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SUMARY
,The purpose of this project iz to investigate the feasibility of
conducting long-range 'ntnospheric tracer experiments to study transport
ap. ciffusion of gamoug pluoes over continental distances. Such experi-
ments would be used to extend our understanding of the behavior of poliu-
tan* plumes to reg.~mal and continental scales,ard improve our ability to

rejiate the location and strength of polla:m!'t gources to distant air con-
/

centration messuramente.

-
—— -
S \

--—‘:I.'i;i':s study considired the feasibility cf a series of ex)erivents in
which a tracer gas would be released in the western U.S. asd crogs-country
air un}lin; would be cerried out to determine the distribution of the
tracer as a fuaction of time and distance from the source, at ground level
and doft.“ﬂmibinty of such lsrge-scale experiments rests on the
aveilability of ' pon-toxi . tyacer gas that can ba detected at very low
concentrations ' ng relatively simple and inesxpensive techniques. Ideally,
the amount of mr already present in the stmosphere should be below the

Muty.

~wo main altsrustives have been consideved, The first imvolves taking
advantage of a source of ojvortuaity, ,‘j:rmmuamwm-
procesning plsat, to obtain Jong-range pluss dsta. Drsybacks are the high
cost of x:-.mu.:aummm ousber of samples that
muMumMMﬁMWﬁ-mﬂvmuhmn
the genaral backgrowmd levels of Muﬂwm (thoussnds of
Vo) wwam”,/wﬂmumu.
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The seconé alternative is to develop new tracers and techniqies
for continental-scale experiments. Potential Jong-range tracers investi-

gated in this study include sulfur hexafluoride (SFe) and two fluorocarbons

12B2 (C!‘zbrz) and 11482 (CpF;Br.). All are detectabie by electron-capture
E . gas chromatography at extremely Jow concentrations.

[ The use of SF6 as a long-range tracer appears impractical because of 1
v *“e high zverage background concentrations already in the atmosphere (on the
order of 1 part in 10“) ana likely interference from many strong local

l sources. However, SF6 is etiil #n excellent tracer for distances up to

sa2veral hundred kilometers.

A field experimen: was conducted in September 1972 to test equipment

and techniquea for release, sampling and analysis of 12B2 and 114B2 and

to obtaia plume data to a distance of 30 kilometers. These tracers, along

with SF¥g, ”Kr, methyl {odide, and vranine dye were relessed from & 76-meter
stack over a 3-hr period. A detasiled discussion of this experiment is pro-
vided in section 2 of this report.

Measurements of SF.» 1282 and 11452 were made with a dusl-chromato-
graph desigred for this project. The limits of detection with thia instru-
went were about 5 parts in 1013 (by volume) for SF., i part in 1‘12 for
12B2 and 3 parte in 1012 for 114B2. Detection limits can be lowered -Ly pre~
concentration of the sample. A-m‘ufgﬂuc technique for field concen-
tration »f ssmplee was succassfully Mﬂrﬂ?mm factory
uptoﬂﬂtﬂwﬂt“ﬂd\ﬁttﬂﬁpqm.ﬂ:“-hﬁ,m-ﬂla- y
boratory experiments. WW&”“ of 10% may be pos-

ek ELF &
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eir concentrations down to about 1 part in ].0ls

, sufficient for a cross-
country experiuent.

In situ measurements of SF, plume profiles were also asde with an
airborne chromstograph designed by the Brookhaven National Laboratory.

This instrument proved very useful and could also be adapted for use with
1282 and 114B2.

Although basic procedures for cryogenic ssmpling and chromatographic
analysis of 1232 and 114B2 were successfully demonstrated, problems were
encountered which indicete that more development work will be nesded. The
tize required to develon e rslisble long-rangs capability with these trecere
cannot be fixed with any certainty.  Therefors the alternative axperimental
spprosch using 85ge is recoumendsd for more immediats results.

Instead of extensive cross—-country sampling of plumes frow a relatively
few releases of spscial tracers, it is proposed to institute wore limtted
long~rangs sawpling < che existing plude emsniting from the Nstiomal Reactor
Testing Stetion in Idsho. Cryogsnic ssrpling squirment will be inetalled
at 10~15 Mational Weether Sarvice stations alosmg an src frow Mimmesotse to
Texan, shout 1500 km from the source: Iwice-daily samples will be collected
over ¢ &~momth period. At thiz distance (sbout 2 days tranel) the plume will
go through diurnal cyeles of wind ani stabili(y conditionn snd will alsc show

the effacts of pasmsge over mounts’aous tecrsin. fample concantrutions will
be ralated to rourca ’-m meteorolegioml tr. jectoriee, wm. and
stabilicy. s bk
Resuils will be used to devalop -vM#WMﬂ%
ston to & distance of seversl M“‘ ik -‘biydﬁ-q e
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1. Proposed Long-Range Tracer Experiment
Two alternatives for conducting continental -scale atmospheric

tracer experiments were considered in this feasibility study. The first
involves a series of releases of special gaseous tracers (fluorocarbons
1282 and 114B2) with an extensive cross-country sampling program. Results
of a short-range field trial, discussed in detail in the unext section,
indicate the need for further development work beforc these new tracers
can be used operationally. Therefore, a second approach, taking sdvantage
of an existing 85gy plume, is recommended.

Operations at the National Resctor Testing Sutipn in Idaho are
axpected to provide a nearly coutinuous plume for a period of about
four months during the winter of 1973-74. It is proposed to develop
cryogenic sampling equipment to be installed at 10-13 National Weather
Service statioms. Twice-daily semples (8-12 hr duration) will Le taken
routinaly at these stations, locatec slong an arc from Minnesota to Texaas,
sbout 1500 km from the source. Plume travel time at this distsnce should
be about 2 days so the plume will axperience diumt:l cycles of wind and
stability conditions, It will alse underge the affacts of mountainous
terrain as 1t passes from the Rockies to the Creat Plains. Both effecio
need to be studied.

Peak sample comcentrations at this distauce are expected to be about
40 percent atove bsckground, which should W distinguishable
vith existing snalysis techniques. If the seaspliag src ware placed
furthar to the east, interfersace from other sources could be aaticinated.

Sempling results will be analyxad im conjunction with metaorciogical
dats to WIQ an {mproved scdel ﬁm tm and diffusion over a




distance of thousands of kilometers. Different techniques used to con-
struct meteorclogical trajectories will he tested to determine which best
explain the sampling measurements. Tris experiment should also indicate
which synoptic scale weather conditions produce the hignest air concentra-
tions at this distance from a sour:e and providc information on the range
cf pollutant dilution factors produced under different muteorological
conditions.
2. Short-Range Field Trial

An atwmospheric tracer experiment was conducted during the sftermcon
of September 22, 1972 at the National Reactor Testing Station (MRTS) near
idaho Palls, Idaho. The primary purpossa was to fileld-test instrumentation
snd techniques for release, sampling, and analjsis of two materials
\fluorocarbons 12B2 and 114B2) previcusly 1identificd in this study as
potentislly useful tracers of atwospheric motions to distancea of at
least seversl hunired km. The second ol lective of the exper{ ant was to
obtain date on plume behavior to a distance of about 90 km from the sourca.
2.1 ¢&ite Deecription

Tha locstion of the Mational Reactor Testing Station in southeastarn
Idaho is shown by the shaded srea in figurc 1. The rectaagle surrounding

the site (130 km long by 100 km wide) roughly defines the sres of interest

for the shorc rauge experimert. The wouthwest-northeast orim:tidh

follows the Souke River Vallay which tends to chammel low-leval wind flow
over the area. Computer programs (1) huve bean developed to provide wiad
flow patterns and sir traiz<tories tased om deta frow stout 20 wind

towers within this areas.
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i oy The terrain at the test site is illustrated ia figure 2 along with
: s wind tower locstions and the computstional § d. The site is fairly
l1zvel (mean elcvation about 1500 m MSL) but boundec by rugged mountains
- to the northwe=+. northeast, srd southeant with peaks from 2400 to 3000 n
‘. .. above ses level.

Four sewpling “arce” were sat up at approximstely 6, 18, 47 and 87 km !
dowmirind of the release point as ehown in figura 3. Predstermined ssmpling
positions on each arc are alsc indicated (7 o- irc A, 9 each ¢o arcs B
and C, 14 on arc D). The saspling progrem ie lescribed in section 2.4.

2.2 Tracer Muu
Six tracer materiale wexe releaned simultuosously from the 75-meter

atack of the WNRTS chamical pith. Maltiple tr'“n were vead to zllow
W aad amagu H the behavior of d:lfforom tracere

sné to indicate *ha sccuracy sud uuqu ‘tha various sampling and
m:-um Mu‘ mﬂmalm-m for the
twm-dmh#imﬂ mM&McI- Small
mdwhﬂﬂmmmwﬂm It was

Wpﬂmuﬁ%mwu-&m The
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Sulfur hexafluoride (87g) war intended to be used as a standord in
this experiment eince releuse, sampling and analysis techniques had
previcusly bsen successfully demonstrated (2,3.4). Another important
considevation was the availabiliry of an aircraft-mounted instrumaent
developed by Brookhaven Hati_onnl Laboratory that could provide real-
time SF¢ plume profiles aloft. M release »4s nccomplished as
planned with mearly uniform release Tate of about 12 g/sec from 1233 to
1533 except for a five minute period (1315-1320) when no SFg, 1282 or
11432 was emitted, %

The planned release amounts of 12B2 and 114B2 were thoze calculated B

to produce the same air concentrations, by volume (ec/ce), as SF,. Some

difficulties were mw with “eh of these new tracers. The 12B2 & 1

was released at a fairly constant rate of ghout 9 g/sec during the same
perdiod as SF. !hd rate ;nd wul nﬁu? rveleased were sbout one-half ,\
(0.53) that of 8!"6 on & v}fh-c m % connector thn“h'- on '1

~ome of the 11"!3 cylinders ni fmtth ﬁf the Teduced relesse rate -
ou.;xon sm-mmw The 11432 was released at the |
auwmm m) ﬁrﬁ;— the early part of the release pnw
mh*i"“sﬂz “&*MP’." failed, mmm

. P
.
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- Table 2
. Fhysical Properties of Yrscer Materials
1282 11482
Forulu CrzBr, Co¥yBr,
Molrer:lar Weight 213 280
Bodling Point () 22.8 47.3
¥reezing Point (°C) -141.5 -110.5
Critiojl Mo (.C) mo’-' 21‘-5
Critical Press. (peis) 3 506
Criticel Density (g/ec) .836 790

Heat of Vaporization (cel/g) 28,3 «25

o
oo 4 il i i .

The radioactive gas, 55 Kr (helf-11fe 10.7 years), is alsc under
coneideration as & long-vange tracer. About 1080 C{ were relessed through
the stack with tha other trscars frow 1236 to 1530 MST st sn average rate
of 6,3 CL/win. . . . s o

Total amounts of SKg, %Wmm determined by

mw»m“m mmva into a
stack mmm M*mﬁ-? por minute.

mm mmmmu-«umm %o the




The 700 md charts for 1200 GCT (0500 MST) on Septewber 22 and 0000
GCT, '2 hours later, are showm in figures 4 and 5. The.e charts show that
at 700 wb (about 1500 m above the ground) the geostrophic wind flow .as
steady from the west-southwest during the experiment (1230-1730 MST).
Thz: 85C wb po-t.rophic wind {not shown) was nearly parallel to the 700 mb
flow over the test site during this period.

The main features of t}c 3~hourly surface weather charts ire shown
in figures 6 - 8. The direction of p}g_n travel is shown by a dashed arrow
originiting at the release podnt. On the day of the experiment, a cold
front passed the test -umm 0330 MST and tlen uull-d about 100 km
to the south. Surface vﬂhti wasured a: stations on the Snake River
plain are plotted along with isobars indicating the surface geostropalc
wind flow over the region. Wiads in the surfsce layer tended to follow
the shape of the Snske River Valley from Boise (BCI) to West Yellowstons

(WEY). Thus,the flow was from the southwest or south-southwast over

NRTS, apparently mmtgwtme direction at 1800 GCT.
= I
Mmlxgmﬂwavﬁﬁfv Mn.mwmm
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Table 3a
curface Winde (6-meter towver)
September 22, 1972
(Trucer Release: 1230~1530 MST)

Directior.
(degrees)

240
23¢C
220
220
230
230
230
230
230
220
220
210

w
b ]
®
®
(=%

= s
WD WC WD o0
R e il it s .

SO VEBEWRNIIDOOWYWO

Table 3b
Upper-Air Winds (NRTS)

titude Diraction e
(maters ses leval)  (degrees)  (m/sec)

rface 230 5.8
2:0

250 14.7

260 o

260

270
270
250

Wl
w¥n

i bl
o .
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flow can be & very poor approximation to actual wind flow in ths surface
layer, particularly in mountainous terrain. !
Computer—calcu.ated surface wind flow over the site at 1300, 1609

and 1900 MST 1s shovn in figura 9, The NRTS tower wind data were used

to calculate hourly average winds. Wird irzows are plotted at each
tower site (sach barb renrssents 10 mph). An intarpolstion schese (1) 1=
then usad to .elculate a wind vector at asch <rid point. Vector length
i plotted provortionsl ‘o wind speed.

'!‘c-!:rn"p w re launched nuatr the tracer relisss point at half-hour
intsrvals lgriug the releses period and trscked by radar to provide
estimates of plume trajectories. Tatroon trajectoriss sad covpuer-
calculated surfece wind trm {1} for the s starting tises
(MST) are shown in figure 10. tors slong ‘auch tmx (upper-
cage for surfece winds, lonlr mmmmm
m mmn (1.8., A desotes pesicticn HM“W B

mzﬂ-hutu ummm). & very stesdy visd flow

w tm tha experiment is evidest with trajectories starting

: ﬁud the hm -ii wr-m; towerd the nerth. Tetroonm
mnm sre W: little tc the right of the surface wind
tupctnﬁq ﬂ. shout *{*ﬁ Ths entirs 3-hr plume ﬁ;mly
m\ﬂnr all & ﬂh M Truvel tims to the last sampling arc
(Mzwmmuﬁiﬁémwmmu»«nmw-
aloft. Arc-crossicg ,.ﬂ travel timos end truvel spewds to

sach arc, as M M&m trajestorier, sre provided in

Tadle 4. S,
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Mean mange of Width Mean Mean
Crosaing Crossing (km) Travel Time Travel Speed
Mc Point* Points (minutes) (meters/sec)
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 §.4-5.7 4.28 52 14.9

pre 3.8 02,548 8.34 9% 15.8

Table 4
Tetroon Trajectory Data

#Crossing pofnts axe indicated py ground sampling position
aunbers (ses figurs 3).

##Trajectorise ware erxtrapolated for those tetrooms that
ware not tracked as far as src D.

Ga. T canortag foro Sncrasos a0 e sonon s cavtnd £

-

Tetroons ruprﬂ to mml as well as horizontal air motions but
the remtoriug fotce atmm to damp 1ts vertical oscillations.
A praliminary indication of vertical air motion durimg the expariment is
shown by the tetroon verticsl motions in figure 1l. Knowiag tbe restoring

L)




LawaweH
TIma&:

IRB3I MaT

0y,

|
_Tiu"f;#ﬁ-lﬂ

/303 MST




LS i

- ————

. W

F—--—-—-‘I-M-— Py TR -.._—.J

t

L]
i
LT




26

level were obtained along each ar:. Samples were obtained at each
station by pumping ambient #ir into plaxtic begs and ballicons during the
entire time of plume passage. A portable chromatograph, mounted in a
small aircraft, obtained nearly insteantaneocus crosswind plume profiles
aloft. Cryogenic traps were used at several ground stations and in the
aircraft to measurt shoy.~term plume concentraticms.
2.4.1 Time-averaged Samples

At each 'ampling position or. each arc ambient air wes umped into
a 48-liter Saran bag at 2 to 3 liters per hour. Pump, batcery ari bag
were contained in a portable aluminum cese. Pumps were s.sr.ed manuaily

prior to plume arrival at each arc and were turned off sime time after

. the entire plume had passed. Thase samples were inctended to collect

SPg, 1282 an’ 114B2. éolluhtion of SF« was successful but very little
of the other two tracers was detected in these bag samplas. Evidently,
the fluorocarbons reacted with the Saran, plated out in the bag or
migrated tht;u;h it. PFurther iugﬁrtﬁuhtutiéu vﬁil be nacessary to find
a suitable material for collecting the nma'tt‘ou. Samplirg times
and S¥¢ concentrations sre tabulatea in M: s “ﬁ?'ﬁi &
savurnl methods of ohtuinﬁﬂn lutlu air aniplog for .§K§~f%lir'i'
were also tested. mlr sample hﬂﬂ o'i M m ft, s alwﬁ:vd
for separation and coupgi.; of !iii. As iﬂli‘nﬂji &ﬁp1ﬂﬁii'3 M kiﬁ:!pﬂ
mtmu:qmqﬁk WHMWHM*&M“

.n%m r (pump e
nﬁd’mﬁn&mﬂm. \




capacity of 3000 psi) in sequence. Unfortunately, this sample was lust

during laboratory analysis.

Table 5
83z Sempling Results

Position Sampling Mathod
Flastic balloon

Nooprane :hllm

concentration

(pCL/8Cr)
1380

burst

Plastic balloon

339.2

13.8
low volume

- # .

.|. ? y, » : I;- _‘_.‘ i

b "r%}-.1 :| " A#.'Ti{- .
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‘_ L contained concentrations one to two orders of magnitude above the back-
ground of about 14pCi/SCM. Comparisons with SFg concentrations are dis-
cussed in section 2.7.1.

2.4.2 Cryogenic Sempling of 12B2 and 114B2

Several hundred smell eryogenic sempling traps were fabricated

for use in this experimant. Eaczh cryotrap consisted of a stainless
steel tube, about 9 cm long, internal diameter about 5mm, crimped and
welded shut at one -nd. The other end was silver soldered to & smaller

bore copper tube about 7 ca in lsngth.

_ To obtain a cryogenic air sample with this simple apparatus, the

tube is 1lowsred into a dcwar flask conulinin; liquid nitrogen. Air in
the tube is liquefied after about 30 seconds and more air is continuously
sucked into the tube until the submexged portion is filled with liquid
sir. A 30 cm length of teflon tubing was fitted over the open end of
the zoppar tube during .u?pliu to ensure that the sxir drawn into the
tube would not be unduly contsminated by nitrogen vapor from the flask.
In e few minutes several hundred milliliters of air are dravn into the
tube nd 1iquafisd. The tube is then rasoved from the liquid mitrogen
and the ttﬂuﬁiﬁ 1.¢ mﬂdﬁh ‘off as tre trap varss. The

tracers 1282 and 114 ﬂm;thum MMMuiuly
u*mm-mxhwwmﬁmm n.miof ¢
BT, i WA e S

i h v i it the 11quid

- hr"‘tl VO ey .“_,- $ow s 145

MMfu'm

the -in# uﬁ'm
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Approximately 3-minute cryogenic samples were teken evary 15
minutes at positions A-4, B-4, C-4, C-6, C-8 gnd D-3. Once each hour
duplicate samples ware taken a8 nearly simultanacusly as possidle at
each position.

The same technique was used to obtain sbout 20 cryogenic samplaes
in the aircraft as it traversed vhe pluma over each saspling arc.
Ground-level cryogenic sameling results are tsbulated in Appendix B
and airborne cryotrap dats ara in Appendix C,

2.4,3 Airborns Chromatograph Plume Profiles:

An elactron-capture gas chromatograph, developed (2,3) st Brook-
haven National Lsboratory, wss mounted in & emall aircraft (Ceesns 206)
for this experiment. A 3-msn crew was used; pilot, chrowstograph operator,
and cryotrsp ssmpler. Calibratien of the chromatograph was partislly
parformed st NRTS wirh lecturs bottles contatuiug 1070 end 10711 parts
of 8Fy per part of sir. It wam discoverad, W .wer, that the instrument
reaponss was sensitive to baromstric pressure snd in a non-linesr way.
Sinca the atwospharic precrurs st Idebo Falls was about 635 mm Hg at
at altitides up to 1.4 km above growd lwval (2.9 ke MEL) vhote the
'Wﬁwm m Mwwmpuws.
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least squares spproximstion and plotted, for various altitudas, as

shown in f{igure 12. The circles represent the avarages of data measured

..t thres coocestrations snd four simulated altitudes. At 1.5 x 1077 ee/ee

the semsitivity decressad by a factor of thrae going from ses level to

4

10,000 feet, but at 10.'1' cc/ec the change was almost 13-fold. 1In the

future the instrumest will heve a constant pressurs (sea-level or

Ligher) within the detector to improve sensitivity.
Froantal chrematography was used for sempling instead of the more
ususl n::u;c injsetion w{; continuous stresm of ambieat air was
passed through & nitrogen oxide-tre
atrcraft traveraed the Sluse. The
mpmwmw ~About 40 seconds after

molecular sieve colusm as the

saparates the SF, from the
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continuously snd an additional 200 watts wmomentary surge for activating

a solenoid switching valve.

Since the plums was not visible, the success of the aircraf!

sanpling program vas dependent on accurate estimates of plume location

(the chromstograph sawpling pariod of 46 seconds was equivalent to a

A distance of 2 to & km at sircraft speeds of 40 - 80 m/sec). The aircraft

was tracked by & M-33 radar which plotted the aircreft track on & nmap

of the test area. The aireraft controller im the vsdar ven had voice

communication (tﬁio) with the aircraft as it flew pleoned trscks across

each of the sampling arce. The controller recsived e.mthunlly updated

Mtnby :mmwwmm aawhl speads, utm
crossing positions (at -q}qu are) snd tetroor ultitude varisticss. This
Infornstion was ueed - MW plume positions, determine the
sltitude to be flows on esch and mquu vhers aloug

& sl ¥ B |
oz e =i ¥
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could be seen within the &46~second window, cryotraps wers used to
ovarlap chromatograph samples. Cryotrap sampling periods ranged frow
2 to 5 minutes, providing average concentrations of 12B2 and 114B2 ovar
distances from sbout 5 to 12 ku. On arcs C and D where :>he entire plumse
could net be traversed in 46 seconds, cryotreps and chiomatograph pro-
files .ere takeo alternstely along each travers.. occasionally with
some overlap, in an attempt to obtain as much information as possidie.

Two sacples of 5!6 profiles obtained with the airbosre chroma-
tograph are shown in figure 13. Tha original traces have been computer
proceseed to remove background noise and correct for sltitude. Hote
that the entirve plume is included in profile 4: but the sircraft was
still in the plume at the end of the 46-second sawpling period in
profile 21C.

Adxcraft crystrap data and chromatograph profile data are given

in Appandix C. A cowplate set of profile plots is available from the

; }m hunnu Laboratories, Silver Spriag, Md.
2.5 Sawple Aoalysis
M_lgl-&k umka colliected in balloons were compressed intc high-

W W snd shipped to Alrco, Inc. in Murvay Bill, Few Jersay
tom -’&-#n sud radio-assay of %,

411 other ssmples collected were anmlyzed for ﬂ", 1222 and 11482
by ARL st the NRTS using chrowstographs based om s prototyps desigreu
wm (3)- mmw fabriceted for this profect

gt “‘ir*y?pw ﬂt :
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for 12B2 and 1l4B2. The columm material used for S¥¢ ueparation was
Linde 5A Moleculsr Sieve, 80~100,whiie Durapak Low K Carbowax 400 on
Porasil ¥ 100-120 mesh was used for separsting the fluorocarbons,

The detactors used 15 mct 3

Ni radiocsctive scurces snd pure nitrogen
was used &8 the carrier gas, The system wes operated under gas phase
coulomstiric comditions,

At present, the practical limits of detection with this chromsato-
graph are sbout 5 perts iz 10%% for ST, aout 1 part in 1012 for 1282

‘and sbout 3 parts in 10“ for 11432. The simple cryogenic trapping pro-

cedure used in this expeximent (including subsequent dilution with pure
MMW&MWSﬁmm {(average

Mwﬂ#%ﬁrwunm The detection limits for
Wmmm lowared by the same factor. The
tmdswmwﬁﬂllmmm"“
for 1282 and 8x1071 for 114B2. Ouly « smsll fraction of the sssples
contained measurable 11432 because of the relatively short release
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the efficisncy of the detector is knowm. Efficiencies determined by
Lovelock for this instrument dewign and operating condition are given

in Tasble 6.

_-_-.H' T

i

~ Table 6
Chromatograph Detector Efficiencies

ﬂé O.44

%

7 482 .50

Froon-11 otko

cCl s 0.66

i
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sampla was meagured. To obtain the original concentration in the adr,
ths effsctive volume reprassented by the sempla had to be determined.
2.5.2 Cryotrap Volume Determination

Effactive sampla volumas were detarmined indiractly by measuring
tha Freon-11 (CC13!’) and carbon tetrachloride (CCI‘) concentrations in
each eampls. Air concentrations of both substances may be assumed con-
stant over the time and space fruwe of this experiment and both are
elsctron absorbers that ars raadily separated and measured by the same
column material used for 12B2 and 11432 anslysie. Messured background
concentrations aversged 7.6x10"1} cc/ce for Frecn-11 and 7.0x10711 for
CCl,. All four substances have belling po’_ ts well above that of liquid

., nitrogen (~196°C) or oxygen (-1&5%:5; 1282 boils st 22.8°C; Freon-il at

123.8°C; 114B2 at 47.3°C; end CC), at 73.8°C. Tor purposes of caleulating
uu_n;vé voluses, it vas assumsd tha’, 1282 follows the behevior of
hﬂ-;l.ﬁ the cryotrap procedure and 11482 follows CCl,. TFractiona-
| tmﬂm Preon-11 snd CCl, was almcet Mﬂl less that u factor of
~ twe as can bs seen in figure 14, :
The affactiva volume rmﬁi by the sample injacted into the

chromstograph, with Freom-11 sa,.zdan- standard, 1is
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P*. For each sample injescted into the chromatograph, the mesrvured amount of

' i 1282 (ce) was divided by the effective wolume (ge) to obtain tha 1282

R concentration in the smbilent air originally sempled. A iimilar calculs-

tion was made for each sample, using CCl‘ as a stendard, in order to

determine the sffective volume snd concentration of 114B2.

The r.atics C.jc,. ot Vogg/Vinj represent the affsctive comcentrating

factor schieved by cryotrapping as subsaquently diminished (mired with

5 ce of Ny) during removal of the sample from the cryotrap. Concentrse

tion factors with respect to Freon-1l and CCI‘ are plotted in figere 14

for all eryotrsp samples. The scatter in the dats indicates that a

high degree of precision camnot be expected with thesa experimental pro~ .
cedures. In gensral, concentration factors appear to be slightly grester rﬁ} :
for CCl, thaa for Preon-il but only s few polats shov wore tham a factor v
..m&f—m ﬁlmﬁmmmﬂ-ﬁhm B
oF {0 m gt - Thase daca iadicate e averape coscantration o
facter of about 20. PPl 16 Epn g e s nce ce racher ¥,
m;mﬂmmwhwmmw ;
atograph without mmg w concentration fuctor of

ﬂmmmw nm%m w0 80
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plsaned to continue experiwnts (not ARPA-funded) with this and other
concentrating techniques to determine the practical limits of concen-
trating 1282 and 11482,
2.6 Analysis of §¥¢ Plume Data
Release, samwpling and analysis of S¥¢ were generully successful
and good definition of the plume wes echieved both at the ground with
time-integrated samples snd aloft with nearly instantancous crenwind
profiles. As amight be expected, some difficulties were oxpcrimd in
the first field trial of the two new tracers, 12BZ sand 114B2., Relesse
of 1282 was successful slthough the release rate was sbout one-half the
plauned rate. ’h-ﬁ}u problem with 1282 was tﬁ"ﬁbbiliity of the Saran
bags, vied for mw integrated samples, to retain this tracer
(or i1482). Very little data were obtained with 114B2 becsuse of this
. ' achieved with this tracer. On
1ly cryotrapped and both were

bt

M*‘mhmmﬁ (about 90 ku dowawind).
m#qnm&umwmmmf it was used
for -ut:;&- ‘_ mﬂ#mhm-wb
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CRosswind DisTawes (Kwm)

Plgure 15. Orewsi-lovel 8N proiiles o aves A asd B.
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arc A '(6 kn dowawind) to arc B (13 ke). The F:mparativaly long sampling
duration on arc B (see Appeniix A) ¢am account for only a smail part of
this decrsase. Peak concentrations on arce C and D {(about 47 and 89 km
dovnwind, respectively) were only slightly less than on arc B, although
the time~averaged plume had broadened zonsiderably.

The total smount of SFG that passed each arc betwesn the surface and

a height of 30 meters, was calculated sssuming uniform concentration in

the vertical within this layer, a mesn wind spa»d of 11 m/sec, and using

l:'ll g

the sverage sampling durations on each arc {rom Appoudix A.

Cr'culated amounts, in grams of "6’ are as follows:

Arc A 7.6x10° 1
Iy
Arc B 7.6x10° 4
Arc € 1.64x10° r;i :
Are D 1,74x103 i
: B«
The amount of S¥g passing through this layer would be axpected to decrease 0

slewly with distance as the pluse mixes wpward to increusing heights. b 3
The dats sgain show a larga dacresee from arc A to arc B and even more H
surprising, an incrasse of about a fector of two et arce C snd D cver the g
wmmm The miiﬂm”ﬂn'w to be out of line
but the reasons for this behavior sre not readily apparent. .

Crosswind profiles obtsin~i with the sirborne chromategraph (Appandix 5. '-
() vane v e, Spncting with n-m..m,um-m o

[ X% oy
.-“'- s -_|~;

G -y mrmﬂ m..m "usq b
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each profile over aves A and B was used to calculate the total 8T
passing through 8 30-wete: layer centered at each sawpling altituds.

It wes necessary to sssume that each pearly instantonecus profile is
representstive of the concentraticns during the entirs 3-hr period of
plums passage. Since only one sircraft wes used, simultaneous profiles
st diffarent altitudes could not be obtaived, furthar adding tu the un-
certainties in material balance calculetions. The resulting vertical
profiles of totey 8F, par 30-meior alice over arc A amd are B are shown
in figeye 17. Esch point plottad reprssents s single croaswind profila

except that at 600 meters over arc A, vhich is ar average of two profiles

given altitude at arc A (valy 5 sinutes travel time 1.°®m the source).

ﬁ-m mdumﬂumm*umv

ul 'l“ ""J«“ i ..: :
r...n-fld r;?”_:‘ .

4 FALS ;;f,g %

(1.3x10% and 1.9x10% g/30s) taken 8 minuves apert. . This indicates that i Se
fluctaations of et least 30X cccurred in tha crosswind integral ot . “,H

h fluctuations Jeave the actual shape of the vagtical profile very mch '
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L vertical were too lar;;e st this closest arc to permit an accurate material

- balance with the iimj.ed number of instantaneous rrofiles 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.

fiii Aircraft sempling on arcs C and D was curtailed because of strong

e winds which shortened the available sampling perfod, and the need to make
two lendings, one for refueling and oune to replace a deopleted battery.
Sampling tracke were flown across the plume at 2 altitudes on both arcs.
A third sampling run, at about 1000 meters a.titude on arc D, was apparently
made just after che tail end of the plume had cleared the arc.

Cryotrap samples and chromatograph profiles were taken at intervals

* during each flight across the plume eince the plume width was too greet,
st there distances, to be encompaseed 22 & single semple pexriod. Details
of the sampling on arc D are illustrated in figure C-1 in Appendix C.
Information from several cryotraps (12B2) and chromatograph peofiles wes
pleced together .0 estimate the crosswind integral of S¥g at each sampling
altitude. Results are shown in Table 7 alrng with the integrals previously
obtained by surfa<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>