechanical problem that should be overcome by equipment changes. 

Saran bag sample collectors that worked wall with SF6 were fo«id to 

retain 12B2 «ad 114B2 very poorly. It la likely that some other plastic 

will prove fttttable for theee ttacers; ottarwis» a different lon»-t«tm 

eempling eystem would have to be divJamd. 
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A tetter control!«* cvfotrmwta% tochalquo should b€ dcvslopod. A 

controllod rciMM, In th« 1/iborntory, >f th» O2 and H2 In thn cryo- 

tmpiMMl Maple would bo profovabl« to boiling off thooo coMtltuonto in 

th« field, u Inrgnr cryotr^», *t Unnt 5cc, »hould bo u*«d. Procoduro« 

for «chioving grü*t<:r concontrntlon of th« aoBpl« should be invostigatsd 

further. In ptituO.^ », « ajossttmtiat factor of iO3 seeae sttkiAible 

by s 2-sti|B cryotrep procedure ee swggssted la section 2.5.2. This 

could extend the tsqp for detection of these tracers to 1000 km or «or«. 

The airborne chroMtogreph ie being further developed st IreehlMven 

to perwit continuous oaapling over any desired tine (by «uto«aticaUy 

switching chroMtographic coluans during b«ckf lush). This darrelopisent 

«ill greatly enhance ita usefulness in mteor.. .ogical tracer work. Bom 

additional work would be required to adapt the instrwaent to 12»2 and 

1UB2 rather tha« (or Sn addition to) Sf^. 

Finally, the efficiency of a gee chroM&ograph for a given trace 

coaqtouad can be precisely established (4) so th«fc concentration weasure- 

•sots are absolute. Lovelock*» calibrations for the lastn«ent used in 

thi» «sporiamt hss« not yet bam caaflmed. ICfcwrts to tesolv« this 

problen, in coneultetion with Lovelock, «re «mtinwlng. 

2.«.3 feasibility of Laoff-*««» iKperii^ats 

If the difficulties brought to litfit in this field test «» be 

overeoae by further developusnt work, it nay be feasible m use Sbes« 

trscers for e cross-country dlfftutfon «npertoant. Assart^ th«t « 

2-«t««» cryotrap or SCM other eoaeentratia« procedure «sowl^ lowwr th« 

d«t«ction lisdt to n few part« la llP •£ «Ir» the «awant of tracer 
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needed for m croee-cotmtry experloent wo»Id depend on the existing beck- 

ground concentretlon in the -taoephere. EetiMted beckground concentre- 

tione end celculeted trecwr eMunt» required for e croee-country experi- 

aent ere ehown in Table 12 for sr6, 114B2 end 12B2. Beckground veluee 

for 8F6 ere beeed on ectuel naeeureMtnte which indicate greet veriebillty 

due to aeny large locml eourcee. Beckground velues for 114B2 end l''-B2 

ere beeed on the eaeuaptlon thet the total production to dete resides in 

the etaoephere ead ie uniforaly distributed. This essuaptlon eppeers 

reesoneble for 12B2 but laforaetion fro« Dupont indicetes thet iUB2 is 

probably daotroyad in use end background concentretlon« aey be coaparable 

to 12B2. Bsckground aeeaure«»nts should be etteaptad when en edequana 

concentretlon technique i« developed. 

Tracer raquiraaents were celculeted essualng a 12~hr releese 1« the 

western U.S. sod tout deys travel tlae to the east coast where the deeired 

peak con antrat ion in e 12-hr seaple is 50 tiaee background. Awunte 

required par eaperlaent v iry fro« ebowt 1000 lb of 12B2 to swro than 17 

tons of 81*. The tracer cost of about $6000 per experlaent weald aake 

the use of 12B2 feasible. If the background proved to he a« low aa 

Dupont beiiaves, th» cost for 1UB2 would be «bout the sens «s for 1282. 

In suMsry, Sfj is the trecer of choice, at present, for distances 

to seversi hundred ka. however, the hi$*, and rapidly increasiag. beck- 

ground concentration preclude« its use on a cross-country scale. The 

flfkoroearbons. 12B2 and IU12. both appear proalslag as laafXMm 

treears. Background 1« believed to be very low «ad there is a reasonable 

eapectatlon thet aeaeureaent dam to I p*« t» IT3 of «tr should ha 
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posalbl«.    Mori vork is needed on proceUurea for release, sampling, and 

precise aeaaureBent of these new tracera.    bial: procadurea for cryo- 

crapping and Chromatographie analyais of the tracera were aucceaafully 

demonatrated in thla field trial. 

Ir»'«» « |i' ' 
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Appendix A 

Ground-Lev«! SF, Saaplcs 

Aablant *lr was «lowly puaped at a unlfoxa rat« Into Saran bag 

collactors during th« entlr« time of pluae paasage at «acb arc. Sine« 

th« ««npler« had to b« turn«d on and off manually with limited manpower 

available, »ome sassiers operatad much longer than other», thus diluting 

the coll«cted «ample concentration. 

Sampler« marked with a star on arc D operatad for lea« than the 

full period of plume paasage due to mechanical trouble. Sampling time« 

at these positions (D-l, 2, «nd 8) ar« uncertain and results «r« doubtful. 

ND indicate« SF6 was not detectable (le«8 than about SxKT^cc/cc). 

Ground-level SF^ «ompling data ar« plotted in figur«« 15 and 16. 
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Table A-l 

Ground-L«v«l SF, Saaples 

(Saran Bag Collactiona) 

Saapla 
Location 

A-l 

A-2 

A-3 

A-4 

A-5 

M 
A-7 

B-l 

B-2 

»-^ 

B>4 

l-S 

1-6 

»-7 

1-8 

i-9 

Tine 

fin-. 

1234 

1228 

1221 

1211 

1204 

1158 

1149 

1207 

1200 

1206 

1224 

1145 

1135 

1132 

1125 

1118 

(MST) 

1722 

1716 

1709 

1655 

1647 

1642 

1632 

1825 

1813 

1805 

1755 

1747 

1730 

1720 

1707 

1615 

Saapling 
Duration 
(Minutea) 

288 

288 

288 

284 

283 

284 

283 

378 

373 

359 

331 

362 

355 

348 

342 

337 

A-2 

SF6 
Coucentreticm 
aO-12cc/cc) 

4.9 

28.7 

140 

29.2 

0.6 

ID 

0.7 

HD 

VD 

1.2 

9.0 

1.3 

0.7 
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Table A-l (con't.) 

Sanpie 
Location 

C-l 

C-2 

C-3 

C-4 

0-5 

0-6 

C-7 

C-8 

C-9 

D-l 

D-2 

0-3 

D-4 

D-5 

D-6 

D-7 

D-8 

I>-9 

I>-10 

D-U 

D-i2 

0-13 

D-14 

Tim 
0^ 

(MST) 
Off 

Sampling 
Duration 
(Minutes) 

SF6 
Concentration 
(10"1Zcc/cc) 

1300 1730 270 ND 

1303 1718 253 m 
1309 1710 241 i.i 

1308 1702 234 1.4 

1305 1711 246 6.1 

1301 1715 254 8.4 

1315 1734 259 2.9 

1300 1707 247 ND 

1307 1720 253 MD 

1537 •• 
1742 US ID* 

1245 1545 180 0.7* 

1254 1756 302 0.8 

1300 1802 .302 1.5 

1306 1807 :oi 7.9 

1320 1850 330 3.8 

1329 1825 296 ND 

1646 1825 99 1.2* 

1343 1820 277 ND 

1413 1836 263 ND 

1324 1812 28B m 

125. 1737 2r '»Ü 

1230 1720 2f0 KD 

1219 1705 286 ND 
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Appendix B 

Ground-Level Cryotrep Sarpllns Date 

Cryotrap « were used to take epproxleuitely 3-mtniite seaples every 

IS minutes at the Indicated positions on each arc (aee figure 3 for 

•aapllnt locatlona). Mote that two aaaplea «rare taken slaultaneoualy 

once per hour at each location. Concentretlona are given In parto per 

1012 of air by volum (CC/CC). A saMple waa collected and analysed for 

12B2 and 114B2 for every time shown. Where no concentration 1« shown the 

concentration waa below the detection llalt. The ■dnltai detectable con- 

centration varied fron saaple to saaple, depending on the concentration 

factor achieved with each cryotrep, but the Unit waa usually less than 

5xl0"13 for X2B2 and less than UIO"12 for U4B2. 

Baaed on average sadsslon rates, concentretlona of 114B2 should have 

been about twice those of 1112 when 1UB2 waa present isi the pluM. Except 

for several burete of a few alautea duration. 114B2 we« released only dur- 

ing the flret half-hour of the 3-hour releaae period (see eeetlun 2.2). 

lalatively few senple« were taken when 114B2 waa preaent. 
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Tiae 
(KST) 

1226 

1226 

1235 

1250 

1305 

1320 

1320 

1335 

1350 

1405 

1420 

1420 

1435 

1450 

'505 

1520 

1520 

1535 

1550 

Table B-l 

Gtound-Lavel 

Cryotrap Saapllng Data 

B-2 

Poaltion: A-4 

lot 
12B2     114B2 

Concantration (SJLO"12) 

0.93 

0.66 

13.6 

29.4 

95.5 

165.5 

59.7 

5.9 

1.6 

0.37 

Odl 

M 
0.11 

4.2 

1.1 

0-81 

68.6 

Tiae 
(MST) 

1245 

1300 

1300 

1315 

1330 

1345 

1400 

1400 

1415 

1430 

1445 

15C0 

1500 

1515 

1530 

1545 

1600 

1600 

1615 

Position: B-4 

Concentration (X10"12) 
12B2    114B2 

0.19 

2.0 

18.1 

14.1 

10.4 

0.37 

__-_— 
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Table 8-1 (con't.) 

Position: C-4 Position: C-6 

TIM 
(M8T) 

Concentration 
UM 

(X10"12) 
114B2 

lias      Concentration (ZIO-12) 
(M8T)        12B2    114B2 

1313 IM 
1330 6.6 8.2 1330         0.29 

1330 2,6 5.1 1330 

1345 1345        16.8 

1400 1400         5.0 

1415 1415         4.1 

1430 0.77 1430         1.0 

1430 1430         4.4 

1445 1445         2.4 

1500 1500         2.5 

1515 1515         3.5 

1530 2.6 1530         0.94 

1530 3.1 1530         1.03 

1545 1545         3.48 

1600 1600         2.77 

1§15 1615         4.88 

1630 1630         0.92 
> 

1430 1630 

1645 1645         0.88 

1700 

imtt* Ion G~et Swpled fr<M 1320 to 
««0 O.LfctliT** (UM) «« ü 

1700 MBt$ only positiv» «MsttrMmt 
100 MST. 
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Table B-l (con't.) 

B-4 

Poeltion: D~6 

TdUw Concentration (X10 
(MST) 12B2     114B2 

1400 

*• 0.15 

Moved to Poeltion D-3 

1435 1.6      6.4 

1435 5.3      8.5 

1450 0.38 

1505 1.1 

1520 1.0 

1535 

1535 

1550 

1605 0.04 

1620 

1635 

1635 

1650 0.06 

1705 

1720 

-12, 

mim min— [■■■■rMMMaMMMaMtMBMMBMBWMMgMMMMIMMM^MeMeMeaMIMHI 
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Appendix C 

Airborne Saopling Date 

Cryotrep series (12B2 and 114B2) and chroaetogreph profiles (SF.) 

were teken ea the aircraft aade passes over each arc at several altitude«». 

Cryotrap data are given in table C-l end Chromatograph data in table C-2. 

Seapling altitude« ere given es height above terrein. Approxiaer.« 

seen terrain height (aeters) above eea level at each arc la: 

Arc A 1490 

Axe B 1490 

Arc C 1460 

Arc D 1550 

The aircraft uade nearly straight-line paaaea over each arc. Aircraft 

poeitioos are indlcrted by the nearest ground-aaapllng position on area A 

And I» and eatinated to the neareat tenth of the dlatance between poei* 

tiona on arc C. Tor exaaple, C 2.9 indicatea a position nlne-tentha of the 

«ay fro« C-2 to C->3 («a« figure 3). On arc D5 the straight-line flight 

path departed significantly fro« the aaopling arc ao aircraft aaopUng 

poaltloos are shown in figure C-l. The reader la cautioned that seapling 

tlace fjftd locatlooa are only epproxlaate; not preclae enough, for exaaple, 

to deteraine the pluae tilt with altitude. 

\ 
m™ mmi m 
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Tabltt C-l 

Aircraft Cryctrap Dat« 

N0£S£ 

Laboratory taat« indjlcatad that th« cryotrap began to draw in oot- 

alda air an avarage of 30 •ccoodc after lamrelon Is liquid titrogan. 

Therefor •maple  »tarting tlaea. here given to the nearmt ainutc, are 

aasumd to be 30 aecoode after the cryotrap is iMwreed in the flash of 

liquid nitrogen. SaMple duration is given as toial tia» of ijssersion 

less 30 seconds. 

*Ssapi« 25A: There Is sonc doubt about the location of this 

•aaple due to radio trouble and loss of radar contact. If thr sibling 

path is correct, it indlcatss that the pluae waa not present at 850 asters 

at this tiiM. 

XD indicates tracer war not detectable. 
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Table 0-1 

Aircraft Cryotrap Data 

Saiiple 

Bite» 

Start Saaplo 
Ilae D'jiratiosii 

Altitude 
Above Ground 

(■eter»j.. 
Arc 

Location 

Aircraft 
Speed 

Average 
Concentration 
(10'12cc/cc) 

12B2    U4B2 

21A 1252 90 270 A2-A5 72 24.2 109 

::.7A 1300 90 210 A4-A2 55 6.2 8.7 

23A 1306 90 610 A2-A5 77 34.4 97.2 

24A 1313 60 600 A4-A2 58 23.6 57.1 

25A* 1321 195 850 A1-A7 — MD* MD* 

2CA 1327 135 890 A4-A1 54 35.8 HD 

27A 1336 120 1000 A3-A7 75 m HD 

28B 1347 150 220 B3-B9 66 2.2 HD 

29B 1352 150 260 B7-B2 59 3.2 HD 

30B 1359 120 220 B2-B7 63 2.7 MD 

31B 1409 150 580 B3-B9 68 2.0 MD 

32B 1414 90 590 i7-B4 60 4.3 MD 

34B 1420 150 910 B3-B9 69 1.4 MD 

3?» 1427 105 850 B7-B4 60 2.9 2.8 

3SB 1433 150 1200 B4-B9 69 13.6 KD 

36B 1441 ISO 1450 B9-B3 55 0.70 MD 

37C 1456 105 280 02,9-^.3 51 m ND 

3SC 1500 106 27« C5.7-C8.0 41 1.8 MD 

39C 1505 120 130 E of C9 42 HD MC 

40C 1600 150 310 C7.fr-C5.7 42 3.1 MD 
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TahlA C-l (con't.) 

C-5 

Start Staple   Altitud« 
Saapl«  Tlaa Duration Above Ground   Arc    SpMd 

Average 
Aircraft      Concentretion 

rl2. 

' 

41C 

■ 

4 3D 

440 

45D 

46D 

47D 

1605 

164« 

1630 

1654 

1659 

1709 

1714 

150 

150 

150 

45 

270 

240 

150 

240 

240 

210 

210 

490 

1000 

1070 

C3.9-C2.1 

Sec fig. C-l 

n 

Beat of D-8 

öee fig. C-l 

43 

43 

45 

45 

47 

49 

47 

(10-12cc/cc) 
12B2   ^4B2 

0.36 

3.7 

MD 

1*9 

HD 

MD 

XD 

m 

MD 

MD 

MD 
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Tabl« C^2 

Aircraft cairo«itogr iph Profiles 

Profil« Are« 1« th« lnt«gr«l und«r the tree« of SP6 co«ic«itratlon 

versus tlas (croswrlnd integrsl).    Profile« «r« «callable froa Air 

Resource« Labor«torle«, Sllv«r Spring, Hd. 

Profil« 2Ai    Ki««cd th« plu» (chro«tograph »mpl»d too f«r to 

th    eA«t).    Cryotr«p 22A ««^>led ov«r « lQttg«r int«rv«l and "«sw" the 

plum on thia pats. 

Profil« 5A:    Ho chro««togr«ph «sople t«k«n due to redio trouble. 

Profile 7A:    Position of chroaatogreph sanple unknowu due to rsdlo 

tro«4»l«.    Cryotr«p 27A confira« no plum detected «t this altitude. 

Profile« 11B and 16»:    Still in plune at end of A6 k^c sampling 

period.    Value« in parenthesl« «re eetirnt«« of total «r«« und«r «xtra- 

pols'^U profile. 

MD indicate« 8P   wa« not detectabl«. 
6 

Profile« 22D, 24D, 26D, and 29D: •'Barely detecteble" indicate« 

coiicentr«tion« on th« ord«r of 1 to 3xl0'"12cc/cc with th« instrumnt 

«ttenuation ««tting u««d on «re 0. 

Profil«« 26D-29D:    «ailing aftar 1700 «ST prob«bly took plac« 

after Che ««in p. urn had cleared arc D.    The plu»« cartalnly extended 

abov« 400 ■ on «re D but ««apllng wa« p«rfora«d too late. 
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Table C-2 

Aircraft Chroaatograph Proflit« («F6) 

roflU 
u-b.r 

Stcrt 
TU» 
.oasi 

Altltud« 
hbanm  Grovnd Profil« 

Aircraft 
Spaad 

Profile 
Area 

(10~10eec cc/cc) 

U 1251 270 A2-A4 72 76.3 

2A 1259 210 A5-A3 55 n> 

64.5 

127.0 

3* 

4A 

1305 

1313 

610 

600 

A2-A4 

A4-A2 

77 

56 

5Ä «•«■• 650 — — Ho Saaple 

6A 13X7 690 A4-A2 54 33.0 

7A 1335 1000 ? 75 BO 

It 1346 •"f »4-16 66 13.6 

9B 1352 300 B6-»6 59 10.5 

10B 1A0C 220 B4-66 63 5.2 

11B 1406 560 »VB7 6£ 10.3 (11.6) 

12» 1414 590 IMi 60 2.2 

13B 1420 910 B4-B7 69 13.6 

14B 1428 650 B6-B6 60 7.4 

.158 1413 i:?o B6-B6 69 7.7 

161 1441 1450 B9-B7 55 12.9 (17.2> 

17C 1454 260 C1.5-C2.1 51 B0 

18c 1459 260 C4.4-05.1 47 7.9 

19C 1503 290 C6.4-C9.0 42 m 

IOC 1556 330 C9.0-C8.4 40 m 
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Tabl« 0-2 (con't.) 

mm 

C-8 

ProfU« 

:ic 

Start 
Tim 
mi.. 
1603 

Altitude 
Abov« Ground 

(«•ter«) 
Profii« 
Location 

Aircraft 
Speed 

Profile 
Area 

(lO-10fe
c cc/cc) < 

350 C5.6-C4.9 45 4.6 

22D 1643 280 8M fig. C-l 54 Barely detectable 

2 3D 1648 230 
ti 39 4.7 

24D 1652 210 
w 45 Barely detectable 

25D 1657 400 
H 47 2.4 

26D 1702 510 »1 48 Barely detectable 

27D 1708 960 N 48 m 

28D 1712 1000 
n *9 » 

29D 1716 1070 
it 47 Barely detectable 


