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ARETRACY

The Livermore Gas tdagsortics Progran enplovs a nutker of rave gwi
Laotupos, hoth stable amd radleactlive, tn LUs buyvestipations of the
phenongiolegy of undergrousd nuclear dotonatians, Osdioastiive guasa in &
sappie are radbochenically purifled by elution chronatagraphy, ami the
saparatad gases ave radboassayed oy gamiaspay spectfomelry atd by (alogsat
nr thinevindow bata propertionad geuntlisg, Cosventrations of the siasle
gazer are detormined by sassogpediratetry, Polloubay chemidal mewmval of the
reactive gados in the sanple.  The wmoal gonaral appiteation of tho nable
gases 4 as duvlco Fraction {wsilcatars tu provide a bazis for estinaning
ronale of chlmicy-gas coiponestz, Al of the stahle rave gases sX<opt 3igas
fave boen iwd a3 TYREETA, A Base Nomon. dlT and Keepren.3S. Aigon- 37 aed
Kryplen- 50 have proven Lo by of particular valug ib the abionce of a gomd
teadar paterial o referetice apecios for stodbos of chianey-gas chenistin,

The rato of aixing of chionoy gases and the degree to whichk tho samplod gas

Kork porfornad umier the auspiees of the B, §. Manic Bhorgy Cominalon,



Erel Feresents The stuloydmentnd 3us Abletore an b susdbed wity the 3id of
thu Fisnionepradust ganes. Zadan<ii asd holisey ave released o Bhe cavdiy
Tty the surpsunding rach a5 are thorefore wiaful i switer of the

dteraction of the detonatien with the surrtoumdieg dedias,
CTRTEARTY pore

The gas dlagraatics progran Al LLE was wavabdbahod 10 suppleorst
conveitiona) rudiacheuben) teihabyses for ottabiiig devtee puvlortance:
evaluation data ba supmort of Vest Progrsd activitiea. e pravide analdytbeat,
batorpretative, and dbagnestis vuppmel for Plowshare gad-atloaiadian
cupariiiente, and wo ablye perfom 3 able vapiely of service radiectinleat
tasubetionle (h canjutel ban with nbaratory sracrbunts by ublgh pas trazuts
ave wied.  ah of our rffort tequieer dessrenent and bnterpretation of the
cancerivallon of moklie ganes t8 mid fanplien.  Thess speches abre presest s
profuctls of nugloar pescliovy, as cooganants of azy alv Ailuaot of thoe raxples,
ar Amacer saterdala, ar ap guallnatliens of thede pasaibilitlas. Mo use bosh
stable and radieactive conpetonte. SThaigh the faluro of our $lsemsitic
apphieation of the sollc gasws is walgur, Yhe procedures we have develaped
ate of gonesal appbleabliity,  FHe weiazton of this Smposium dealing with wany
agpects of fwasurcnent asd applicalion of the nolrle gases providen an oxcellen®

oppariunity to doaerite vur wae of these sateriala,
SAHPLING TRORIqUES

Stdy of the phoncacnology ef an undargrowsd nucloar detonation rogulres

colloction of good-quality sanples of the cavity and chimwy gases over tines



entaming fros a ¥ow abmitos o aeveral weela follawitg detanatisn, ‘the
satpliog syaton oo wied (Fig. 1) comalats basdeatly of 3 reinforced rubbhor
hare domatnlag and flxed to o nonroetating wive rope that provides
lungitudinal strength aiad prevents crushing of the hoiw {Grens, I912). The
rope dlaehl is 3 reasonalily perteabile gas path, oven where the hoso is
conpranaed againet §U thiough regions of high soll cozpaction. Nath the rope
and hasw teminate atl a vacwua domand valve placed web) downbiole bhuenasth the
gas-cantainment stoksing plug. This valve provents passago of gas unless o
vacuuh <an bo appliad froo aboeve, thus prechuding the possibllivy of
prosaurizaed gas yoaching the surfaco and providiog s fall-safe closwre of
tho aysten if the surface sanpliog equizaent i nat leak-tight, ather
tulltedn saloty featuros haclindc o maxisim allowable working pressurs of the
hose That bs wal} dn axcess of any previously obiserved aurfaco prossure, A
duoply buried pressure relief valve ensurox 3 safety factor of & or

aore in the upper feriions of tho damslo ayatenm,  Gax pusped through the
wyaten ia totally eontaiacd clither in pressurizad sample crlinders or in
urderground tanks. Samplisg oporations ape condicted in such a manner ay

ra apaire cepl lance whth the cendapt of total comtainsent that charactarizes
axplosive emplacuewnit Cochniquea currestly in wie,

Xwther often-used sampling schene invelves tho uso of production tubing
placed in a postshot roentry drill holo, Although slomle in concept, this
tochnlque suffers fron the tite delay inposed by the drilling schodulo. At
the test site the delay can be days or wooks and moanx a lass of the informatjon
obtained froa shovt-lived radionuclidss, In the enxe of gas-atislation
axperlaonts, tho delay has ronged from i mo (fiashuggy) to nearly a year

(Ralison) and has precluded detoction of sll but the longer-lived gaveous
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radionuclides, To clininate this loss of information, wo emplaced a praapt
gas-daspling syston at Rio Wlanco (Quang, 1972). Thix novel systan coniisted
of abuut a mile of hallfeinch, staindoss stoul tubilng cantalning a wlre rope
at its lower ond und throo gas-block diaphrans that could bo nanually ojenad
Ly bagk prossurization fram the curface., (mfortunately chimnoy gis was

#ot dol lacted by the systom, Our firse chianoy gas sanples are axpocted in

early Octabar 1873, fulleulng cotplosion of drilling into tho chilmney,

ANALYTICAL § RDCEINRES

Swyplos are retuenod to Liverssre tor anilyses,  Typical sasple volutos
range fon a fox cuble continetors to & tew tans of liters, although aeveral
tuble ootors of sample have been pragessid at vlees, Hndionuclide
coneentratlons range (ron hackground to i, Fex hundred alcrocuriss por
millifivor. jiomdloss to sap, our proves: ing tquipaent exixts in isolaved
highe and lowelevel spucializad versions

The fipdt stop in thoe pracossing ot an unhnown sasple is o germanium-
diode gamna.ray scain of 10 to U a) of the pas, Ko have standardised this
procoas to provide concentration mcasurements of the shert-llved krypton
irotopos (37, 85, 85 o) and of ronun-133 against the background of other
gunma ray-onitting nuciides in the grass fixsion product gas, la principle
it i3 posaible te detornine all of the krypton and xenon isotopes §n 4 gross
sample by a judiciously spaced teries of countr  Hovover, to save tire,
gain sensitivity, amd fmgrove mensurcnont accuracy, we prefor purifled
keypton and xeman fractions of the sasplu for muasuroment of the longer-

lived fisslan product gases.



Radlechemically and chemically pure fractlans of a sanplo are propared
by olution chromatography, lelium is used as a carrier gas, und tho soparations
are accompllshed by manipulaticm of gas flov paths through controlied-
tomporature acuivated charcoul and molecular sieve (5A) columns (Momyor, 1060),
Thermal conductivity and lonization-chambor detoctors are usod to monitor the
progross of tho elution. We have slx highelevel gas<seprration systoms and
two similar low-lovel systoms.

The desired quantity of samplo is mixed with appropriate rurrier gases
for trace compononts and collected on activated charconl at liquid nitrogen
tomporaturc. In gonoral the purification procuas consists of n sories of
inltial group soparations from tho activated charcoal at temperaturas ranging
from liquid nitrogen to 350°C (Pig. 2). A molecular sicve is used to obtain
the finei separation of each of the groups. A much simpler scheme is often
used to obtain specific components of a moderately radicactive sample
(o.g., krypton can be separated from air in a two-step process using only the
charcoal column). Large samples require lower temperatures until the major
constituent is eluted and may roquire muitiple elutions from the sieve traps to
obtain spocies such as argon from air or krypton from natural gas in a pure form.
Bocause of the large varioty of somw’e sizes und compositions that we are
asked tc process, our systems have on oxcoss of bullt-in vorsatility and our
techniques arc modifled accordingly. Simpler systoms and tochniquos wouid
suffice in a large number of spocialized appiications where morv-or-less
coutine analysos are required.

Counting systoms used for measuromont of the radioactive constituonts
of tho soparated gas fractions are choson according to their setivity level,

Low-lovol samples are counted in matchod 0.8 und 0.5-liter anticoincidence
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of specles of intarest in a sories of samples is of little value unless

one is sble tv identify and eliminato the offects of dflution, mixing, and
chemlcal reactions that mask tho Interrolationship botwesn tho samples, To
accomplish this unmasking we roly on selcsted noble gas tracors, Thaso
spacles are oxpectod to bo uniformly distzibucad within the cavity, are
moasurable ovor a wide range of dilution throwghout tho deairad obaervation
poriod, and ave not nubjoct to excesslve and variablo background corrections,
Three classes of tracurs can bo dofined: rolative, intornal diagnostic, and
omplaced diagnestic,

Application of inu tracors in a relative senae is bust iliustrated by
our gas-quality {nvestigation for Project Rulison (Smith, 1971), During
production towsting, asxr waa usod as an indicator of relative samplo quality
and of the oxtont of dilution due to the influx of formation gas into tho
chimney during production. It was also uged as g comman denominator for ratios
used to investigate tho significance of the changing composition of the
produced gas.

A diggnostic traser is a materiai present in the cavity in a known
amount., It can be produced by the explasive or omplacsd with the explosive
and, of course, must also moet the roquiremonts previcusly stated for a
relativo tracor, Tho "dovico frzction® is the ratic of tho concontration of
the tracer spocios in a samplo to its known total in the chimuoy. Its
yeciprocal is the volume of chimmoy gas at standard conditlons, If
estimates of chimnay pressure ond temporature are availablo, tho reciprocal
dovice fraction can bo interproted directly as chimmoy volid volumo and can
be used to estimata the cavity radius, Most importantly for dimgnustic

purposcs, tho total of any woll-mixed compunont of tho chimey gas is given
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by its concentration in a sample divided by the dovice fraction. Thesc totals
are the most tractanle quantltles available for providing device-performancoe
ostimates und for stwudying underground wweloar phonomenology.

Totals of i{nternal diugnosatic tracors must bo oither calculatod oy
measurad. The Rulison e total, for oxamplo, was obtainod from rvleasc
untimates after production tosting and was vorlfiod from chimnoy volume,
pressuro, und tomporaturo ostimates and tho inltial concontration. Krypton-85
was also usod as o socondary tracor for tho Gasbuggy gas-quality program
(Smith, 19702, 1970b), In thls caseo ”‘7.‘(0 (the ”7,\1: was produced by noutron
copture 1n a xenon samplo that had boon onrichoed {n tho llghtor xonon
isotopos} ws emplaced with the dovice to serve as tho principal tracor.
Bocnuse of ta 36-duy half-l1ifo, the ”7xo was usoful during only thoe initlal
shut-in poriod (6 mu). Subsoquout Jiagnestic tracing was based on the
oxporimental total usxr measurod relative tu tho ler during this poried.
Internal tracer totals arc sometimes estimatod by calculation wiion mearurements
bused on emplaced tracers are unavailable

Normally we prefoer to omplace a unique tracer material with the
uvxplosive s¢ that its total can he dotormined under controlled conditions.

1 121
1'7Xu. BSKr, “““Rn, and stable neon,

Materials that have boon used include
krypton, and xenon. All oxcept 127.‘(0 require a background correction.
This is obtained for sskr from the as'“Kr soen In the samples: for radon from
holium, using tho known proshot radon/helium soil ratio; and for the stablo
gasos from argon in air or holium in natural gas, using known preshot
tracor/argon or tracer/holium ratios.

bue in part to the oxpense and handling difficulties of radionctive

tracors and principally to tho development of roliablo trace-gas measurement

tochniques by Newton ot al,, wo now roly almost ontiroly on stablo gas tracora,
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The most notable oxample is the Rio Blanco gas-stimulation experiment, whore
each of the three explosivos was emplaced with a unique tracor gas. When
production testing is bogun, we plan to usec these tracers ta monitor the
dogree of inter-chimney communication and, 1f possible, to gain somo insight
into charactoristics of tho individual chimnuoys. Far gas dingnostics of test

program events, we ofton use stable krypton and/er sonon as the omplaced

tracor matorial.
NOBLE GASES FROM A NUCLEAR EXPLOSION

Qur studies of nu¢lear detonations must troat at least five distinct
sources of noble gases: 1) Tho Fission procoss genorates many krypton and
xenon isotapos both directly and as o consequence of radioactive docay of
thoir precursors; 2) holium isotopes aro among tho products of thermonuclear
roactions; 3) neutrons generatod by the detonation interact with compononts
of the explosive and of tho surrounding medium to create noble gas isotopoy
through nuclear reaction processos; 4) the detonation itself vaporizes,
melts, and fractures the medium surrounding it, causing the rolease of soil
gnsos to the chimney voids; and 5) air normally enters the chimmoy region
to replace the condensing stoam during the cooling process and in doing so
1ntroduces an often significant quantity of noble gases that may be genorally
termed "background." Ench of these sources can be characterized and quantized,
using tho analytical procedures mentionod previously. Tho rosults af such
a characterization constitute a viablo gas-diagnostic program

To obtain porformance ostimates for the explosive, wo roly principally

on those species expected to bo present in tho cavity at relstively early
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timos following detonation. Prior to chimney collapse, dynamic mixing
within tho cavity assures a reasonably uniform mixture of detonation products
and tracer gasos, thus fulfilling a basic prorequisite for meaningful rosults.
In practical torms thls limits dlugnostic flssion moasuremonts to the krypton
lsotopos of mass #5, 87, und 88, Threo of the four are short-lived,
nucassitating rapid samplo recovery nnd annlysis. If sampling timos are
oarly enough so that xonon lsotopos measured in tho gas aro attributable to
their indopendent fisajon yields, thun these spocies can bo used in diagnostics.
At intommediate times, intorprotation of tho measurod totals of Xonon isotopos
is complicated. The xenon procursor nuclides ara prodominataly dopesited an
cool rock surfacm. whon the chimnoy collapses. Since chimnoy-gas mixing rates
aro considorably sluwor than cavity rates and some entrapment of tho gaa may
cccur, the diagnoatic appllication of tho xenons during this poriocd is
quostionoble. In genoral wo profer to uso thoso isotopos to study the
phenomenon of gas mixing rathor than for diagnostics. However, in some cases
whoro late-time observations have beon possiblo, wo have becn able to
demonstrate that an appreciable fraction of tho xonon was mixed with the gas
and have been able to oxtract diagnostic information from its measuremont.
Since a significant fraction of tho yield of a thormonuclear explosive
is duc to tho fusion of deuterium and trltium to produco “Mo and a neutron,
an exporimental moasurement of tho dovico-prodused holium is potentially
usoful in diagnestics. Tho moasuromont 1s complicated by tho proscnco of
“background" helium in the chimnoy gas from air and from soil. Tho argen
content of a sample is o usoful indicator of the amount of helium {and other
noble gases) present due to air dilution., Amounts of helium and radon in
the soil gas aro related, since both are radiogenic. If tho proshot holium/

radon ratio for tho detonation environment 1s known, thon the radon in a
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sample becomes a usoful indicator of the background helium contributed by
the soil and is alse a useful indicator of the mmount of rock that has been
fractured by the detonation.

Neutrons produced by tho detonation are svontually captured by
matorials in the dovice ond its inmodiate surroundings. Although cortain
isotopes of cach of the noblo gases sro potantial products of thoso roactions,
tho most abundant such activation product is 37Ar producoed principally from
calcium, Production of tho 37Ar oscurs at zero time and within tho rock
sphore about the explosive that will bocome molten. It is, thorefore,
uniformly distributed and well mixed with other dotonation products in the
oxpanding cavity. Bocauso of this, wo have found 37Ar to bo an extremely
usoful rolative gas-tracer matorial, ond wo have alpo used it as an intornnl
diagnestic tracer for samples that are too diluted to provide a useful
stable gas-tracer measurement. In the latter epplication, the total 37Ar
must first be known from the results of measurcments on good-quality samples,

since calculational estimates of activation processes are quite imprecise.
CONCLUSION

Throughout this presentation I have attempted to provide a generalized
summary of our gas-diagnostics program and of its utilizetlon of tho noble
gasoes in studies of underground nucloar detonations, The results of some of
these investigations have been published in connection with the Gasbuggy
and Rulison experiments (Smith, 1970a, 1970k, 1971, 1972). The specifics

of cur investigations do not easily iond themselves to gemeralization, as
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vach ovent i3 unique unto itself in many waya. Such dotailed presentation
of our results ls nacessarlly rologated to individunlited topical prescntatiom:.
My gonl hero has baen to draw upoh our oxporionce in gas analysis techalguens

to dosoribo concopts that aru of gonural intovest and applicabliity,
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FIGURE CAPT10ONS

Fig. 1. Gas-sampling system.

Pig. 2. dos-analysls separation scheme.
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