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Sammanfattning

Relationer mellan laddningsstyrka och seismisk magnitud for kidrnladdningsex-
plosioner beskrivs. Exempel pa laddningsstyrka-magnitudférhallanden for den
seismiska arrayen i Hagfors ges for olika regioner dar sovjetiska och amerikanska
karnladdningsprov har utforts.

Nyckelord
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Abstract

Relations between yield and seismic magnitude of nuclear explosions are re-
viewed. Examples of yield-magnitude relations for the seismic array in Hag-
fors, Sweden, are given for various regions where Soviet and American nuclear
testing have been performed.
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Nuclear Weapons, Yield, Seismic Magnitude
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1 Inledning

Denna rapport sammanstéller olika tillvigagangssétt for att uppskatta ladd-
ningsstyrkan hos en kirnladdningsexplosion, utgaende fran den uppmétta seis-
miska magnituden. Relationer mellan laddningsstyrka och magnitud kan for-
véntas vara beroende bade av killregionen (omradet dir explosionen sker),
savil som den seismiska stationens placering. Att stationens geografiska av-
stand i forhallande till explosionen har betydelse &r inte féorvanande, men erfa-
renheten visar att dven relativt néarliggande stationer uppvisar stora skillnader
avseende signalstyrka fran givna regioner. Till exempel anses den seismiska sta-
tionen i Hagfors ha goda “lyssnarférhallanden” visavi Semipalatinskomradet,
dér ett stort antal ryska provspriangningar genomforts. En specifik relation mel-
lan laddningsstyrka och magnitud kommer alltsa att rada for varje givet val av
provomrade och seismisk station. I denna rapport exemplifieras olika relationer
for laddningsstyrka genom att anvidnda data for provspriangningar uppmétta
vid Hagforsstationen.

Rapportens syfte dr att utgora bakgrundsdata infér kommande detaljstudi-
er kring hur kdrnladdningars initiala verkan, frimst genom markstétvagen, ger
upphov till den seismiska kélltermen fran underjordsexplosioner. En sérskilt
intressant fragestéllning i detta sammanhang dr forutsdttningarna for sa kal-
lad frikoppling. Som en biprodukt kan rapporten ocksa vara av intresse fér det
nationella datacentret NDC.
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2 Data fran karnladdningsprov

For att kunna genomféra de anpassningar som 6nskas, krivs uppgifter bade om
seismisk magnitud och explosionens laddningsstyrka. Avseende magnitudmét-
ningar har vi valt att utga fran den seismiska stationen i Hagfors, och ar darfor
begrinsade till de explosioner for vilka nagon registrering har gjorts i just
den stationen. Som nédmndes i inledningen, &r det inte meningsfullt att blan-
da magnitudmétningar fran olika seismiska stationer, ens om dessa métningar
korrigeras for stationernas olika avstand till provplatsen. Om stationsspecifi-
ka responsfaktorer for givna regioner bestéms, skulle dock sammanvigning av
data fran olika stationer mojliggoras. Detta har inte utvecklats i denna rapport.

Utover registrering i den utvalda stationen, krdvs vidare en uppgift om
vilken laddningsstyrka som explosionen motsvarade. Detta minskar ytterligare
urvalet av explosioner som kan komma ifraga for anpassning. Genom olika bi-
laterala arrangemang, till exempel troskelavtalet 1974 dér man 6verenskom om
att begrinsa alla prov till styrkor under 150 kiloton (kt), kom USA och Sovje-
tunionen att i stor utstriackning offentliggora laddningsstyrkor. Ett problem i
sammanhanget &r dock att detta ofta gjordes genom att ange styrkan i ett antal
schabloninterval, ndmligen 0 - 20 kt, 20 - 150 kt, 150 - 1 500 kt, och storre &n
1 500 kt'. Detta forsvarar bestimningen av en relation mellan laddningsstyrka
och magnitud. Ett forsok att &nda utnyttja prov for vilka laddningsstyrka bara
finns i form av ett intervall redovisas i avsnitt 4.

2.1 Urval av prov

Eftersom relationen mellan laddningsstyrka och magnitud férvéntas vara bero-
ende av kéllregionen, behtver ett urval vad géller explosioner goras. I den be-
fintliga metoden sker detta for hand, genom att vélja ut de kdrnladdningsprov
som gjorts inom en region som av erfarenhet forvéintas ha likartad seismisk re-
spons. De utvalda proven sammanstélls i en datafil som, férutom kérnladdnings-
provets ID-nummer, dven ska innehalla bista kidnda lokalisering av varje prov.
Det &r den lokalisering som anges i denna fil, i fortséttningen bendmnd regionfil,
som anvéinds for att bestdmma avstandet mellan prov och métstation.

I tabell 2.1 sammanstélls de olika regioner for vilka anvdndbara data har
hittats. I figur 2.1-2.3 plottas de aktuella proven.

2.2 Korrektionsfaktor for geografiskt avstand

De lokaliseringar som angetts i regionfilen anvénds, tillsammans med uppgift
om den seismiska stationens latitud och longitud pa samma format, for att
bestdmma avstandet mellan métstationen och varje prov. For att berdkna
avstandet anvinds verktyg ur Generic Mapping Tools (GMT) [1], vilket ger
vinkelavstanden D mellan prov och station i grader.

Detta vinkelavstand anviinds sedan fér att bestdmma den sa kallade P-
korrektionen for varje prov, vilket &r den globala justeringen av magnitud till
foljd av avstandet mellan héndelse och métstation [2]. Denna justering tar en-
dast hansyn till den globala vagutbredningen, och véger alltsa inte in regionala
korrektioner vid killa eller métstation.

For korrigering av bulkmagnituden m,, ldses korrektionsfaktorer in fran en
P-faktorfil, som innehaller tabellerade vinkelavstand och korrektionsfaktorer,

IDe tva sistnimnda intervallen var rimligtvis inte aktuella efter 1974.
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Tabell 2.1: Regioner for vilka kdrnladdningsprov med tillrackliga data finns utifran regi-
streringar av bulkmagnitud m; och/eller ytvagsmagnitud M; i Hagfors, samt oberoende
uppgifter om laddningsstyrka. Med N avses totala antalet utvalda prov i regionen med
seismisk registrering i Hagforsstationen, medan N, och N; &r antalet av dessa prov for

vilka laddningsstyrkan &r tillganglig som punktvarde respektive intervall.

20 40°

Figur 2.1: Ryska prov. Omradena ar Semipalatinsk (rétt), Novaja Zemlja (grént) och

60° 80°

PNE:er (Peaceful Nuclear Explosions; gult).
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Region Regionfil mp M
Delomrade Region *.txt N | Npti N, Ny | Noyi Ny N
Nevada Test Site
Pahute Mesa NTS_PahuteMesa 24 23 0 23 18 0 18
Rainier Mesa NTS_RainierMesa 9 8 0 8 0 0 0
Yucca Flats NTS_YuccaFlats 82 53 3 50 15 2 13
Novaja Zemlja
Norra omradet NZ _north 21 10 10 0 18 17 1
Sodra omradet NZ_south 4 1 1 0 4 4 0
Ryska PNE:er
Astrakan PNE_Astrak 15 9 9 0 1 1 0
Azgir PNE_Azgir 15 12 12 0 8 8 0
Jakutsk PNE_Jakutsk 12 8 8 0 3 3 0
Kazakhstan PNE_Kazakh 11 5 5 0 10 10 0
Krasnojarsk PNE_Krasno 9 8 8§ 0 1 1 0
Orenburg PNE_Orenbg 5 5 5 0 2 2 0
Perm PNE Perm 8 8 8 0 3 3 0
Tyumen PNE_Tyumen 6 5 5 0 4 4 0
Alla, inklusive enstaka PNE_USSR 108 81 81 0 44 44 0
Semipalatinsk
Degelen STS_Degelen 109 101 94 7 12 11 1
Konystan STS_Konystan 16 15 15 0 6 6 0
Shagan, nordost STS_Shagan NE 31 30 30 0 1 11 0
Shagan, sydvést STS_Shagan_SW 47 43 43 0 35 35 0
Shagan, 6vergangszon  STS_Shagan tz 17 6 16 0 14 14 0
Shagan (alla) STS_Shagan 95 89 8 0 60 60 O
120° 140°
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Figur 2.2: Prov vid Semipalatinsk. Delomradena ar Konystan (grént), Degelen (rétt)

och Shagan (olika blaa nyanser).
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Figur 2.3: Prov vid Nevada Test Site. Delomradena &r Pahute Mesa (rétt), Rainier Mesa

(grént), och Yucca Flats (gult).

13

FOI-R--4057--SE



FOI-R--4057--SE

varefter nodviindiga korrektioner P(D) bestdms genom linjér interpolation till
relevant vinkelavstand.?

For ytvagsmagnituden M, anvinds en funktionsanpassning for korrektionen
enligt

1 1
C = >log,y D+ = logy, [Sin (lD)] £0,0046D +2,370,  (2.1)
3 2 180
dér D som tidigare dr vinkelavstandet mellan prov och station i grader.

2.3 Seismisk magnitud

For Hagforsstationen, som vi valt att exemplifiera med, finns signalparametrar
for 6ver 600 kdnda kérnladdningsprov. De parametrar som anvénds, féorutom
provens ID-nummer, dr amplitud (peak-to-peak) A [nm] och period T [s] for
signalen, avseende bade bulkmagnituden m; och ytvagens magnitud M. For
de fall dar signalparametrarna ar givna, beréiknas bulk- och ytvagsmagnituder
enligt

my = logy, <;1§)+P(D), (2.2)
M, = log, (;1:)+C(D), (2.3)

dir P(D) och C(D) &r korrektionerna som diskuterats i avsnitt 2.2 ovan.

For manga prov saknas en eller flera av de primira parametrarna (Ay, Tp,
As, Ts). T vissa av dessa fall anges déremot magnitudvirde for my, och/eller M,
utan ndrmare redovisning av uppgiftens ursprung. Dessa virden har anvénts
nédr nagon av de priméra parametrarna saknas. Eftersom forfarandet for mag-
nitudberéikningen inte &r redovisat for dessa virden, har vi valt att i forsta
hand utga fran signalen. Endast om signaldata dr ofullstéindiga har angiven
magnitud anvénts.

I vissa fall finns varken tillrackliga signaldata eller nadgon magnitud angiven.
Sadana prov har darfér inte kunnat anvindas i den fortsatta analysen. Filen
som innehaller stationsparametrar for prov kallas fortséittningsvis parameterfil.

2.4 Laddningsstyrka

Uppgifter om laddningsstyrka hamtas ur en lista som sammanstéllts ur uppgif-
ter fran olika kéllor, och som &r en uppdaterad version av den som redovisas i
[3], och huvudsakligen baseras pa officiella nationella sammanstéllningar [4, 5]
med kompletteringar framst fran [3, 6, 7]. Listan bifogas elektroniskt till denna
rapport, och i bilaga A redovisas en delméngd av informationen ur listan.
Manga prov bestar av flera kirnladdningar som detonerats samtidigt in-
om ett begriansat omrade. Den vedertagna ryska definitionen for att en sadan
salva ska réknas som ett enda prov &r att tidsintervallet mellan forsta och
sista explosion ska vara mindre dn 5 sekunder, och att totala avstandet &r
mindre &n 40 km [5]. Dessa salvexplosioner har hanterats pa sa vis att de in-
dividuella laddningsstyrkorna adderats. Detta dr rimligt om avstandet mellan
explosionerna dr av samma storleksordning som den sa kallade elastiska radi-
en, vilken bestdmmer kéllkarateristiken [8], och att tidsintervallet d&r mindre dn
periodtiden T. De 6vre grénserna i tid och rum i definitionen av salvor ovan

2F6r jordbdvningar brukar #ven ett djupberoende ingd i P-faktorn. I relation till
jordbdvningar sker provspriangningar pa djupet h = 0, vilket &r vad de P-faktorer som har
anvints hir motsvarar.
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ar emellertid storre dn dessa kvantiteter. Eftersom det séllan finns information
om faktiska provkonfigurationer, har vi &nda valt att addera laddningsstyrkor
pa detta vis.

2.5 Osaikerheten i data

Databehandlingen sa langt har resulterat i datapar (W;,my, ;) och (W;, M, ;)
for de kédrnladdningsprov som analyseras, ddr W; betecknar laddningsstyrkan
for prov i. For den slutliga bestdmningen av relationer mellan laddningsstyr-
ka och magnitud &r det av intresse att vikta datapunkterna efter uppskattad
osiikerhet i data. Under antagande om okorrelerade fel, fas genom felfortplant-
ning i ekvation (2.2) och (2.3) oséikerheten i beridknade magnituder:

1 sAN\? (6T, ?

_ odp A

oms In 10 (Ab> +<Tb)’ (24)
1 SAN? (6T \?

M, = (As>+<Ts)' (2.5)

Seismometrars kalibreringsgriins for amplitud dr §A/A ~5%. Dértill kommer
avlasningsfel ur seismogram med registreringar av kirnexplosioner, vilket i
praktiken ofta handlat om métning av tva lidngder i seismogrammet. Den upp-
skattning som vi gor dr att relativa felen for bade amplituden och perioden
ar atminstone 20%, och kanske dr #ven detta i underkant. I de fall déir mag-
nituden inte berdknas fran stationsparametrar, utan erhalls fran annan kélla,
ansétts en osiikerhet om dmy, =~ 0,5, IM; ~ 0,5. Sammanfattningsvis géller da
for osdkerheten i magnituden

0,12 magnitud beraknad

Omagnitud ~ { 07 5 ANTATS (26)

For laddningsstyrka brukar osékerheten hos de radiologiska analysmetoder
som anvinds for bestdmning efter ett prov anges vara minst 5%. Till detta kom-
mer att det har ratt oklarheter om hur laddningsstyrka ska uppskattas, vilket
har inneburit att man pa senare ar rdknat om laddningsstyrkorna for gamla
prov. Hir har relativa felet W /W satts till 10% i de fall da ett punktviirde for
laddningsstyrkan angetts. Osdkerheten for ett givet prov ¢ har sedan satts till

oW

Ow,i = sz (27)

15
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3 Relationer mellan laddningsstyrka och
maghnitud

Eftersom laddningsstyrka &r liktydigt med energi, och seismiska magnituder &r
logaritmiska energiméatt, dr det naturligt att anta att magnituder &r proportio-
nella mot logaritmen av laddningsstyrkan:

magnitud ~ log,, W. (3.1)

Enkla uppskattningar som man kan stéta pa dr av karaktdren “ett kiloton
motsvarar en fyra pa Richterskalan”, och “en lutning kring 0,75 verkar funka
fér prov i Sovjetunionen”. En mycket enkel uppskattning skulle da kunna vara

my =4+ 0,751og;, W. (3.2)

Avsikten hér &r att utifran indata bearbetade enligt avsnitt 2 ovan, bestdmma
koefficienter for anpassningar pa formen

my = my+ kylog, W, (3.3)
M, = M+ kslog;o W, (3.4)

for de olika geografiska regioner som berorts ovan. Det finns en omfattande
litteratur kring anpassningar av detta slag, se till exempel [9, 10].

3.1 Metodik for anpassingar

Inom varje geografisk region finns ett antal prov med data (W;, my, ow,,
Omp,i) och (Wi, My ;, ow.,i, 0ns,i)- Ett givet prov ¢ har inte nodvindigtvis data
for bade my och M,. Dessutom har bara prov dér laddningsstyrkan anges som
ett punktviirde anvints'. Metodiken exemplifieras i det féljande med bulkmag-
nituden, men anvéinds pa samma sétt for ytvagor.

Anpassning till en relation pa formen given av ekvation (3.3) kan nu prévas
genom linjér anpassning av datauppséttningen (log,, W;, ms,;), varvid koeffi-
cienterna mj och k bestdms. For detta &ndamal har fitexy fran [11] anvints.
Denna rutin utfoér linjér anpassning, och tar hiansyn till osdkerheter bade i W
och my. I foreliggande fall utgors den oberoende variabeln av log,, W, varvid
felet uppskattas till

ow

TlogoW = Jn10 (3.5)
1 oW

T Imlo W (36)

~ 0,043, (3.7)

om §W/W = 10%. Felet i magnituden ges som tidigare av ekvation (2.6)2.

1 avsnitt 4 diskuteras hur prov med intervall fér laddningsstyrkan skulle kunna anvindas.

2] en forsta ansats anvindes en standardrutin fér anpassning till en rét linje, fit fran
[11]. Eftersom denna rutin endast medger felangivelse for den beroende variabeln (hér my),
vagdes feluppskattningen fér W in i den oséikerhet som anvéindes vid anpassningen. Utgaende
fran ekvation (3.3) gjordes skattningen

o 2
o = \/Ofnb + (%O’W) (3.8)

17
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Tabell 3.1: Anpassningar av bulkmagnitud for olika regioner. Endast prov for vilka ladd-
ningsstyrkan angetts med ett punktvarde har utnyttjats. For regioner dar inga anpass-
ningsparametrar redovisas &r provdata otillrackliga, eller osékerheten i anpassningen
for stor. For till exempel Astrakan finns visserligen manga prov som medger berékning
av my, men dessa prov har alla samma laddningsstyrka. For Shagan har tva delvis
olika uppgifter om laddningsstyrka prévats: den foérsta anpassningen for varje omrade
ar baserad pa laddningsstyrkor fran den sammanstalining som namns i avsnitt 2.4,
medan den andra anpassningen anvander laddningsstyrkor fran [12].

Region mp
Delomrade N, my ky Q
Nevada Test Site
Pahute Mesa 0 - - -
Rainier Mesa 0 - - -
Yucca Flats 3 - - -
Novaja Zemlja
Norra omradet 10 4,76 +0,18 0,94+0,10 0,14
Sodra omradet 1 - - -
Ryska PNE:er
Astrakan 9 - - -
Azgir 12 5,04+0,05 0,70£0,04 O
Jakutsk 8 5,06+0,20 0,36+0,18 0,12
Kazakhstan 5 - - -
Krasnojarsk 8 3,514+0,43 1,25+0,42 0,01
Orenburg 5 4,92+0,12 0,69+0,16 0,97
Perm 8 4,37r+0,11 1,034+0,13 0
Tyumen 5 - - -
USSR (alla) 81 4,63+0,03 0,79+0,03 0
Semipalatinsk
Degelen 94 4,73+£0,08 0,79+0,06 O
Konystan 15 4,80+0,11 0,94+0,10 O
Shagan, nordost 30 5,45+0,08 0,79+£0,06 O
5,69+0,07 0,60+0,04 0
Shagan, sydvést 43 5,92+0,13 0,70£0,07 O
5,95+0,12 0,6564+0,06 0
Shagan, 6vergangszon | 16 5,934+0,17 0,60+0,10 0
5,83+0,15 0,624+0,08 0
Shagan (alla) 89 5,41+0,06 0,92+0,03 0
5,63+£0,05 0,78+0,03 0

3.2 Exempel pa laddningsstyrka-magnitudférhallanden

Exempel pa anpassningar gjorda med data fran den seismiska stationen i Hag-
fors &r sammanfattade i tabell 3.1 och 3.2. Anpassningens godhetsmatt @ re-
dovisas ocksa. Ett virde ndra Q = 1 indikerar hog sannolikhet for att givna
data dr konsistenta med hypotesen om en funktionsform enligt ekvation (3.3)
eller (3.4), se [11]. T figur 3.1 och 3.2 ges exempel pa anpassningar.

keow 2 .
= yfo2,+ (Wln 10) , (3.9)
dar ks« := 1 &r en tentativ uppskattning av lutningskoefficienten k;. Anpassningsresultaten

med fit skilde sig inte mot fitexy i nagra avgorande avseenden.
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Tabell 3.2: Anpassningar av ytvagsmagnitud fér olika regioner. Endast prov for vil-
ka laddningsstyrkan angetts med ett punktvarde har utnyttjats. Fér regioner dar inga
anpassningsparametrar redovisas ar provdata otillrackliga, eller osdkerheten i anpass-
ningen for stor. Liksom i tabell 3.1 har tva delvis olika underlag for laddningsstyrka
anvants inom Shaganomradet.

Region M
Delomrade N, M, ks Q
Nevada Test Site
Pahute Mesa 0 - - -
Rainier Mesa 0 - - -
Yucca Flats 2 - - -
Novaja Zemlja
Norra omradet 17 1,76+£0,15 1,574+0,06 0
Sodra omradet 4 1,784+0,34 1,32+0,11 0,63
Ryska PNE:er
Astrakan 1 - - -
Azgir 8 2,564+0,27 1,40+0,16 O
Jakutsk 3 - - -
Kazakhstan 10 - - -
Krasnojarsk 1 - - -
Orenburg 2 - - -
Perm 3 - - -
Tyumen 4 - - -
USSR (alla) 44 2,68 +0,09 1,234+0,07 0
Semipalatinsk
Degelen 11 2,23+0,33 1,394+0,25 0,08
Konystan 6 - - -
Shagan, nordost 11 3,03£0,18 0,83+0,12 0
3,00£0,17 0,744+0,10 O
Shagan, sydvést 35 3,66+0,16 0,53+0,08 O
3,6b+0,16 0,514+0,08 0
Shagan, overgangszon | 14 3,09+0,26 0,78 +0,14 0
2,95+0,30 0,78+0,15 0
Shagan (alla) 60 3,26+0,10 0,72£0,06 O
3,23+£0,11 0,684+0,06 O

19
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Figur 3.1: Anpassning med rutinen fitexy for data fran samtliga ryska PNE:er. Endast
laddningsstyrkor angivna som punktdata har anvéants.

3 I I I
01 1 10 100 1000

W [kt]

Figur 3.2: Anpassningar med rutinen fitexy for data fran omradet Shagan inom Semi-
palatinsk med laddningsstyrkor fran [12]. Endast laddningsstyrkor angivna som punkt-
data har anvants. Notera att anpassningarna for de tre delomradena ger ungefarligen
samma lutning ks, men olika varden pa m:. Anpassningen som anvander alla prov har
daremot avvikande lutning.
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4 Prov dar laddningsstyrkan anges i form
av ett intervall

Om det finns fatal eller inga prov dér laddningsstyrkan &r angiven som ett
punktvirde i en given region, kan man ténka sig att eventuella explosioner
inom ett och samma intervall for laddningsstyrka skulle kunna vara av viss
nytta. Den metod som anvénds i detta avsnitt forsoker att dra nytta dven av
sadana data.

For de fall dér laddningsstyrkan har angivits med ett intervall, behéver
ett representativt viarde pa laddningsstyrkan bestdmmas. Tva sétt att hantera
detta har provats’.

4.1 Medelvarde

En mojlighet dr att anvéinda medelvirdet for intervallet

1
W = 3 (Whax + Wiin) (4.1)

och vara medveten om den stora osiikerhet som foljer med detta (se vidare av-
snitt 4.3). I praktiken kan man rikna med att antalet olika intervall dr tdmligen
begrinsat (till exempel 0 — 20 kt, 20 — 150 kt och stérre dn 150 kt), vilket med
denna metod kommer att leda till manga datapunkter med identiska laddnings-
styrkor, men olika seismiska magnituder.

4.2 Linjar anpassning

Om manga prov har angetts i form av intervall kan det vara onskvirt att
forsoka utnyttja den information som detta kan ténkas ge om man antar att
storre magnituder torde vara relaterade till vre delen av ett givet intervall, och
tvart om. Om vi antar att de faktiska laddningsstyrkorna for prov som angetts
med intervall fordelar sig enligt en relation pa formen (3.3) déir W betecknar
laddningsstyrka, kan tentativa laddningsstyrkor for intervallfallen bestdmmas
enligt

W, = 100mesmm/k (4.2)
o 2il@i = (2)mu

k= ORE (4.3)

mi = (mp) — k(z), (4.4)

(@ = Niﬁzx“ (45)

) = Y, (46)

T, = loglo [;(Wmax,i + Wmin,i) s (47)

dér ), avser summa 6ver prov med laddningsstyrka angiven pa intervallform,
och Ny, ér antalet sadana prov. Om en uppskattning W; hamnar utanfor inter-
vallet [Winin,is Wnax.,i), sitts W; lika med nérmaste intervallgréns. De salunda

10m laddningsstyrkorna som ingér i en salva har angetts som intervall, har vre och
undre grinserna adderats for att pa sa vis fa fram ett intervall fér provet som helhet.
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Figur 4.1: Ryska PNE:er med laddningsstyrkor angivna som punktvarden (grént), samt
intervallhantering fér dessa om man antar att laddningsstyrkor &r angivna endast inom
intervallen 0 — 20 kt och 20 — 150 kt: medelvardesmetod (blatt) och linjar anpassning
(rétt). Anpassningarna ar my = 4.65 + 0.78log,, W (grént), my = 4.22 4+ 0.99 log,, W
(blatt) och my, = 3.14 + 1.59 log,, W (réitt).

erhallna laddningsstyrkorna kommer i regel forhalla sig till motsvarande mag-
nituder my ; enligt formen given av ekvation (3.3). I den slutliga anpassningen,
dér alla prov anvénds for att bestimma koefficienter enligt ett uttryck pa denna
form, viktas efter hur stora osidkerheterna uppskattas vara.

Flera invindningar mot forfaringsséittet dr uppenbara. Till att borja med
kan man inte utan ytterligare information om proven utga fran att dessa
verklingen fordelar sig 6ver hela det angivna intervallet. Till exempel kan prov
dar laddningsstyrkorna anges ligga i ett intervall 20 — 150 kt, lika gédrna vara
samlade mellan, sig 47 och 49 kt. For det andra har vi sett ur data fér prov
dér laddningsstyrkan angivits med punktvérde att det inte &dr ovanligt med
magnituder som &dr vésentligt avvikande, vilket skulle medfora forskjutningar
av datapunkter. Slutligen bor 6verviigas hur olika, sinsemellan dverlappande,
intervall ska hanteras med denna metod. Inte desto mindre &r det vart att
undersoka metoden, se vidare avsnitt 4.4 for resultat.

I figur 4.1 jamfors de tva intervallmetoderna genom att behandla data for
ryska PNE:er med laddningsstyrkor angivna som punktvérden i intervallen 0 —
20 kt och 20 — 150 kt som om de vore angivna endast med dessa intervall. Som
ett exempel pa hur metoden forskjuter data, undersoker vi sérskilt intervallet 20
— 150 kt for linjara anpassningen i denna jamforelse. Dataméngden innehaller
inga extremt avvikande datapunkter, men ger &nda mérkbara forskjutningar,
se figur 4.2.
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Figur 4.2: Linjar anpassning (rétt) av data fran samtliga ryska PNE:er i intervallet 20 —
150 kt. Faktiska datapunkter, samt anpassning (grént). Observera dock att sisthAmnda
anpassning avser alla PNE:er, det vill sdga aven punkter utanfér intervallet 20 — 150
kt.

4.3 Feluppskattning

For de fall da laddningsstyrka angetts som ett intervall utgar feluppskattningen
fran punktspridningen oy p;, samt spridningen for uniform férdelning inom ett
intervall, vilket ger

1
JW,Z' - \/0—{2/{/4”' + ﬁ (Wmax,i - Wmin,i)27 (48)

dér andra termen #r variansen for uniform fordelning inom ett intervall
[Winin,is Winax,s] [13]. Denna feluppskattning anvénds alltsa oavsett vilken me-
tod — medelvirde eller linjar anpassning — som tillimpas for bestidmning av
laddningsstyrkan. For fallet linjar anpassning finns visserligen majligheten att
den verkliga laddningsstyrkan for ett fall dar det framriknade vérdet hamnar
néira en intervallgrins verkligen ligger nira denna gréins, men nagra garantier
for detta finns inte.

4.4 Resultat

For regionerna i tabell 2.1 dr det bara inom omradena vid Nevada Test Site som
manga prov har laddningsstyrka angiven som intervall. For dvriga omraden
ar det inte meningsfullt att inkludera de fa extra prov dér laddningsstyrkan
ar angiven som intervall. Anpassningar inkluderande intervalldata gjorda med
fitexy &r redovisade i tabell 4.1 och 4.2. Ett exempel pa resultat redovisas i
figur 4.3.

Det &r svart att dra nagra langtgaende slutsatser av de fa anpassningar
som gjorts, men metoden kan mojligen vara till nytta nir ett fatal prov med
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Tabell 4.1: Anpassningar av bulkmagnitud for olika regioner. Prov fér vilka laddnings-
styrkan angetts antingen med ett punktvarde eller ett intervall har utnyttjats. Intervall
har hanterats genom att anvédnda medelvéarden. Fér regioner dar inga anpassningspa-
rametrar redovisas ar provdata otillrackliga, eller osékerheten i anpassningen for stor.

Region mp

Delomrade N, N;y my ky Q
Nevada Test Site

Pahute Mesa 0 23 3,98+0,27 0,8+0,11 0,77
Rainier Mesa 0 8 - - _
Yucca Flats 3 50 - - _

Tabell 4.2: Anpassningar av bulkmagnitud fér olika regioner. Prov for vilka laddnings-
styrkan angetts antingen med ett punktvarde eller ett intervall har utnyttjats. Intervall
har hanterats genom anvanda linjar anpassning. For regioner dar inga anpassnings-
parametrar redovisas ar provdata otillrackliga, eller osékerheten i anpassningen for

stor.

Region my

Delomrade N, N; my ky Q
Nevada Test Site

Pahute Mesa 0 23 4,324+0,23 0,72£0,09 1,00
Rainier Mesa, 0 8 - - -
Yucca Flats 3 50 4,094+0,17 0,80+£0,08 0,96

laddningsstyrka pa punktform kompletteras med ett flertal intervallvirden.
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Figur 4.3: Prov i Pahute Mesa. Anpassningar gjorda for data genererade enligt me-

delvardesmetod (blatt) och linjar anpassning (rétt). Anpassningsparametrar framgar i
tabell 4.1 och 4.2.
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5 Diskussion

Anpassningar for olika provomraden avseende detektioner vid den seismiska
stationen i Hagfors har gjorts, och redovisas i avsnitt 3.2 ovan. Nagra preli-
minéra iakttagelser och reflexioner fran denna inventering #r sammanfattade
nedan.

e Magnituder som ligger patagligt ligre dn 6vriga skulle kunna forklaras
med att nagon form av frikoppling — antropogen eller naturlig — skett. Det
ar troligt att avsiktlig frikoppling kan goras effektivare for lagre laddnings-
styrkor. Fragestdllnngen bor understkas ndrmare, till exempel genom si-
mulering av de fysikaliska processerna i det tidiga explosionsforloppet och
kéllgenereringen.

e Det dr tveksamt om data med laddningsstyrkan given pa intervallform
tillfér nagon anvindbar information i de fall som har analyserats. Om
ett antal prov med laddningsstyrka angivna som punktdata finns, &r det
mojligt att flera prov med laddningsstyrka pa intervallform kan vara till
nytta.

e Godhetsvirden @Q < 1 innebér antingen att hypotesen om en funktions-
form enligt ekvation (3.3) och (3.4) inte haller, alternativt att osékerheter-
na i laddningsstyrka och/eller magnitud #r underskattade i denna studie.

e Det #r mojligt att anpassningar pa formen enligt ekvation (3.3) och (3.4)
med olika anpassningsparametrar for olika intervall av laddningsstyrka
kan motiveras pa fysikaliska grunder. Detta har inte undersokts nérmare
i denna rapport.
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A Lista over karnexplosioner

Nedan aterges ett urval av data for alla kdrnexplosioner till och med 2014. Lis-
tan beskrivs i avsnitt 2.4 ovan, och finns i sin helhet pa den bifogade CD-skivan
som filen NuclearExplosions.x1lsx. Den nést sista kolumnen i utskriften ne-
dan anger antal kdrnladdningar i provet om detta ar ként.

Date

1945-07-16 11:29
1945-08-05 23:16
1945-08-09 01:58
1946-06-30 22:01
1946-07-24 21:35
1948-04-14 18:17
1948-04-30 18:09
1948-05-14 18:04
1949-08-29 12:00
1951-01-27 13:45
1951-01-28 13:52
1951-02-01 13:47
1951-02-02 13:49
1951-02-06 13:47
1951-04-07 18:34
1951-04-20 18:26
1951-05-08 21:30
1951-05-24 17:17
1951-09-24 10:15
1951-10-18 07:00
1951-10-22 14:00
1951-10-28 15:20
1951-10-30 15:00
1951-11-01 15:30
1951-11-05 16:30
1951-11-19 17:00
1951-11-29 20:00
1952-04-01 17:00
1952-04-15 17:30
1952-04-22 17:30
1952-05-01 16:30
1952-05-07 12:15
1952-05-25 12:00
1952-06-01 11:55
1952-06-05 11:55
1952-10-03 08:00
1952-10-31 19:15
1952-11-15 23:30
1953-03-17 13:20
1953-03-24 13:10
1953-03-31 13:00
1953-04-06 15:30
1953-04-11 12:45
1953-04-18 12:35

Angaende urvalet av explosioner dr nagra anmérkningar virda att gora.

I [6] dubbelriknas alla brittiska prov vid Nevada Test Site som bade
brittiska och amerikanska. Det ror sig om alla brittiska prov fran 1962
och framat; inalles 24 prov.

I [6, 14] saknas inalles tolv franska prov mellan 1966 och 1989. Dessa prov
Ar formodligen sikerhetsprov utan ndmnvird nukleér energifrigorelse.

I [5, 6, 14] betraktas de tva ryska proven 1974-01-30 (NOB ID 74001 och
74002) som ett och samma prov.

I [7] forekommer ett flertal prov som forkastats, och som férmodligen #r
kavitetskollapser eller liknande.

Tva prov saknas i [3]: dels ett ryskt prov 1972-06-07 samma dag som
ett annat ryskt prov, och som bade [5, 6] tar upp; dels den formodade
sydafrikansk-israeliska provspréngningen 1979-09-22.

Tva kinesiska prov (1979-02-02 och 1992-11-02), utéver de 45 som tas

FOI-R--4057--SE

upp hiir, férekommer bara i [15] och har férkastats.

Time NOB ID State Site Lat Long Series Name Arrangem Explosion type
45001  USA Alamogordo 33.675 -106.475 Trinity Tower Surface burst
45002  USA Hiroshima 34.22 132.25 Little Boy Air drop Air burst
45003  USA Nagasaki 32.48 129.53 Fat Man Air drop Air burst
46001  USA Bikini 11.35 165.2 Crossroads Able Air drop Atmospheric
46002  USA Bikini 11.583 165.5 Crossroads Baker Barge Underwater
48001  USA Eniwetak Enjebi 11.3 162.15 Sandstone X-ray Tower Atmospheric
48002  USA Eniwetak Aomon I 11.3 162.15 Sandstone Yoke Tower Atmospheric
48003  USA Eniwetak Runit I 11.3 162.15 Sandstone Zebra Tower Atmospheric
49001  Soviet Semipalatinsk 48 76 Joe 1 Tower Surface burst
51001  USA Nevada  Area 5 37 -116 Ranger Able Air drop Atmospheric
51002 USA Nevada Area 5 37 -116 Ranger Baker I Air drop Atmospheric
51003  USA Nevada  Area 5 37 -116 Ranger Easy Air drop Atmospheric
51004  USA Nevada  Area 5 37 -116 Ranger Baker II  Air drop Atmospheric
51005  USA Nevada  Area 5 37 -116 Ranger Fox Air drop Atmospheric
51006  USA Eniwetak Runit I 11.556 162.354 Greenhouse Dog Tower Atmospheric
51007  USA Eniwetak Enjebi  11.669  162.24 Greenhouse Easy Tower Atmospheric
51008  USA Eniwetak Eberiru 11.627 162.315 Greenhouse George Tower Atmospheric
51009 USA Eniwetak Enjebi 11.673 162.249 Greenhouse Item Tower Atmospheric
51010 Soviet Semipalatinsk 48 76 Joe 2 Surface burst
51011 Soviet Semipalatinsk 48 76 Joe 3 Air drop Air burst
51012 USA Nevada  Area 7 37 -116 Buster Able Tower Atmospheric
51013 USA Nevada  Area 7 37 -116 Buster Baker Air drop Atmospheric
51014  USA Nevada  Area 7 37 -116 Buster Charlie Air drop Atmospheric
51015  USA Nevada  Area 7 37 -116 Buster Dog Air drop Atmospheric
51016  USA Nevada Area 7  37.092 -116.024 Buster Easy Air drop Atmospheric
51017  USA Nevada  Area 9 37 -116 Jangle Sugar Surface Surface burst
51018  USA Nevada  Area 10 37.168 -116.043 Jangle Uncle Cratering
52001  USA Nevada  Area 5 37 -116 Tumbler-Snapper Able Air drop Atmospheric
52002  USA Nevada Area 7 37 -116 Tumbler-Snapper Baker Air drop Atmospheric
52003  USA Nevada  Area 7 37 -116 Tumbler-Snapper Charlie Air drop Atmospheric
52004  USA Nevada  Area 7 37 -116 Tumbler-Snapper Dog Air drop Air burst
52005  USA Nevada  Area 1 37 -116 Tumbler-Snapper Easy Tower Atmospheric
52006  USA Nevada  Area 4 37 -116 Tumbler-Snapper Fox Tower Atmospheric
52007 USA Nevada  Area 3 37 -116 Tumbler-Snapper George Tower Atmospheric
52008  USA Nevada  Area 2 37 -116 Tumbler-Snapper How Tower Atmospheric
52009 UK Monte Bello Isla -20.4 115.57 Hurricane Ship Surface burst
52010 USA Eniwetak Elugela 11.67 162.197 Ivy Mike Surface Surface burst
52011  USA Eniwetak Runit I 11.562 162.353 Ivy King Air drop Atmospheric
53001  USA Nevada  Area 3 37 -116 Upshot-Knothole Annie Tower Atmospheric
53002 USA Nevada  Area 4 37 -116 Upshot-Knothole Nancy Tower Atmospheric
53003 USA Nevada  Area 7 37 -116 Upshot-Knothole Ruth Tower Atmospheric
53004  USA Nevada  Area 7 37 -116 Upshot-Knothole Dixie Air drop Atmospheric
53005  USA Nevada  Area 4 37 -116 Upshot-Knothole Ray Tower Atmospheric
53006  USA Nevada  Area 2 37 -116 Upshot-Knothole Badger Tower Atmospheric
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Wmin  Wmax Height Purpose
21 21 30 Weapons
12.5 12.5 600 Warfare
22 22 600 Warfare
21 21 160 Effects
21 21 -28 Effects
37 37 60 Weapons
49 49 60 Weapons
18 18 60 Weapons
22 22 Weapons
1 1 320 Weapons

8 8 325 Weapons

1 1 325 Weapons

8 8 330 Weapons
22 22 435 Weapons
81 81 90 Weapons
47 47 90 Weapons
2256 225 60 Weapons
45.5 45.5 60 Weapons
38 38 Weapons
42 42 Weapons
0 0.1 30 Weapons
3.5 3.5 340 Weapons
14 14 340 Weapons
21 21 430 Weapons
31 31 400 Weapons
1.2 1.2 1 Effects
1.2 1.2 -5 Effects
1 1 240 Effects

1 1 335 Effects
31 31 1045 Various
19 19 315 Weapons
12 12 90 Weapons
11 11 90 Weapons
15 15 90 Weapons
14 14 90 Weapons
25 25 1 Weapons
10400 10400 1 Weapons
500 500 450 Weapons
16 16 90 Weapons
24 24 90 Weapons
0.2 0.2 90 Weapons
11 11 1820 Weapons
0.2 0.2 30 Weapons
23 23 90 Weapons

T S T

Lab
LANL

LANL/DoD
LANL/DoD
LANL
LANL
LANL

LANL
LANL
LANL
LANL
LANL
LANL
LANL

LANL
LANL
LANL
LANL
LANL
LANL/DoD
LANL/DoD
LANL/DoD
LANL/DoD
LANL/DoD
LANL
LANL
LANL
LANL
LANL

LANL



1953-04-25
1953-05-08
1953-05-19
1953-05-25
1953-06-04
1953-08-12
1953-08-23
1953-09-03
1953-09-08
1953-09-10
1953-10-14
1953-10-26
1954-02-28
1954-03-26
1954-04-06
1954-04-25
1954-05-04
1954-05-13
1954-09-14
1954-09-29
1954-10-01
1954-10-03
1954-10-05
1954-10-08
1954-10-19
1954-10-23
1954-10-26
1954-10-30
1955-02-18
1955-02-22
1955-03-01
1955-03-07
1955-03-12
1955-03-22
1955-03-23
1955-03-29
1955-03-29
1955-04-06
1955-04-09
1955-04-15
1955-05-05
1955-05-14
1955-05-15
1955-07-29
1955-08-02
1955-08-05
1955-09-21
1955-11-01
1955-11-03
1955-11-05
1955-11-06
1955-11-22
1956-01-18
1956-02-02
1956-03-16
1956-03-25
1956-05-04
1956-05-16
1956-05-20
1956-05-27
1956-05-27
1956-05-30
1956-06-06
1956-06-11
1956-06-11
1956-06-13
1956-06-16
1956-06-19
1956-06-21
1956-06-25
1956-07-02
1956-07-08
1956-07-10
1956-07-20
1956-07-21
1956-08-24
1956-08-30
1956-09-02
1956-09-10
1956-09-27
1956-10-04
1956-10-11
1956-10-22
1956-11-17
1956-12-14
1957-01-19
1957-03-08
1957-04-03
1957-04-06
1957-04-10
1957-04-12

22:

20:

01:

17:

07:
05:

-
IS

:30
:30
:05
:30
:15

53007
53008
53009
53010
53011
53012
53013
53014
53015
53016
53017
53018
54001
54002
54003
54004
54005
54006
54007
54008
54009
54010
54011
54012
54013
54014
54015
54016
55001
55002
55003
55004
55005
55006
55007
55008
55009
55010
55011
55012
55013
55014
55015
55016
55017
55018
55019
55022
55023
55024
55020
55021
56001
56002
56003
56004
56005
56006
56007
56008
56009
56010
56011
56012
56013
56014
56015
56016
56017
56018
56019
56020
56021
56022
56023
56024
56025
56026
56027
56028
56029
56030
56031
56032
56033
57001
57002
57003
57004
57005
57006

USA
UsA
UsA
UsA
USA
Soviet
Soviet
Soviet
Soviet
Soviet
UK

UK
USA
USA
USA
USA
USA
USA
Soviet
Soviet
Soviet
Soviet
Soviet
Soviet
Soviet
Soviet
Soviet
Soviet
USA
USA
USA
USA
USA
USA
USA
USA
UsA
UsA
UsA
USA
USA
USA
USA
Soviet
Soviet
Soviet
Soviet
USA
USA
USA
Soviet
Soviet
USA
Soviet
Soviet
Soviet
USA
UK
USA
USA
USA
USA
USA
USA
USA
USA
USA

UK

USA
USA
UsA
UsA
UsA
USA
USA
Soviet
Soviet
Soviet
Soviet
UK

UK

UK

UK
Soviet
Soviet
Soviet
Soviet
Soviet
Soviet
Soviet
Soviet

Nevada
Nevada
Nevada
Nevada
Nevada

Area 1
Area 5
Area 3
Area 5
Area 7

Semipalatinsk
Semipalatinsk
Semipalatinsk
Semipalatinsk
Semipalatinsk
Emu Field

Emu Field

Bikini
Bikini
Bikini
Bikini
Bikini
Eniwetak

Orenburg,

Eninman

Totsk

Semipalatinsk
Semipalatinsk
Semipalatinsk
Semipalatinsk
Semipalatinsk
Semipalatinsk
Semipalatinsk
Semipalatinsk
Semipalatinsk

Nevada
Nevada
Nevada
Nevada
Nevada
Nevada
Nevada
Nevada
Nevada
Nevada
Nevada
Nevada
Nevada

Area
Area
Area
Area
Area
Area
Area
Area
Area
Area
Area
Area
Area 1

COR NP NWNO®

Pacific 0725 km

Nevada

Area 7

Semipalatinsk
Semipalatinsk
Semipalatinsk
Novaya Zemlya

Nevada
Nevada
Nevada

Area 11
Area 11
Area 11

Semipalatinsk
Semipalatinsk

Nevada

Area 11

Aralsk, Kazaksta
Semipalatinsk
Semipalatinsk

Eniwetak

Near Ru

Monte Bello Isla

Bikini
Bikini
Eniwetak
Eniwetak
Eniwetak
Bikini
Eniwetak
Eniwetak
Eniwetak

Near Na
Eninman
Aomon I
Runit I
Bogon I
Near Yu
Runit I
Aomon I
Runit I

Monte Bello Isla

Eniwetak
Bikini
Eniwetak
Eniwetak
Bikini
Bikini
Eniwetak

Rujoru
Near Yu
Eberiru
In crat
Near Yu

Near F1

Semipalatinsk
Semipalatinsk
Semipalatinsk
Semipalatinsk
Maralinga
Maralinga
Maralinga
Maralinga
Semipalatinsk
Semipalatinsk

Kapustin

Yar

Semipalatinsk
Semipalatinsk
Semipalatinsk
Semipalatinsk
Semipalatinsk

-28.7

37.17

11.558
-20.23
11.668
11.544

11.544

-30

30

-116
-116
-116
-116
-116

132.35

-116
-116
-116
-116
-116
-116
-116.045
-116
-116
-116
-116
-116
-116
-126
-116

78

78

78

55

-116
-116
-116

78

78

-116

62

78

78
162.355
115.55
165.394
165.369
162.15
162.364
162.222
165.451
162.359
162.15
162.361
116.53
162.15
165.451
162.15
162.2
165.387
165.339
162.369
78

78

78

78

131

131

131

131

78

78

46

78

78

78

78

78

Upshot-Knothole
Upshot-Knothole
Upshot-Knothole
Upshot-Knothole
Upshot-Knothole

Totem

Totem

Castle
Castle
Castle
Castle
Castle
Castle

Teapot
Teapot
Teapot
Teapot
Teapot
Teapot
Teapot
Teapot
Teapot
Teapot
Teapot
Teapot
Teapot
Wigwam
Teapot

Project 56
Project 56
Project 56

Project 56

Redwing
Mosaic

Redwing
Redwing
Redwing
Redwing
Redwing
Redwing
Redwing
Redwing
Redwing
Mosaic

Redwing
Redwing
Redwing
Redwing
Redwing
Redwing
Redwing

Buffalo
Buffalo
Buffalo
Buffalo

Simon
Encore
Harry
Grable
Climax
Joe 4

Joe 5-7

T1

T2
Bravo
Romeo
Koon
Union
Yankee
Nectar

Wasp
Moth
Tesla
Turk
Hornet
Bee

Ess
Apple I
Wasp Prime
HA

Post

MET
Apple II
Wigwam
Zuccini

56/1
56/2
56/3

56/4

Lacrosse
G1
Cherokee
Zuni
Yuma
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Owens
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Saturn
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Fir
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Yellowwood
Magnolia
Tobacco
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Poplar

Surface
Air drop
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Tower
Balloon
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1958-09-21
1958-09-23
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1958-09-26
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Storax
Storax

Storax

Storax

Storax

Storax
Dominic I
Storax
Dominic I

Storax
Storax

Storax
Dominic I
Storax
Fishbowl (Domi

Muskegon
Swordfish
Encino
Aardvark
Swanee

Eel

Chetco
White
Tanana
Nambe
Raccoon
Packrat
Alma
Truckee
Yeso
Harlem

Des Moines
Rinconada
Dulce
Petit
Daman I
Otowi
Bighorn
Haymaker
Marshmallo
Bluestone
Sacramento
Sedan
Little Fel
Starfish P
Sunset
Pamlico
Johnnie Bo
Merrimac
Small Boy
Little Fel
Wichita

York
Bobac

Raritan

Hyrax

Peba

Allegheny
Androscogg
Mississipp
Bumping

Roanoke
Wolverine

Tioga
Chama
Bandicoot
Checkmate

Air drop
Missile
Air drop
Shaft
Air drop
Shaft
Air drop
Shaft
Air drop
Air drop
Shaft
Shaft
Air drop
Air drop
Air drop
Air drop
Tunnel
Air drop
Air drop
Air drop
Shaft
Air drop
Air drop
Shaft
Tunnel
Air drop
Shaft

Surface
Missile
Air drop
Air drop
y

Shaft
Tower
Surface
Shaft

Shaft
Shaft

Shaft

Shaft

Shaft

Shaft
Air drop
Shaft
Air drop

Shaft
Shaft

Shaft
Air drop
Shaft
Missile

Atmospheric
Underwater
Atmospheric
Underground
Atmospheric
Underground
Atmospheric
Underground
Atmospheric
Atmospheric
Underground
Underground
Atmospheric
Atmospheric
Atmospheric
Atmospheric
Underground
Atmospheric
Atmospheric
Atmospheric
Underground
Atmospheric
Atmospheric
Underground
Underground
Atmospheric
Underground
Cratering
Surface burst
High altitude
Atmospheric
Atmospheric
Cratering
Underground
Surface burst
Surface burst
Underground
Air burst
Air burst
Air burst
Air burst
Surface burst
Air burst
Air burst
Air burst
Air burst
Air burst
Air burst
Surface burst
Air burst
Air burst
Underground
Underground
Air burst
Air burst
burst
burst
burst
burst
Underground
Air burst
Underground
Air burst
Air burst
Air burst
Air burst
Underground
Air burst
Surface burst
Air burst
Air burst
Surface burst
Air burst
Air burst
Underground
Atmospheric
Underground
Atmospheric
Air burst
Air burst
Air burst
Air burst
Underground
Underground
Air burst
Air burst
Underground
Atmospheric
Underground
High altitude
Air burst
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3000
1200

800
52
2.2

81.5
7650
67

1270

104
0.022
1400
1000
3880
0.5

1.65
0.018
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21100
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-225
-200

-160

-215

-240

-210
3110
-490
3000

-155
-75

-60
3630
-240

146000

Weapons
Effects
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Effects
Weapons
Weapons
PNE
Effects
Effects
Weapons
Weapons
Effects
Weapons
Effects
Effects
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Effects
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Safety
Weapons
Weapons
Weapons
Weapons
Effects
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Effects
Weapons
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LLNL
LANL/DoD
LANL
LANL
LLNL
LANL
LLNL
LLNL
LLNL
LANL

LANL
LLNL/DoD
LLNL
LLNL
LLNL
SNL/DoD
LANL/DoD
LANL
LLNL
LLNL/DoD
LLNL
LANL/DoD
SNL/DoD
LLNL

LLNL
LANL

LLNL

LANL

LANL

LLNL
LLNL
LLNL
LLNL

LLNL
LANL

LLNL
LANL
LANL
LANL/DoD



1962-10-22
1962-10-22
1962-10-26
1962-10-27
1962-10-27
1962-10-27
1962-10-28
1962-10-28
1962-10-28
1962-10-29
1962-10-30
1962-10-30
1962-10-30
1962-10-31
1962-11-01
1962-11-01
1962-11-01
1962-11-01
1962-11-03
1962-11-03
1962-11-03
1962-11-04
1962-11-04
1962-11-05
1962-11-09
1962-11-11
1962-11-13
1962-11-14
1962-11-15
1962-11-17
1962-11-24
1962-11-26
1962-11-27
1962-12-01
1962-12-04
1962-12-07
1962-12-12
1962-12-12
1962-12-14
1962-12-18
1962-12-18
1962-12-20
1962-12-22
1962-12-23
1962-12-23
1962-12-23
1962-12-23
1962-12-24
1962-12-24
1962-12-24
1962-12-24
1962-12-25
1962-12-25
1963-02-08
1963-02-08
1963-02-08
1963-02-08
1963-02-15
1963-02-21
1963-02-21
1963-03-01
1963-03-15
1963-03-18
1963-03-29
1963-03-30
1963-04-05
1963-04-10
1963-04-11
1963-04-24
1963-04-24
1963-05-09
1963-05-15
1963-05-17
1963-05-17
1963-05-22
1963-05-25
1963-05-29
1963-05-31
1963-06-05
1963-06-06
1963-06-06
1963-06-09
1963-06-14
1963-06-25
1963-08-12
1963-08-15
1963-08-23
1963-09-13
1963-09-13
1963-09-27
1963-09-27
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62127
62128
62129
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62131
62132
62133
62134
62135
62138
62136
62137
62139
62141
62140
62143
62142
62144
62145
62146
62148
62147
62149
62150
62151
62152
62153
62154
62155
62156
62157
62158
62159
62160
62161
62162
62163
62164
62165
62166
62167
62168
62169
62170
62171
62172
62176
62175
62173
62174
62177
62178
63001
63004
63002
63003
63005
63007
63006
63008
63009
63010
63011
63012
63013
63014
63015
63016
63017
63018
63043
63019
63020
63021
63044
63022
63045
63023
63024
63025
63046
63026
63027
63028
63029
63030
63031
63032
63047
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Soviet
Soviet
UsA
Soviet
USA
USA
Soviet
Soviet
Soviet
Soviet
USA
Soviet
Soviet
Soviet
Soviet
Soviet
USA
Soviet
Soviet
Soviet
Soviet
USA
Soviet
Soviet
USA
Soviet
Soviet
Soviet
USA
Soviet
Soviet
Soviet
USA
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USA
UK
UsA
UsA
UsA
Soviet
Soviet
Soviet
Soviet
Soviet
Soviet
Soviet
Soviet
Soviet
Soviet
Soviet
Soviet
Soviet
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UsA
UsA
UsA
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USA
USA
USA
USA
USA
France
USA
France
USA
USA
USA
USA
USA
USA
UsA
UsA
USA
USA
UsA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
UsA
UsA
UsA

Kapustin Yar
Novaya Zemlya
Johnston Island
Novaya Zemlya
Nevada
Johnston Island
Semipalatinsk
Kapustin Yar
Semipalatinsk
Novaya Zemlya
Johnston Island
Semipalatinsk
Novaya Zemlya
Semipalatinsk
Novaya Zemlya
Semipalatinsk
Johnston Island
Kapustin Yar
Novaya Zemlya
Novaya Zemlya
Semipalatinsk
Johnston Island
Semipalatinsk
Semipalatinsk
Nevada Area
Semipalatinsk
Semipalatinsk
Semipalatinsk
Nevada  Area
Semipalatinsk
Semipalatinsk
Semipalatinsk
Nevada  Area 9
Semipalatinsk
Nevada  Area 9
Nevada  Area 3
Nevada  Area
Nevada  Area 3
Nevada  Area 9
Novaya Zemlya
Novaya Zemlya
Novaya Zemlya
Novaya Zemlya
Novaya Zemlya
Novaya Zemlya
Novaya Zemlya
Semipalatinsk
Novaya Zemlya
Novaya Zemlya
Semipalatinsk
Semipalatinsk
Novaya Zemlya
Novaya Zemlya
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Nevada  Area 10
Nevada  Area 9
Nevada  Area 3
Nevada  Area 3
Nevada  Area 3
Nevada Area 9
Nevada  Area 2
Nevada  Area 3
Nevada  Area 9
Ekker

Nevada  Area 3
Ekker

Nevada  Area 3
Nevada  Area 3
Nevada  Area 2
Nevada  Area 9
Nevada  Area 9
Nevada  Area 3
Nevada  Nellis
Nevada  Area 3
Nevada  Area 3
Nevada  Area 9
Nevada Nellis
Nevada  Area 9
Nevada  Nellis
Nevada  Area 12
Nevada  Area 3
Nevada  Area 9
Nevada  Nellis
Nevada  Area 3
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164
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052
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046
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3.6
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50
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058
049
.12
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125

046
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046
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Storax
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Storax
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Storax
Storax
Storax
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Storax
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Storax
Storax
Storax
Storax
Roller
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Storax
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Roller
Storax
Roller
Storax
Storax
Storax
Roller
Storax
Storax
Niblick
Niblick
Niblick
Niblick
Niblick
Niblick
Niblick

Coaster

Coaster

Coaster

Coaster

Santee
Calamity

Housatonic

Kingfish

Tightrope

St. Lawren

Gundi

Anacostia

Taunton
Tendrac
Madison
Numbat

Manatee

Casselman
Hatchie
Acushi
Ferret
Chipmunk
Kaweah
Carmel
Jerboa
Toyah
Emeraude
Gerbil
Amethyste
Ferret Pri
Coypu
Cumberland
Kootanai
Paisano
Gundi Prim
Double Tra
Harkee
Tejon
Stones
Clean Slat
Pleasant
Clean Slat
Yuba
Hutia
Apshapa
Clean Slat
Mataco
Kennebec
Pekan
Satsop
Kohocton +
Ahtanum
Bilby

Carp
Narraguagu

Shaft
Air drop

Air drop

Missile

Missile

Shaft

Shaft

Shaft

Shaft
Shaft
Tunnel
Shaft
Shaft

Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Tunnel
Shaft
Tunnel
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Surface
Shaft
Shaft
Shaft
Surface
Shaft
Surface
Tunnel
Shaft
Shaft
Surface
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft

High altitude
Air burst
High altitude
Air burst
Underground
Atmospheric
Air burst
High altitude
Air burst

Air burst
Atmospheric
Surface burst
Air burst

Air burst

Air burst

Air burst
High altitude
High altitude
Air burst

Air burst

Air burst
High altitude
Air burst
Surface burst
Underground
Surface burst
Surface burst
Air burst
Underground
Air burst
Surface burst
Surface burst
Underground
Air burst
Underground
Underground
Underground
Underground
Underground
burst
burst
burst
burst
burst

Air burst

Air burst
Surface burst
Air burst

Air burst
Surface burst
Surface burst
Air burst

Air burst
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
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Surface burst
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Underground
Underground
Surface burst
Underground
Surface burst
Underground
Underground
Underground
Surface burst
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
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300 300 Effects
8200 8200 Weapons
200 1000 48000 Effects
260 260 Weapons
0 20  -320 Weapons
800 800 3570 Weapons
7.8 7.8 Weapons
300 300 Effects
7.8 7.8 Weapons
360 360 Weapons
8300 8300 3680 Weapons
1.2 1.2 Weapons
280 280 Weapons
10 10 Weapons
240 240 Weapons
3 3 Weapons
200 1000 97000 Effects
300 300 Effects
390 390 Weapons
45 45 Weapons
4.7 4.7 Weapons
0 20 21000 Effects
8.4 8.4 Weapons
0.4 0.4 Effects
0 20 -165 Weapons
0.1 0.1 Weapons
0 0.001 Weapons
12 12 Weapons
0 20  -240 Weapons
18 18 Weapons
0 0.001 Safety
.031 0.031 Safety
5.2 5.2 -225 PNE
2.4 2.4 Weapons
0 20  -225 Weapons
0 20  -300 Weapons
0 20  -400 Weapons
0 20  -230 Weapons
0 20 -60 Weapons
110 110 Weapons
69 69 Effects
8.3 8.3 Weapons
6.3 6.3 Weapons
430 430 Weapons
8.3 8.3 Weapons
2.4 2.4 Weapons
0 0.001 Safety
1100 1100 Weapons
24200 24200 Weapons
0.007 0.007 Safety
0.028 0.028 Safety
3100 3100 Weapons
8.5 8.5 Weapons
0 20 -300 Weapons
0 20 Weapons
0 20  -260 Weapons
0 20 Weapons
0 20 Safety
3 3 -225 PNE
0 20 -160 Weapons
0 20 Weapons
0 20 Weapons
5 20 Weapons
0 20  -280 Weapons
0 5 Weapons
0 20  -240 Weapons
0 20 Safety
0 20 Weapons
0 20 Weapons
0 20 Weapons
0 20 Weapons
0 0 1 Safety
0 20 Weapons
0 20 Safety
20 200 -390 Weapons
0 0 1 Safety
0 20 Weapons
0 0 1 Safety
3.1 3.1 -240 Weapons
0 20 -135 Weapons
0 20 Weapons
0 0 1 Safety
0 20 -195 Weapons
0 20  -225 Weapons
0 20 Weapons
0 20 Weapons
0 20 Weapons
0 20 Weapons
249 249 Weapons
0 20 Weapons
0 20 Weapons

LANL/DoD

LLNL
LLNL

LLNL

LANL/DoD

LANL/DoD

LLNL

LANL

LLNL

LLNL
LANL/UK
LLNL
LANL
LLNL

LLNL
LANL
LLNL
LANL
LANL
LLNL
LLNL
LANL

1 LLNL
development

1 LANL
development
LANL
LANL
LLNL
LLNL
LLNL
LANL
LANL/DoD/UK
LANL
LANL
LANL
LANL/DoD/UK
LLNL
LANL/DoD/UK
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1963-10-11
1963-10-11
1963-10-16
1963-10-17
1963-10-20
1963-10-26
1963-11-14
1963-11-15
1963-11-22
1963-12-04
1963-12-12
1963-12-20
1964-01-16
1964-01-23
1964-01-30
1964-02-12
1964-02-13
1964-02-14
1964-02-18
1964-02-18
1964-02-20
1964-03-12
1964-03-13
1964-03-15
1964-04-14
1964-04-15
1964-04-17
1964-04-24
1964-04-29
1964-05-07
1964-05-14
1964-05-15
1964-05-16
1964-06-06
1964-06-11
1964-06-12
1964-06-15
1964-06-18
1964-06-25
1964-06-30
1964-07-16
1964-07-17
1964-07-19
1964-07-23
1964-07-24
1964-08-18
1964-08-19
1964-08-22
1964-08-27
1964-08-28
1964-09-04
1964-09-11
1964-09-18
1964-09-25
1964-09-30
1964-10-02
1964-10-09
1964-10-16
1964-10-16
1964-10-22
1964-10-23
1964-10-25
1964-10-31
1964-11-05
1964-11-16
1964-11-28
1964-12-05
1964-12-05
1964-12-16
1964-12-16
1964-12-16
1964-12-18
1965-01-14
1965-01-15
1965-01-29
1965-02-04
1965-02-04
1965-02-12
1965-02-16
1965-02-18
1965-02-19
1965-02-27
1965-03-03
1965-03-03
1965-03-20
1965-03-26
1965-03-27
1965-03-30
1965-04-05
1965-04-14
1965-04-21

63033
63034
63035
63049
63036
63037
63038
63039
63040
63041
63042
63050
64001
64002
64044
64045
64046
64003
64047
64048
64004
64049
64005
64006
64007
64008
64050
64009
64010
64051
64011
64012
64013
64014
64015
64052
64016
64053
64017
64018
64019
64020
64021
64054
64055
64022
64023
64024
64056
64025
64026
64057
64027
64058
64028
64029
64030
64031
64032
64033
64059
64034
64035
64036
64037
64038
64039
64040
64041
64060
64042
64043
65001
65002
65051
65003
65004
65005
65006
65007
65052
65008
65009
65010
65053
65011
65012
65013
65015
65016
65017

USA
UsA
UsA
UsA
France
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
France
UsA
UsA
UsA
USA
USA
Soviet
USA
USA
USA
USA
USA
USA
USA
USA
Soviet
Soviet
USA
USA
France
UsA
UsA
USA
USA
UK
Soviet
USA
USA
Soviet
USA
USA
USA
USA
USA
USA
Soviet
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Soviet
UsA
USA
China
USA
USA
USA
Soviet
USA
USA
Soviet
France
USA
USA
USA
USA
UsA
UsA
UsA
Soviet
USA
Soviet
USA
USA
USA
USA
USA
France
Soviet
USA
USA
USA
Soviet
Soviet
UsA
UsA
UsA

Nevada  Area 3
Nevada  Area 9
Nevada  Area 12
Nevada  Area 2
Ekker
Fallon, Nevada
Nevada Area
Nevada  Area
Nevada  Area
Nevada  Area
Nevada  Area
Nevada  Area
Nevada  Area
Nevada  Area
Nevada  Area
Nevada  Area
Nevada  Area
Ekker
Nevada  Area 3
Nevada  Area 4
Nevada  Area 10
Nevada Area 9
Nevada  Area 3
SemipalatDegelen
Nevada  Area 9
Nevada  Area 3
Nevada  Area 9
Nevada  Area 1
Nevada  Area 3
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Nevada  Area
Nevada  Area
Nevada  Area 3
SemipalatDegelen
Semipalatinsk
Nevada  Area 2
Nevada  Area 3
Ekker
Nevada  Area 10
Nevada  Area 9
Nevada  Area 10
Nevada Area 10
Nevada  Area 3
SemipalatDegelen
Nevada  Area 9
Nevada  Area 3
Semipalatinsk
Nevada  Area
Nevada  Area
Nevada  Area
Nevada  Area
Nevada  Area
Nevada  Area
Novaya Zemlya
Nevada  Area 3
Semipalatinsk
Nevada  Area 7
Nevada  Area 2
Lop Nor
Nevada Area 3
Hattiesburg
Nevada  Area 9
Novaya Zemlya
Nevada  Area 7
Nevada  Area 10
Semipalatinsk
Ekker
Nevada  Area
Nevada  Area
Nevada  Area
Nevada  Area
Nevada  Area 10
Nevada  Area 18
Nevada  Area 9
SemipalatBalapan
Nevada Area 3
Semipalatinsk
Nevada Area 2
Nevada  Area 2
Nevada  Area 3
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Nevada  Area
Nevada  Area
Ekker
SemipalatDegelen
Nevada  Area 3
Nevada  Area 9
Nevada  Area 9
Semipalatinsk
Bashkir, Russia
Nevada  Area 3
Nevada  Area 20
Nevada Area 16

37.037
37.119
37.198
37.131
24.036
39.2
37.039
37.132
37.119
37.042
37.131
37.053
37.142
37.126
37.136
37.057
37.132
24.054
37.059
37.096
37.151
37.13
37.05
49.815
37.129
37.044
37.119
37.15
37.04
37.12
37.117
37.042
49.807
49.775
37.149
37.039
24.067
37.166
37.111
37.174
37.182
37.018
49.809
37.114
37.046
49.821
37.159
37.065
37.117
37.067
37.018
37.114
73.667
37.072
50
37.078
37.151
41.5
37.036
31.142
37.117
73.387
37.107
37.174
49.809
24.042
37.114
37.134
37.035
37.044
37.178
37.083
37.119
49.935
37.045
49.773
37.131
37.164
37.052
36.818
37.117
24.16
49.824
37.064
37.115
37.148
49.775
52.9
37.026
37.28
37.007
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-116.022
-116.035
-116.23
-116.068
5.039
-118.381
-116.019
-116.048
-116.046
-116.022
-116.045
-116.034
-116.05
-116.037
-116.072
-116.03
-116.033
5.052
-116.034
-116.052
-116.041
-116.037
-116.012
78.075
-116.031
-116.019
-116.035
-116.056
-116.028
-116.041
-116.04
-116.013
78.101
77.988
-116.077
-116.013
5.035
-116.039
-116.03
-116.057
-116.046
-116.03
78.092
-116.033
-116.013
78.082
-116.084
-116.016
-116.042
-116.023
-116.024
-116.026
54.533
-116.016

-116.009
-116.078

-116.022
-89.57
-116.032
53.985
-116.033
-116.068
78.133

-116.054
-116.071
-116.013
-116.029
-116.068
-116.343
-116.026
79.009
-116.014
77.991
-116.062
-116.077
-116.025
-115.95
-116.032

78.052
-116.038
-116.027
-116.044

77.988

56.5
-116.024
-116.524
-116.203

Niblick
Niblick
Niblick
Niblick

Niblick
Niblick
Niblick
Niblick
Niblick
Niblick
Niblick
Niblick
Niblick
Niblick
Niblick
Niblick

Niblick
Niblick
Niblick
Niblick
Niblick

Niblick
Niblick
Niblick
Niblick
Niblick
Niblick
Niblick
Niblick

Niblick
Niblick

Niblick
Niblick
Niblick
Whetstone
Whetstone

Whetstone
Whetstone

Whetstone
Whetstone
Whetstone
Whetstone
Whetstone
Whetstone

Whetstone

Whetstone
Whetstone

Whetstone
Whetstone
Whetstone

Whetstone
Whetstone

Whetstone
Whetstone
Whetstone
Whetstone
Whetstone
Whetstone
Whetstone

Whetstone

Whetstone
Whetstone
Whetstone
Whetstone
Whetstone

Whetstone
Whetstone
Whetstone

Whetstone
Whetstone
Whetstone

Grunion
Tornillo
Clearwater
Mullet
Rubis
Shoal
Anchovy
Mustang
Greys
Barracuda
Eagle
Tuna
Fore
Oconto
Club
Solendon
Bunker
Opale
Bonefish
Mackerel
Klickitat
Handicap
Pike

Hook
Sturgeon
Bogey
Turf
Pipefish
Driver
Backswing
Minnow

Ace
Bitterling
Topaze
Duffer
Fade

Dub

Bye
Cormorant

Links
Trogon

Alva
Canvasback
Player
Haddock
Guanay
Spoon

Courser

Auk
Par

Barbel + T
Salmon
Garden

Forest
Handcar

Turquoise
Crepe
Drill (Sou
Parrot
Cassowary
Mudpack
Sulky

Wool
Chagan
Tern

Cashmere
Alpaca
Merlin
Wishbone
Seersucker
Saphir

Wagtail
Suede
Cup

Butan
Kestrel
Palanquin
Gum Drop

Shaft
Shaft
Shaft
Shaft
Tunnel
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Tunnel
Shaft
Shaft
Shaft
Shaft
Shaft
Tunnel
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Tunnel
Tunnel
Shaft
Shaft
Tunnel
Shaft
Shaft
Shaft
Shaft
Shaft
Tunnel
Shaft
Shaft
Tunnel
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Tunnel
Shaft
Tunnel
Shaft
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Shaft
Shaft
Shaft
Tunnel
Shaft
Shaft
Tunnel
Tunnel
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Tunnel
Shaft
Shaft
Shaft
Shaft
Shaft
Tunnel
Tunnel
Shaft
Shaft
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Tunnel
Shaft
Shaft

Tunnel
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Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
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Underground
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Underground
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Weapons
Weapons
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1965-04-22
1965-04-23
1965-05-07
1965-05-11
1965-05-12
1965-05-14
1965-05-14
1965-05-14
1965-05-21
1965-05-30
1965-06-10
1965-06-11
1965-06-11
1965-06-16
1965-06-17
1965-06-17
1965-07-16
1965-07-22
1965-07-23
1965-07-29
1965-08-06
1965-08-21
1965-08-27
1965-09-01
1965-09-10
1965-09-17
1965-09-17
1965-10-01
1965-10-08
1965-10-14
1965-10-29
1965-11-12
1965-11-21
1965-11-23
1965-12-01
1965-12-03
1965-12-16
1965-12-16
1965-12-24
1966-01-13
1966-01-18
1966-01-18
1966-01-21
1966-01-22
1966-02-03
1966-02-13
1966-02-16
1966-02-24
1966-03-05
1966-03-07
1966-03-12
1966-03-18
1966-03-20
1966-03-24
1966-04-01
1966-04-06
1966-04-07
1966-04-14
1966-04-21
1966-04-22
1966-04-23
1966-04-25
1966-04-29
1966-05-04
1966-05-05
1966-05-06
1966-05-07
1966-05-09
1966-05-12
1966-05-13
1966-05-19
1966-05-27
1966-06-02
1966-06-03
1966-06-10
1966-06-15
1966-06-15
1966-06-25
1966-06-29
1966-06-30
1966-07-02
1966-07-19
1966-07-21
1966-07-21
1966-07-28
1966-08-05
1966-08-10
1966-08-12
1966-08-19
1966-09-07
1966-09-11
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65054
65018
65019
65020
65021
65022
65024
65023
65025
65026
65027
65028
65055
65029
65030
65031
65056
65057
65032
65033
65034
65058
65035
65036
65037
65038
65039
65040
65041
65042
65043
65044
65045
65059
65046
65047
65048
65049
65050
66001
66002
66064
66003
66065
66004
66005
66006
66007
66008
66009
66010
66011
66012
66013
66014
66015
66016
66017
66018
66063
66071
66019
66066
66020
66021
66022
66023
66076
66024
66025
66026
66027
66028
66029
66030
66031
66032
66033
66034
66035
66036
66037
66038
66072
66039
66040
66041
66067
66042
66043
66044

USA
UsA
UsA
Soviet
USA
China
USA
USA
USA
France
Soviet
USA
USA
USA
Soviet
USA
USA
USA
USA
Soviet
UsA
USA
USA
USA
UK
Soviet
USA
France
Soviet
Soviet
USA
USA
Soviet
USA
France
USA
UsA
UsA
Soviet
USA
USA
USA
USA
USA
USA
Soviet
France
USA
USA
USA
USA
USA
Soviet
UsA
UsA
UsA
USA
USA
Soviet
Soviet
USA
USA
USA
USA
USA
USA
Soviet
China
USA
USA
USA
UsA
UsA
USA
USA
USA
USA
USA
Soviet
USA
France
France
Soviet
France
USA
Soviet
USA
USA
Soviet
Soviet
France

Nevada  Area 9
Nevada  Area 3
Nevada  Area 2
SemipalatDegelen
Nevada  Area 20
Lop Nor

Nevada Area 5
Nevada  Area 3
Nevada  Area 9
Ekker

Bashkir, Russia
Nevada  Area 3
Nevada  Area 9
Nevada  Area 5
SemipalatDegelen
Nevada  Area 15
Nevada  Area 9
Nevada  Area 2
Nevada  Area 7
SemipalatDegelen
Nevada  Area 3
Nevada  Area 9
Nevada Area 2
Nevada  Area 3
Nevada Area 7
SemipalatDegelen
Nevada  Area 9
Ekker
SemipalatDegelen
Semipalatinsk
Amchitka

Nevada  Area 3
SemipalatDegelen
Nevada  Area 2
Ekker

Nevada  Area 10
Nevada  Area 2
Nevada  Area 3
SemipalatDegelen
Nevada  Area 9
Nevada Area 7
Nevada  Area 3
Nevada  Area 3
Nevada  Area 10
Nevada  Area 2
SemipalatDegelen
Ekker

Nevada  Area 20
Nevada  Area 12
Nevada  Area 3
Nevada  Area 9
Nevada  Area 3
SemipalatDegelen
Nevada  Area 9
Nevada  Area 7
Nevada  Area 2
Nevada  Area 3
Nevada  Area 20
SemipalatDegelen

Azgir, Kazakstan

Nevada  Area 2
Nevada  Area 11
Nevada  Area 3
Nevada  Area 2
Nevada  Area 3
Nevada  Area 19
SemipalatDegelen
Lop Nor

Nevada  Area 2
Nevada  Area 7
Nevada  Area 2
Nevada  Area 8
Nevada  Area 15
Nevada Area 7
Nevada Area 3
Nevada Area 16
Nevada  Area 10
Nevada  Area 2
SemipalatDegelen
Nevada  Area 19
Mururoa

Mururoa
SemipalatDegelen
Mururoa

Nevada  Area 2
SemipalatDegelen
Nevada  Area 10
Nevada  Area 3
SemipalatDegelen
SemipalatDegelen
Mururoa

37.111
37.017
37.14
49.778
37.243
41.5
36.823
37.059
37.119
24.055
52.9
37.043
37.116
36.818
49.828
37.223
37.115
37.132
37.098
49.78
37.018
37.113
37.137
37.03
37.078
49.812
37.111
24.065

37.116

37.126

37.272
37.174
37.0
37.144
37.009
49.762
37.113
37.103
37.139
37.017
37.243
49.808
47.829
37.16
36.887
37.044
37.137
37.051
37.348
49.773
41.5
37.134
37.087
37.111
37.178
37.227
37.068
37.059
37.01
37.171
37.155
49.8:
37.316
-22
-22
49.737
-22
37.14
49.71
37.169
37.046
49.827
49.829
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-116.031
-115.996
-116.068
77.988
-116.432
69
-115.968
-116.011
-116.02
5.051
56.5
-116.018
-116.024
-115.957
78.067
-116.058
-116.033
-116.06:
-116.034
77.998
-116.041
-116.027
-116.071
-116.012
-116.018
78.147
-116.03
5.034
78.111
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179.179

-116.021

78.135

Whetstone
Whetstone
Whetstone

Whetstone

Whetstone
Whetstone
Whetstone

Whetstone
Whetstone
Whetstone

Whetstone
Flintlock
Flintlock
Flintlock

Flintlock
Flintlock
Flintlock
Flintlock
Flintlock

Flintlock

Flintlock
Flintlock

Flintlock

Flintlock
Flintlock
Flintlock

Flintlock
Flintlock
Flintlock
Flintlock
Flintlock
Flintlock

Flintlock
Flintlock
Flintlock
Flintlock
Flintlock

Flintlock
Flintlock
Flintlock
Flintlock
Flintlock

Flintlock
Flintlock
Flintlock
Flintlock
Flintlock
Flintlock

Flintlock
Flintlock
Flintlock
Flintlock
Flintlock
Flintlock
Flintlock
Flintlock
Flintlock
Flintlock

Flintlock

Latchkey

Latchkey
Latchkey

Chenille Shaft
Muscovy Shaft
Tee Shaft
Tunnel
Buteo Shaft
Air drop
Cambric Shaft
Scaup Shaft
Tweed Shaft
Jade Tunnel
Butan Shaft
Petrel Shaft
Organdy Shaft
Diluted Wa Shaft
Tunnel
Tiny Tot Tunnel
Izzer Shaft
Pongee Shaft
Bronze Shaft
Tunnel
Mauve Shaft
Ticking Shaft
Centaur Shaft
Moa + Scre Shaft
Charcoal Shaft
Tunnel
Elkhart Shaft
Corindon  Tunnel
Tunnel
Sary-Uzen Shaft
Longshot Shaft
Sepia Shaft
Tunnel
Kermet Shaft
Tourmaline Tunnel
Corduroy  Shaft
Emerson Shaft
Buff Shaft
Tunnel
Maxwell Shaft
Lampblack Shaft
Sienna Shaft
Dovekie Shaft
Reo Shaft
Plaid ITI  Shaft
Tunnel
Grenat Tunnel
Rex Shaft
Red Hot Tunnel
Finfoot + Shaft
Clymer Shaft
Purple Shaft
Tunnel
Templar Shaft
Lime Shaft
Stutz Shaft
Tomato Shaft
Duryea Shaft
Tunnel
Shaft
Fenton Shaft

Pin Stripe Shaft

Ochre Shaft
Traveler  Shaft
Cyclamen  Shaft
Chartreuse Shaft
Tunnel
Air drop
Tapestry  Shaft
Piranha Shaft
Dumont Shaft

Discus Thr Shaft
Pile Drive Tunnel

Tan Shaft
Puce Shaft
Double Pla Tunnel
Kankakee  Shaft
Vulcan Shaft
Tunnel
Halfbeak  Shaft
Aldebaran Tower
Tamoure Air drop
Tunnel
Ganymede  Tower
Saxon Shaft
Tunnel
Rovena Shaft
Tangerine Shaft
Tunnel
Tunnel

Betelgeuse Balloon

Underground
Underground
Underground
Underground
Underground
Atmospheric
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
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Effects 1

Weapons 1 LANL
Weapons 1 LLNL
Weapons 1 LLNL
Various 2 LANL
Weapons 1 LANL/UK
Weapons 1

Weapons 1 LLNL
Weapons development
Weapons 1

PNE 1

PNE 1 LANL/DoD
Weapons 1 LANL
Weapons 1

Weapons 1 LLNL
Weapons development
Weapons 1 LLNL

Weapons 1 LLNL
Weapons 1 LANL
PNE devi 1

Weapons 1 LLNL
Weapons 1 LANL
Weapons 1 LANL
Weapons 1 LANL
Weapons 1 LLNL
Weapons 1 LLNL
PNE devi 1

Weapons development
Weapons 1 LLNL
Effects 1 LANL/DoD
Various 2 LANL/LLNL
Weapons 1 LLNL
Weapons 1 LANL
Weapons 1

PNE 1 LLNL
Weapons 1 LANL
Weapons 1 LLNL
Weapons 1 LANL
Weapons 1 LLNL
PNE devi 1

PNE 1

Weapons 1 LLNL
Effects 1 LANL/DoD
Safety 1 LANL
Weapons 1 LLNL
Weapons 1 LANL
Weapons 1 LANL
PNE devi 1

Weapons development
Weapons 1 LLNL

Weapons 1 LANL
Weapons 1 LLNL
Effects 1 LANL/DoD
Effects 1 LANL/DoD
Weapons 1 LANL
Weapons 1 LANL
Effects 1 LLNL/DoD
Weapons 1 LLNL

PNE 1 LLNL

PNE devi 1

Weapons 1 LANL
Weapons development
Weapons development
Weapons 1

Safety
PNE
Weapons
Weapons 1 LLNL
Safety 1 LANL
PNE devi 1

Effects 1
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1966-09-12
1966-09-23
1966-09-24
1966-09-29
1966-09-30
1966-10-04
1966-10-15
1966-10-19
1966-10-27
1966-10-27
1966-10-27
1966-10-29
1966-11-05
1966-11-11
1966-11-18
1966-11-19
1966-11-22
1966-12-03
1966-12-03
1966-12-13
1966-12-13
1966-12-18
1966-12-20
1966-12-28
1967-01-18
1967-01-19
1967-01-20
1967-01-26
1967-01-30
1967-02-08
1967-02-23
1967-02-23
1967-02-26
1967-03-02
1967-03-03
1967-03-10
1967-03-25
1967-04-04
1967-04-06
1967-04-07
1967-04-20
1967-04-21
1967-04-27
1967-05-10
1967-05-20
1967-05-23
1967-05-26
1967-05-26
1967-05-28
1967-06-05
1967-06-17
1967-06-22
1967-06-26
1967-06-27
1967-06-29
1967-06-29
1967-07-02
1967-07-14
1967-07-15
1967-07-27
1967-08-04
1967-08-04
1967-08-10
1967-08-18
1967-08-24
1967-08-31
1967-09-02
1967-09-07
1967-09-15
1967-09-16
1967-09-21
1967-09-22
1967-09-27
1967-10-06
1967-10-17
1967-10-18
1967-10-21
1967-10-25
1967-10-25
1967-10-25
1967-10-30
1967-11-08
1967-11-22
1967-12-06
1967-12-08
1967-12-10
1967-12-15
1967-12-24
1968-01-07
1968-01-18
1968-01-19
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66045
66046
66047
66048
66049
66050
66068
66051
66052
66053
66073
66074
66054
66055
66056
66075
66069
66057
66058
66070
66059
66060
66061
66062
67050
67001
67002
67051
67063
67003
67004
67005
67006
67007
67052
67053
67008
67054
67055
67009
67010
67011
67012
67013
67014
67015
67056
67016
67017
67018
67019
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67021
67022
67023
67024
67025
67057
67026
67027
67028
67048
67029
67030
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67031
67064
67032
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67033
67034
67035
67036
67049
67037
67038
67039
67040
67060
67061
67041
67042
67043
67062
67044
67045
67046
67047
68001
68002
68003

USA
UsA
France
UsA
Soviet
France
USA
Soviet
China
Soviet
Soviet
Soviet
USA
USA
USA
Soviet
USA
Soviet
UsA
UsA
UsA
Soviet
USA
China
USA
USA
USA
USA
Soviet
USA
USA
USA
Soviet
USA
USA
USA
Soviet
UsA
UsA
USA
Soviet
USA
USA
USA
USA
USA
USA
USA
Soviet
France
China
USA
USA
France
Soviet
UsA
France
USA
Soviet
USA
Soviet
USA
USA
USA
USA
USA
Soviet
USA
USA
Soviet
UsA
Soviet
UsA
Soviet
Soviet
USA
Soviet
USA
USA
USA
Soviet
USA
Soviet
USA
Soviet
USA
USA
China
Soviet
UsA
UsA

Nevada  Area 5
Nevada  Area 7
Fangataufa
Nevada  Area 10
Urta-Bulak, Uzbe
Mururoa

Nevada Area 3
SemipalatDegelen
Lop Nor

Novaya Zemlya
Novaya Zemlya
Semipalatinsk
Nevada  Area 10
Nevada  Area 9
Nevada  Area 3
Semipalatinsk
Nevada  Area 10
SemipalatDegelen
Hattiesburg
Nevada  Area 3
Nevada  Area 11
SemipalatMurzhik
Nevada  Area 20
Lop Nor

Nevada Area 10
Nevada  Area 2
Nevada  Area 7
Nevada  Area 10
SemipalatDegelen
Nevada  Area 10
Nevada  Area 3
Nevada  Area 2
SemipalatDegelen
Nevada  Area 10
Nevada  Area 3
Nevada  Area 3
SemipalatDegelen
Nevada  Area 2
Nevada  Area 2
Nevada  Area 3
SemipalatDegelen
Nevada  Area 3
Nevada  Area 2
Nevada  Area 7
Nevada  Area 2
Nevada  Area 19
Nevada  Area 3
Nevada  Area 20
SemipalatDegelen
Mururoa

Lop Nor

Nevada  Area 9
Nevada  Area 12
Mururoa
SemipalatDegelen
Nevada  Area 3
Mururoa

Nevada Area 10
SemipalatDegelen
Nevada  Area 10
SemipalatDegelen
Nevada  Area 3
Nevada  Area 10
Nevada  Area 3
Nevada  Area 2
Nevada  Area 12
Semipalatinsk
Nevada  Area 10
Nevada  Area 3
SemipalatMurzhik
Nevada  Area 10
SemipalatMurzhik
Nevada  Area 4
Tyumen, Russia
SemipalatDegelen
Nevada  Area 2
Novaya Zemlya
Nevada  Area 3
Nevada  Area 3
Nevada  Area 10
SemipalatDegelen
Nevada  Area 7
SemipalatMurzhik
Nevada  Area 10
SemipalatDegelen
Farmington
Nevada  Area 3
Lop Nor
SemipalatDegelen
Nevada  Area 2
Nevada  Area 10

36.877
37.103

37.169
38.968

37.047
49.747
41.5
73.387
73
49.785
37.17
37.134
37.043
49.83
37.169
49.747
31.142
37.035
36.877
49.925
37.302
41.5
37.165
37.144
37.1
37.165
49.767
37.167
37.017
37.127
49.746
37.166
37.039
37.046
49.754
37.162
37.137
37.054
49.742
37.019
37.139
37.078
37.13
37.275
37.045
37.248
49.756

40.744
37.126
37.202

49.817
37.029

37.165
49.836
37.149
49.76
37.024
37.157
37.012
37.163
37.178
49.742
37.163
37.035
49.937
37.166
49.96
37.099
57.7
49.781
37.116
73.39
37.032
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-115
-116

-116
64

-116.

-116.

-107.
-116.

78.
-116.
-116.

.951
.037
-139
.047
.517

Latchkey
Latchkey

Latchkey

Latchkey

Latchkey
Latchkey
Latchkey

Latchkey

Latchkey
Latchkey
Latchkey

Latchkey

Latchkey
Latchkey
Latchkey
Latchkey

Latchkey
Latchkey
Latchkey

Latchkey
Latchkey
Latchkey

Latchkey
Latchkey
Latchkey
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Derringer
Daiquiri
Rigel
Newark

Sirius
Khaki

Simms
Ajax
Cerise

Vigil

Sterling
Sidecar
New Point

Greeley

Rivet I
Nash

Bourbon
Rivet II

Ward
Persimmon
Agile

Rivet III
Mushroom
Fizz

Oakland
Heilman
Fawn

Chocolate
Effendi
Mickey
Commodore
Scotch
Absinthe
Knickerboc

Altair
Switch
Midi Mist
Antares
Umber
Arcturus
Vito
Stanley
Gibson
Washer
Bordeaux
Lexington

Door Mist

Yard
Gilroy

Marvel

Zaza
Tavda

Lanpher
Sazerac
Cognac
Worth
Cobbler
Polka
Gasbuggy

Stilt

Hupmobile
Staccato

Shaft
Shaft
Barge
Shaft
Shaft
Barge
Shaft
Tunnel
Missile
Tunnel
Tunnel
Tunnel
Shaft
Shaft
Shaft
Tunnel
Shaft
Tunnel
Shaft
Shaft
Shaft
Shaft
Shaft
Tower
Shaft
Shaft
Shaft
Shaft
Tunnel
Shaft
Shaft
Shaft
Tunnel
Shaft
Shaft
Shaft
Tunnel
Shaft
Shaft
Shaft
Tunnel
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Tunnel
Balloon
Air drop
Shaft
Tunnel
Balloon
Tunnel
Shaft
Balloon
Shaft
Tunnel
Shaft
Tunnel
Shaft
Shaft
Shaft
Shaft
Tunnel
Tunnel
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Tunnel
Shaft
Tunnel
Shaft
Shaft
Shaft
Tunnel
Shaft
Shaft
Shaft
Tunnel
Shaft
Shaft
Air drop
Tunnel
Shaft
Shaft

Underground
Underground
Atmospheric
Underground
Underground
Atmospheric
Underground
Underground
Atmospheric
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Atmospheric
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Atmospheric
Atmospheric
Underground
Underground
Atmospheric
Underground
Underground
Atmospheric
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Atmospheric
Underground
Underground
Underground

150

30
300

23

422
150
.001
2.3

o

o

.001

o

= =
OCOMWMOOOKr OO0

N
[N
o o

155

150

Effects
Weapons
Weapons
Weapons
PNE
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
PNE
Weapons
Weapons
Weapons
Safety
Various
PNE
Weapons
Effects
PNE devi
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Effects
Weapons
Weapons
Safety
Weapons
Weapons
Weapons
Weapons
PNE devi
Weapons
Weapons
Weapons
Weapons
Weapons
Safety
Weapons
PNE devi
Weapons
Weapons
PNE
Effects
Weapons
Weapons
Effects
Weapons
Safety
PNE devi
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Effects
Weapons
Weapons
Weapons
Weapons
PNE
Weapons
Weapons
PNE
PNE devi
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
PNE
Weapons

1
1

LANL/SNL/DoD

LANL

development

1
1

LLNL

development

1
1

LANL

development

1

1
1
1
1
1
1
2
1
1
1
1

-

LLNL
LLNL
LANL

LLNL
LLNL/DoD
LANL
LLNL/DoD

LLNL

development

-

1
1
1
2
1
1
1
1
1
1
1
2
1
1
1
1
1
1
1
1
1
1
1

2

LLNL
LLNL
LANL
LLNL

development
development

1
1

LLNL
LLNL/DoD

development

1
1

LANL

development

1
1
1
2
1
1
1
1
1
1
1
1
1
1
1
1
1
2
1
2
1
1
1
1
1
1
1
1
1

1

LLNL

LLNL

LLNL
LANL/DoD

LLNL
LANL

LLNL

LANL

LLNL
LANL

Weapons development

PNE devi
Effects
Weapons

1
1
1

LLNL
LLNL



1968-01-19
1968-01-24
1968-01-26
1968-01-31
1968-02-21
1968-02-21
1968-02-29
1968-03-05
1968-03-12
1968-03-14
1968-03-22
1968-03-25
1968-04-04
1968-04-10
1968-04-18
1968-04-23
1968-04-24
1968-04-26
1968-05-03
1968-05-08
1968-05-17
1968-05-21
1968-05-23
1968-05-28
1968-06-05
1968-06-06
1968-06-11
1968-06-15
1968-06-19
1968-06-25
1968-06-25
1968-06-28
1968-07-01
1968-07-07
1968-07-12
1968-07-15
1968-07-17
1968-07-30
1968-08-03
1968-08-09
1968-08-15
1968-08-20
1968-08-24
1968-08-27
1968-08-29
1968-09-05
1968-09-06
1968-09-08
1968-09-12
1968-09-17
1968-09-24
1968-09-29
1968-10-03
1968-10-03
1968-10-10
1968-10-21
1968-10-29
1968-10-29
1968-10-31
1968-10-31
1968-11-04
1968-11-04
1968-11-07
1968-11-09
1968-11-12
1968-11-15
1968-11-15
1968-11-20
1968-11-22
1968-12-08
1968-12-12
1968-12-12
1968-12-12
1968-12-18
1968-12-19
1968-12-27
1969-01-15
1969-01-15
1969-01-22
1969-01-30
1969-01-30
1969-02-04
1969-02-04
1969-02-12
1969-03-07
1969-03-18
1969-03-18
1969-03-20
1969-03-21
1969-04-04
1969-04-13
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68004
68063
68005
68057
68064
68006
68007
68065
68008
68009
68010
68015
68066
68016
68017
68018
68019
68020
68058
68067
68021
68022
68079
68068
68069
68023
68024
68025
68026
68070
68071
68027
68028
68029
68030
68031
68072
68032
68033
68073
68074
68034
68035
68036
68037
68038
68039
68040
68041
68042
68043
68044
68075
68045
68059
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68081
68076
68060
68077
68046
68082
68047
68048
68083
68061
68049
68050
68051
68052
68078
68053
68062
68054
68055
68056
69001
69002
69047
69003
69048
69049
69050
69004
69005
69051
69052
69006
69007
69064
69065

USA
UsA
UsA
UsA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
Soviet
USA
USA
UsA
UsA
Soviet
Soviet
USA
USA
USA
Soviet
USA
Soviet
USA
USA
USA
Soviet
France
Soviet
France
UsA
UsA
France
USA
USA
Soviet
France
USA
USA
Soviet
USA
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USA
USA
USA
Soviet
USA
UsA
UsA
Soviet
Soviet
USA
USA
USA
USA
USA
Soviet
Soviet
Soviet
USA
USA
USA
USA
USA
USA
UsA
UsA
Soviet
USA
China
USA
USA
USA
USA
USA
USA
USA
USA
Soviet
USA
USA
USA
UsA
Soviet
Soviet

Centra Nevada
Nevada  Area 3
Nevada  Area 20
Nevada  Area 3
Nevada  Area 3
Nevada  Area 2
Nevada  Area 12
Nevada  Area 6
Nevada  Area 30
Nevada  Area 3
Nevada  Area 19
Nevada  Area 5
Nevada  Area 3
Nevada  Area 2
Nevada  Area 10
Nevada  Area 19
SemipalatDegelen
Nevada  Area 20
Nevada  Area 3
Nevada  Area 10
Nevada  Area 2
Pamuk, Uzbekista
Semipalatinsk
Nevada  Area 3
Nevada  Area 3
Nevada  Area 10
SemipalatDegelen
Nevada  Area 19
SemipalatBalapan
Nevada  Area 3
Nevada  Area 3
Nevada  Area 20
Azgir, Kazakstan
Mururoa
SemipalatDegelen
Mururoa

Nevada  Area 3
Nevada  Area 2
Mururoa

Nevada  Area 2
Nevada Area 9
SemipalatDegelen
Fangataufa
Nevada  Area 11
Nevada  Area 19
Semipalatinsk
Nevada  Area 9
Mururoa

Nevada  Area 3
Nevada  Area
Nevada  Area 12
SemipalatDegelen
Nevada  Area 3
Nevada  Area 3
Nevada  Area 9
Semipalatinsk
Semipalatinsk
Nevada Area
Nevada Area
Nevada  Area
Nevada  Area
Nevada  Area
Novaya Zemlya
SemipalatDegelen
Semipalatinsk
Nevada  Area 3
Nevada  Area 3
Nevada  Area 16
Nevada  Area 9
Nevada  Area 20
Nevada  Area 3
Nevada  Area 2
Nevada  Area 3
SemipalatDegelen
Nevada  Area 20
Lop Nor

Nevada Area 2
Nevada  Area
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Nevada  Area 3
Nevada  Area 3
Nevada  Area 9
Nevada  Area 3
Nevada  Area 3
Nevada  Area 12
SemipalatDegelen
Nevada  Area 9
Nevada  Area 2
Nevada  Area 3
Nevada  Area 2
Semipalatinsk
Semipalatinsk

38.634
37.043
37.281
37.001
37.042
37.117
37.185
36.97
37.008
37.048
37.333
36.872
37.052
37.156
37.152
37.338
49.845
37.295
37.029
37.157
37.12
38.918
50
37.009
37.035
37.166
49.793
37.265
49.98
37.046
37.042
37.245
47.909
-22
49.755
-22
37.001
37.117
-22
37.162
37.124
49.823
-22.18
36.877
37.25
49.742
37.136
-21.83
37.032
37.12
37.205
49.812
37.046
37.026
37.133
49.728
49.833
37.113
37.047
37.017
37.13
37.13
73.387
49.801
49.712
37.048
37.026
37.01
37.14
37.343
37.047
37.119
37.004
49.746
37.231
41.5
37.148
37.209
37.015
37.0
37.133
37.0
37.009
37.169
49.822
37.139
37.162
37.022
37.133
49.753
50
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.133
.015
.515
6.01
003
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021
036
6.06
032

78
996
017
044
145
316

6.03

001

567
031
6.08
6.04
.092
L474
89
.067
.226
.995
6.03
.041
6.01
043
212
063
042
077
031
088
054
78

Crosstie
Crosstie
Crosstie
Crosstie
Crosstie
Crosstie
Crosstie
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Faultless
Brush
Cabriolet
Mallet
Torch

Knox
Dorsal Fin
Russet
Buggy A +
Pommard
Stinger
Milk Shake
Bevel

Noor + Thr
Shuffle
Scroll

Boxcar
Hatchet
Crock
Clarksmobi

Adze
Wembley
Tub A + Tu

Rickey

Funnel
Sevilla
Chateaugay

Capella

Castor
Spud
Tanya
Pollux
Imp
Rack

Canopus
Diana Moon
Sled

Noggin
Procyon
Knife A
Stoddard
Hudson Sea

Welder
Knife C
Vat

Telkem

Hula
Bit A + Bi
File
Crew
Crew 2nd +

Telkem-2
Auger
Knife B
Ming Vase
Tinderbox
Schooner
Bay Leaf
Tyg A + Ty
Scissors

Benham

Packard
Wineskin
Shave
Vise
Biggin
Nipper
Winch
Cypress

Valise
Chatty
Barsac
Coffer

Shaft
Shaft

Shaft
Shaft
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Underground
Underground
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Underground
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Weapons development

Weapons

Weapons development

Weapons 1
Weapons 1
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Weapons development

Weapons 1
Weapons 1
Various 2
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LLNL

Weapons development

Effects 1
Weapons 1
Effects 1
Weapons 1

LLNL/DoD
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LLNL

Weapons development
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PNE 1
Effects 1
Effects 1
Safety 1
Weapons 1
Weapons 1
PNE 1
Weapons 1
Weapons 1
Safety 2
Weapons 1
Weapons 1
Weapons 2
Weapons 3
PNE devi 1
PNE 3
Weapons 1
Weapons 1
Effects 1
Weapons 1
PNE 1
Safety 1
Weapons 6
Weapons 1
PNE devi 1
Weapons 1

LANL
LLNL
LLNL/DoD

LANL
LANL
LLNL

LLNL
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LANL
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LANL/DoD
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LLNL
LANL
LLNL
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LLNL

Weapons development

Effects 1 LLNL
Weapons 1 LLNL
Weapons 1 LANL
Weapons 1 LANL
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Weapons 1 LANL
Weapons 1 LANL
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Weapons 1 LLNL
Weapons 1 LANL
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1969-04-24
1969-04-30
1969-04-30
1969-05-07
1969-05-15
1969-05-16
1969-05-27
1969-05-27
1969-05-31
1969-06-12
1969-06-26
1969-07-04
1969-07-16
1969-07-16
1969-07-23
1969-08-14
1969-08-27
1969-08-27
1969-09-02
1969-09-08
1969-09-10
1969-09-11
1969-09-12
1969-09-16
1969-09-20
1969-09-22
1969-09-26
1969-09-29
1969-10-01
1969-10-01
1969-10-02
1969-10-08
1969-10-14
1969-10-16
1969-10-29
1969-10-29
1969-10-29
1969-10-30
1969-11-13
1969-11-21
1969-11-21
1969-11-27
1969-11-30
1969-12-05
1969-12-06
1969-12-10
1969-12-10
1969-12-17
1969-12-17
1969-12-18
1969-12-28
1969-12-29
1970-01-23
1970-01-29
1970-01-30
1970-02-04
1970-02-04
1970-02-05
1970-02-11
1970-02-18
1970-02-25
1970-02-26
1970-03-06
1970-03-06
1970-03-19
1970-03-23
1970-03-26
1970-03-27
1970-04-21
1970-04-21
1970-05-01
1970-05-01
1970-05-01
1970-05-05
1970-05-12
1970-05-15
1970-05-15
1970-05-21
1970-05-21
1970-05-22
1970-05-26
1970-05-26
1970-05-27
1970-05-28
1970-05-28
1970-05-30
1970-06-24
1970-06-25
1970-06-26
1970-06-28
1970-06-28

69053
69009
69008
69010
69054
69011
69055
69012
69013
69014
69056
69015
69016
69017
69018
69019
69020
69057
69021
69022
69023
69024
69025
69026
69058
69027
69028
69029
69030
69059
69031
69032
69033
69060
69034
69035
69036
69066
69037
69038
69061
69067
69039
69040
69041
69062
69063
69042
69043
69044
69045
69046
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70002
70003
70004
70053
70005
70006
70061
70008
70009
70010
70011
70012
70013
70014
70015
70016
70017
70018
70062
70019
70020
70021
70022
70023
70024
70025
70026
70027
70028
70063
70055
70054
70029
70030
70031
70032
70033
70064

USA
UsA
UsA
UsA
USA
Soviet
USA
USA
Soviet
USA
USA
Soviet
USA
USA
Soviet
USA
USA
USA
Soviet
Soviet
UsA
Soviet
USA
USA
USA
China
Soviet
China
Soviet
USA
USA
USA
Soviet
USA
USA
USA
UsA
Soviet
UsA
USA
USA
Soviet
Soviet
USA
Soviet
USA
USA
USA
USA
USA
Soviet
Soviet
USA
Soviet
UsA
UsA
USA
USA
USA
Soviet
USA
USA
USA
USA
USA
USA
USA
Soviet
USA
USA
UsA
UsA
UsA
USA
USA
USA
France
USA
USA
France
USA
USA
Soviet
USA
USA
France
France
Soviet
UsA
Soviet
Soviet

Nevada  Area 2
Nevada  Area 7
Nevada  Area 7
Nevada  Area 20
Nevada  Area 3
SemipalatDegelen
Nevada Area 3
Nevada  Area 7
SemipalatMurzhik
Nevada  Area 3
Nevada  Area 2
SemipalatDegelen
Nevada  Area 2
Nevada  Area 2
SemipalatDegelen
Nevada  Area 2
Nevada  Area 3
Nevada  Area 3
Perm, Russia
Perm, Russia
Grand Valley
SemipalatDegelen
Nevada  Area 11
Nevada  Area 20
Nevada  Area 2
Lop Nor
Stavropol, Russi
Lop Nor
SemipalatDegelen
Nevada  Area 3
Amchitka Rat Isl
Nevada  Area 20
Novaya Zemlya
Nevada  Area 3
Nevada  Area 2
Nevada  Area 2
Nevada  Area 2
Semipalatinsk
Nevada  Area 2
Nevada  Area 3
Nevada  Area 3
Semipalatinsk
SemipalatBalapan
Nevada  Area 12
Mangyshlak, Kaza
Nevada  Area 3
Nevada  Area 10
Nevada  Area 7
Nevada  Area 3
Nevada  Area 9
SemipalatMurzhik
SemipalatDegelen
Nevada  Area 9
SemipalatDegelen
Nevada  Area 3
Nevada  Area 7
Nevada  Area 3
Nevada Area 10
Nevada  Area 12
Semipalatinsk
Nevada  Area 3
Nevada  Area 2
Nevada  Area 8
Nevada  Area 9
Nevada  Area 3
Nevada  Area 7
Nevada  Area 20
SemipalatDegelen
Nevada  Area 3
Nevada  Area 2
Nevada  Area 3
Nevada  Area 9
Nevada  Area 9
Nevada  Area 12
Nevada Area 16
Nevada Area 10
Mururoa

Nevada  Area 3
Nevada  Area 3
Mururoa

Nevada  Area 12
Nevada  Area 2
SemipalatDegelen
Nevada  Area 9
Nevada  Area 9
Mururoa

Mururoa
Orenburg, Russia
Nevada  Area 2
SemipalatDegelen
Semipalatinsk

37.162
37.09
37.081
37.283
37.012
49.759
37.015
37.075
49.95
37.009
37.162
49.
37.119
37.139
49.816
37.159
37.021
36.993
57.22
57.22
39.356
49.776
36.877
37.314
37.158
41.376
45.848
40.722
49.783
37.012
51.403
37.257
73.39
37.013
37.121
37.138
37.143
50
37.165
37.031
37.015
49.837
49.924
37.18
43.867
37.015
37.168
37.083
37.007
37.121
49.937
49.734
37.139
49.796
37.031
37.098
37.055
37.164
37.201
50
37.037
37.116
37.173
37.141
37.001
37.086
37.3
49.748
37.055
37.114
37.059
37.138
37.134
37.216
37.01
37.164
-22
37.012
37.071
-22
37.183
37.115
48.3
37.138
37.142
-22.16
-22
52.2
37.116
49.802
50
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-116.082
-116.007
-116.015
-116.502
-115.986

78.076
-116.002
-115.996

-116.031
-116.08
78.111
-116.056
-116.088
78.13
-116.064
-116.039
-115.996
55.393
55.417
-107.949
77.997
-115.929
-116.462
-116.068
88.318

-115.999

-116.003

-116.002
-116.024
-116.033
77.714
78.102
-116.036
78.124
-116.036
-116.027
-116.04
-116.04
-116.206

-115.999
-116.065
-116.093
-116.035
-116.024
-116.022
-116.535

77.999
-115.989
-116.082
-116.029
-116.032
-116.035
-116.185
-116.203
-116.038

-115.993
-116.014
-139
-116.214
-116.065
78.2
-116.031
-116.034
-138.84
-139
55.7
-116.086
78.107
78

Bowline
Bowline
Bowline
Bowline
Bowline

Bowline
Bowline

Bowline
Bowline

Mandrel
Mandrel

Mandrel
Mandrel
Mandrel

Mandrel

Mandrel
Mandrel
Mandrel

Mandrel
Mandrel
Mandrel

Mandrel
Mandrel
Mandrel
Mandrel

Mandrel
Mandrel
Mandrel

Mandrel

Mandrel
Mandrel
Mandrel
Mandrel
Mandrel

Mandrel

Mandrel
Mandrel
Mandrel
Mandrel
Mandrel

Mandrel
Mandrel
Mandrel
Mandrel
Mandrel
Mandrel
Mandrel

Mandrel
Mandrel
Mandrel
Mandrel
Mandrel
Mandrel
Mandrel
Mandrel

Mandrel
Mandrel

Mandrel
Mandrel

Mandrel
Mandrel

Mandrel

Gourd Ambe
Thistle
Blenton
Purse
Aliment

Ipecac A +
Torrido

Tapper
Bowl I + B

Ildrim
Hutch

Spider A +
Pliers
Horehound
Grifon
Grifon
Rulison

Minute Str
Jorum
Kyack A +

Seaweed C
Milrow
Pipkin

Seaweed B
Cruet

Pod A + Po
Calabash

Scuttle
Piccalilli
Planer

Diesel Tra

Culantro A
Tun A + Tu
Grape A
Lovage
Terrine Wh

Fob Green

Ajo

Grape B
Belen
Labis
Diana Mist

Cumarin
Yannigan R
Cyathus
Arabis Red
Jal

Shaper
Handley

Snubber
Can Green
Beebalm
Hod C (Blu
Hod A (Gre
Mint Leaf
Diamond Du
Cornice Ye
Androméde
Manzanas
Morrones
Cassiopée
Hudson Moo
Flask Gree

Piton C
Piton A +
Dragon
Eridan
Magistral
Arnica Yel

Shaft
Shaft
Shaft
Shaft
Shaft
Tunnel
Shaft
Shaft
Shaft
Shaft
Shaft
Tunnel
Shaft
Shaft
Tunnel
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Tunnel
Shaft
Shaft
Shaft
Tunnel
Shaft
Air drop
Tunnel
Shaft
Shaft
Shaft
Tunnel
Shaft
Shaft
Shaft
Shaft
Tunnel
Shaft
Shaft
Shaft
Tunnel
Shaft
Tunnel
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Tunnel
Shaft
Tunnel
Shaft
Shaft
Shaft
Shaft
Tunnel
Tunnel
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Tunnel
Shaft
Shaft
Shaft
Shaft
Shaft
Tunnel
Tunnel
Shaft
Balloon
Shaft
Shaft
Balloon
Tunnel
Shaft
Tunnel
Shaft
Shaft
Balloon
Balloon
Shaft
Shaft
Tunnel
Tunnel

Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Atmospheric
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Atmospheric
Underground
Underground
Atmospheric
Underground
Underground
Underground
Underground
Underground
Atmospheric
Atmospheric
Underground
Underground
Underground
Underground

3000
9.2

1000
200
140

16.7
110
0.001
1.7
20

0.001

Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
Safety
Weapons
Weapons
Weapons
Weapons
Various
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
PNE
PNE
PNE
PNE devi
Effects
Weapons
Weapons
Weapons
PNE
Weapons
Weapons
Safety
Weapons
Weapons
Weapons
Safety
Weapons
Weapons
Weapons
Safety
Weapons
Weapons
Weapons
PNE devi
Weapons
Effects
PNE
Weapons
Weapons
Weapons
Weapons
Weapons
Weapons
PNE devi
Weapons
Effects
Weapons
Weapons
Weapons
Weapons
Effects
Safety
Weapons
Weapons
Weapons
Various
Weapons
Weapons
Weapons
PNE devi
Effects
Weapons
Weapons
Safety
Weapons
Effects
PNE
Weapons
Weapons
Weapons
Weapons
Weapons
Effects
PNE
Weapons
Weapons
Weapons
Weapons
Weapons
PNE
Weapons
Weapons
Various
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LLNL
LANL
LANL
LLNL
LANL

LANL
LANL

LANL
LLNL

LLNL
LLNL

LLNL
LANL
LANL

LANL

LLNL/DoD

LLNL
LLNL

development

development

2
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LLNL

LANL
LANL
LANL
LLNL
LANL/DoD

LANL

LLNL
LLNL/DoD
LANL/DoD
LLNL

development

1
1

LANL
LANL

development

1
3
1
1
2

LLNL/DoD
LLNL

LLNL
LLNL

development
development

1
2
1
2

LLNL



1970-07-03
1970-07-21
1970-07-24
1970-07-27
1970-08-02
1970-08-06
1970-09-06
1970-09-06
1970-10-13
1970-10-14
1970-10-14
1970-10-14
1970-10-28
1970-11-04
1970-11-05
1970-11-19
1970-12-03
1970-12-12
1970-12-16
1970-12-16
1970-12-16
1970-12-17
1970-12-17
1970-12-18
1970-12-23
1971-01-29
1971-03-22
1971-03-22
1971-03-23
1971-04-09
1971-04-25
1971-05-25
1971-06-05
1971-06-06
1971-06-12
1971-06-16
1971-06-19
1971-06-23
1971-06-23
1971-06-24
1971-06-29
1971-06-30
1971-07-01
1971-07-02
1971-07-04
1971-07-08
1971-07-09
1971-07-10
1971-07-21
1971-08-04
1971-08-05
1971-08-06
1971-08-08
1971-08-14
1971-08-18
1971-09-19
1971-09-22
1971-09-27
1971-09-29
1971-09-29
1971-10-04
1971-10-08
1971-10-09
1971-10-14
1971-10-21
1971-10-22
1971-11-06
1971-11-18
1971-11-24
1971-11-29
1971-11-30
1971-12-14
1971-12-14
1971-12-14
1971-12-15
1971-12-22
1971-12-30
1971-12-30
1972-01-05
1972-01-07
1972-02-03
1972-02-10
1972-02-17
1972-03-10
1972-03-18
1972-03-23
1972-03-28
1972-03-30
1972-04-11
1972-04-19
1972-04-19

:05
:00
:30
:30
:30

:00

133

:00

115

100

:00

:31

:00

:30

121

:10
:00

103
102
157
:00
:50
122
:00

:32
142

70034
70035
70036
70037
70038
70039
70040
70065
70056
70041
70042
70043
70057
70044
70045
70058
70059
70046
70047
70048
70060
70049
70050
70051
70052
71050
71001
71051
71002
71052
71003
71004
71005
71006
71007
71008
71009
71041
71010
71011
71012
71013
71014
71015
71016
71017
71042
71018
71043
71044
71045
71046
71019
71020
71021
71022
71038
71023
71024
71047
71025
71026
71027
71039
71028
71029
71030
71031
71032
71033
71040
71034
71048
71049
71035
71036
71037
71053
72042
72001
72036
72002
72043
72003
72004
72044
72005
72037
72006
72007
72045

France
Soviet
Soviet
France
France
France
Soviet
Soviet
USA
Soviet
China
USA
USA
Soviet
USA
USA
USA
Soviet
USA
UsA
UsA
Soviet
USA
USA
Soviet
Soviet
Soviet
Soviet
Soviet
Soviet
Soviet
Soviet
France
Soviet
France
USA
Soviet
UsA
UsA
USA
USA
Soviet
USA
Soviet
France
USA
USA
Soviet
USA
USA
USA
USA
France
France
UsA
Soviet
USA
Soviet
USA
USA
Soviet
USA
Soviet
USA
Soviet
Soviet
USA
China
USA
Soviet
USA
UsA
UsA
USA
Soviet
Soviet
Soviet
Soviet
USA
China
USA
Soviet
USA
Soviet
China
USA
Soviet
USA
Soviet
UsA
UsA

Mururoa
SemipalatMurzhik
SemipalatDegelen
Mururoa
Fangataufa
Mururoa
SemipalatDegelen
Semipalatinsk
Nevada  Area 9
Novaya Zemlya
Lop Nor

Nevada  Area 7
Nevada  Area 3
SemipalatMurzhik
Nevada  Area 3
Nevada  Area 3
Nevada  Area 3
Mangyshlak, Kaza
Nevada  Area 7
Nevada  Area 9
Nevada  Area 3
SemipalatDegelen
Nevada Area 2
Nevada Area 8
Mangyshlak, Kaza
Semipalatinsk
SemipalatDegelen
Semipalatinsk
Perm, Russia
Semipalatinsk
SemipalatDegelen
SemipalatDegelen
Mururoa
SemipalatMurzhik
Mururoa

Nevada  Area 3
SemipalatMurzhik
Nevada  Area 3
Nevada  Area 3
Nevada  Area 2
Nevada  Area 12
SemipalatBalapan
Nevada  Area 16
Komi, Russia
Mururoa

Nevada  Area 2
Nevada  Area
Komi, Russia
Nevada  Area
Nevada  Area
Nevada  Area
Nevada  Area
Mururoa
Mururoa
Nevada

-
o

© 0w w

Area 3
Ivanovo, Russia
Nevada  Area 3
Novaya Zemlya
Nevada  Area 3
Nevada  Area 2
Arkhangelsk, Rus
Nevada  Area 9
SemipalatMurzhik
Nevada  Area 10
SemipalatMurzhik
Orenburg, Russia
Amchitka

Lop Nor

Nevada  Area 11
SemipalatDegelen
Nevada  Area 2
Nevada  Area 2
Nevada  Area 3
Nevada  Area 1
SemipalatDegelen
Azgir, Kazakstan
SemipalatDegelen
Semipalatinsk
Nevada  Area 3
Lop Nor

Nevada  Area 3
SemipalatBalapan
Nevada  Area 10
SemipalatDegelen
Lop Nor

Nevada  Area 2
SemipalatDegelen
Nevada  Area 3
Mary, Turkmenist
Nevada  Area 2
Nevada  Area 3

-21.8
49.952
49.81

-22
-22
49.76
50
37.136
73.304
40.52
37.071
37.014
49.989
37.029
37.015
37.004
43.85
37.1
37.138
37.072
49.746
37.129
37.173
44.025
49.805
49.791

N

61.4
49.832
49.769
49.802

-22
49.975
-23.8
37.033
49.969
37.013
37.022
37.147
37.177
49.946
37.011
67.283
-22
37.11
37.164
64.167
37.014
37.026
37.143
37.138
-22
-21.88
37.057
57.508
37.023
73.393
37.011
37.124
61.358
37.114
49.978
37.18
49.974

51.6
51.456

41.5
36.879
49.743

37.16
37.124
37.026
37.023
49.826
47.897

49.76

50
37.046

41.5
37.001
50.024
37.166
49.745

41.5
37.113
49.733
37.004

37.35
37.122
37.007

41

-139.2
77.673
78.128
-139
-139
-139
78.005
78
-116.033
55.027
89.779
-116.006
-116.019
77.762
-116.013
-116.017
-116.04

-116.009
-116.038
-116.026
78.099
-116.084
-116.1
54.933
78.169
78.142

56.2
78.039
78.034
78.139

-139

77.66
-137.2
.015

.017

77.641
.054
77.597
54.45
179.102
89
-115.936
78.079
-116.071
-116.09
-116.03
-116.06
77.997
48.133
78.037
78
-116.03
89
-116.02
78.878
-116.057
78.12

89
-116.082
78.076
-116.018
62.05
-116.085
-116.017

Emery
Emery
Emery
Emery
Emery
Emery
Emery
Emery

Emery

Emery
Emery

Emery
Emery
Emery
Emery
Emery
Grommet
Grommet
Grommet
Grommet
Grommet
Grommet
Grommet
Grommet

Grommet

Grommet
Grommet

Grommet

Grommet

Grommet
Grommet
Grommet
Grommet

Grommet
Grommet

Grommet
Grommet

Grommet

Grommet
Grommet

Grommet
Grommet

Licorne

Pégase
Orion
Toucan

Scree Acaj

Tijeras
Truchas Ch

Abeytas
Penasco
Carrizozo

Artesia
Avens Ando
Canjilon

Carpetbag
Baneberry

Taiga

Dione

Encelade
Embudo

Dexter
Laguna
Harebell
Camphor

Diamond Mi
Globus IV
Japet
Miniata
Bracken
Globus III
Apodaca
Barranca
Nama Amary
Baltic
Phoebe
Rhea
Algodones
Globus I
Frijoles D

Pedernal
Chantilly
Globus II
Cathay

Lagoon

Sapfir
Cannikin

Diagonal L
Parnassia
Chaenactis

Hospah
Yerba

Mescalero
Cowles

Dianthus

Sappho

Ocate + On
Crater

Longchamps
Jicarilla

Balloon
Shaft
Tunnel
Balloon
Balloon
Balloon
Tunnel
Tunnel
Shaft
Tunnel
Air drop
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Tunnel
Shaft
Shaft
Shaft
Tunnel
Tunnel
Tunnel
Shaft
Tunnel
Tunnel
Tunnel
Balloon
Shaft
Balloon
Shaft
Shaft
Shaft
Shaft
Shaft
Tunnel
Shaft
Tunnel
Shaft
Balloon
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Balloon
Balloon
Shaft
Shaft
Shaft
Tunnel
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Tower
Shaft
Tunnel
Shaft
Shaft
Shaft
Shaft
Tunnel
Shaft
Tunnel
Tunnel
Shaft

Shaft
Shaft
Shaft
Tunnel

Shaft
Tunnel
Shaft
Shaft
Shaft
Shaft

Atmospheric
Underground
Underground
Atmospheric
Atmospheric
Atmospheric
Underground
Underground
Underground
Underground
Atmospheric
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Atmospheric
Underground
Atmospheric
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Atmospheric
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Atmospheric
Atmospheric
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Atmospheric
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Underground
Atmospheric
Underground
Underground
Underground
Underground
Atmospheric
Underground
Underground
Underground
Underground
Underground
Underground

FOI-R--4057--SE

1000 1000 Weapons
14 14 Weapons
11 11 Weapons

0 20 Weapons

0 20 Weapons

0 20 Weapons

14 14 Weapons
0.001 20 PNE devi
0 20 Various

450 4500 Weapons

3400 3400 Weapons

20 200 Weapons
0 20 Various
14 14 PNE devi
20 200 Weapons
0 20 Weapons
0 20 Weapons
80 80 PNE
20 200 Weapons
0 20 Weapons
0 20 Weapons
14 14 Weapons
220 220 Weapons
10 10  -275 Weapons
75 75 PNE
0.001 20 Effects
30 30 PNE devi
0.001 20 Weapons
45 45 PNE

0.23 0.23 PNE

90 90 Weapons

6 6 Weapons

15 15 Weapons

16 16 Weapons

400 500 Weapons

0 20 Weapons

15 15 Weapons

0 20 Safety

20 200 Weapons

20 200 Weapons

20 Effects

11 11 Weapons
0 20 PNE
2.3 2.3 PNE

0 20 Weapons
83 83 PNE

0 20 Weapons
2.3 2.3 PNE

0 20 Weapons

0 20 Weapons

0 20 Weapons

0 20 Weapons

0 20 Weapons

1000 1000 Weapons

20 200 Weapons
2.3 2.3 PNE
0 20 Various
586 586 Weapons
0 20 Weapons
0 20 Weapons
2.3 2.3 PNE
0 20 Weapons
12 12 Weapons
0 20 Weapons
23 23 Weapons
15 15 PNE

5000 5000 -1790 Weapons

20 20 Weapons
0 20 Effects
16 16 Weapons
0 20 Weapons
20 200 Weapons
0 20 Weapons
0 20 Weapons
4.5 4.5 Effects
64 64 PNE
36 36 Weapons
20 150 Weapons
0 20 Weapons
8 8 Weapons
0 20 Weapons
16 16 Weapons
0 20 Weapons
15 15 Weapons
170 170 Weapons
0 20 Weapons
8 8 Various
0 20 Weapons
15 15 PNE
0 20 Weapons
0 20 Weapons

development
1

1
development
development
development
1

1

3 LLNL

3
development
LANL
LANL

R

LANL
LANL
LANL

LANL
LLNL
LANL

LLNL
LLNL
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development
1

development
1 LANL

LANL
LANL
LLNL
LLNL/SNL/DoD

LANL/DoD

B R e R e R e R

development
1 LLNL

1 LLNL

1

1 LANL

1

2
1 LLNL

development

development
1 LANL

LANL

LANL
LLNL

LLNL

LLNL
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LLNL
development
1 LLNL/DoD

LLNL
LLNL
LANL
LANL

1 LANL
development

1 LANL

1

1 LLNL

2
development

1 LLNL

LANL

LLNL
LANL



1972-04-20
1972-05-02
1972-05-11
1972-05-17
1972-05-19
1972-06-07
1972-06-07
1972-06-07
1972-06-25
1972-06-28
1972-06-28
1972-06-28
1972-06-30
1972-07-06
1972-07-09
1972-07-20
1972-07-25
1972-07-27
1972-07-27
1972-07-31
1972-08-09
1972-08-16
1972-08-20
1972-08-26
1972-08-28
1972-09-02
1972-09-04
1972-09-21
1972-09-21
1972-09-26
1972-10-03
1972-11-02
1972-11-09
1972-11-09
1972-11-17
1972-11-24
1972-11-24
1972-12-10
1972-12-10
1972-12-12
1972-12-14
1972-12-21
1972-12-21
1972-12-28
1973-02-14
1973-02-16
1973-03-08
1973-03-23
1973-04-05
1973-04-19
1973-04-25
1973-04-26
1973-04-26
1973-05-09
1973-05-17
1973-05-24
1973-05-24
1973-06-05
1973-06-06
1973-06-21
1973-06-27
1973-06-28
1973-06-28
1973-07-10
1973-07-21
1973-07-23
1973-07-28
1973-08-15
1973-08-18
1973-08-24
1973-08-28
1973-08-28
1973-09-12
1973-09-13
1973-09-19
1973-09-20
1973-09-27
1973-09-30
1973-10-02
1973-10-02
1973-10-12
1973-10-26
1973-10-26
1973-10-27
1973-11-04
1973-11-28
1973-12-12
1973-12-13
1973-12-14
1973-12-19
1973-12-19

16:

01:

72055
72008
72038
72009
72010
72011
72046

72012
72039
72047
72048
72013
72014
72015
72016
72040
72054
72017
72018
72049
72019
72020
72021
72022
72023
72024
72025
72026
72027
72028
72029
72041
72050
72051
72030
72031
72032
72033
72052
72053
72034
72056
72035
73035
73001
73002
73036
73037
73003
73004
73038
73005
73039
73006
73007
73008
73009
73010
73011
73012
73013
73014
73015
73016
73017
73018
73019
73020
73021
73022
73034
73023
73045
73024
73046
73025
73026
73040
73041
73027
73028
73029
73030
73047
73031
73032
73042
73033
73044
73043

Soviet
UsA
UsA
UsA
USA
Soviet
USA
Soviet
France
USA
USA
USA
France
Soviet
Soviet
USA
USA
Soviet
France
France
UsA
Soviet
Soviet
Soviet
Soviet
Soviet
Soviet
Soviet
USA
USA
Soviet
Soviet
USA
USA
USA
Soviet
Soviet
Soviet
Soviet
USA
USA
USA
USA
Soviet
USA
Soviet
USA
USA
USA
Soviet
USA
USA
USA
UsA
UsA
UsA
USA
USA
USA
USA
China
USA
USA
Soviet
France
Soviet
France
Soviet
France
France
Soviet
France
Soviet
France
Soviet
Soviet
Soviet
Soviet
USA
USA
USA
Soviet
Soviet
Soviet
Soviet
USA
USA
USA
Soviet
UsA
UsA

Semipalatinsk
Nevada  Area 12
Nevada  Area 2
Nevada  Area 2
Nevada  Area 3
SemipalatDegelen
Nevada Area 2
Semipalatinsk
Mururoa
Nevada
Nevada
Nevada
Mururoa
SemipalatDegelen
Ukraina
Nevada  Area 12
Nevada  Area 3
Novaya Zemlya
Mururoa
Mururoa
Nevada  Area 3
SemipalatDegelen
Kazakstan
SemipalatMurzhik
Novaya Zemlya
SemipalatMurzhik
Murmansk, Russia
Orenburg, Russia
Nevada  Area 7
Nevada  Area 2
Kalmyk, Russia
SemipalatBalapan
Nevada  Area 10
Nevada  Area 9
Nevada  Area 9
Orenburg, Russia
Kazakstan
SemipalatDegelen
SemipalatBalapan
Nevada  Area 3
Nevada Area 9
Nevada  Area 2
Nevada  Area 2
SemipalatDegelen
Nevada  Area 9
Semipalatinsk
Nevada  Area 7
Nevada  Area 2
Nevada  Area 10
Semipalatinsk
Nevada  Area 3
Nevada  Area 3
2
3

Area 3
Area 9
Area 7

Nevada  Area
Nevada  Area
Rifle
Nevada
Nevada
Nevada
Nevada
Nevada
Lop Nor
Nevada  Area 2
Nevada  Area 9
Semipalatinsk
Mururoa
Semipalatinsk
Mururoa
Kazakstan
Mururoa

Mururoa
Kazakstan
Mururoa

Novaya Zemlya
Mururoa
Kazakstan
Semipalatinsk
Novaya Zemlya
Orenburg, Russia

Area 7
Area 10
Area 12
Area 19
Area 7

Nevada  Area 2
Nevada  Area 2
Nevada  Area 12
Semipalatinsk

Bashkir, Russia
Novaya Zemlya

Semipalatinsk

Nevada  Area 3
Nevada  Area 3
Nevada  Area 2
Semipalatinsk

Nevada  Area 3
Nevada  Area 3

50
37.208
37.112
37.121
37.065
49.827
37.116

50

-22
36.993
37.135

37.07

-22

49.738

49.8
37.214
37.012

71

-22

-22
37.005
49.765

49.4
49.982
73.388
49.959
67.75
52.118
37.082
37.121
46.853
49.927
37.162
37.121
37.14
51.99
51.842
49.819
50.027
37.031
37.138
37.14
37.14
49.739
37.147
49.816
37.104
37.117
37.178
49.984

37.012
37.123
37.006
39.793
37.078
37.162
37.185
37.245
37.092
40.799
37.148
37.115
49.792

49.966
-22
42.775
-22
-22
50.527
-22
73.314
-22
45.758

70.731
51.65
37.159
37.154
37.2
49.753
53.65
70.78
50.072
37.011
36.991
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1980-09-25 06:21 80030 Soviet Semipalatinsk 49.826  78.071 Tunnel  Underground 3.3 3.3 Effects 1
1980-09-25 14:45 80031  USA Nevada  Area 3  37.056 -116.049 Tinderbox Bonarda Shaft Underground 20 150 -381 Weapons 1 LANL
1980-09-25 15:27 80032  USA Nevada  Area 2 37.116 -116.065 Tinderbox Riola Shaft Underground 1.07 1.07 -424 Weapons 1 LLNL
1980-10-08 06:00 80035 Soviet Astrakhan, Russi 46.757  48.275 Vega I Shaft Underground 8.5 8.5 PNE 1
1980-10-11 07:10 80036  Soviet Novaya Zemlya 73.336 54.94 Tunnel  Underground 55 55 Weapons 7
1980-10-12 03:34 80037 Soviet Semipalatinsk 49.967  79.026 Shaft Underground 50 50 Weapons 2
1980-10-16 04:30 80038 China Lop Nor 41.04 89.94 Atmospheric 200 1000 Weapons development
1980-10-23 03:57 80056  Soviet Semipalatinsk 49.752  78.132 Tunnel  Underground 0.001 20 Weapons 1
1980-10-24 19:15 80039 UK Nevada Area 7  37.075 -116 Guardian Dutchess  Shaft Underground 0 20  -427 Weapons 1 LANL/UK
1980-10-31 18:00 80040  USA Nevada Area 12 37.211 -116.206 Guardian Miners Iro Tunnel Underground 0 20 -390 Effects 1 LANL/DoD
1980-11-01 13:00 80041 Soviet Krasnoyarsk, Rus 60.8 97.55 Batolit I Shaft Underground 8 8 PNE 1
1980-11-14 16:50 80042 USA Nevada Area 9 37.111 -116.02 Guardian Dauphin Shaft Underground 0 20  -320 Weapons 1 LLNL
1980-11-25 17:53 80043 France Mururoa -22 -139 Laerte Shaft Underground 2 2 Weapons development
1980-12-03 17:33 80044 France Mururoa -21.874 -138.945 Diomede Shaft Underground 50 50 Weapons development
1980-12-05 04:17 80057 Soviet Semipalatinsk 49.752  78.132 Tunnel  Underground 0.001 20 Weapons 1
1980-12-05 80058 Soviet Semipalatinsk 50 78 Tunnel  Underground 0.003 60 Weapons 3
1980-12-10 07:00 80045 Soviet Tyumen, Russia 61.75 66.75 Angara Shaft Underground 15 15 PNE 1
1980-12-14 03:47 80046 Soviet Semipalatinsk 49.909  78.932 Shaft Underground 54 54 Weapons 3
1980-12-17 15:10 80047 UK Nevada  Area 19 37.325 -116.316 Guardian Serpa Shaft Underground 20 150 -573 Weapons 1 LLNL/UK
1980-12-26 04:07 80048 Soviet Semipalatinsk 49.863  78.119 Tunnel  Underground 0.97 0.97 Weapons 1
1980-12-27 04:09 80049 Soviet Semipalatinsk 50.063  78.982 Shaft Underground 45 45 Weapons 2
1981-01-15 20:25 81001  USA Nevada Area 7  37.087 -116.046 Guardian Baseball Shaft Underground 20 150 -564 Weapons 1 LANL
1981-02-05 18:00 81002  USA Nevada  Area 3  37.011 -116.033 Guardian Clairette Shaft Underground 0 20  -354 Weapons 1 LANL
1981-02-25 15:00 81003  USA Nevada  Area 8 37.182 -116.085 Guardian Seco Shaft Underground 0 20  -229 Weapons 1 LLNL
1981-02-27 23:28 81004 France Mururoa -22 -139 Broteas Shaft Underground 8 8 Weapons development
1981-03-06 17:27 81005 France Mururoa -22 -139 Tyro Shaft Underground 2 2 Weapons development
1981-03-25 81050 Soviet Semipalatinsk 50 78 Tunnel  Underground 0 0.001 Safety 1
1981-03-28 17:23 81006 France Mururoa -21.78 -138.674 Iphicles Shaft Underground 5 5 Weapons development
1981-03-29 04:04 81007 Soviet Semipalatinsk 50.011 78.978 Shaft Underground 24 24 Various 3
1981-04-10 17:57 81008 France Mururoa -21.775 -138.969 Clymene Shaft Underground 8 8 Weapons development
1981-04-22 01:17 81009 Soviet Semipalatinsk 49.891 78.811 Shaft Underground 54 54 Weapons 3
1981-04-30 14:35 81010 USA Nevada Area 8 37.177 -116.086 Guardian Vide Shaft Underground 0 20  -323 Weapons 1 LLNL
1981-05-25 05:00 81011  Soviet Arkhangelsk, Rus 68.2 53.5 Pirit Shaft Underground 37.6 37.6 PNE 1
1981-05-27 03:58 81012 Soviet Semipalatinsk 49.992  78.979 Shaft Underground 17 17 Weapons 1
1981-05-29 16:00 81013  USA Nevada  Area 7 37.102 -116.005 Guardian Aligote Shaft Underground 0 20  -320 Weapons 1 LANL
1981-06-04 81014 Soviet Semipalatinsk 50 78 Tunnel  Underground 0 0.001 Safety 1
1981-06-06 18:00 81015  USA Nevada  Area 19 37.303 -116.326 Guardian Harzer Shaft Underground 20 150 Weapons 1 LLNL
1981-06-30 01:57 81016  Soviet Semipalatinsk 49.761  78.071 Tunnel  Underground 10 10 Weapons 2
1981-07-08 22:30 81018 France Mururoa -21.781 -139.049 Lyncee Shaft Underground 20 20 Weapons development
1981-07-10 14:00 81019  USA Nevada  Area 9  37.129 -116.035 Guardian Niza Shaft Underground 0 20  -341 Weapons 1 LLNL
1981-07-11 17:17 81020 France Mururoa -22 -139 Eryx Shaft Underground 8 8 Weapons development
1981-07-16 15:00 81021 UsA Nevada  Area 7 37.089 -116.02 Guardian Pineau Shaft Underground 0 20 -204 Weapons 1 LANL
1981-07-17 02:37 81022 Soviet Semipalatinsk 49.8 78.126 Tunnel  Underground 8.4 8.4 Weapons 1
1981-07-18 17:43 81023 France Mururoa -22 -139 Theras Shaft Underground 2 2 Weapons development
1981-08-03 18:33 81024 France Mururoa -21.833 -138.9 Agenor Shaft Underground 15 15 Weapons development
1981-08-05 13:41 81025 USA Nevada  Area 10 37.154 -116.036 Guardian Havarti Shaft Underground 0 20  -200 Weapons 1 LLNL
1981-08-14 02:27 81026  Soviet Semipalatinsk 49.781 78.077 Tunnel  Underground 5.6 5.6 Weapons

1981-08-27 14:31 81027 USA Nevada  Area 2 37.16 -116.067 Guardian Islay Shaft Underground 0 20 -294 Weapons 1 LLNL
1981-09-02 04:00 81028  Soviet Perm, Russia 60.6 55.7 Geliy Shaft Underground 3.2 3.2 PNE 1
1981-09-04 15:00 81029  USA Nevada  Area 3  37.058 -116.049 Guardian Trebbiano Shaft Underground 0 20 -305 Weapons 1 LANL
1981-09-13 02:17 81030 Soviet Semipalatinsk 49.92 78.911 Shaft Underground 71 71 Weapons 1
1981-09-24 15:00 81031  USA Nevada Area 3  37.008 -116.025 Guardian Cernada Shaft Underground 0 20  -213 Weapons 1 LANL
1981-09-26 05:00 81032 Soviet Astrakhan, Russi 46.79  48.313 Vega II Shaft Underground 8.5 8.5 PNE 1
1981-09-26 05:04 81033 Soviet Astrakhan, Russi 46.771  48.304 Vega IV Shaft Underground 8.5 8.5 PNE 1
1981-10-01 12:15 81035 Soviet Novaya Zemlya 73.304 54.818 Tunnel  Underground 113 113 Weapons 4
1981-10-01 19:00 81036  USA Nevada Area 7 37.082 -116.01 Praetorian Paliza Shaft Underground 20 150  -472 Weapons 1 LANL
1981-10-16 81051 Soviet Semipalatinsk 50 78 Tunnel  Underground 0 0.001 Safety 1
1981-10-18 03:57 81037 Soviet Semipalatinsk 49.927  78.854 Shaft Underground 66 66 Weapons 2
1981-10-22 14:00 81038 Soviet Krasnoyarsk, Rus 63.8 97.55 Shpat II Shaft Underground 8.5 8.5 PNE

1981-11-06 17:03 81052 France Mururoa -22 -139 Leto Shaft Underground 0 5 Weapons development
1981-11-11 17:07 81039 France Mururoa -21.833 -138.991 Procles Shaft Underground 3 3 Weapons development
1981-11-11 20:00 81040  USA Nevada Area 4 37.076 -116.069 Praetorian Tilci Shaft Underground 20 150  -445 Weapons 1 LANL
1981-11-12 15:00 81041 UK Nevada Area 4 37.108 -116.05 Praetorian Rousanne Shaft Underground 20 150  -518 Weapons 1 LANL/UK
1981-11-20 04:57 81042 Soviet Semipalatinsk 49.746 78.12 Tunnel  Underground 8.2 8.2 Weapons 2
1981-11-29 03:35 81043 Soviet Semipalatinsk 49.898  78.857 Shaft Underground 32 32 Weapons 3
1981-12-03 15:00 81044 USA Nevada Area 2  37.148 -116.072 Praetorian Akavi Shaft Underground 20 150  -494 Weapons 1 LLNL
1981-12-05 16:58 81045 France Mururoa -21.848 -138.774 Cilix Shaft Underground 5 5 Weapons development
1981-12-08 16:47 81046 France Mururoa -21.808 -138.896 Cadmos Shaft Underground 15 15 Weapons development
1981-12-16 21:05 81047  USA Nevada  Area 2  37.114 -116.124 Praetorian Caboc Shaft Underground 0 20  -335 Weapons 1 LLNL
1981-12-22 04:31 81048 Soviet Semipalatinsk 49.821  78.107 Tunnel  Underground 6.6 6.6 Weapons 3
1981-12-27 03:43 81049 Soviet Semipalatinsk 49.93  78.792 Shaft Underground 176 176 Weapons 1
1982-01-28 16:00 82001  USA Nevada  Area 4 37.091 -116.052 Praetorian Jornada Shaft Underground 139 139  -640 Weapons 1 LANL
1982-02-12 14:55 82002  USA Nevada  Area 20 37.224 -116.464 Praetorian Molbo Shaft Underground 20 150 -651 Weapons 1 LLNL
1982-02-12 15:25 82003  USA Nevada  Area 19 37.348 -116.317 Praetorian Hosta Shaft Underground 20 150  -640 Weapons 1 LANL
1982-02-19 03:56 82004  Soviet Semipalatinsk 49.806  78.029 Tunnel  Underground 14 14 Weapons 2
1982-02-20 17:33 82055  France Mururoa -22 -139 Aerope Shaft Underground 3 3 Weapons development
1982-02-24 18:15 82056 France Mururoa -22 -139 Deiphobe Shaft Underground 0 5 Weapons development
1982-03-20 17:03 82005 France Mururoa -21.996 -138.941 Rhesos Shaft Underground 15 15 Weapons development
1982-03-23 17:07 82057 France Mururoa -22 -139 Evenos Shaft Underground 0 5 Weapons development
1982-03-31 82058 France Mururoa -22 -139 Aeson Shaft Underground Safety

1982-04-17 18:00 82006  USA Nevada Area 3  37.017 -116.011 Praetorian Tenaja Shaft Underground 0 20  -357 Weapons 1 LANL
1982-04-25 03:23 82007 Soviet Semipalatinsk 49.912  78.906 Shaft Underground 7 77 Effects 3
1982-04-25 18:05 82008 UK Nevada  Area 20 37.256 -116.423 Praetorian Gibne Shaft Underground 20 150  -570 Weapons 1 LLNL/UK
1982-05-06 20:00 82009  USA Nevada  Area 2  37.117 -116.128 Praetorian Kryddost Shaft Underground 0 20  -335 Weapons 1 LLNL
1982-05-07 18:17 82010  USA Nevada  Area 3  37.069 -116.046 Praetorian Bouschet  Shaft Underground 20 150 -564 Weapons 1 LANL
1982-06-16 14:00 82012  USA Nevada Area 9 37.114 -116.017 Praetorian Kesti Shaft Underground 0 20  -289 Weapons 1 LLNL
1982-06-24 14:15 82013  USA Nevada  Area 19 37.236 -116.371 Praetorian Nebbiolo  Shaft Underground 20 150 -640 Weapons 1 LANL
1982-06-25 02:03 82014  Soviet Semipalatinsk 49.801  78.089 Tunnel  Underground 3.6 3.6 Various 2
1982-06-27 17:00 82059 France Mururoa -22 -139 Laodice Shaft Underground 2 2 Weapons development
1982-07-01 17:02 82015  France Mururoa -21.766 -139.05 Antilokos Shaft Underground 20 20 Weapons development
1982-07-04 01:17 82016  Soviet Semipalatinsk 49.958 78.8 Shaft Underground 158 158 Weapons 3
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B Berakningsrutiner for anpassningar

I detta avsnitt aterges de beridkningsrutiner som anvints for anpassningarna i
denna rapport. I tabell B.1 sammanfattas dessa, samt formaten for indatafiler.

Tabell B.1: Sammanstallning av berékningsrutiner och indatafiler.

Rutiner
prepareData.pl

Léser angiven regionfil,

Beriknar avstandet (i grader) mellan den seismiska
stationen (vars koordinater dr angivna i rutinen) och
varje prov (hiddanefter bendmnda event),

Léaser in P-faktorfil,

Beraknar avstandskorrektion for mg och My,

Léser in parameterfiler for my och Mj,

Léaser in min och max for laddningsstyrka fran lista
over prov,

Skriver ut en eventlista med all information.

YieldMagnitude.pl

Laser eventlista pa format fran prepareData.pl,
Berdknar magnitud, eller anvénder eventuell angiven
magnitud i brist pa signalparametrar,

Berdknar laddningsstyrka enligt angiven metod for
intervallhantering,

Berédknar feluppskattningar fér magnitud och ladd-
ningsstyrka,

Skriver ut virden: radnummer ¢, ID, W;, my ;, Ms ;,
OW,i» Omb,i OCh Opre -

filePreparation.pl

Konverterar data fran YieldMagnitude.pl till ett
format lampligt for mbWfit3.c: log;q W, m, gieg w,
och o, for varje event, dar m &r my eller My bero-
ende pa val.

mbWfit3.c Léaser data fran filePreparation.pl,
Anpassar dessa data till uttrycken 3.3 eller 3.4 genom
att utnyttja rutinen fitexy fran [11],
Skriver ut anpassningsparametrar med felgrianser,
samt goodness of fit () for anpassningen.
Indata
Regionfil Tre kolumner: 1D, latitud och longitud.
Enheten for latitud och longitud ar grader med de-
cimaler (ej minuter och sekunder). Positiva virden
avser nordlig latitud, respektive 6stlig longitud.
P-faktorfil Tva kolumner: avstand i grader och P-faktor.
Parameterfiler Fyra kolumner: ID, amplitud (peak-to-peak) [nm],

period [s], och magnitud.
Virdet —1 anger att parametern saknas.

Lista over laddningsstyrkor

Tre kolumner: ID, minvirde och maxvérde for ladd-
ningsstyrka.
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B.1 prepareData.pl
#!/usr/bin/perl

use strict;
use warnings;

my $pi = 3.14159;

my $ARGC = QARGV;

if ($ARGC !'= 1) {
print "Specify the event file";
exit;

}

my $eventFileName = $ARGV[0];

# Location of seismic station
my $latStation = 60.13;
my $longStation = 13.69;

# Data read from event file
my $N; # Number of events
my Q@ID; # Event ID

my @lat; # Latitude of event
my @long; # Longitude of event
readEventFile($eventFileName) ;

# Calculate distance from events to seismic station
my @dist; # Distance [degrees]

calcDistance();

# Data read from distance correction factor file for mb

my $Nf; # Number of distance correction factors
my @d; # Distance [degrees]
my @df; # Distance correction factor, mb

readFactorFile("P-factors.txt");

# Calculate distance corrections of magnitudes for each event
my Qcorrmb; # Distance correction, mb

my QcorrMs; # Distance correction, Ms

calcCorrection();

# Data read from station parameter files
my QOK; # Flag, event found

my Qampmb; # Amplitude, mb

my @permb; # Period, mb

my @filemb; # Magnitude in file, mb
my QampMs; # Amplitude, Ms

my OperMs; # Period, Ms

my @fileMs; # Magnitude in file, Ms
my Qamp; # Amplitude, tmp

my Q@per; # Period, tmp

my Gmagn; # Magnitude in file, tmp
readStationParameterFiles();
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# Yields read from file

my QWmin; # Minimum yield of event [kt]

my OWmax; # Maximum yield of event [kt]
readYieldFile("Yields.txt");
#readYieldFile("data-original/Yields-from-NOB-lista.txt");

# Event output
printEventList();
cleanUp();

# Subroutine declarations #######HH####HHHHHHHHIHHHHBRHHHHHHEH R RS

sub readEventFile {
my ($fileName) = @_;
my $nLine = O;

my $line;
$N = 0;
if ( -e $fileName) {
my $infile;
open ($infile, "<", $fileName);
for (;;) {
# Read line from input file, checking for file end, etc.
undef $!;
unless (defined( $line = readline ($infile) )) {
die $! if $!;
last; # reached EOF
}
# Split the line into a list of separate items
my @tmplist = split (" ", $line);

my $len = Q@tmplist;

# Extract data, skipping first line
unless (!$nline) {
if (($len == 3) && ($tmplist[0] =~ /\d/)) {
$ID[$N] = $tmplist[0];
$lat[$N] = $tmplist[1];
$long[$N] = $tmplist[2];

$N++;
}
}
$nLine++;
}
close ($infile);
}
else {
print "File " . $fileName . " does not exist";
exit;
}

55



FOI-R--4057--SE

sub readFactorFile {
my ($fileName) = @_;
my $nline = O;

my $line;
$Nf = 0;
if ( -e $fileName) {
my $infile;
open ($infile, "<", $fileName);
for (5;5) {
# Read line from input file, checking for file end, etc.
undef $!;
unless (defined( $line = readline ($infile) )) {
die $! if $!;
last; # reached EOF
}
# Split the line into a list of separate items

my Otmplist = split (" ", $line);
my $len = @tmplist;

# Extract data, skipping first line
unless (!$nLine) {
if (($len == 2) && ($tmplist[0] =~ /\d/)) {
$4d[$Nf] = $tmplist[0];
$af [$Nf] = $tmplist[1];

$NL++;
}
¥
$nLine++;
}
close ($infile);
}
else {
print "File " . $fileName . " does not exist";
exit;
}

sub readStationParameterFiles {
my OtmpOK;
readStationParameterFile ("HFS-parametrar-mb.txt") ;
for (my $i=0; $i<$N; $i++) {
if ($0K[$il) {
$ampmb [$i] = $amp[$il;
$permb[$i] = $per[$il;
$filemb[$i] = $magn[$il;
}
else {
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$ampmb [$i] = -1;
$permb [$i] -1;
$filemb[$i] = -1;

}

$tmpOK [$i] = $0K[$il;
}
readStationParameterFile ("HFS-parametrar-Ms.txt");
for (my $i=0; $i<$N; $i++) {

if ($0K[$il) {

$ampMs [$i] = $amp[$i];
$perMs[$i] = $per[$il;
$fileMs[$i] = $magn[$i];

}

else {
$ampMs [$i] = -1;
$perMs[$i] = -1;
$fileMs[$i] = -1;

}

if ($tmpOK[$i]l !'= $0K[$il) {
print "Difference between mb and Ms station data (strange!)\n";

3

sub readStationParameterFile {
my ($fileName) = @_;
my $nline = O;
my $line;

for (my $i=0; $i<$N; $i++) { $0K[$i] = 0; }

if ( -e $fileName) {

my $infile;
open ($infile, "<", $fileName);
for (5;) {
# Read line from input file, checking for file end, etc.
undef $!;
unless (defined( $line = readline ($infile) )) {
die $! if $!;
last; # reached EQOF
}
# Split the line into a list of separate items

my Q@tmplist = split (" ", $line);
my $len = Otmplist;

# Extract data, skipping first line
unless (!$nLine) {
if (($len == 4) && ($tmplist[0] =~ /\d/)) {
my $id = $tmplist[0];
for (my $i=0; $i<$N; $i++) {
if ($id == $ID[$il) {
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$OK [$1]++;
$amp[$i] = $tmplist[1];
$per[$i] = $tmplist[2];
$magn[$i] = $tmplist[3];
}
if ($0K[$i] > 1) {
print "Multiple event $ID[$il\n";

}
}
}
¥
$nLine++;
}
close ($infile);
}
else {
print "File " . $fileName . " does not exist";
exit;
}

sub checkYieldFile {
my ($fileName) = @_;
my $nlLine = 0;
my $line;
my %qwe;

my Qokl; # Local OK flag
for (my $i=0; $i<$N; $i++) { $ok1[$i] = 0; 2

if ( -e $fileName) {

my $infile;
open ($infile, "<", $fileName);
for (5;5) {
# Read line from input file, checking for file end, etc.
undef $!;
unless (defined( $line = readline ($infile) )) {
die $! if $!;
last; # reached EOF
}
# Split the line into a list of separate items

my @tmplist = split (" ", $line);
my $len = Q@tmplist;

# Extract data, skipping first line
unless (!$nLine) {
if (($len == 3) && ($tmplist[0] =" /\d/)) {
my $id = $tmplist[0];
if ( exists $qwe{$id} ) {
print "Multiple $id\n";
}
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else {
$qwe{$id} = 1;
}
}
}
$nline++;
}
close ($infile);
}
else {
print "File " . $fileName . " does not exist";
exit;
}

sub readYieldFile {
my ($fileName) = @_;
my $nLine = O;
my $line;

my Qokl; # Local OK flag
for (my $i=0; $i<$N; $i++) { $ok1[$i] = 0; }

if ( -e $fileName) {

my $infile;
open ($infile, "<", $fileName);
for (;;) {
# Read line from input file, checking for file end, etc.
undef $!;
unless (defined( $line = readline ($infile) )) {
die $! if $!;
last; # reached EOF
}
# Split the line into a list of separate items

my Otmplist = split (" ", $line);
my $len = @tmplist;

# Extract data, skipping first line
unless (!$nLine) {
if (($len == 3) && ($tmplist[0] =~ /\d/)) {
my $id = $tmplist[0];
for (my $i=0; $i<$N; $i++) {
if ($id == $ID[$i]) {

$okl [$i]++;
$Wmin[$i] = $tmplist[1];
$Wmax [$i] = $tmplist[2];

}
elsif ($ok1[$i] > 1) {

print "Multiple event $ID[$il\n";
}

59

FOI-R--4057--SE



FOI-R--4057--SE

}
}
$nLine++;
}
close ($infile);
# Check missing events.
for (my $i=0; $i<$N; $i++) {
if ($ok1[$il < 1) {
$Wmin[$i] = -1;
$Wmax [$i] -1;
print "Event $ID[$i] missing in list file\n";

}
3
}
else {
print "File " . $fileName . " does not exist";
exit;
}

sub printEventList {
my $R_earth = 6367;
my $deg_to_km = 2%3.14159x$R_earth / 360;

print " # ID lat long dist [deg,km]l";
print " mb: corr amp per magn";

print " Ms: corr amp per magn";

print " Wmin Wmax\n";

for (my $i=0; $i<$N; $i++) {
my $dist_km = $dist[$il*$deg_to_km;
printf "%3d %5d", $i, $ID[$i];
printf " %7.2f %7.2f", $lat[$i], $longl[$il;
printf " %7.2f %7.1f", $dist[$i], $dist_km;

printf " %7.3f %6.0f %6.3f %6.2f",
$corrmb[$i], $ampmb[$i], $permb[$il, $filemb[$i];
printf " %7.3f %6.0f %6.3f %6.2f",
$corrMs[$i], $ampMs[$i], $perMs([$i], $fileMs[$i];
printf "  %8.2f %8.2f", $Wmin[$il, $Wmax[$il;
if ($Wmax[$i] < 0) {

print " (missing in nuclear test list)\n";
}
elsif (!$0K[$i]) {

print " (missing in station parameter file)\n";
}
else {

print "\n";
}
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sub cleanUp {

#

Remove temporary files

my @fileList = ( ".gmtcommands4", "grid.out", "point.dat" );

unlink @fileList;

# Calculation subroutine declarations

sub calcDistance {

#

Grid region (should cover seismic station and all events):
my $longWest = $longStation -135;

my $longEast = $longStation +120;

my $latNorth = 90;

my $latSouth = $latStation -90;

my $deltalong = $longEast - $longWest;

my $deltalat = $latNorth - $latSouth;

Define region (-R)
my $mapRegion = "/" . $longWest . "/" . $longEast . "/"
$latSouth . "/" . $latNorth;

Set grid resolution (-I)

my $longResolution = $deltaLong/500;

my $latResolution = $deltalat/500;

my $resolution = $longResolution . "/". $latResolution;

Create spherical distance grid centered at seismic station

my $exe = "grdmath -R$mapRegion -I$resolution "
"$longStation $latStation SDIST = grid.out";

system ($exe);

Find distances from events to seismic station
for (my $i=0; $i<$N; $i++) {

open(TMPOUT, ">", "point.dat");

print TMPOUT "$long[$i] $lat[$il";

close (TMPOUT) ;

$exe = "grdtrack point.dat -Ggrid.out";

my $res = gx($exe);

my Qtmplist = split (" ", $res);

my $len = Q@tmplist;

if ($len == 3) { $dist[$i] = $tmplist([2]; }
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sub calcCorrection {
for (my $i=0; $i<$N; $i++) {
# Determine distance correction factor, mb
my $j;
for ($j=0; $j<$Nf; $j++) {
if ($dist[$i] <= $d[$jl) { last; I}
}
$corrmb[$i] = $df[$j-1]1 +
($dist [$i] - $d[$j-11) =*
($af[$j]1 - $df[$j-11) /
($d[$j] - $dl$j-11);

# Determine distance correction factor, Ms
$corrMs[$i] =
0.3333*1logl0($dist [$1i]) +
0.5%1og10(sin($dist [$i]*$pi/180)) +
0.0046*$dist [$i] +

2.370;
}
}
sub logl0 {
my ($x) = @_;
return log($x)/log(10);
}
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B.2 YieldMagnitude.pl

#!/usr/bin/perl

use

use warnings;

strict;

my $ARGC = Q@ARGV;
if ($ARGC '= 2) {

b

# M
# 0
# 1
# 2

print "Specify the event file name and method for yield intervals";

exit;

ethods for treatment of yield intervals
Only using point data (dW/W <= 10%)

: W set to mean value of interval
W

set according to linear assumption

my $eventFileName = $ARGV[O];
my $yieldIntervalMethod = $ARGV[1];

# Read data from file

my $N; # Number of events

my QID; # Event ID

my Q@lat; # Latitude of event

my Q@long; # Longitude of event

my Qdist; # Distance [degrees]

my @distkm; # Distance [km]

my Ocorrmb; # Distance correction, mb
my Qampmb; # Amplitude, mb

my @permb; # Period, mb

my @filemb; # Magnitude in file, mb
my @corrMs; # Distance correction, Ms
my QampMs; # Amplitude, Ms

my OperMs; # Period, Ms

my @fileMs; # Magnitude in file, Ms
my OWmin; # Minimum yield of event
my OWmax; # Maximum yield of event
readFile($eventFileName) ;
#printEventList () ;

#exit;

# Magnitude calculation

my ©mb; # Magnitude mb
my @Ms; # Magnitude Ms
calcMagnitudes Q) ;

# Yield calculation

my

calcYield();

Qw;

#

Yield [kt]

# Error estimates

my $dWrelP = 0.1;

my $dpermbrel

my $dmb = 0.5;
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# dW/W estimate (point)

my $dampmbrel = 0.2; # dA/A estimate, mb

0.2; # dT/T estimate, mb

# dmb estimate (calculation procedure unknown)
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my $dampMsrel = 0.2; # dA/A estimate, Ms

my $dperMsrel = 0.2; # dT/T estimate, Ms

my $dMs = 0.5; # dMs estimate (calculation procedure unknown)
my Q@sigW; # Error estimate for W

my Q@sigmb; # Error estimate for mb

my @sigMs; # Error estimate for Ms

calcSig();

printYieldMagnitude() ;

# Subroutine declarations #######HH#HHHBHHHFHHHFHHHRAHHHHHHHHHERH RS

# I/0 subroutine declarations

sub readFile {

my ($fileName) = @_;
my $nline = O;

my $line;

$N = 0;

if ( -e $fileName) {
my $infile;
open ($infile, "<", $fileName);
for (;;) {

Read line from input file, checking for file end, etc.
undef $!;
unless (defined( $line = readline ($infile) )) {

die $! if $!;

last; # reached EOF

Split the line into a list of separate items
my @tmplist = split (" ", $line);
my $len = Q@tmplist;

Extract data, skipping first line

unless (!$nline) {
$ID[$N] = $tmplist[1];
$1lat[$N] = $tmplist[2];
$long [$N] = $tmplist[3];
$dist [$N] = $tmplist[4];
$distkm[$N] = $tmplist[5];
$corrmb[$N] = $tmplist[6];
$ampmb [$N] = $tmplist[7];
$permb [$N] = $tmplist[8];
$filemb[$N] = $tmplist[9];
$corrMs[$N] = $tmplist[10];
$ampMs [$N] = $tmplist[11];
$perMs[$N] = $tmplist[12];
$fileMs[$N] = $tmplist[13];
$Wmin[$N] = $tmplist[14];
$Wmax [$N] = $tmplist[15];
$N++;
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}
$nlLine++;
}

close ($infile);

sub printEventList {

print " # ID lat long dist [deg,km]l";
print " mb: corr amp per magn";

print " Ms: corr amp per magn";

print " Wmin Wmax\n";

for (my $i=0; $i<$N; $i++) {
printf "%3d %5d", $i, $ID[$il;
printf " %7.2f %7.2f", $lat[$i]l, $longl$il;
printf " %7.2f %7.1f", $dist[$i], $distkm[$i];

printf " %7.3f %6.0f %6.3f U6.2f",
$corrmb[$i], $ampmb[$i], $permb[$i], $filemb[$i];
printf " %7.3f %6.0f %6.3f %6.2f",
$corrMs[$i], $ampMs[$i], $perMs([$i], $fileMs[$i];
printf "  %8.2f %8.2f\n", $Wmin[$i], $Wmax[$i];

sub printYieldMagnitude {
print " # ID W mb Ms";
print " sigh sigmb sigMs\n";
for (my $i=0; $i<$N; $i++) {
printf "%3d %5d", $i, $ID[$i];

printf " H7.3f", $Wl$il;
printf " %7 .3f", $mb[$il;
printf " %7.3f", $Ms[$il;
printf " h7.3f", $sigW[$il;
printf " %7.3f", $sigmb[$i];
printf " %7.3f", $sigMs[$il;

# Diagnostic output
if ($Wmax[$i] < 0) {

print " no W";
¥
elsif ($W[$i] < 0) {
print " no point W";
}
if (($ampmb[$i] > 0) && ($permb[$i] > 0)) {
# NOP
}
elsif ($filemb[$i] > 0) {
print " mb from file";
}
else {
print " no mb";
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}

if (($ampMs[$i] > 0) && ($perMs[$i]l > 0)) {
print "\n";

}

elsif ($fileMs[$i] > 0) {
print " Ms from file\n";

}

else {
print " no Ms\n";

}

# Calculation subroutine declarations
sub calcYield {

if ($yieldIntervalMethod == 0) {
# Only using point data (dW/W <= 10%)
for (my $i=0; $i<$N; $i++) {
if ($Wmax[$i]l < 0) {
# No yield in nuclear test list

$wigil = -1;
3
else {
$W$il = 0.5 ($Wmin[$i] + $Wmax[$il);
# Reject events with yield interval
if (($Wmax[$i] - $Wmin[$il) > 0.1*$W[$il) {
$wisil = -1;
X
}

}

elsif ($yieldIntervalMethod == 1) {
# Mean value
for (my $i=0; $i<$N; $i++) {
if ($wWmax[$i]l < 0) {
# No yield in nuclear test list

$Wigil = -1;
}
else {

$W[$il = 0.5%($Wmin[$i] + $Wmax[$il);
}

}

elsif ($yieldIntervalMethod == 2) {
# Linear fit
my $Nint=0; # Number of events with yield interval
my Qiint; # Index for events with yield interval
my Oxint; # x-values for interval fit
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my Oyint; # y-values for interval fit
my $xm=0; # Mean x for interval fit
my $ym=0; # Mean y for interval fit

for (my $i=0; $i<$N; $i++) {

my $magn = $mb[$i];

my $magn = $Ms[$il;

if ($Wmax[$i]l < 0) {
# No yield in nuclear test list
$wisil = -1;

X

elsif ($magn < 0) {
# No magnitude for this event: do not include among interval events.
$Wl$il = $Wmin[$il;

¥

elsif ($Wmax[$i] - $Wmin[$i] < 0.01) {
$Wi$il = $Wmin[$il;

}
else {
$iint [$Nint] = $i;
$xint [$Nint] = 1ogl0(0.5*($Wmin[$i] + $Wmax[$il));
$yint [$Nint] = $magn;
$xm += $xint [$Nint];
$ym += $yint[$Nint];
$Nint++;
}

3

# Determine a best fit for yield for events with yield interval
if ($Nint) {
if ($Nint == 1) {
# Just one event with yield interval
my $i = $iint[0];
$WI$il = 0.5%($Wmin[$i] + $Wmax[$i]);

}

else {
$xm /= $Nint;
$ym /= $Nint;
my $suml=0;
my $sum2=0;

for (my $i=0; $i<$Nint; $i++) {
$suml += ($xint[$i] - $xm) * $yint[$il;
$sum2 += ($xint[$i] - $xm)**2;

}

if ($sum2 == 0) {
# Will happen for identical yields.
# In that case, use mean.
for (my $i=0; $i<$Nint; $i++) {
$W$iint [$i]] =
0.5*%($Wmin[$iint [$i]] + $Wmax[$iint[$ill);

else {
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my $k = $suml/$sum?2;
my $ml = $ym - $k*$xm;
for (my $i=0; $i<$Nint; $i++) {
my $magn = $mb[$iint[$il];
# my $magn = $Ms[$iint[$il];
$WSiint [$i]] = 10**x(($magn - $m1)/$k);
if ($W[$iint[$i]] < $Wmin[$iint[$il]) {
$W[$iint [$i]l] = $Wmin[$iint[$il];
}
elsif ($W[$iint[$il] > $Wmax[$iint[$i]1]) {
$WSiint [$i1] = $wWmax[$iint[$il];

}
}
}
}

}
}
else {

print "Unknown mode of yield calculation: $yieldIntervalMethod\n";
}

sub calcMagnitudes {
for (my $i=0; $i<$N; $i++) {
# Magnitude mb
if (($ampmb[$i] > 0) && ($permb[$i] > 0)) {
# Calculate magnitude mb
$mb [$i] = loglO( $ampmb[$i]/$permb[$i] ) + $corrmb[$i];
}
elsif ($filemb[$i] > 0) {
# Use magnitude mb from file
$mb[$i] = $filemb[$il;

}
else {

$mb [$i] = -1;
}

# Magnitude Ms
if (($ampMs([$i] > 0) && ($perMs[$i] > 0)) {
# Calculate magnitude Ms
$Ms [$i] = loglO( $ampMs[$il/$perMs[$i] ) + $corrMs[$i];
}
elsif ($fileMs[$i] > 0) {
# Use magnitude Ms from file
$Ms [$i] = $fileMs[$il;

}
else {

$Ms [$i] = -1;
}
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sub calcSig {
# Error estimate, yield (same for all yield methods)
# Point error estimate + uniform distribution
for (my $i=0; $i<$N; $i++) {
if ($Wmax[$i] > 0) {
$sigW[$i]l = sqrt(
$W 1] *$W[$i]*$dWrelP*$dWrelP
+ ($Wmax[$i] - $Wmin[$il)*($Wmax[$i] - $Wmin[$il)/12);

}
else {

$sigW[$i] = -1;
}

3

# Error estimate, magnitudes
for (my $i=0; $i<$N; $i++) {
# Magnitude mb
if (($ampmb[$i] > 0) && ($permb[$i] > 0)) {
# Calculated magnitude mb: use error propagation
$sigmb[$i] = sqrt($dampmbrel*$dampmbrel +
$dpermbrel*$dpermbrel) /log(10);
b
elsif ($filemb[$i] > 0) {
# Magnitude mb from file: use magnitude error estimate
$sigmb[$i] = $dmb;

}
else {

$sigmb[$i] = -1;
}

# Magnitude Ms

if (($ampMs[$i] > 0) && ($perMs[$il > 0)) {
# Calculated magnitude Ms: use error propagation
$sigMs[$i] = sqrt($dampMsrel*$dampMsrel +

$dperMsrel*$dperMsrel) /log(10) ;

X

elsif ($fileMs[$i] > 0) {
# Magnitude Ms from file: use magnitude error estimate
$sigMs[$i] = $dMs;

}
else {
$sigMs[$i] = -1;
}
3
}
sub logl0 {
my ($x) = @_;
return log($x)/log(10);
}
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B.3 filePreparation.pl
#!/usr/bin/perl

use strict;
use warnings;

my $ARGC = Q@ARGV;

if ($ARGC !'= 2) {
print "Specify the magnitude type and fitting method";
exit;

}

# Magnitude types

# 1: mb

# 2: Ms

# Fiting methods

# 2: fit

# 3: fitexy

my $magn = $ARGV[0];
my $fit = $ARGV[1];

# Data read from file

my $N; # Number of events

my Q@ID; # Event ID

my OW; # Yield [kt]

my ©Om; # Magnitude

my OsigW; # Error estimate for W
my Osigm; # Error estimate for m
readFile();

#printYieldMagnitude();

# Write file suitable for NR routine
open (TMPOUT, ">", "data.dat");
print TMPOUT "$N\n";
for (my $i=0; $i<$N; $i++) {
my $logW = loglO($W[$il);
if ($fit == 2) {
my $k = 1; # Slope ansatz for error estimation only
my $dW = $kx$sigW[$i]/(Log(10)*$W$il);
my $sig = sqrt($sigm[$il*$sigm[$i] + $Aw*$dw) ;
print TMPOUT "$logW $m[$i] $sig\n";
}
elsif ($fit == 3) {
my $siglogW = $sigW[$il/(Log(10)*$W[$il);
print TMPOUT "$logW $m[$i] $siglogW $sigm[$il\n";

}
else {

print "Unknown fitting method: $fit\n";
}

}
close (TMPQOUT);
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sub readFile {
my ($fileName) = "tmp";
my $nLine = O;

my $line;
$N = 0;
if ( -e $fileName) {
my $infile;
open ($infile, "<", $fileName);
for (5;) {
# Read line from input file, checking for file end, etc.
undef $!;
unless (defined( $line = readline ($infile) )) {
die $! if $!;
last; # reached EOF
}
# Split the line into a list of separate items

my Qtmplist = split (" ", $line);
my $len = Otmplist;

# Extract data, skipping first line
unless (!$nLine) {

my $tmpW = $tmplist[2];

my $tmpm;

my $tmpsigm;

if ($magn == 1) {
$tmpm = $tmplist[3];
$tmpsigm = $tmplist[6];

}

elsif ($magn == 2) {
$tmpm = $tmplist[4];
$tmpsigm = $tmplist[7];

}
else {

print "Unknown magnitude type: $magn\n";
}

if (($tmpW > 0) && ($tmpm > 0)) {
$ID[$N] = $tmplist[1];
$WISN] = $tmpW;
$m[$N] = $tmpm;
$sigW[$N] = $tmplist[5];
$sigm[$N] = $tmpsignm;
$N++;
}
}
$nLine++;
}

close ($infile);
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sub printYieldMagnitude {
print " # ID W m";
print " sigW sigm\n";
for (my $i=0; $i<$N; $i++) {
printf "%3d 54", $i, $ID[$il;

printf " K7 .3E", $Wl$il;
printf " %7.3f", $m[$il;
printf " h7.3f", $sigWl$il;
printf " %7.3f\n", $sigm[$il;
}
}
sub logl0 {
my ($x) = @_;
return log($x)/log(10);
}
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B.4 mbWfit3.c

using namespace std;
#include <stdio.h>
#include <iostream>
#include <fstream>
#include "nr.h"
#include "nrutil.h"

main()
{
ifstream infile;
double *logW,*mb,*siglogW,*sigmb,L,k,sigl,sigk,chi2,q;
int n;
char str[128];

infile.open("data.dat");
if (!infile) {
printf ("Error opening input file data.dat\n");
return(1);
}
infile >> n;
logW=vector(l,n);
mb=vector(1,n);
siglogW=vector(1l,n);
sigmb=vector(1,n);
for (int i=1; i<=n; i++) {
infile >> logW[i] >> mb[i] >> siglogW[i] >> sigmb[il;
}

infile.close();
fitexy(logW,mb,n,siglogW,sigmb,&L,&k,&sigL,&sigk,&chi2,&q) ;

printf("mb = %f(+-%f) + %f(+-%f) * log_10(W)\n", L, sigL, k, sigk);
printf("chi~2 = %f, q = %f\n", chi2, q);
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