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INDUCZD SEOCK PROPAGAllON

ON TEE

NON+ROLIFWA TION EX?EFUMENT”

NIRODUC’I13N

Tk Non-Prdiriion
Ndional tiGllOry ~),

prodluxl which may & Used

Expcrimcnl (WE) w= planned and canduclcd by IAwrcmx Liwmnorc

The glchal djcdivcs of Il_w lcsl - 10 invcsl.@c wtwlkr cignals are
10 Misrnically diffcrcnlialc a Iwgc ccmvcntinal cxpltin horn a nuclear

explosion d to calibralc Ltu cmx~ r-ckxd [0 previous nuclw tirms. Tbc cqx-irmnl was cmcluclcd on
I.IMNcvxla TcsI Sik (NTS) in the N-tunnel mmplc~ the site of nurrmms Prmicus rwka.r mmnls.

l%c-rcforc, w gcdogic rmxlh should bc a cmnaMI in Ihc armlysis of tismic signals prduad by Ihc NPE
cklorW_ion.

TIM lCSIcamskkd of ~rox.irrwcly 2,9 million pxnds of a 50-50 blcrd of A.rruMnium Ni~rak-Fuel
Oil (ANFO) and emulsion in a 15.2 m dimn.cter by 5.2 m high righl cylinder (lbc cxphmivc charnkr),
DchxW.ion ocarrcd cimulwKOJSly al Uuu Iaations along he chandx.r axis. TM LIcfincd ti: of lhc
cxplocivc charnba was i WI CICC!a.ircra.flcable arwhorcd from W (adin&) to invcn (floor). This Iaalion
was referral 10 for nrrvcy p.upxcx M lhc Users Working Point (UWP) but W n04 Mhdly coincident Wit-h

lhcp-hnrd WP, ~@.mncd WPWas0,177mwtsr and 0. Wlm-lti tiW, a~~of 0,178 m.)

All rcf~ witi bc 10 h UWP. A c-omplde dcxn~on of lhc explosive cmplaamcn~ includrng the
ti+cmlor ~m their emplaced lwalIons and [k mcnl timing is cnntincd in I_hcexplosive
pcl—forrrwx * (n.

Tbc h Alamas National blxxa[ory (lJX Alamos) group P-15 participated in lhc NPE 10 clw-acIerim
IIM explosive pcrforruan.a and [o char-ac[criu IIIC[imcdcpcndcnl SW wvc propagating lhrough the
salurald luffwlwnd.1 ng the explosive clm.rnlxr. This rcpfl addresses lhc second subjcIx II-Kregion beyond
II-Keqhiw clamber, &Imc rcfcrcmx 10 [he rcsulls report.xi in lhe e.xplosivc pwforrnamx rcwfiMW k

~.~1 ‘~nkition in [his region imnsis[ccl of [w~lt~ CORRTEX sensing clcmcnLs for [he limc-

:J_kwwk mJ~byti LWSwa Dq-wkmmcfFJWD
Imlic ~rn~ ~rfl ~ ilam L-Ik lid Orrtrmma
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Figw-c 1. Engineering she plan for l.hc non-proliferation cxpcrirncnL

ASM gauges w instdld m 2.0 m and 5.0 m from the drill hole collar rcfcrcncz in the 12
diameter pxtions of KH-1 and W.-2, Drill holes W-I-4, KH-5 and KH4 were -h 12 inches in tier
and 20 ftzt long. Each contained LWOASM gauges nominally at 19 fed and 17 fed from UKchill hole cmllar
rcfercncts, A final pair of ASM gauga were indlcd adjmxnl to tic FQtlal end of drill hole KH-2.
Ixcations for k hwlw gauges MCindicakd in Figure 1 and lheir radial dvslmces from lhc UWP arc
included in Table 1. The slant chance h [o LIW planned elaation of the center of lhc eqdosivc chamber lx.

on (he UWP. Ile horizoJImI distance is (he distance a( [hc gauge ckwalion kI [he UWP.

.
‘l%c-q elcm.ml klgna(ian ~ and K-mm wwwwxu and wII k Iued Inkrdungabl}
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CORR’fEXDATA

TIM * ~xltal and d,im,scd in this rqmrl arq of ~ an extension of thst prcsental in
rcfcrcna 2. BOmm * CORRTEX sensingclement was installai with two geometric signatures(loops)
intkcxphxiw ch8mbcrand Uuwin thc”frce freld”rcgiom thodatarhaion p-could uscthekrwwm
locationsof M ~ to determine the propagationvckity of pulsu in each - clement at the time of
the datouslion. This -U in a more accurate oompulation of the shock kation along the path of tie
installed smsing ckmcnt. Standard CORRTEX data rcduclion pdum were followd in producing final
data w fbr ~ -g ~nt. Table 2 summarizes some itiorrrwion relative to each ~nsing clement,
lMluM is the ~ *Ic type and the the of first crush in the “fra field” rnalium (the ~ drift
COW ua ● projcdon *USC of their loopback into the caplosiw chamber). Different csbk types arc used
kausu of dMrhg physical chamkristics (such 1/4 inch csbks vs. 1/2 inch cables) and crush thresholds,
Ihc shockp~ at which tha sensing elemcnl cxascsto crush uniformly. The data will show which of Ihc
installrxlable typeshave the Iowcr crush Ihrcsholds.
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Kl”
j@

K3
K4

J@
K7
K8
K9

K1O
K1lM
K12M

K
K
K
K
K
K
K
K

abk7ypc

FSJ1-50
FSJ1-50
FW-50
FSJ4-50
FS31-50
FSJ1-50
FW-50
FSJ4-50
NM(I

RDXI-50
FSJI-50

RDX4-50

Fii Cnsh (as)

..444to.m5
Lu3M.w15
L45MMXM
1.384M.M5
1.38!M.005
lm388M.a35
1.372MMM5
1.L79M.W5
1.375MMM

WA-

1.304M.015
1.305MLO15

-lbtbmgivm alw~aallacuwy*7. bmulilttIc apkaiwd18mba. fbepcka
srlti*~&ia ~~toqKdbcrlm ~ttnarplo8ibwdaltu.
●mK40Una~~~ AapdjUmaWSidE dmCXplaiWdm4Xr.

Tmdalab wiutikaamirld as IUXJrdini the saw inducul shock along the individual
insMation @lwthsf@Kl, K2and K3 inclritl hok KH-l, Ue. Whenmmparing data&wecnscnsing
chxnents inslalkd togctkr, their position refcrencc will be their rxmmon pint upon exiting h explosive
ChSmbCS.h ah “mwdhion @& the position on each wining element at the drill hole COllarrcfersrux was
carehdly 6.xcd For -q K1 and W each contained 2.0 MC@ Imps, 28.0 to 26.0 mcte~ at the W-l-l
driU hole a)lkr rcfkmx. The 26.0 meter mark on K3 wasmadetocoisteidcwilhthissameposition.
ThcrdorQ the psition along the sensing clement at the drill hole dar rcfcrcmx is very precisely known-
Tk mmc situation held fir ICI-I-2and KH-3. For KIO, KI i and K12, the loop back into the wIosive
chamber was plod prmiacly at the 25.0 m mark on each sensing clement. The secondeomparkm till Ix
bciwun dikrcnt exit pat& suchas, K.H-l and ICI-I-2, etc. In this ~ lhc data position till k- mfercneed to
the UWP, that i!&radial dala lion! the LJWF.Timing is to “minimum boost=,the minimum time required for
boesterbreakout.

The ICI-I-l Data

Fi~2d3~t d* Mmm@wmof Wk&m*fmm W-1. Onthcscakof
Figura 2, the Kl, “K2andK3 dataamaincident to about 5.0 MS. ‘Ik Figure 3 plots show the differc~ K3
- KI and W - K2 m@ivcly, over the initiat intends. The mean difTercmx is 4.025 m for K3 and KI and
4).030 m for K3 and K2. This is cxrxllcnt agreement between the Lhre ind~ndent measurementsof tlw
indud thrxk location in the K.H-l dircct,iomwhich representsranges of 8,0 to 20.0 m from UWP. Clearly,
tbc K3 sensing elcmcntj 1/2 inch FSJ4-SO, has a lower crush threshold Ihan either K 1 or K2, both 1/4 inch
FSJ1-50.Ex@e~ hasshownthatwhen datii begin to stair-step, as tk K3 record exhibits in Figure 2, that
the shockIooation k the upper envelope of tic data. This is indicated by the dashed eurvc.

The KH-2, KH-3 and Aoxss Drift Data

The M-I-2, KH-3 and wxcaa M data will be presentedand compared in lessdctd, Figures 4, 5 and
6 present the Lhrecrecords in each of these “fr= field” paths. The plot scalesare the same as for Figure 2 so
that the mqjor diffcrc~ in the indued shocks, as m- in the separate exit paths, is apparent.
GcornowIccomocdonsand rcfercn+x 10 a common point have not yet been made in these data acts. The
d.iflcromx information dtown for K.H-l in Figure 3 is summarized for all sensing clcmenls in Table3. 111
each ease,a lower crush threshold cable was sehxled as the standardagainst which Ihe other Iwo dala records
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Figurc4. DrillholcK14-2data.

Tlw installation path for K7, K8 and K9 was through the KH-3 drill hole to b explcxive chamber
eaxss ML ~ be KH-3 ad wxss drift sensingelementsjoinecL &@ as a bundle were routed linearly
along the drift Ml rib. The transition of the sensingelements from KH-3 10 tlx ~ drill is markd in tlw
data record d Figure 5. Intcrcadngly. at this ; oin[ the KH-3 sensing element rqm- 10 the induced shock
improvedc@ndckrably,possiblyindicating a higher pmsure in the grout 6WXI ~ drift than in the KH-3
dril! hole. As ● final note. the KH-3 data can be mmpred to the acaaa drift data 810ngtheir common path.
The 61.0 m mark on each of the KH-3 cables was instatkd aincident with the 57.0 m mark on the access
drift cablq a dif.fererm of 4.0 m in cable length [o this oommon point. Cwpuing the K9 data (W-I-3) to
the K 10 data (acocssdrifl) over WWCralintervalsbqond the transition point }Mds a man M! erencz of 4.003
f 0,110 m. AgairL cxtrernelyCawsistentagreementbetween [he independently reduad data.
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3--K3, Orili hole KH-1

4--K4, Drill hole KH-2

ft--Kl0, Recess drift

2. 40 6, 8. 10. 12. 14. 16. 18. 20. 220 24- 26.

TIME(MS)

CxMW73x UlaSUfd ahockinduczdintothe saturatedtufZbeyond theexplosivechamber.

obsesved earlier that K4 c.exxi responding to the induced shock much earlier than did K3.
Figure 7, based ona oommon refq m.dm this ai%mce clearer. Also K1O from the acxxss ~
ahlmgb lagging behind both K3 and K4 in early ti~ continues to mqxmd well beyond the range of K4 but
still behind K3. K1Ois a cable type which typically has a lower crush threshold than the cable &p of K3 and
K4. ~WiS1-_ ~mtibd~to tisWi~~into ti~tofti~ti~ti
groutfilled hole KH-1. To fiuther support this tibscrvatio~ it is again noted that K8 and K9, which are both
FSJ4-SO,the same as K3 and K4, from their tmnsition from KH-3 to the ~ drift were in excellent
agreement with K1O{4.003 m w 4.0 m diffiirence in cable length). Therefore, in just the three instrumented
directions of m-l, KH-2 and the ~ m there&w measurable ~erences in the induced shock wave,
both in terms of the apparentshock pressureand the timedependent radial position.

Examining the data tim a Werent perspective, however, may perhaps yield additional insight.
AMougn it is dif!icult to observeon the scaleof Figure 7, there are early time differencesbetweenthe K3 and
K4 data.Figure8 k anenlargement of that data which makes it chxcr that there is an apparent constant
difference between K3 and K4 which persists to 4.0 or 5.0 MS, before K4 begins to fall off. The insert in
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Canthis apparentconstantdikrenabeexplained? Forapossible cqbatiq it is ===Y to
eXaminetkexplosivc bumatthccdarsofdrillholes KII-I snd KH-2. Based onsurvcy, thedistancefrom
W (note W is the M Ioeation of the cznter or axis ofcxplosiou ava@le) to tk KH-1 collar is 8.557
mwhiloto LheK2i-2 collar it is 7.910 m. lbth collars were- the saowekvation, which was just sli@Jy
above tklower of thethrec kvelsinarumen ted with CWR7ZX in the explosive chamber, The time of
-~~d * b COQ- XKH-2, as determined from the mrumxdatais1.389 ma. The first
ramrdedpoiotby K3 in KH-1 was radiaUy8.615 mat 1.459 ma. However, the induced shock as meJsured in
KH-2 was 8.248 m radially ffom UWP at 1.459 q a diff~ radially of 0.367 m. This difkenee is
X**titi Wtio@~qltiw W~@*W-ti~ter ti*t W-l
oollar, fitster than the indumd shock was traveling in the saturatd tu!Vgrout at KH-2. ThedorG although
theshock indumlat tlw KH-lcoUar omurred later, itsgmater rad.ialdstaneoplacz dtkindueedslw~ into
the .wummding medium rwiially ahead of the inducd shock at KH-2. Is it just coincidence that K3 is, on the
aversgcj 0.338 m ahead of K4? The 0.367 m radiaJdifference at KH-1 and the K3 - K4 difference of G.338 m
are WI within the experimental errorbudget at 8.0 m fmm [WP!

ASM Thncs+f-Arrival

Determining a cmmparabieCXXWTEX time-of-arrival for the ASM gaugeslocated in ICI-I-l and KH-2
is simple becausethe sensingelements were installed with the gauges, two each in K.H-1 (AI and A2) and

9
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coRR’fManddimmmalt osdy f-exit pathsfmn theexplosivechamba. The&A rq xted have
beenSkOwSttObeatdltdyamSiatm ttiti~hti: ptidinm-~Wa*t~K~-3
and~driftj. Somcexit pathashnwed different responses. Thcaensing dementa insdkdinK H-2
eeasufm$podiq totkdiatin ginduce dshock%tabat 38.0mwhik the KH-land acccssdriftaensing
elemcak located on ather aide of ICI-I-2,continued to respond to beyond 60.0 and S0.0 m mapectively.
~titi-~~ti ~bksemting dtiitihtm~d b-s~ontic
sensing cbccnt68r8 not a@ficantly different in each exit Mth and the cable msponae3 indicative of shock

P~*am*w~ in the radiating shock pms’Jfe.

‘f’b inducd slmck monitored in KH-1 uniformly prcxxdcd t.hcshock in KH-2 and both differed from
the ShOCk&Wll th ~ ML The differciix iu *i data from the KH-1 ad KH-2 exit paths appears tOb
the result of 8 diffbs’esxcin the radial distancesof the ICI-i-land WI-2 drill hole collars from the detonation
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