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ByBy DavidDavid HafemeisterHafemeister 

TheThe ComprehensiveComprehensive TestTest BanBan Treaty:
Treaty:

EffectivelyEffectively VerifiableVerifiable 

.... ,..,.. nn OctoberOctober 1999,1999, thethe U.S.U.S. SenateSenate declineddeclined 

toto consentconsent toto ratificationratification ofof thethe 19961996 

.... ........ ComprehensiveComprehensive TestTest BanBan TreatyTreaty (CTBT).(CTBT). 

AlthoughAlthough thethe floorfloor debatedebate itselfitself waswas soso shortshort asas toto 

bebe perfunctory,perfunctory, verificationverification concernsconcerns playedplayed aa rolerole 

inin thethe Senate'sSenate's action.action. AtAt thethe time,time, somesome senatorssenators 

contendedcontended thatthat thethe treaty'streaty's verificationverification provisionsprovisions 

werewere inadequateinadequate toto dealdeal withwith potentialpotential cheating,cheating, 

despitedespite assertionsassertions toto thethe contrarycontrary byby thethe WhiteWhite House.House. 

SinceSince then,then, thethe BushBush administrationadministration hashas 

refusedrefused toto reconsiderreconsider thethe CTBT,CTBT, despitedespite 

widespread,widespread, almostalmost unanimousunanimous interna­interna­

tionaltional supportsupport forfor thethe pact.pact. ll 

coco InIn thethe pastpast yearyear oror two,two, however,however, therethere
88 
NN hashas beenbeen growinggrowing supportsupport acrossacross thethe U.S.U.S. 

~~ politicalpolitical spectrumspectrum forfor SenateSenate reconsidera­reconsidera­
oo 
tltl tiontion ofof thethe CTBT.CTBT. AA bipartisanbipartisan groupgroup ofof 
oo 

fourfour seniorsenior statesmen,statesmen, includingincluding formerformer 
~~oo SecretariesSecretaries ofof StateState GeorgeGeorge ShultzShultz andand 
~~ HenryHenry Kissinger,Kissinger, formerformer SecretarySecretary ofof De­De­
...J...J 
oo
a:a: fensefense WilliamWilliam Perry,Perry, andand formerformer SenateSenate 
f­f­zz 
oo 
uu 
(J)(J) 

ArmedArmed ServicesServices CommitteeCommittee ChairmanChairman 

SamSam NunnNunn (D-Ga.),(D-Ga.), havehave calledcalled forfor thethe 

SenateSenate toto re-examinere-examine andand ratifyratify thethe treaty,treaty, 

whichwhich prohibitsprohibits thethe conductconduct ofof anyany nu­nu­

clearclear weaponsweapons testtest explosionexplosion oror anyany otherother 

nuclearnuclear explosionexplosion anywhere.anywhere.22 

TheThe DemocraticDemocratic presidentialpresidential nominee,nominee, 

SenatorSenator BarackBarack ObamaObama (IIl.),(IIl.), hashas alsoalso 

endorsedendorsed thisthis caU.caU. InIn aa JulyJuly 1616 speechspeech inin 

Indianapolis,Indianapolis, hehe said,said, "[W]e'll"[W]e'll workwork withwith 

thethe SenateSenate toto ratifyratify thethe ComprehensiveComprehensive 

TestTest BanBan TreatyTreaty andand thenthen seekseek itsits earliestearliest 

possib.lepossib.le entryentry intointo force."force." TheThe Republi­Republi­

cancan presidentialpresidential nominee,nominee, SenatorSenator JohnJohn 

McCainMcCain (Ariz.),(Ariz.), whowho votedvoted againstagainst thethe 

treatytreaty inin 1999,1999, saidsaid inin aa MayMay 2727 speechspeech 

thatthat ifif elected,elected, hehe wouldwould "begin"begin aa dia­dia­

loguelogue withwith ourour allies,allies, andand withwith thethe U.S.U.S. 

Senate,Senate, toto identifyidentify waysways wewe cancan movemove for­for­

wardward toto limitlimit testingtesting inin aa verifiableverifiable man­man­

nerner thatthat doesdoes notnot undermineundermine thethe securitysecurity 

oror viabilityviability ofof ourour nuclearnuclear deterrent.deterrent. ThisThis 

wouldwould includeinclude takingtaking anotheranother looklook atat thethe 

ComprehensiveComprehensive TestTest BanBan TreatyTreaty toto seesee 

whatwhat cancan bebe donedone toto overcomeovercome thethe short­short­

comingscomings thatthat preventedprevented itit fromfrom enteringentering 

intointo force."force." HowHow McCainMcCain mightmight trytry toto 

addressaddress perceivedperceived shortcomingsshortcomings onon thethe 

verifiabilityverifiability ofof thethe CTBTCTBT isis notnot clear.clear. 

TheThe high-levelhigh-level callscalls forfor CTBTCTBT reconsid­reconsid­

erationeration reflectreflect thethe growinggrowing recognitionrecognition thatthat 

renewedrenewed U.S.U.S. leadershipleadership onon nuclearnuclear non­non­

proliferationproliferation andand disarmamentdisarmament isis neededneeded 

toto shoreshore upup thethe nuclearnuclear NonproliferationNonproliferation 

TreatyTreaty (NPT).(NPT). TheThe CTBTCTBT hashas longlong beenbeen 

seenseen asas aa litmuslitmus testtest ofof thethe nuclear-weaponnuclear-weapon 

states'states' commitmentcommitment toto fulfillingfulfilling theirtheir NPTNPT 

ArticleArticle VIVI commitmentcommitment toto endend thethe armsarms 

racerace andand pursuepursue measuresmeasures leadingleading toto nucle­nucle­

arar disarmament.disarmament. AsAs ofof Sept.Sept. 26,26, 2008,2008, 180180 

statesstates havehave signedsigned thethe CTBTCTBT andand 145145 havehave 

ratified,ratified, includingincluding allall U.S.U.S. NATONATO allies.allies. IraqIraq 

isis thethe mostmost recentrecent signatory.signatory. However,However, thethe 

UnitedUnited StatesStates andand eighteight otherother states,states, whichwhich 

~~ DavidDavid Hafemeister,Hafemeister, sciencescience affiliateaffiliate atat StanfordStanford University'sUniversity's CenterCenter forfor InternationalInternational SecuritySecurity andand Cooperation,Cooperation, waswas thethe leadlead technicaltechnical stafferstaffer forfor 
a:a: 
<l:<l: evaluationsevaluations ofof nuclearnuclear testtest banban monitoringmonitoring atat thethe DepartmentDepartment ofof StateState (1987).(1987). SenateSenate ForeignForeign RelationsRelations CommitteeCommittee (1990-19921(1990-19921 andand NationalNational AcademyAcademy 

-- ofof SciencesSciences (2000-20021.(2000-20021. DataData inin thisthis paperpaper werewere presentedpresented toto thethe 20072007 ComprehensiveComprehensive TestTest BanBan TreatyTreaty Entry-Into-ForceEntry-Into-Force ConferenceConference inin Vienna.Vienna. 
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areare necessarynecessary forfor CTBTCTBT entryentry intointo force,force, 

havehave notnot ratifiedratified thethe treaty.treaty. 
SinceSince 1996,1996, onlyonly threethree nationsnations havehave de­de­

fiedfied aa dede factofacto globalglobal nuclearnuclear testtest morato­morato­

rium:rium: India,India, NorthNorth Korea,Korea, andand Pakistan.Pakistan. InIn 

eacheach case,case, thethe internationalinternational communitycommunity 

immediatelyimmediately andand stronglystrongly condemnedcondemned thethe 

tests.tests. Moreover,Moreover, internationalinternational verificationverification 

capabilitiescapabilities havehave beenbeen testedtested andand foundfound 

sufficientsufficient toto verifyverify compliancecompliance withwith thethe 

CTBT.CTBT. AA particularlyparticularly noteworthynoteworthy exampleexample 

occurredoccurred inin OctoberOctober 20062006 whenwhen thethe ex­ex­

tensivetensive networknetwork ofof sensorssensors inin thethe Interna­Interna­

tionaltional MonitoringMonitoring SystemSystem (lMS)(lMS) setset upup toto 

monitormonitor CTBTCTBT compliancecompliance easilyeasily detecteddetected 

aa ,relatively,relatively low-yieldlow-yield (0.6(0.6 kiloton)kiloton) nuclearnuclear 

testtest explosionexplosion byby NorthNorth Korea.Korea. ThisThis detec­detec­

tiontion occurredoccurred eveneven withoutwithout thethe fullfull spec­spec­

trumtrum ofof nuclearnuclear explosionexplosion verificationverification andand 

monitoringmonitoring capabilitiescapabilities thatthat wouldwould bebe pro­pro­

videdvided forfor underunder thethe CTBT.CTBT. TheseThese capabili­capabili­

tiesties includeinclude thethe possibilitypossibility ofof short-notice,short-notice, 

on-siteon-site inspections.inspections. 

WhenWhen andand ifif U.S.U.S. policymakerspolicymakers decidedecide 

toto reconsiderreconsider thethe CTBT,CTBT, theythey willwill findfind thatthat 

CTBTCTBT entryentry intointo forceforce wouldwould notnot onlyonly 

strengthenstrengthen thethe normnorm againstagainst testing,testing, butbut 

wouldwould increaseincrease thethe technicaltechnical andand legallegal ca­ca­

pabilitiespabilities toto monitor,monitor, detect,detect, andand deterdeter vio­vio­

lationslations ofof thethe testtest banban norm.norm. TheyThey willwill alsoalso 

discoverdiscover thatthat sincesince thethe 19991999 SenateSenate votevote 

onon thethe CTBT,CTBT, therethere havehave beenbeen significantsignificant 
improvementsimprovements inin technicaltechnical verificationverification 

capabilities:capabilities:11 Together,Together, thesethese developmentsdevelopments 

meanmean thatthat fewfew questionsquestions shouldshould remainremain 

aboutabout whetherwhether thethe CTBTCTBT meetsmeets thethe stan­stan­

darddard forfor "effective"effective verification"verification" asas setset downdown 

byby toptop nationalnational securitysecurity officialsofficials whenwhen thethe 

SenateSenate consideredconsidered andand eventuallyeventually support­support­

eded previousprevious armsarms controlcontrol treaties.treaties. 

HowHow MuchMuch VerificationVerification IsIs 
EnoughEnough forfor EffectiveEffective Verification?Verification? 
InIn hishis Sept.Sept. 22,22, 1997,1997, letterletter transmittingtransmitting 

thethe CTBTCTBT toto thethe Senate,Senate, PresidentPresident BillBill Clin­Clin­

tonton wrotewrote thatthat "our"our NationalNational IntelligenceIntelligence 

Means,Means, togethertogether withwith thethe Treaty'sTreaty's verifica­verifica­

tiontion regimeregime andand ourour diplomaticdiplomatic efforts,efforts, 

provideprovide thethe UnitedUnited StatesStates withwith thethe meansmeans 

toto makemake thethe CTBTCTBT effectivelyeffectively verifiable."verifiable." 

AA secondsecond attemptattempt toto convinceconvince aa two­two­

thirdsthirds majoritymajority ofof thethe SenateSenate thatthat thethe CTBTCTBT 

isis verifiableverifiable willwill dependdepend inin partpart onon achiev­achiev­

inging aa clearclear understandingunderstanding ofof whatwhat effectiveeffective 

verificationverification means.means. TheThe U.S.U.S. standardstandard forfor 

effectiveeffective verificationverification ofof anan armsarms controlcontrol 

treatytreaty waswas defineddefined duringduring SenateSenate consider­consider­

at.ionat.ion ofof ratificationratification ofof thethe 19881988 Intermedi­Intermedi­

ate-Rangeate-Range NuclearNuclear ForcesForces (INF)(INF) TreatyTreaty andand 

rati­thethe 19911991 START.START. DuringDuring INFINF TreatyTreaty rati­

00 00 00 00 
00 00 00 00 
c.oc.o coco 00 C\IC\I ..-..- ..­..­

ficationfication hearings,hearings, AmbassadorAmbassador PaulPaul NitzeNitze 

defineddefined effectiveeffective verification:verification: "[Ilf"[Ilf thethe otherother 

sideside movesmoves beyondbeyond thethe limitslimits ofof thethe treatytreaty 

inin anyany militarilymilitarily significantsignificant way,way, wewe wouldwould 

bebe ableable toto detectdetect suchsuch violationviolation inin timetime toto 

respondrespond effectivelyeffectively andand therebythereby denydeny thethe 

otherother sideside thethe benefitbenefit ofof thethe violation."violation." 

Thus,Thus, cheatingcheating thatthat couldcould threatenthreaten U.S.U.S. 

nationalnational securitysecurity inin aa militarilymilitarily significantsignificant 

wayway mustmust bebe detecteddetected inin sufficientsufficient time.time. InIn 

thethe casecase ofof aa nationnation thatthat alreadyalready hashas nuclearnuclear 

weapons,weapons, effectiveeffective verificationverification isis deter­deter­

minedmined byby thethe militarymilitary significancesignificance ofof thethe 

additionalnuc1ear-weaponsadditionalnuc1ear-weapons capabilitiescapabilities itit 

mightmight obtainobtain byby cheating,cheating, beyondbeyond thosethose itit 

hadhad beforebefore thethe treatytreaty waswas inin place.place. 

DuringDuring thethe STARTSTART ratificationratification hearings,hearings, 

SecretarySecretary ofof StateState JamesJames BakerBaker repeatedrepeated thethe 

NitzeNitze definitiondefinition ofof effectiveeffective verificationverification butbut 

addedadded aa criterion:criterion: "Additionally,"Additionally, thethe veri­veri­

ficationfication regimeregime shouldshould enableenable usus toto detectdetect 

patternspatterns ofof marginalmarginal violationsviolations thatthat dodo notnot 

presentpresent immediateimmediate riskrisk toto U.S.U.S. security."4security."4 

TheThe intelligenceintelligence communitycommunity hashas aa some­some­

whatwhat differentdifferent approachapproach basedbased onon statisti­statisti­

calcal criteria.criteria. High-confidenceHigh-confidence verification,verification, 

inin thethe community'scommunity's view,view, isis thethe abilityability toto 

detectdetect 9090 percentpercent ofof thethe violationsviolations ofof treatytreaty 

provisions.provisions. ForFor thethe CTBT,CTBT, thisthis meansmeans thethe 

abilityability toto detectdetect 9090 percentpercent ofof nuclearnuclear teststests 
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FigureFigure 2:2: IdentifyingIdentifying LowLowYieldYield Explosions-Explosions-TheThe NorthNorth KoreanKorean ExampleExample 
SeismogramsSeismograms ofof thethe OctoberOctober 9,20069,2006 NorthNorth KoreanKorean testtest showshow thatthat nuclearnuclear explosionsexplosions 
cancan bebe differentiateddifferentiated fromfrom earthquakes.earthquakes. TheThe graphicgraphic belowbelow depictsdepicts seismogramsseismograms 
recordedrecorded inin northeastnortheast ChinaChina fromfrom thethe NorthNorth KoreaKorea nuclearnuclear testtest (top);(top); fromfrom anan earlierearlier 
nearbynearby earthquakeearthquake (middle);(middle); andand fromfrom aa smallsmall chemicalchemical explosionexplosion (bottom).(bottom). TheThe nuclearnuclear 
testtest (magnitude(magnitude 4,4, approximatelyapproximately 0.60.6 kilotons)kilotons) cancan bebe distinguisheddistinguished fromfrom thethe earth­earth­
quakequake (magnitude(magnitude 4)4) byby thethe factfact thatthat thethe nuclearnuclear testtest hashas strongerstronger primaryprimary waveswaves andand 
weakerweaker shearshear waves.waves. TheThe primaryprimary wavewave amplitudeamplitude oscillatesoscillates inin thethe directiondirection thethe wavewave 
travels,travels, whereaswhereas thethe shearshear wavewave amplitudeamplitude oscillatesoscillates atat rightright anglesangles toto thethe traveltravel direc­direc­
tion,tion, suchsuch asas aa "wave""wave" atat aa sportingsporting eventevent wherewhere peoplepeople oscillateoscillate upup andand downdown butbut thethe 
wavewave travelstravels horizontally.horizontally. TheThe nuclearnuclear testtest cancan bebe differentiateddifferentiated fromfrom aa two-tontwo-ton chemicalchemical 
explosionexplosion (magnitude(magnitude 1.9)1.9) withwith aa similarsimilar patternpattern ofof primaryprimary andand shearshear waveswaves byby thethe 
factfact thatthat thethe chemicalchemical explosion'sexplosion's seismicseismic signalsignal atat thisthis stationstation isis ofof lowerlower qualityquality andand isis 
aboutabout fiftyfifty timestimes smallersmaller thanthan thethe nuclearnuclear test.test. CombiningCombining seismicseismic datadata withwith otherother tests,tests, 
suchsuch asas airair samplingsampling forfor radionuclides,radionuclides, indicatesindicates thatthat nuclearnuclear explosionsexplosions belowbelow 0.0100.010 
kilotonkiloton yieldyield (below(below 1010 tonstons yield)yield) couldcould bebe detecteddetected inin thethe region.region. 
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atat aa determineddetermined threshold!threshold! yieldyield withoutwithout 

regardregard toto thethe militarymilitary significancesignificance ofof anyany 

particularparticular violation.violation. MediumMedium confidenceconfidence 

impliesimplies 5050 percentpercent detectiondetection probabilityprobability 

andand lowlow confidenceconfidence impliesimplies 1010 percentpercent de­de­

tectiontection probability.probability. 

WhenWhen aa violationviolation isis suspected,suspected, thethe levellevel 

ofof confidenceconfidence inin thethe monitoringmonitoring datadata deter­deter­

minesmines whichwhich adjectivesadjectives areare placedplaced inin frontfront 

ofof "violation.""violation." TheThe terminologyterminology remindsreminds 
0000 usus ofof thethe judicialjudicial standardsstandards ofof beyondbeyond aaoo 
oo 
NN reasonablereasonable doubtdoubt (actual(actual violation),violation), prepon­prepon­
Q;Q; 

.J).J) derancederance ofof thethe evidenceevidence (likely(likely oror probableprobable
88 
oo violation),violation), andand uncertainuncertain whetherwhether toto pros­pros­aa 

ecuteecute (possible(possible violation).violation). 
~~
oo ItIt isis importantimportant toto correlatecorrelate thesethese statisti­statisti­
~~ calcal categoriescategories withwith consideredconsidered judgmentsjudgments 
--'--' oo ofof howhow yieldsyields andand numbersnumbers ofof nuclearnuclear testtest
II:II: 
........ 
ZZ explosionsexplosions inin violationviolation ofof thethe CTBTCTBT wouldwould 
aa 
uu oror wouldwould notnot affectaffect thethe overalloverall militarymilitary bal­bal­
CJ)CJ) 

anceance oror putput U.S.U.S. securitysecurity atat riskrisk andand howhow22 
II:II: «« itit wouldwould affectaffect thethe UnitedUnited States'States' abilityability toto 

respondrespond toto suchsuch cheating.cheating. 
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CTBTCTBT MonitoringMonitoring ProgressProgress SinceSince 
thethe 19991999 SenateSenate VoteVote 
TheThe 19631963 LimitedLimited TestTest BanBan TreatyTreaty bansbans 

nuclearnuclear testingtesting inin thethe atmosphere,atmosphere, outerouter 

space,space, andand underwaterunderwater and!and! isis verifiedverified solelysolely 

byby classifiedclassified nationalnational means.means. InIn contrast,contrast, 

thethe CTBTCTBT bansbans nuclearnuclear testingtesting everywhere,everywhere, 

andand itit hashas extensiveextensive verificationverification provisions.provisions. 

TheseThese includeinclude thethe lMS,lMS, consistingconsisting ofof remoteremote 

sensorssensors (seismic,(seismic, radionuclide,radionuclide, hydroacous­hydroacous­

tic,tic, andand infrasound);'infrasound);' confidence-buildingconfidence-building 

measures;measures; provisionsprovisions forfor consultationconsultation andand 

clarification;clarification; and,and, onceonce thethe treatytreaty entersenters 

possibilityintointo force,force, thethe pOSSibility ofof short-notice,short-notice, 

on-siteon-site inspections,inspections, asas wellwell asas nationalnational 

means.means. CTBTCTBT verificationverification concernsconcerns havehave 

primarilyprimarily focusedfocused onon possiblepossible cheatingcheating byby 

undergroundunderground testing.testing. 

WhenWhen thethe SenateSenate consideredconsidered thethe CTBT,CTBT, 

somesome treatytreaty criticscritics suggestedsuggested thatthat itit couldcould 

onlyonly bebe monitoredmonitored atat testingtesting levelslevels ofof aboutabout 

oneone kiloton.kiloton. ThisThis misperceptionmisperception arosearose inin 

partpart fromfrom thethe factfact thatthat CTBTCTBT negotiatorsnegotiators 

decideddecided thatthat thethe IMSIMS shouldshould bebe designeddesigned 

toto monitormonitor nonevasivenonevasive detonationsdetonations aboveabove aa 

thresholdthreshold ofof aboutabout oneone kilotonkiloton anywhereanywhere inin 

thethe worldworld withwith highhigh confidence.confidence. InIn reality,reality, 

however,however, actualactual testtest banban verificationverification ca­ca­

pabilitiespabilities werewere muchmuch betterbetter andand havehave onlyonly 

improvedimproved sincesince then.then. NotNot onlyonly havehave IMSIMS 

monitoringmonitoring technologiestechnologies gottengotten better,better, butbut 

soso havehave thethe capabilitiescapabilities ofof civiliancivilian seismicseismic 

networksnetworks andand nationalnational technicaltechnical monitor­monitor­

inging systems.systems.66 

Indeed,Indeed, aa 20022002 panelpanel ofof thethe NationalNational 

AcademyAcademy ofof SciencesSciences (NAS)(NAS) determineddetermined thatthat 

"underground"underground nuclearnuclear explosionsexplosions cancan bebe reli­reli­

ablyably detecteddetected andand cancan bebe identifiedidentified asas explo­explo­

sions,sions, usingusing lMSlMS datadata downdown toto aa yieldyield ofof 0.10.1 

kilotonskilotons (l00(l00 tons)tons) inin hardhard rockrock ifif conductedconducted 

anywhereanywhere inin Europe,Europe, Asia,Asia, NorthNorth AfricaAfrica andand 

NorthNorth America"?America"? (see(see fig.fig. 1).1). AdvancesAdvances inin 

regionalregional seismologyseismology havehave providedprovided addi­addi­

tionaltional confidence.confidence. ForFor somesome locations,locations, suchsuch 

asas Russia'sRussia's formerformer nuclearnuclear testtest sitesite atat NovayaNovaya 

Zemlya,Zemlya, thethe useuse ofof newnew seismicseismic arraysarrays andand 

regionallyregionally locatedlocated seismicseismic stationsstations hashas low­low­

eredered thethe thresholdthreshold toto belowbelow 0.010.01 kilotons.kilotons. 

AsAs anan example,example, taketake thethe 0.6-kiloton,0.6-kiloton, 

NorthNorth KoreanKorean testtest notednoted above.above. ThisThis nu­nu­

clearclear explosionexplosion waswas promptlypromptly detecteddetected andand 

identifiedidentified fromfrom signalssignals recordedrecorded atat 3131 seis­seis­

micmic stationsstations inin Asia,Asia, Australia,Australia, Europe,Europe, andand 

NorthNorth America,America, includingincluding 2222 lMSlMS stationsstations 

establishedestablished byby thethe PreparatoryPreparatory Commis­Commis­

sionsion forfor thethe ComprehensiveComprehensive TestTest BanBan TreatyTreaty 

Organization.Organization.88 TheThe U.S.U.S. GeologicalGeological SurveySurvey 

postedposted aa goodgood estimateestimate ofof thethe testtest locationlocation 

fivefive hourshours afterafter thethe explosionexplosion occurred,occurred, 

SeismicSeismic datadata fromfrom undergroundunderground chemi­chemi­

calcal explosionsexplosions showshow thatthat far-lower-yieldfar-lower-yield 

explosionsexplosions wouldwould havehave beenbeen detecteddetected inin 

thethe KoreanKorean region,region, asas lowlow asas 0.0020.002 kilotonskilotons 

inin fact,fact, aa factorfactor ofof 5050 belowbelow thethe OJ-kilotonOJ-kiloton 

NASNAS monitoringmonitoring thresholdthreshold andand aa factorfactor ofof 

500500 belowbelow thethe nominalnominal l-kilotonl-kiloton thresholdthreshold 

(see(see fig.fig. 2).92).9 TheThe O.002-kiJotonO.002-kiJoton thresholdthreshold 

isis notnot applicableapplicable everywhere,everywhere, butbut itit isis evi­evi­

dencedence thatthat considerablyconsiderably lowerlower limitslimits cancan 

bebe obtainedobtained thanthan previouslypreviously assumed,assumed, 

particularlyparticularly ifif therethere isis aa sufficientsufficient densitydensity ofof 

regionalregional seismicseismic stations.stations. 

RegionalRegional monitoringmonitoring isis basedbased onon signalssignals 

thatthat havehave traveledtraveled viavia thethe earth'searth's crustcrust andand 

upperupper mantlemantle andand havehave beenbeen recordedrecorded atat 

distancesdistances upup toto aboutabout 1,5001,500 kilometers.kilometers. 

BetterBetter resultsresults areare obtainedobtained withwith regionalregional 

monitoringmonitoring thanthan withwith longer-rangelonger-range oror 

teleseismicteleseismic stations,stations, whichwhich measuremeasure bodybody 

waveswaves thatthat traveltravel belowbelow thethe mantle.mantle. NewNew 

algorithms,algorithms, closercloser access,access, andand seismicseismic mod­mod­

elsels enhanceenhance thethe abilityability toto improveimprove locationlocation 
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estimatesestimates andand discriminatediscriminate betterbetter amongamong 

nuclearnuclear tests,tests, earthquakes,earthquakes, chemicalchemical explo­explo­
sionssions forfor mining,mining, oror otherother phenomena,phenomena, ForFor 

example,example, scientistsscientists havehave examinedexamined wheth­wheth­

erer regionalregional datadata fromfrom seismographsseismographs locatedlocated 

atat aa distancedistance ofof 500-1,500500-1,500 kilometerskilometers couldcould 

shedshed newnew lightlight onon 6969 (out(out ofof 340)340) SovietSoviet 

undergroundunderground nuclearnuclear teststests thatthat tooktook placeplace 

atat thethe SemipalatinskSemipalatinsk TestTest SiteSite inin Kazakh­Kazakh­

stanstan duringduring thethe ColdCold WarWar butbut whosewhose originorigin 

times,times, coordinates,coordinates, andand magnitudesmagnitudes hadhad 

notnot beenbeen publiclypublicly determined,determined, UsingUsing re­re­

gionalgional data,data, scientistsscientists werewere ableable toto provideprovide 

informationinformation onon allall butbut twotwo teststests overover 11 tonton 

(0.001(0.001 kilotons),kilotons), ThisThis achievementachievement tooktook 

placeplace withwith seismographsseismographs employingemploying oldold 

technology.technology. NewerNewer technologytechnology providesprovides 

eveneven moremore potential.potential. lOlO 

Moreover,Moreover, regionalregional monitoringmonitoring hashas beenbeen 

enhancedenhanced byby thethe continuedcontinued globalglobal expan­expan­

sionsion ofof thethe lMS.lMS. AsAs ofof Sept.Sept. 26,26, 2008,2008, 233233 

ofof thethe 337337 IMSIMS facilitiesfacilities werewere certified,certified, 

3030 werewere operationaloperational butbut notnot yetyet certified,certified, 

3636 werewere underunder construction,construction, andand 3838 areare 

planned.planned. SinceSince 8989 percentpercent ofof thethe lMSlMS facili­facili­

tiesties areare nownow certified,certified, operational,operational, oror underunder 

construction,construction, itit isis reasonablereasonable toto expectexpect thatthat 

9595 percentpercent ofof thethe IMSIMS networknetwork willwill bebe com­com­

pletedpleted inin aboutabout fivefive years.years. AdditionalAdditional datadata 

cancan bebe retrievedretrieved quicklyquickly fromfrom thethe 120-sta­120-sta­

tiontion AuxiliaryAuxiliary IMSIMS networknetwork andand fromfrom thethe 

vastvast GlobalGlobal SeismicSeismic Network.Network. 

TheThe IMSIMS hashas alsoalso improvedimproved thethe abilityability 

toto detectdetect radionuclidesradionuclides thatthat wouldwould bebe emit­emit­

tedted afterafter aa nuclearnuclear explosionexplosion byby anan orderorder 

ofof magnitude.magnitude. FortyForty ofof 8080 radionuclideradionuclide sta­sta­

tionstions willwill bebe ableable toto monitormonitor forfor particulateparticulate 

andand gaseousgaseous radionuclides,radionuclides, RadionuclidesRadionuclides 

fromfrom thethe subkilotonsubkiloton NorthNorth KoreanKorean testtest werewere 

detecteddetected inin nearbynearby SouthSouth KoreaKorea andand inin dis­dis­

tanttant Yellowknife,Yellowknife, Canada,Canada, moremore thanthan 7,0007,000 

kilometerskilometers away.away. 

ExpertsExperts havehave alsoalso beenbeen ableable toto lowerlower 

thresholdsthresholds byby comparingcomparing waveformswaveforms fromfrom 

twotwo separateseparate seismicseismic eventsevents thatthat areare inin closeclose 

proximity.proximity. TheThe smallsmall relativerelative differencesdifferences inin 

thethe waveformswaveforms areare usedused toto reducereduce locationlocation 

uncertaintiesuncertainties inin seismicallyseismically activeactive regionsregions 

byby factorsfactors ofof 1010 toto 100,100, asas comparedcompared toto 

estimatesestimates basedbased onon arrivalarrival timestimes ofof seismicseismic 

waves.waves. ThisThis isis extremelyextremely usefuluseful atat formerformer 

testtest sites,sites, andand thethe techniquetechnique isis beingbeing ex­ex­

tendedtended toto earthquakeearthquake regions.regions. 

AA newnew detectiondetection technique,technique, interfero­interfero­

metricmetric syntheticsynthetic apertureaperture radarradar (lnSAR),(lnSAR), isis 

widelywidely usedused byby thethe UnitedUnited States,States, withwith itsits 

fourfour LacrosseLacrosse satellites,satellites, asas wellwell asas byby thethe Eu­Eu­

ropeanropean SpaceSpace agency,agency, Canada,Canada, andand Japan,Japan, 

InSARInSAR cancan measuremeasure thethe earth'searth's subsidencesubsidence 

(in(in manymany cases,cases, toto 2-52-5 millimetersmillimeters accu­accu­

racy)racy) afterafter aa disruption,disruption, dependingdepending onon thethe 

locallocal situation.situation. 1I1I InSARInSAR isis notnot usedused toto mea­mea­

suresure nuclearnuclear yieldyield butbut ratherrather toto pinpointpinpoint 

thethe locationlocation ofof thethe explosionexplosion toto withinwithin 100100 

meters,meters, InIn addition,addition, INSARINSAR cancan discrimi­discrimi­

natenate betweenbetween earthquakesearthquakes andand explosionsexplosions 

onon thethe basisbasis ofof thethe symmetrysymmetry ofof thethe subsid­subsid­

enceence pattern.pattern. TheThe detectiondetection thresholdthreshold forfor 

InSARInSAR isis lessless thanthan 11 kilotonkiloton atat 500500 metersmeters 

depthdepth forfor manymany locationslocations ifif priorprior radarradar 

datadata isis available,available, whichwhich isis nownow frequentlyfrequently 

thethe case.case. SeismicSeismic datadata ofof aa suspicioussuspicious 

eventevent cancan directdirect InSARInSAR measurementsmeasurements toto 

enhanceenhance thethe interpretationinterpretation ofof thethe seismicseismic 

proVidedata,data, andand InSARInSAR cancan provide muchmuch betterbetter 

locationlocation accuracyaccuracy toto directdirect on-siteon-site inspec­inspec­

tionstions ofof anan ambiguousambiguous event,event, ItsIts accuracyaccuracy 

ofof 0,010,01 squaresquare kilometerskilometers isis vastlyvastly betterbetter 

thanthan thethe CTBT'sCTBT's allowedallowed upperupper limitlimit ofof 

1,0001,000 squaresquare kilometers,kilometers, 

EvasionEvasion ScenariosScenarios 
InIn itsits 20022002 report,report, thethe NASNAS panelpanel examinedexamined 

1010 evasionevasion scenariosscenarios suggestedsuggested byby thethe U.S,U.S, 

intelligenceintelligence community,community, concludingconcluding thatthat 

"the"the onlyonly evasionevasion scenariosscenarios thatthat needneed toto 

bebe takentaken seriouslyseriously atat thisthis timetime areare cavitycavity 

decouplingdecoupling andand minemine masking,"12masking,"12 TheThe mostmost 

commonlycommonly citedcited concernconcern duringduring thethe SenateSenate 

debatedebate waswas cavitycavity decoupJing,decoupJing, whichwhich isis thethe 

useuse ofof aa cavitycavity toto mufflemuffle thethe seismicseismic wavewave 

fromfrom aa nuclearnuclear explosion,explosion, NoNo countrycountry isis 

knownknown toto havehave fullyfully decoupleddecoupled aa nuclearnuclear 

explosionexplosion inin aa cavitycavity thatthat waswas createdcreated forfor 

thatthat purpose,purpose, AnAn explosionexplosion isis fullyfully decou­decou­

pledpled ifif thethe cavitycavity isis largelarge enoughenough toto reducereduce 

thethe nuclearnuclear blastblast pressurepressure onon thethe cavitycavity wallwall 

belowbelow aa criticalcritical levellevel (the(the cavitycavity radiusradius toto 

dodo thisthis mustmust bebe largerlarger thanthan 2525 metersmeters mul­mul­

tipliedtiplied byby thethe yieldyield inin kilotonskilotons toto thethe 1/31/3 

power).power). TheThe onlyonly fuJlyfuJly decoupleddecoupled nuclearnuclear 

testtest toto dodo thisthis displayeddisplayed aa yieldyield thatthat waswas 

reducedreduced byby aa factorfactor ofof 70.70. ThisThis waswas thethe 19661966 

SterlingSterling testtest withwith aa yieldyield ofof 0.380.38 kilotonskilotons inin 

caVity,aa 34-meter34-meter diameterdiameter MississippiMississippi saltsalt cavity, 

whichwhich hadhad beenbeen producedproduced fromfrom anan earlierearlier 

5.3-kiloton5.3-kiloton nuclearnuclear explosion,explosion, InIn 19761976 thethe 

SovietSoviet UnionUnion managedmanaged toto partiallypartially decou­decou­

pleple byby onlyonly aa factorfactor ofof 1212 withwith aa testtest inin aa saltsalt 

cavitycavity inin Azgir.Azgir. TheThe 9-kiloton9-kiloton weaponweapon waswas 

tootoo largelarge toto fullyfully decoupledecouple inin thethe 72-meter72-meter 

diameterdiameter cavity,cavity, whichwhich hadhad beenbeen createdcreated byby 

anan earlierearlier 64-kiloton64-kiloton explosion,explosion, 

DuringDuring thethe 19991999 SenateSenate debate,debate, then­then­

SenateSenate MajorityMajority LeaderLeader TrentTrent LottLott (R-Miss.)(R-Miss.) 

mistakenlymistakenly claimedclaimed thatthat aa 70-kiloton70-kiloton explo­explo­

sionsion inin aa cavitycavity couldcould bebe hiddenhidden fromfrom [MS[MS 

cav­monitoring,monitoring, ToTo dodo thisthis wouldwould requirerequire aa cav­

ityity withwith aa 200-meter200-meter diameterdiameter (equivalent(equivalent 

toto aa 50-story50-story building)building) withwith anan areaarea ofof 0,130,13 

squaresquare kilometerskilometers atat aa depthdepth ofof 11 kilometer.kilometer. 

NoNo suchsuch cavitycavity hashas everever beenbeen constructed,constructed, 

andand itit wouldwould bebe essentiallyessentially impossibleimpossible toto 

constructconstruct oneone physicallyphysically oror toto useuse suchsuch aa 

hypotheticalhypothetical cavitycavity withwith sufficientsufficient secrecysecrecy 

toto hidehide aa test.test. 

TheThe NASNAS panelpanel determineddetermined thatthat anan ex­ex­

plosionplosion inin aa cavitycavity "cannot"cannot bebe confidentlyconfidently 

hiddenhidden ifif itsits yieldyield isis largerlarger thanthan 11 oror 2"2" 

kilotons.kilotons. TheThe prospectprospect thatthat aa countrycountry couldcould 

cheatcheat undetectedundetected failsfails toto taketake intointo accountaccount 

thatthat nowadaysnowadays arraysarrays ofof seismographsseismographs andand 

otherother seismicseismic capabilitiescapabilities cancan detectdetect andand 

identifyidentify manymany eventsevents thatthat taketake placeplace moremore 

thanthan 2,0002,000 kilometerskilometers awayaway withwith yieldsyields 

considerablyconsiderably lessless thanthan 11 kiloton,kiloton, ItIt alsoalso 

ignoresignores advancesadvances inin regionalregional seismologyseismology 

(discussed(discussed below),below), OneOne mustmust alsoalso factorfactor inin 

thethe factfact that,that, forfor example,example, 9090 percentpercent ofof 

undergroundunderground SovietSoviet teststests atat NovayaNovaya ZemlyaZemlya 

ventedvented radioactiveradioactive debris,debris, asas diddid 4040 percentpercent 

ofof allall SovietSoviet tests.utests.u Moreover,Moreover, oneone mustmust 

taketake intointo accountaccount that,that, forfor aa successfulsuccessful 

clandestineclandestine test,test, thethe actualactual yieldyield mustmust bebe 

limitedlimited toto thethe levellevel predictedpredicted ratherrather thanthan aa 

higherhigher levellevel (a(a "yield"yield excursion"),excursion"), ThisThis isis aa 

particularlyparticularly difficultdifficult tasktask forfor newnew nuclear­nuclear­

weaponweapon states,states, TheThe panelpanel notednoted thatthat ifif anan 

inexperiencedinexperienced statestate wantedwanted toto reducereduce thethe 

riskrisk ofof detection,detection, "it"it wouldwould probablyprobably trytry toto 

limitlimit testtest yieldsyields toto 0,10,1 [kiloton][kiloton] oror less."less." 

VentingVenting ofof radrad ioactiveioactive gasesgases isis alsoalso aa 

problemproblem forfor anyany statestate thatthat mightmight considerconsider aa 

clandestineclandestine nuclearnuclear test.test. InIn fact,fact, itit isis highlyhighly 

likelylikely thatthat aa significantsignificant amountamount (more(more thanthan 

0.10.1 percent)percent) ofof radionuclidesradionuclides wouldwould bebe re­re­

leasedleased andand thenthen detecteddetected byby thethe IMS,IMS, TheThe 

congresscongressionionaaIIOfficeOffice ofof TechTech nonologylogy Assess­Assess­

mentment reportedreported inin 1989,1989, forfor example,example, thatthat 

"since"since 1970,1970, 126126 [U.S.][U.S.] teststests havehave resultedresulted 

inin radioactiveradioactive materialsmaterials reachingreaching thethe atmo­atmo­

spheresphere withwith aa totaltotal releaserelease ofof aboutabout 54,00054,000 

curies,curies, OfOf thisthis amount,amount, 11,50011,500 curies,curies, 

roughlyroughly one-fifthone-fifth werewere duedue toto containmentcontainment 

failurefailure andand late-timelate-time seeps,"14seeps,"14 VentingVenting fromfrom PP 
JJJJ 

smallersmaller teststests cancan bebe eveneven moremore difficultdifficult s:s: 
UlUl 

toto contain,contain, asas thethe lastlast fourfour U,S.U,S. teststests thatthat (I(I 

oo 
zzventedvented hadhad yieldsyields ofof lessless thanthan 2020 kilotons.kilotons. --j--j 

SomeSome scientistsscientists hypothesizehypothesize thatthat smallersmaller oo
JJJJ 

rr 
explosionsexplosions maymay notnot sufficientlysufficiently encloseenclose --j--j 

oo 
cavitiescavities withwith aa glassil'iedglassil'ied cagecage toto preventprevent oo 

~~venting.venting. Furthermore,Furthermore, thethe cavitiescavities maymay notnot 
oo 
()()reboundrebound sufficientlysufficiently toto sealseal fracturesfractures withwith oo 

aa stressstress "cage,""cage," makingmaking ventingventing moremore likelylikely D"D" 
~~

possibilityandand thethe pOSSibility ofof avoidingavoiding detectiondetection oo 
eveneven smaller.smaller. (Xl(Xl 

oo 

op­InIn thethe 19991999 SenateSenate debate,debate, treatytreaty op­
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ponentsponents pointedpointed toto aa classifiedclassified 19961996 CTBTCTBT 

NationalNational IntelligenceIntelligence EstimateEstimate andand otherother 
intelligenceintelligence communitycommunity documentsdocuments thatthat 

mademade cavitycavity cheatingcheating appearappear muchmuch tootoo 

easyeasy byby notnot properlyproperly takingtaking intointo accountaccount 

thethe sixsix factorsfactors listedlisted below.below. EvenEven ifif eacheach ofof 

•• PracticallyPractically allall thethe radioactiveradioactive gasesgases 

andand particlesparticles mmtmmt bebe trapped.trapped. Ra­Ra­
dionuclidedionuclide ventingventing isis aa particularlyparticularly 

seriousserious riskrisk forfor beginningbeginning nuclear­nuclear­

weaponweapon states.states. 

rellnainFevvFevv questionsquestions shouldshould remain aboutabout 

lIneetsvvhethervvhether thethe CTBTCTBT meets thethe standardstandard 

forfor ··effective··effective verification··verification·· asas setset dovvndovvn 

byby toptop nationalnational securitysecurity officialsofficials vvhenvvhen thethe 

SenateSenate consideredconsidered andand eventuallyeventually supportedsupported 

previousprevious armsarms controlcontrol treaties.treaties. 

thesethese taskstasks couldcould bebe carriedcarried outout withwith highhigh 

confidenceconfidence ofof avoidingavoiding detection,detection, therethere 

wouldwould onlyonly bebe aa cumulativecumulative 5050 percentpercent 

chancechance ofof avoidingavoiding detectiondetection ofof oneone testtest 

andand onlyonly aa 1515 percentpercent chancechance thatthat threethree 

teststests couldcould bebe carriedcarried outout withoutwithout detec­detec­

tion.tion. Yet,Yet, itit isis unlikelyunlikely thatthat aa newnew nuclear­nuclear­

weaponweapon statestate eveneven couldcould dodo thisthis wellwell givengiven 

thethe majormajor technicaltechnical hurdles.hurdles. 

•• ViolatorsViolators mustmust bebe ableable toto avoidavoid 

yieldyield excursionsexcursions toto preventprevent aa plannedplanned 

clandestineclandestine testtest fromfrom beingbeing easilyeasily 

detectable.detectable. AllAll firstfirst tests,tests, includingincluding 

thethe earlyearly atmosphericatmospheric teststests ifif con­con­

ductedducted underground,underground, wouldwould havehave 

beenbeen detectabledetectable byby thethe IMS:IMS: UnitedUnited 

StatesStates (1945,(1945, 2121 kilotons),kilotons), SovietSoviet 

UnionUnion (1949,(1949, 2020 kilotons),kilotons), UnitedUnited 

KingdomKingdom (1952,(1952, 2525 kilotons),kilotons), FranceFrance 

(1960,65(1960,65 kilotons),kilotons), ChinaChina (1964,(1964, 2222 

kilotons),kilotons), IndiaIndia (1974,(1974, 1212 kilotons),kilotons), 

PakistanPakistan (1998,(1998, 99 kilotons),kilotons), NorthNorth 

KoreaKorea (2006,(2006, 0.60.6 kilotons).kilotons). 

0000� •• ItIt isis necessarynecessary toto concealconceal fromfrom satel­satel­oo
NN 
oo 

liteslites materialsmaterials removedremoved toto createcreate aa testtest
Q;Q;
.0� shaftshaft andand cavity.cavity..0 

BB 
uu 
oo 

•• CraterCrater andand surfacesurface changeschanges duedue toto 
~~oo testingtesting mustmust bebe hiddenhidden fromfrom InSARInSAR 
~~ andand otherother technologies.technologies. TheThe 19981998 
-'-' oo� IndianIndian andand PakistaniPakistani testtest sitessites werewerea:�a:
zz commercial�f­f­ easilyeasily locatedlocated inin SPOTSPOT commercial 
oo 
uu imagesimages withwith 5-meter5-meter resolution.resolution. AsAs 
Cf)Cf) 

notednoted above,above, surfacesurface subsidencesubsidence ofof~~
a:a: 
<:(� aa fewfew millimetersmillimeters isis observableobservable inin<:( 

manymany locationslocations withwith InSAR.InSAR. 
1010 

•• TheThe cheatercheater mustmust avoidavoid thethe detec­detec­

tiontion ofof weakerweaker seismicseismic signalssignals byby re­re­

gionalgional seismicseismic stationsstations andand seismicseismic ar­ar­

rays.rays. WithWith thethe adventadvent ofof moremore seismicseismic 

stationsstations inin thethe world,world, thisthis becomesbecomes 

moremore difficult.difficult. 

•• TheThe cheatercheater mustmust preventprevent thethe 

detectiondetection throughthrough nationalnational means.means. 

HumanHuman andand otherother intelligenceintelligence cancan 

provideprovide otherother informationinformation thatthat 

revealsreveals testtest preparations.preparations. ThisThis in­in­

formationformation cancan bebe usedused byby thethe CTBTCTBT 

ExecutiveExecutive CouncilCouncil toto authorizeauthorize anan 

on-siteon-site inspection.inspection. 

Would�WhatWhat KindKind ofof CheatingCheating Would 
Matter?�Matter? 

principal�ItIt shouldshould bebe keptkept inin mindmind thatthat thethe principal 

coun­�riskrisk thatthat needsneeds toto bebe avoidedavoided isis thatthat aa coun­

strategic�trytry underunder thethe CTBTCTBT couldcould alteralter thethe strategic 

States.�balancebalance betwee.nbetwee.n itit andand thethe UnitedUnited States. 

AsAs notednoted above,above, thethe NASNAS studystudy con­con­

cludedcluded thatthat itit wouldwould bebe veryvery difficultdifficult forfor 

statesstates withwith lessless nuclearnuclear testingtesting experience,experience, 

suchsuch asas India,India, Iran,Iran, Iraq,Iraq, NorthNorth Korea,Korea, andand 

Pakistan,Pakistan, toto meetmeet thethe requiredrequired conditionsconditions 

toto avoidavoid detectiondetection byby testingtesting atat 11 kilotonkiloton oror 

less.less. ItIt isis farfar easiereasier toto testtest inin thethe lO-kiiotonlO-kiioton 

rangerange withoutwithout aa specificspecific yieldyield thanthan toto testtest 

atat aa specificspecific smallsmall yield.yield. TheThe NASNAS studystudy 

condudedconduded thatthat "Iclountries"Iclountries ofof lesserlesser priorprior 

testtest experienceexperience and/orand/or designdesign sophistica­sophistica­

tion"tion" wouldwould alsoalso lacklack thethe sophisticatedsophisticated 

test-relatedtest-related expertiseexpertise toto obtainobtain "limited"limited 

improvementimprovement ofof efficiencyefficiency andand weightweight ofof 

unboostedunboosted fissionfission weaponsweapons comparedcompared toto 

test­1st-generation1st-generation weaponsweapons notnot needingneeding test­

ing"ing" fromfrom teststests atat levelslevels ofof 0.010.01 kilotonkiloton toto 

1-21-2 kilotons.kilotons. lsls 

TheThe NASNAS panelpanel alsoalso judgedjudged thatthat "[s]tates"[s]tates 

withwith extensiveextensive priorprior testtest experienceexperience [Rus­[Rus­

siasia andand ChinalChinal areare thethe onesones mostmost likelylikely toto 

bebe ableable toto getget awayaway withwith anyany substantialsubstantial 

degreedegree ofof clandestineclandestine testing."testing." ForFor ex­ex­

ample,ample, withwith difficulty,difficulty, thesethese statesstates couldcould 

validatevalidate designsdesigns forfor unboostedunboosted fissionfission 1­1­

kilotonkiloton weaponsweapons inin aa cavity.cavity. Yet,Yet, very-low­very-low­

yieldyield teststests byby nUclear-weaponnUclear-weapon states,states, suchsuch 

asas RussiaRussia andand China,China, shouldshould notnot materi­materi­

allyally changechange thethe strategicstrategic balancebalance byby them­them­

selves.selves. AA 19951995 JASONJASON panelpanel concludedconcluded 

thatthat testingtesting atat 0.50.5 kilotonskilotons wouldwould provideprovide 

onlyonly minimalminimal gainsgains inin developingdeveloping aa newnew 

weaponweapon design.design. 1616 Moreover,Moreover, atat aa mini­mini­

mum,mum, severalseveral clandestineclandestine teststests areare neededneeded 

toto changechange designdesign parameters,parameters, improvingimproving 

thethe chancechance ofof detection.detection. 

NetNet BenefitBenefit AnalysisAnalysis ofof ThreeThree 
CTBTCTBT SituationsSituations 
TheThe NASNAS panelpanel examinedexamined threethree globalglobal 

situations:situations: withwith fullfull compliancecompliance toto thethe 

CTBT,CTBT, withoutwithout thethe CTBT,CTBT, andand withwith thethe 

CTBTCTBT withwith evasionsevasions byby China,China, India,India, Iran,Iran, 

Iraq,Iraq, NorthNorth Korea,Korea, Pakistan,Pakistan, andand Russia.Russia. 

TheThe NASNAS panelpanel concludedconcluded thatthat "[t]he"[t]he 

worse-caseworse-case scenarioscenario underunder aa no-CTBTno-CTBT 

regimeregime posesposes farfar biggerbigger threatsthreats toto U.S.U.S. 

securitysecurity interests-sophisticatedinterests-sophisticated nuclearnuclear 

weaponsweapons inin thethe handshands ofof manymany moremore ad­ad­

versaries-thanversaries-than thethe worst-caseworst-case scenarioscenario 

ofof clandestineclandestine testingtesting inin aa CTBTCTBT regime,regime, 

withinwithin thethe constraintsconstraints posedposed byby thethe moni­moni­
toringtoring system."I?system."I? 

OurOur discussiondiscussion hashas coveredcovered onlyonly tech­tech­

nicalnical issuesissues inin aa worldworld thatthat isis muchmuch moremore 

complexcomplex inin itsits behavior.behavior. GeneralGeneral JohnJohn 

Shalikashvili,Shalikashvili, formerformer chairmanchairman ofof thethe JointJoint 

ChiefsChiefs ofof Staff,Staff, examinedexamined thethe netnet benefitbenefit ofof 

thethe CTBTCTBT byby examiningexamining allall aspects,aspects, includ­includ­

inging politicalpolitical ramificationsramifications forfor twotwo worlds,worlds, 

withwith andand withoutwithout aa CTBT.CTBT. Shalikashvili'sShalikashvili's 

reportreport suggestedsuggested aa mechanismmechanism forfor CTBTCTBT 

ratificationratification inin whichwhich thethe UnitedUnited StatesStates 

wouldwould "commit"commit toto conductingconducting anan intensiveintensive 

jointjoint reviewreview ofof thethe TestTest BanBan Treaty'sTreaty's netnet 

valuevalue forfor nationalnational securitysecurity tenten yearsyears afterafter 

U.S.U.S. ratification,ratification, andand atat ten-yearten-year intervalsintervals 

thereafter.thereafter. ...... If,If, afterafter thesethese steps,steps, gravegrave 

doubtsdoubts remainremain aboutabout thethe Treaty'sTreaty's netnet valuevalue 

forfor U.S.U.S. nationalnational security,security, thethe President,President, 

inin consultationconsultation withwith Congress,Congress, wouldwould bebe 

preparedprepared toto withdrawwithdraw fromfrom thethe TestTest BanBan 

TreatyTreaty underunder thethe 'supreme'supreme nationalnational inter­inter­

ests'ests' clause."IKclause."IK ItIt isis widelywidely believedbelieved thatthat 

thethe UnitedUnited StatesStates willwill notnot testtest aa nuclearnuclear 



 

 

weaponweapon becausebecause ChinaChina andand RussiaRussia wouldwould 

qUicklyqUickly respondrespond withwith multiplemultiple nuclearnuclear 

tests,tests, leadingleading toto aa newnew armsarms race.race. InIn addi­addi­

tion,tion, thethe prevailingprevailing wisdomwisdom inin Washing­Washing­

tonton isis thatthat thethe U.S.U.S. efforteffort toto halthalt nuclearnuclear 

proliferationproliferation wouldwould bebe greatlygreatly damageddamaged ifif 

thethe UnitedUnited StatesStates tested.tested. Thus,Thus, thethe UnitedUnited 

StatesStates isis constrainedconstrained byby thethe CTBT,CTBT, whilewhile 

notnot gaininggaining thethe fullfull benefitsbenefits thatthat wouldwould 

followfollow fromfrom thethe CrBTCrBT beingbeing inin force.force. 

TheThe CTBTCTBT IsIs EffectivelyEffectively VerifiableVerifiable 
TableTable II displaysdisplays thethe monitoringmonitoring limitslimits forfor 

thethe variousvarious CTBTCTBT sensorsensor systemssystems fromfrom thethe 

20022002 NASNAS repoftrepoft andand fromfrom otherother sources.sources. 

AsAs discusseddiscussed above,above, cheatingcheating underunder thethe 

CTBTCTBT wouldwould bebe farfar fromfrom simple.simple. EvenEven ifif aa 

countrycountry testedtested inin aa cavitycavity andand managedmanaged toto 

carrycarry outout eacheach ofof thethe sixsix taskstasks identifiedidentified 

aboveabove inin suchsuch aa wayway thatthat thethe statesstates mightmight 

cer­havehave highhigh confidenceconfidence (90(90 percentpercent cer­

taintytainty forfor eacheach task)task) thatthat eacheach tasktask wouldwould 

notnot bebe detected,detected, thethe cumulativecumulative difficultydifficulty 

ofof hidinghiding suchsuch aa testtest wouldwould bebe consider­consider­

ableable andand almostalmost insurmountableinsurmountable forfor moremore 

thanthan oneone test.test. 

Still,Still, toto provideprovide furtherfurther assurance,assurance, ad­ad­

ditionalditional monitoringmonitoring capabilitiescapabilities couldcould bebe 

deployeddeployed atat declareddeclared testtest sitessites toto addressaddress 

extremelyextremely smallsmall tests,tests, butbut onlyonly afterafter CTBTCTBT 

ratificationratification andand thenthen toto bebe followedfollowed byby fur-fur-

TableTable 1:1: ToolsTools forfor ComprehensiveComprehensiveTestTest BanBan TreatyTreaty VerificationVerification 

TheThe followingfollowing arrayarray ofof technologiestechnologies andand assetsassets providesprovides capabilitiescapabilities toto detectdetect potentialpotential violationsviolations ofof thethe ComprehensiveComprehensive TestTest BanBan TreatyTreaty 

(CTBT).(CTBT). TheyThey couldcould bebe furtherfurther enhancedenhanced withwith variousvarious meansmeans ofof nationalnational intelligenceintelligence andand monitoring,monitoring, suchsuch asas satellites.satellites. Together,Together, thesethese 

capabilitiescapabilities makemake thethe CTBTCTBT "effectively"effectively verifiable."verifiable." 

Technology/Method� DescriptionDescriptionTechnology/Method 

TheThe NationalNational AcademyAcademy ofof SciencesSciences (NAS)(NAS) concludedconcluded thisthis 
technologytechnology cancan detectdetect explosionsexplosions aboveabove 0.10.1 kilotonskilotons inin 
Asia,Asia, Europe,Europe, NorthNorth Africa,Africa, andand NorthNorth America.America. Inter­Inter­
nationalnational MonitoringMonitoring SystemSystem (lMS)(lMS) arraysarrays andand regionalregional

SeismicSeismic 
better.�seismologyseismology cancan dodo significantlysignificantly better. 

yield�TestsTests conductedconducted inin cavitiescavities cancan bebe detecteddetected ifif theirtheir yield 
states�isis greatergreater thanthan 1-21-2 kilotonskilotons forfor advancedadvanced nuclearnuclear states 

states.�andand atat muchmuch lowerlower levelslevels forfor otherother states. 

explosions�TheThe NASNAS sayssays thisthis technologytechnology cancan detectdetect explosions 
Southern�withwith aa fewfew kilogramskilograms ofof explosiveexplosive yieldyield inin thethe Southern 

for�HemisphereHemisphere andand thosethose explosionsexplosions ofof lessless thanthan 11 tonton for 
oceans.�allall oceans. 

NASNAS sayssays thisthis technologytechnology cancan detectdetect explosionsexplosions withwith aa� 
nuclear�yieldyield ofof moremore thanthan oneone kilotonkiloton forfor atmosphericatmospheric nuclear 

ability�explosionsexplosions (0.5(0.5 kilotonskilotons overover continents),continents), withwith thethe ability 
explo­�toto discriminatediscriminate betweenbetween chemicalchemical andand nuclearnuclear explo­

sions.�sions. 

TheThe NASNAS sayssays thisthis technologytechnology cancan detectdetect teststests withwith aa� 
substantially�yieldyield ofof 0.1-10.1-1 kiloton.kiloton. ThisThis numbernumber hashas fallenfallen substantially 

which�inin relationrelation toto radioactiveradioactive particlesparticles andand noblenoble gases,gases, which 
detected�areare keyskeys toto InterpretingInterpreting nuclearnuclear tests.tests. TheThe IMSIMS detected 

test�thethe 0.6-kiloton0.6-kiloton OctoberOctober 20062006 NorthNorth KoreanKorean nuclearnuclear test 
kilometers.�atat aa distancedistance ofof 7,0007,000 kilometers. 

by�ThisThis technologytechnology cancan measuremeasure subsidencesubsidence ofof thethe earthearth by 
Using�asas littlelittle asas 0.2-0.50.2-0.5 centimeterscentimeters inin manymany locations.locations. Using 

nuclear�InSAR,InSAR, analystsanalysts cancan determinedetermine thethe locationlocation ofof aa nuclear 
meters.�testtest withinwithin 100100 meters. 

Executive�AnyAny CTBTCTBT state-partystate-party cancan requestrequest thethe CTBTOCTBTO Executive 
inspection.�CouncilCouncil toto conductconduct anan on-siteon-site inspection. 

could�AherAher thethe CTBTCTBT entersenters intointo force,force, states-partiesstates-parties could 
such�agreeagree toto locatelocate sensorssensors atat knownknown testtest sites.sites. WithWith such 

possible.�sensors,sensors, veryvery lowlow detectiondetection levelslevels wouldwould bebe possible. 

IMSIMS AssetsAssets (When(When Completed)Completed) 

seismic�TheThe IMSIMS willwill useuse 5050 primaryprimary andand 120120 auxiliaryauxiliary seismic 
sta­�stations.stations. InIn addition,addition, 140140 GlobalGlobal SeismicSeismic NetworkNetwork sta­

research�tionstions andand moremore thanthan 10,00010,000 nationalnational andand civiliancivilian research 
that�seismographicseismographic stationsstations willwill produceproduce relevantrelevant datadata that 

inspection�cancan bebe usedused toto monitormonitor andand triggertrigger anan on-siteon-site inspection 
Organi­�ifif soso votedvoted byby thethe ComprehensiveComprehensive TestTest BanBan TreatyTreaty Organi­

CounCil�zationzation (CTBTO)(CTBTO) ExecutiveExecutive CounCil 

T-phase�TheThe IMSIMS willwill useuse sixsix hydrophonehydrophone arraysarrays andand fivefive T-phase 
stations.�monitoringmonitoring stations. 

stations.�TheThe IMSIMS willwill useuse 6060 infrasoundinfrasound monitoringmonitoring stations. 

par­�TheThe IMSIMS willwill useuse 8080 monitoringmonitoring stationsstations toto detectdetect par­
technical�ticles;ticles; 4040 ofof thesethese detectdetect radio-xenon.radio-xenon. NationalNational technical 

sensitiv­�meansmeans (NTM)(NTM) sensorssensors onon airplanesairplanes havehave greatergreater sensitiv­
sensors�ityity becausebecause theythey cancan flyfly closeclose toto thethe test.test. NTMNTM sensors 

sites.�cancan alsoalso bebe placedplaced closeclose toto suspectedsuspected testtest sites. 

clas­�TheThe UnitedUnited StatesStates cancan useuse thisthis technologytechnology withwith fourfour clas­
countries,�sifiedsified LacrosseLacrosse satellites.satellites. Canada,Canada, EuropeanEuropean countries, 

utilized�andand JapanJapan alsoalso sellsell unclassifiedunclassified datadata thatthat cancan bebe utilized 
forfor thisthis purpose.purpose. :l>�:l> 

JJJJ 
~~
(f)(f) 

oo 
oogeological� ZZOn-siteOn-site inspectionsinspections measuremeasure radioactivityradioactivity andand geological 
-I-Iandand otherother data.data. JJJJ 
oo 
rr 
-I-I oo 
oo 
~~Close-inClose-in sensorssensors couldcould detectdetect seismic,seismic, infrasound,infrasound, elec­elec­

tromagnetic-pulse,tromagnetic-pulse, radionuclide,radionuclide, andand OtherOther datadata indicativeindicative oo 
ofof nuclearnuclear testtest explosions.explosions. ""oo 
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TheThe ProvisionalProvisional TechnicalTechnical SecretariatSecretariat ofof thethe ComprehensiveComprehensive TestTest BanBan TreatyTreaty OrganizationOrganization 
isis responsibleresponsible forfor establishingestablishing anan InternationalInternational MonitoringMonitoring SystemSystem (lMS)(lMS) toto assistassist withwith 
verifyingverifying compliancecompliance withwith thethe CTBT.CTBT. TheThe IMSIMS willwill spanspan thethe globeglobe withwith 321321 monitoringmonitoring 
stationsstations consistingconsisting ofof fourfour techno'iogiestechno'iogies (seismic,(seismic, radionuclide,radionuclide, hydroacoustic,hydroacoustic, andand infra­infra­
sound).sound). ItIt includesincludes thethe infrasoundinfrasound station,station, shownshown above,above, underunder installationinstallation inin Kesra,Kesra, Tunisia.Tunisia. 

therther negotiations.negotiations. CooperativeCooperative monitoringmonitoring 

nearnear testtest sitessites cancan detectdetect energyenergy releasesreleases ofof 

lessless thanthan 1010 kilogramskilograms (0;00001(0;00001 kilotons)kilotons) 

byby usingusing passive-seismic,passive-seismic, infrasound,infrasound, andand 

electromagneticelectromagnetic pulsepulse sensors.sensors. DosimetersDosimeters 

placedplaced 22 metersmeters fromfrom experimentsexperiments cancan 

detectdetect very,very, veryvery smallsmall fissionfission andand fusionfusion 

yieldsyields ofof lessless thanthan 11 gram-equivalentgram-equivalent 

(0.000000001(0.000000001 kilotons).kilotons). ThereThere isis littlelittle 

militarymilitary valuevalue fromfrom suchsuch lowlow yieldyield teststests byby 

themselvesthemselves withoutwithout folloWingfolloWing withwith largerlarger 

tests.tests. MostMost importantly,importantly, undetectedundetected cheat­cheat­

inging atat extremelyextremely lowlow yieldsyields underunder thethe 

CTBTCTBT wouldwould atat mostmost provideprovide onlyonly limitedlimited 

benefitsbenefits thatthat wouldwould notnot adverselyadversely affectaffect 

thethe strategicstrategic balance.balance. AA worst-caseworst-case analysisanalysis 

Sen­waswas carriedcarried outout byby myselfmyself forfor thethe Sen­

ateate ForeignForeign RelationsRelations CommitteeCommittee forfor thethe 

SenateSenate ratificationratification reportreport forfor STARTSTART I,I, anan 
roro 
o approachapproach thatthat waswas continuedcontinued forfor STARTSTARTo� 
oo 
NN IIII ratification.l~ratification.l~ concluded�1'hose1'hose reportsreports concluded 
W�W 

1:)1:) thatthat potentialpotential violationsviolations toto STARTSTART II andand
o�o 
UU namely�IIII werewere notnot militarilymilitarily significant,significant, namelyoo 

thatthat thethe SovietsSoviets (and(and thenthen thethe Russians)Russians) 
~~
ClCl wouldwould gaingain littlelittle withwith massivemassive cheatingcheating inin 
~~ theirtheir abilityability toto hurthurt U.S.U.S. strategicstrategic forcesforces 
o --'--'o� beyondbeyond whatwhat theythey couldcould dodo withoutwithout mas­mas­
II:�II: 
t­�t­
Z� sivesive cheating.cheating. TheseThese resultsresults allowedallowed thetheZ 
oo
u� SenateSenate ForeignForeign RelationsRelations CommitteeCommittee totou 
if)if) 

determinedetermine thatthat STARTSTART II andand IIII werewere effec­effec­~~
II:a: 
<l:� tivelytively verifiable.verifiable. ByBy thethe samesame standard,standard, thethe<l:

CTBTCTBT isis effectivelyeffectively verifiable.verifiable. ACTACT
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