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umiMtittc o¥ n«i mm, «&& is swm 
sif inMts««««> siKMU* ««Kvr|«WS* 

Uvrcncr U termor* Utoraldl?', l*K<iriiU« of Catl fernU 
Ur t rnor* , California MS** 

MSTtUCT 

Tito M reswore Gait e*l»£ft»((iu* Profras* e®p\oy<t a (wioirar tif rarv fa* 

lM»i>|ii», lieirt <U!i|o an) r * ! ! o K l l i v , lit H* lttw»ilta«lt)it.i of Clio 

pSionoBOlHjlpty of iutder(rc>unJ nuclear i l r io tu iUM, Mtklioas'ilvo jma j in a 

>a»|>lc art ratllocitiiiikally juir l fUJ l>v elusion «!>njitt«a(tr»jtSi>', itut »ho 

«ajiarai«l fa»m ttn raJlMttsayo! (•?• fama-ray (pseereswity and !•«• Ittltaraat 

<tr iltlu-wituiaw Uata tttvjkprttattat 6ut)fttltt£. Caacofie ras laft* of (He *sa'->le 

gajttw are ttesurmlfivtl by a»ftii.*pMs.r«swSrv, fatlotttctj: i!t«rtsl-;.tl wttwVal af Brto 

reactive fa^e* 1ft she »aat$»lo. The csaiu dsewtral application af sJio %$b\e 

gasa* U a* (icvlce fraction Ifeilcasar* let jtrovWv a I*a4is a>r c*itaailfttf 

coial* of chkeuttry.gaft OJSJWR*Htt a. All of site stable rar« cane* «xcs;t4 ar^aa 

HAVO btrert MV& a* tracer*, an ?vav» Xoswm-S-' a?TJ Kr>'jiKii».*t-*J. -W^on-S* att̂ i 

KryjtWft-55 Have ]ttxtvcft I * SMT <»s' particular valtw Itt tite »s*r.onctf of a gtto*! 

tracer oauria l a* referetste «jic*le» «Vr »tt»llc> erf eManof-taa <h«il»ir«'. 

Trtn rato of olalng of chlntar |a«uj ami the ilc(t«« to »M<b iho n.injiloJ (a* 

Kort {lerfomeii umlor t(t« aa»jil«»* of the U. S. Manic littery C«*ttlMl«n. 



t ruly rv$tr«*«a» ifec UMbrtHMaJ ga* M M W * <a» &•«- fBwdtcsS *lsfc tfca *i») olf 

BHB f l M i W ' p r a t a H s a n ^ . &iitaft'2£2 a»4 twttut* arc- r*Uaxe4 t * Bfc# «**t«p 

fr*f t Bbv «urr*y.-»dtnj: racfc aswi ar* i&srvftVrf u*«r.iS 6a ituA&c* eff Iha 

ttil«r»cti«t? «f th« 4etofMlt* t *UH lfc« wrr««Nllt t i t :H41'41I. 

1f>* fa* *lka{ftt*lftti» piegraA Al t t t wa» « » l * b | f c * M la *Uji)*|tt»n« 

«flflv*ttlianat raJS^£^fisii&x!i.| ttci^lH'^a* *W 4*<tai4«Ucv£ i$*vt*« iwryfartewe*-

evaluation i ta l i i « Mijfjwrl »f VVJ»I ^rwfrwu w B i v l t i * * . tf« jts^vM* tftatytWat. 

I f t tsr j iMtat tv* , ai*£ AUtWmBU v.tj*jwrB far IMawihsir* { « * • * ! taw UAl«3 

csijurittetU*, aft** «* s l *» (̂Mft»sw a iiWr vaptpSf of ^mrvt'fio raJi«»«K>l<at 

iwa»ur«ttcnB» 4ft «t«JtUJUBWh «UH tftVHalarjr ĵHHffPiiitftvn* if* fcihtih fa* u**er * 

ar* «*««. Jfttih ad* HMV ttftvrl fetpttw* (vtaattMTSufrnt aM lftBcrpr*taaiun af ike 

wtvisfilraB irtft of frwM? jjaars in «r,tf *.asî S«(i» JSw** *^8*i«» sir? pff«*o»f a* 

|*jr»4tui» **f ftuclcar rwassUn*. as itti^uituft: * #f a?,?1 a i r *S4ittimt olf tW ftasq>W*. 

a* *.?&«« r s u i t T i a b . Jr a* iuaiMrtaSLxis *»f iheiv j fWMiMHsU* . Ifu use Wtfc 

MaMn afcd raJ i ^ac t tw c«5v$we,e(i5«. MBSwsijjiv tSve ftaBsirc «f «mr * !U i " ;J* t i i 

sjt;t|*<aUaft *jf tthg ftwlttc jean-** i * unlirae, B?te j>r»c«»!tir«s w« ftave tkvcttijtu-J 

aro nC (onsral aj i j tMctkHUi?. The MtUssWft otf t*.*.i* frj-sgwislus ttpaUns * l : ! t titany 

a*p«cij> at awanurciwHit .i:vi! a;i;>IUat[u» uf I V t«*M< gasc* provlito* alt exc*Uc(»'. 

vpftarltmtiv to »\<js<fi^ a*.ir the olf Bhcui* sascr lats. 

fixHFMtti w.oeiivjtais 

StwJv of Hit? |^cii«acnolojv of an umlcl-frouail nuclear detonation requires 

col lect ion of *<H>J*<|ualU,t' *afl;Ooji j f the cavity and chlwey Bastf* ovor t lne» 
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eatentlint fro* a fv« ntnttita to aeterat week* f a i U * l f . ( detanatUs. the 

»a»pll«{ »v»t«n »ow uted (PI* , t) ce«*l*t» ba*ically of a reinforced rubber 

ho*e eontalnlnt and fixed tp a nenretailnt wire rope that provide* 

leniUudtnal «tren|th ami prevent* truthlnt, of the ho*e (Uren«, li>?J). The 

rope I t t t l f I * a reatenalily peroeahie (an path, even where Iho hote I* 

ce«|ire»*eJ »|alt»t. i l Ihroujh rctlon* of h I git u l l compaction, lath t in rope 

and ho»o teroSnalo at a vacuus deoand valve placed wall dowahole Iteniath the 

(ai-eentalKaent atemlne, plug. Tlili valve prevent* pa»iatc of |a* unlet* a 

vacmtti can bo applied (rem above, thu* precluding the po«t|b|| ity i f 

preaaurtied (a* reaching the aurfaee and providing a fa l l - tafe cloiure <.' 

the »y»t«« if the *urf»ce aanjillng eipilpacnl 1* not leak-tight, uther 

tiull i-tn tafety feature* include a Mainm allowahlv working prc*»»rc of the 

hw#e thai I* well in once** of any prevlou*ly dhtervod *urfaco pre*»ure. \ 

deeply burled urotrire rel ief valve enuire* a (afety factor of 6 or 

oore in the upper portion* of the *a*§tte *y*tca, tiay puaped through the 

syxien I* totally contained either in prcaaurlscd faoiple cylinder* or In 

underground tank*. Sasfillse operation! are conducted in »uch a nanner at 

to enture compliance with the cencaijn at total containment that eharactorlie* 

captoai.'e eoplaettttent technique* currently In ute. 

Mother often-u»ed *aapling icheoe Involve* the u»o of production tubing 

placed in a |>o*t*hot reentry d r i l l hole. Although slnplc In concept, thl* 

technique suffer* froa the lltto delay Ingioted hy the dr i l l ing jchcdulo. At 

the teat alte the delay can be day* or wee!.* and acaiu a to** of the Information 

obtained froa short-I Wed radionuclide*. In the ca»e of gas-»timilailon 

eaperiaent*, the dolay has ranged froa I «w (liasbuggy) to nearly a year 

((UUIon) and ha* precluded detection of ni l but the longer-lived ga*cou» 
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KttliotitfctMeA. To ctininato thU la** or Inforaatlon, wo enlaced a praapt 

gat-galling *y*ttHs .H Rio bianco (qucng, J9?2). This novel ayJten confuted 

of about a Alio of ttaliMucui *talnlo»« stout tubing containing a wlro rope 

at its loK«r end ami throo gai -block drttphran* ihnt could bo Manually o*teticd 

by ba«k prosaurUnUan fwa tho surface, Ifnt'oriun&tBly clvlanoy gis was 

not collected by the *y*ecn, Our flr*t chimney gnu nasplet am expected In 

early UetoUar IS7X, fullwHnc wn;ilo'.l^ of drilling Into the chlrincy. 

Sangiles arc returned to Uvomwre lor analyse*, Typical saspic voluse* 

ra«g« f?os a few cubic ccnUeveWr* la n lew tsin.-t of 11 lorn, although suvernl 

coble uotor* of Docile have been proccitnul at Urcn, ftndlonucllde 

concentrations ran go fron background to i, f«w hundred alcrocttrU* per 

(alllitUer. heedless to s;iy, our ptMCcs; in$ eijulpaent exists in isolated 

High- and low-level *puclall:<Mt version* 

The first step in the processing -ii' a:i uiikiiown sasplc is a gamanlua-

diode gaana-ray *can of IU to 2a a) of itr gas, Kir have *tandnrdi:ed this 

procoai to provide concentration acisurecicntft of the short-lived krypton 

1*0lope* (.IT. 05, flS a) and of r.onufi-1.*." against the background of other 

gnnsa ray-eattiing nuclides lit tho grosn fUnion product gait. In principle 

It is possihJa tc determine all of the krypton and xenon isotopes in a gross 

aaople by a judiciously spaced series of count* Hoover, to save tir=c, 

gain sensitivity, and inprwe asasure&oht accuracy, KU pro fur purified 

krypton and xenon fractions of tho sacple for noasureaont of the longer-

llvnd fission product gsse*. 



Radiochemical!)' and chemically puro fractions of a sonplo oro proparod 

by olutlon chromatography, Helium it used as a carrtor gas, ami tlio separations 

arc accomplished by manipulation of gas flow paths through controllod-

tomporaturo activated charcoal mill molecular sifivi (5A) columns (Momyor, 11>M1), 

Thormul conductivity and ionlcatiou-chambtir detoctors aro used to monitor tho 

progress of tho elution. Wo have six high-lovol gas-sop- ration systems and 

two similar low-lovol systems. 

Tho desired quantity of sample is nixed with appropriate currier gasos 

for trace components and collected on activated charcoal at liquid nitrogen 

tonporaturo. In gonoral the purification process consists of a sorios of 

initial group separations from the activated charcoal at tomporaturus ranging 

from liquid nitrogen to 350°C (Pig. 2). A molecular sieve Is used to obtain 

the fiilci separation of oach of the groups. A much simpler scheme is often 

used to obtain specific components of a moderacoly radioactive samplo 

(e.g., krypton can be separated from air in a two-step process using only the 

charcoal column). Largo samples require lower temperature*! until tho major 

constituont Is eluted and may require multiple elutio^s from the siove traps to 

obtain species such as argon from air or krypton from natural gas ir a pure form. 

Bocauso of the large variety of s< îpf.b sizos und compositions that wo are 

asked to process, our systoms havo an oxcess of built-in versatility and our 

techniques aro modified accordingly. Simpler systems and techniques would 

suffice in a large number of specialised applications whore more-or-less 

routine analyses are required. 

Counting systems used far measurement of tho radioactive constituents 

of tho separated gas fractions are choson according to thalr »"tlvlty level. 

Low-level samples aro counted in matched 0,8- and 0.5-liter anticoincidence 
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of species of interest in a series of samples is of l i t t le value unless 

one is able tu identify and eliminate tho affects of dilution, mixing, and 

chemical reaction! that mask the interrelationship botuoisu t'm samples. To 

accomplish this unmasking wo rely on selected noble (as tracers, Thoie 

species are expected to be uniformly dintrlhucml within the cavity, are 

measurable aver a wide range of dilution throughout tho desired observation 

period, and aro not pubjoct to excessivo and vuriablo background corrections. 

Three classes of tracers can be defined: rolntivo, internal diagnostic, and 

emplaced diagnostic. 

Application of gas tracers In a relative senati is bast illustrated by 

our gas-qu*lity Investigation for Project Rulloon (Smith, 1971), During 
HS product'an testing, Kr uni used as an Indicator of relative sample quality 

and of tho extent of dilution due to tho influx of formation gas into tho 

ehimnoy during production. It was also used as a common denominator for ratios 

used to investigate the significance of tho changing composition of tho 

produced gas. 

A diagnostic tracer is a material present in tho cavity in a known 

amount. It can bo produced by the explosive or ompiaciid with the explosive 

and, of course, must also meet tho requirements previously stated for a 

relativo tracor. Tho "dovice fraction" is the ratio of tho concentration of 

the tracor spocios in a samplo to its known total in tho chlmi;oy. Its 

reciprocal Is the volume of chimney gos at standard conditions. If 

estimates of chlrotay pressure and temperature are available, tho reciprocal 

device fraction can be interpreted directly as chimney void volumo and can 

be used to estimate the cavity radius, Most importantly for diagnostic 

purposes, the total of any well-mixed component of the chimney gas is given 
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by i t s concentration in a sanplo divided by the devico fraction. Those totals 

aro the most tructanle quantities availahle for providing device-performance 

estimate* and for studying underground nuclear phenomenology* 

Totals of Internal dlngnoatlc trncors must ho cither calculated or 

muasurud. Tito Uullaon ''Kr total , for oxamplo, was obtained from release 

ostimatos after production tasting and was verified from chimnoy volume, 

pressure, and totnporature estimator and the initial concentration. Krypton-B5 

was also used its a secondary tracer for the Gas buggy gas-quality program 

(Smith, 1970a, 1970b), In this enso Jto (the 1 3 7 , \e was produced by neutron 

capture In a xonon sample that had boon enriched in tho llghtor xenon 

Uotopos) ws emplacod with tlio dovlco to aorvo as tho principal tracer. 
1 ^7 uocnuso otf i ts 56-day hnlf-Ufo, thu \o was useful during only tho ini t ial 

shut-in period (0 mu). Subsequent diagnostic tracing was based on tho 

experimental total Kr measured relative tu tlio " Xe during this period. 

Internal trocer totals arc sometines estimated by calculation wlten measurements 

bused on cmplaced tracers are unavailable 

Normally wo prefer to emplnco a unique tracer material with the 

explosive sc that i ts total can bo dotormincd under controlled conditions. 
\TJ AC 112 

Matorials that have boon used include " Xo, Kr, "" Rn, and stable neon, 
krypton, and xenon. All except " So require u background correction. 
This is obtained for 8 5 K r from tho Kr seen In tho samples: for radon from 
helium, using the known proshot radon/helium soil ratio; and for the stable 
gasos from argon in air or helium in natural gas, using known preshot 
tracer/argon or tracor/helium ratios. 

Due in part to the exponso and handling difficulties of radioactive 
tracers and principally to tho development of reliable trace-gas measurement 
techniques by Newton ot al., wo now rely almost entirely on stable gas tracers. 
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Tho most notable example is tho Hio Blanco gas-stimulation experiment, whore 

each of tho three explosives was emplacod with a unique tracor gas. When 

production testing is bogun, wo plan to uso those tracers to monitor tha 

degree of inter-chiinnoy communication and, i f possible, to gain some insight 

into characteristics of the individual chimneys. For gas diagnostics of tost 

program ovonts, wo ofton uso stablo krypton and/or xenon as tho omplacud 

tracer matori&l. 

NOliLli GASES FROM A NUCLBAR EXPLOSION 

Our studies of nucloar detonations must treat at least five distinct 

sources of noble gases: 1) Tho fission procoss generates many krypton and 

xenon isotopos both directly and as a consequence of radioactive decay of 

their precursors; 2) hollum isotopos aro among the products of thormonucloar 

reactions; 3] neutrons genoratod by tho detonation interact with components 

of the explosive and of the surrounding medium to create noble gas isotopes 

through nuclear reaction processes; 4) the detonation itself vaporizes, 

melts, and fractures the medium surrounding i t , causing the release of soil 

gasos to the chimney voids; and 5} air normally enters the chimney region 

to replace the condensing steam during the cooling process and in doing so 

introduces an often significant quantity of noble gases that may be generally 

termed "background." Each of these sources can be characterized and quantizod, 

using tho analytical procedures raentionod previously. The results of such 

a characterisation constitute a viable gas-diagnostic program 

To obtain performance ostimates for the explosive, wo rely principally 

on those species expected to be present in the cavity at TelBtively 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 prerequisite for moaningful rosults. 
In practical terms this limits diugnostic fission measurements to tho krypton 
isotopos of mass 85, 87, and 88, Throo of the four are short-livod, 
nucassitating rapid snmplo rocovery and una lysis. If sampling times nro 
early enough so that xonon isotopes moasurod in the gas are attributable to 
their Independent fission yields, then those spocies can bo usod in diagnostics. 
At intermediate tlmos, interpretation of tho moasurod totals of xonon isotopes 
is complicated, Tho xonon precursor .nuclides aro predominately deposited on 
cool rock surf&coi. when tho chimney collapsas. Sinco chlmnay-gas mixing rates 
aro considerably slun'or than cavity rates and same entrapment of tho gas may 
occur! the diagnostic application of the xouons during this poriod is 
questionable In general wo prefer to use those isotopes to study tho 
phenomenon of gas mixing rather than for diagnostics. However! in some cases 
whore late-time observations have been possible, we have been able to 
demonstrate that an appreciable fraction of tho xenon was mixed with the gas 
and have been able to extract diagnostic information from its measurement. 

Since a significant fraction of the yiold of a thermonuclear explosive 
is duo to tho fusion of doutorium and tritium to produce Ho and a neutron, 
an experimental measurement of tho devico-produced helium is potentially 
useful in diagnostics. Tito measurement Is complicated by tho prosonco of 
"background" helium in the chimney gas from air and from soil. Tho argon 
content a£ a. sample is a useful indicator of the amount of holiun (and other 
noble gases) present due to air dilution. Amounts of helium and radon in 
the soil gas aro related, sinco both aro radiogenic If the proshot helium/ 
radon ratio for tho dotonation environment is known, then tho radon in a 
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sample becomes a useful indicator of the background helium contributed by 

the s o i l and Is also a useful indicator of the amount of rocU that has been 

fractured by the detonation. 

Neutrons produced by the detonation are evontually captured by 

materials in the devico and i t s immodiato surroundings. Although cortaln 

isotopos of each of the noblo gasos uro potantlal products of thoso reactions, 

the most abundant such act ivat ion product i s Ar produced principally from 

calcium. Production of tho Ar occurs at zero time and within tho rock 

sphere about the explosive that w i l l bocome molton. It i s , tharoforo, 

uniformly distributed and well mixed with other detonation products in tho 

oxpanding cavity. Because of t h i s , we have found Ar to bo an extremely 

useful relat ivo gas-tracor material, and wo have also usod i t as an internal 

diagnostic tracor for samples that are too diluted to provide a useful 

stable gas-tracer measurement. In the la t ter applicat ion, the tota l Ar 

must f i r s t be known from the resul ts of measurements on good-quality samplos, 

s ince calculational estimates of activation processes are quite imprecise. 

CONCLUSION 

throughout th is presentation I have attempted to provide a generalized 

summary of our gas-diagnostics program and of i t s u t i l i s a t i o n of tho noblo 

gasos in studies of underground nuclear detonations, The resul ts of some of 

these investigations have been published in connection with the Gasbuggy 

and Rulison experiments (Smith, 1970a, 1970b, 1971, 1972). The speci f ics 

of our investigations do not eas i l y lord themselves to generalization, as 
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oach event is unique unto itself in Mny ways. Such detailed presentation 

of our results is necessarily rolojatod to liidlvlduntltod tO|ilcil presentations. 

Mj' goal here has boon to draw upon our experience In |a> analysis techniques 

to describe concept! that are of general Interest and applicability, 
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