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The e f f e c t s  of two contained H.E. explosions i n  volcanic t u f f  were ex- 

amined by mining d i r e c t l y  i n to  the explosion s i t e s .  9ne explosion (516 l b  of 

TNT) increased i t s  i n i t i a l  shot  chamber volume of about 9 cu f t  by a fac tor  of 

about 5 and produced i n  addition some 126 cu f t  of broken rock.   round t h i s  

explosion, only na tura l  jo in t s  i n  one direction,were f i l l e d  with carbon t o  a 

maximum distance of 42 f t ,  ,and no new f rac tures  i n  other  d i rect ions  were 

developed, The 0t1ie1- explosion (973 l b  of TNT) expanded i t s  1 7  cu f t  cham- 

ber t o  1 0  times t h i s  i n i t i a l  volume and l e d  t o  rock breakage, mostly by subse- 

quent roof collapse, of 345 cu f t .  Because t h i s  shot vented on f i r i n g ,  very 

l i t t l e  of the carbon-carrying gases entered jo in t s ,  and f ractures  caused by 

the explosion a re  almost absent. The features  cha rac t e r i s t i c  of these two 

explosions are compared t o  an e a r l i e r  1000-lb explosion i n  salt i n  which', by 

contrast ,  numerous r a d i a l  carbon-filled.cracks were nroduced, and t h e  l e s s  - 
expanded chambers survived without collapse. For the explosions i n  t u f f  it 

i s  concluded t h a t  I)., j o in t s  exercised& a primary ro l e  i n  loca t ing  the surfaces 

of f rac ture  f a i l u r e ,  2) earby venting i n h i b i t s  development of carbon-marked 

fractures,  and 3) the medium undergoes g rea te r  expansion and more read i ly  

collapses a f t e r  the shot than does salt. 

(This is a copy) 
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l3-acturing and re la ted  phenomena produced by two explosions i n  bed- 

ded volcanic t u f f  within the Rainier  mesa a t  the Atomic Energy Commission's 

Nevada Tes t  S i t e  were studied i n  d e t a i l  hy mining d i r e c t l y  i n t o  the detonation 

chambers and surrounding rock about each explosion. This study was a p a r t  

of a program sponsored by the  Plowshare group a t  Lawrence Radiation Lab- 

oratory, designed t o  fhr ther  the def in i t ion  of f rac ture  geometry and the under- 

standing of mechanisms of rock breakage. The f i r s t  such s#tudy was Project  

Plowboy a t  Wjnnfield, Louisiana, i n  which the  f rac tures  from a contained 

1000-lb TNT explosion in s a l t  were napped during a postshot e x c a ~ a t i o n . ~  

The s a l t  explosions occurred during a s e r i e s  of H.E. experiments ca r r ied  

out i n  1959-60 a s  p a r t  of the AEC's seismic improvement program. A sim- 

i l a r  s e r i e s  of experiments (Project  ~ o b o )  was conducted i n  tuff1 during 1960 

as an extension of t h i s  program. This paper w i l l  summarize the  f i e l d  inves- 

t iga t ion  of f t ac tu r ing  t h a t  resu l ted  from two of these explosions i n  tu f f .  

EXPL!XI!YN CCINDITI9NS ' 

Both explosions took place in a sequence of t u f f  beds i n  u n i t  3 of the 

Oak Springs formation. Samples of the tuff  in t h i s  un i t  have an average 

na tura l  s t a t e  bulk densi ty  of 1.82 g/cc, a water content between 18 and 23 

percent, a s t a t i c  uniaxia l  t en s i l e  strength of about 150 psi ,  an (estimated) 

compressive s t rength of 5000 ps i ,  a .  sonic ve loc i t i es  from 9000 f t /sec  t o  

(This i s  a copy) 



11,400 f t / sec  f o r  longi tudinal  waves. A s impl i f ied s t ra t ig raphy  f o r  individual  

l aye r s  i n  the  immediate v i c i n i t y  of one of %e shot . s i t e s  i s  given in Table I. 

Table I. S t ra t ig raph ic  Section f o r  Shot Chamber l b . ,  

Subunit Dis t inct ive  Features of Tuff Beds Thickne ss 
No. (in.) 

00 th in ,  red-brown band (marker) 2 

buff, uniform-colored 30 

maroon-colored 14 -16 
l i g h t  cream t o  buff l ayers  a l t e rna t ing  12- 18 

with 1/2 in.  t o  1 in. red bands (marker) 

( a) buff -col ore d 11 

(b) brick red 12 

l i g h t  buff  t o  white 12- 14 

a l t e rna t ing  l i g h t  buff and red- 

banded tuff  (marker) 18- 20 

red-brown, spotted ( scalloped) 1 4  
l i g h t  brown, occasional r ed  mottled; 

a l so  red-brown, discontinuous bands 

2 in. t o  12 in. th ick 54- 66 

Pa r t  of the Hobo s e r i e s  of explosions took place i n  a d r i f t  i n  the tunnel 

complex associated with the Blanca nuclear event. Shot Nos. 11 and lh,' 

discussed i n  t h i s  paper, were located along l k e s  580 and 620 f t ,  respect ively ,  

north of the ground zero posi t ion of ~ l a n c a . ~  Both shots were detonated i n  

chambers formed f i r s t  by d r i l l i n g  a p i l o t  bole beyond the desired depth of 

explosion and then reaming a segment o f  each hole t o  a diameter of 30 in. A 

given sect ion was reamed t o  t h a t  length  which would hold Approximately the 

amolrnt of granular TNT ( ~ e J l e t o 1 )  calculated t o  produce a pa r t i cu l a r  yield.  

Shot chamber 11, which contained 973 l b  of TNT was reamed for  4.1 f t  

t o  give a volume of 17.3 cu f t .  The top of t h i s  chamber was tapered from a 

. -.+. . , 
*kt chamber, top of subunit I1 is  93 f t  below tunnel d r i f t  f loor ;  t h i s  &d 

other  beds s t r i k e  N 10  W and d ip  3 O  t o  7 O  t o  west. 
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30-in. ' diameter t o  11 3/4 in. a t  the  loading hole a t  an angle of 40' from the  

ver t i ca l .  This formed a cylinder with a truncated cone a t  i t s  top. 

Shot chamber 1h.A has only a crudely hm shape because preshot 

dimensional s u m y i n g  was incomplete. This 'chamber, which held  aYg16- 

l b  charge, i s  presumed t o  have consisted of  an 8.8-ft-long cylinder 10  5/8 in.  

i n  diameter with a poorly formed truncated cylinder of about 30 in.  i n  diameter 

near i t s  top. The length of t h i s  cylinder i s  unknknown; it was probably l e s s  than 

2 f t .  The volume of ' th i s  chamber was ce r t a in ly  i n  excess of 8 cu f t  and presum- 

ably  l e s s  than 15 cu f t .  The t o t a l  charge, a s  it normally packs, should occupy 

about 7 cu f t .  Because the chamber appeared t o  be f i l l e d  from i ts base (grouted) 

t o  the  top ( a l s o  sealed by grout t o  the  d r i l l  c o l l a r  i n  the tunnel d r i f t  f loor )  

wi th  Pelleto), it has been assumed t h a t  the explosive granules bridged upon 

loading 5.n such a manner a s  t o  allow a l a rge  void t o  dev&lop somewhere wi thin  

the chamber. 

The center of shot  chamber 11 w a s  101.5 f t  below the tunnel d r i f t  f loor.  

The center  of chamber 1 h A  was approximately a t  a 100-ft depth. 

I n  general, the procedures and mapping techniques followed in the  Hobo 
J 

excavations were similar t o  those used in ~ l ' m b o ~ . l  In Hobo a shaf t  was sunk 

' 1 0 8  f t  a t  a point midway between the  two shoti s i t e s .  Two d r i f t s  were then 

driven simultaneously along s l i g h t  inc l ines  i n  near ly  opposite d i rec t ions  to  the 

edge of each chamber. The north edge of Shot 11 was f i r s t  broken i n t o  35 f t  

from the  s h a f t  center; the south wal l  of Shot 1h.A 'was 39:s f t  away. After  the 

cav i ty  was  mapped, f rac tures  about Shot 1bA were followed by extending the  

en t ry  d r i f t  f o r  44 f t  beyond the cav i ty  center along a l i n e  which changed 100 

from the o r ig ina l  en t ry  direction.  Fractures and shot chamber dimensions 

were mapped with the aid. of Brunton compass and tape using control  points 

es tabl ished by surveying. Photographs were taken of exposed f rac tures  i n  the 

headings and walls a f t e r  each advance of the d r i f t .  

 h his, i s  a copy) 
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RESULTS 

Pr io r  t o  the eAcavations it was assumed tha t  the f rac tures  would be 

d i s t r ibu ted  i n  a pa t te rn  s imilar  t o  t h a t  obserwed about the Plowboy salt 

. cavity. The general character  of th99 s a l t  cavi ty  and the f rac tures  asso- 

c ia ted with it are  depicted i n  Figs. 1 and 2. Figure 1 shows the cavi ty  t o  

have remained i n t a c t  with no roof o r  v c a l l  collapse, although- the 1000-lb 

explosion expanded the preshot chamber t o  a volume which was 4.4. times 

larger .  Figure 2 indicates  t h a t  most of the Plowboy f rac tures  were r ad i a l  

and t h a t  many extended t o  15 t o  25 f t  from the cavi ty  (one mas traced a 

distance of 45' f t )  . Several, f ractures ,  however, were p a r t s  of conical sec- 

t ions  which emanated from t h e  top and base of the barrel-shaped cavity. 

Both Hobo Shots 11 and 1b provided many surpr ises  and were unlike 

the Plowboy r e s u l t s  in many respects. 

Shot 11 was a successful  f i r i n g  except t h a t  it vented almost i.rnmediately. 

Unon excavation i n t o  the shot  area  and subsequent removal of rock debris ,  

several  s Lriking features  me re  evident : 

(1) The cavity, a s  seen a f t e r  rock removal., was now approximately 

8.0 f t  in diameter by 0.5 f t . i n  height.* This represents a rubble-free vol- 

ume of about 535' cu f t  a s  compared with tke  .?reshot volume of 17.3 cu f t  

f o r  a 2.5 f t  (diameter) by 4.1 f t  cy l indr ica l  shot chamber.= I n  cross  sect ion 

(see Fig. 3) the cav i ty  i s  roughly shaped l i k e  a sect ion through an apple, 

(2) This apparent increase i n  volume by a f ac to r  of 31 i s  va l id  only f o r  

the condition of complete removal of the rock rubble and muck. Approximately 

425' cu f t  of t h i s  loose n a t e r i a l  was removed i n  exposing the f i n a l  cavi ty  walls. 

This' material  f i l l e d  the  cav i ty  t o  a l eve l  between 1 1/2 and 3 f t  from the  top. 

The volume of the  actual  void above the  rubble p i l e ,  computed from f i e l d  and 

photographic measurements, was close t o  150 cu f t .  Havever, t h i s  volume 

*In t h i s  paper, the term chamber r e f e r s  t o  the  preshot reamed container; 
excavated +olume t o  the space occupied by rubble and muck loosened by the  

, explosion; cavity t o  the  f i n a l  opening which i s  exposed a f t e r  rubble removal 
( i s  equivalent t o  the surface a t  the l i m i t  where rock fragmentation and slabbing, 
ceases); and - void t o  the  ac tua l  volu.me of open space wi thin  ,the rubble-containing 
cavity. 

3 h ~ ~ a v i t y '  and void volume= were computed by appl icat ion of Simpson's Rule 
t o  t he ' c ro s s  sect ions  of 11 and 1 4 ~ .  . . (This i s  a copy) 
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Fig. 1 ,  Cav&w- 
phasis): ~lov&@v , .huEaAma. 

sion cavity: Plowboy event, at - 725 ft . Numbered arrows are probe drill holes. 
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Fig. 3. Cavity of Hobo SbOt 1 1, approximately 8- 1 /2  by 8 ft  in dimen- 
sioa. Noti remnant of explosive loading pipe in raof. Black at bottom of 
pic&$e marks lirhit of expanded shot chamber after expl6eion. 
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SCALE IN FEET 

NUYlER89 I&@.: 94.8'1, REFER TO * 

Cq. Q Q Q 0' 

Fig. 4. Plan map of the excavations around Hobo Shot 14A showing the exposed carbon-filled fractures 
(solid lines) and related joints (dashed lines). Individual headings in the drifts a re  denoted by circled 
letters which correspond to the cross-sections (above and below the map) on which the orientation ~f 
fractures is  illustrated in relation to the principal marker beds (Roman numerals). 
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?;-.A a rior4mi$y o~ I&* t o  give a ,%&it mi4 ~ ~ u t s w  'I. 

? 

oP 190 cu Ptr  T&e. voZ& of m&15% in tha .ceH%y on tNa b&&e is therefom 
i ,  
I .  (-1 

3j45 ft, s o m e a ~ t  iesa .'&an- the  ate* r e v d  during ~ f t h ~ ~ & . *  me 

app&nt' v o l , ~  incmase of 3 now an so%liz+l volm %~cregse of? Ili:.?,, 
L 3 

- A -  

& 'taking  he ratio.:  of *+ wid ~O.ZW to pes&@% vct~me. 

.( 3) . The sit$ ba-alls, fi@rs? a@ roo$ 't~em a2hugt m%!L$ely &q$d Q$ 

oa;~'bdn-Pille+ fractjwes. Rc$mver, in tbe west w a l l  near the noor$  two hrof the 
, , 

pgm-mrt*ral $dint&, d~&ig N k5 IY, that pass though tne ipabltg 

(4) VenWng was acctwplished thraugh , , a 2-in. i.d. steel p ips  v&Ich 
', ,. 

extended over I W  Pt, fma the Wf.t Qki tb the tap of theb chamber. Ihe pi$@ 

ias initially sand-lilled, bnt th i s  sand Melff; but along aith $heesoapins gases. 
r, 

Thb 'p*, the bot'tom of wls-Lch in .place bat engd&b' by the mxbble pile ad a:+s 
6 J 

2 ': 

seen csn, cavity entry, was essenti&X19 t ~ M w g 8 d  md mrst have re&-d open , 
9 

on, about 418 %llf t& yieX qf: @hot ll, did not vent. The prin0ipd 
1: 
4 ,  $ .+ 

C < 

, '*.hatures asao&at& dQh %his ellpldbion ate . i l luatrsted kn Fig. G ,  which is a , - 

. & j  p ~ t 3 , c u 2 a r ~ " ~ ~ C f m :  
6 '  E. 

, +, , $1) The sh@ff ewbr, arigiaally h . o ~ ~ ~ " T l '  5.n. to around 30 in. i n  8- 
. . 

9 

Pig. &. Thia aavt-by has a ao;tum es€%mated to be rurou9ld Z& cu fi, Elmw~, 

~ i . e v a l  *ached IJU vgitbh 2''.t,o 3 ft of ma roof, at  the top e 
" 1: 

'' Ghis is a ~ w m a b ~ e  guess based on the otserostion *e the lone* part if' iC) ~ 

&b '#bJ.e had c&s4nkgra%ed to mwk, @emas %%.re uppd half w z k ~  carsp~g8d of 
%oosefy packed wlabs* 

- +b?@kl.s mtet5al na doubt, oMlb&nqd eom addli't3.0~68 &oat, &$ft n o ~ r  mc9. 
cse* r a ~ g  gjd was a180 paeked *re +I-ooee~y in tths d n e  cars; /: 
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Fig. 5. Lower 2/3 s of Hobo Bbot l4A cavity after rubble was removed. 
Cavity about 5 ft in diameter and 1 1. ft high. Note vertical fractures either 
side of geologist' B left leg. Subunit V begins just abbe  U s  waist. . 
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a Egg, 6 .  Near vertical carbon-filled fractures in roof and in face af 
Heading H, Hobo Shot 1 1 .  Black patches are water-smeared carbon. 
Light, banded layer i s  subunit 11. 
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6 .  

void volrmu, btnren E l  and 29 q. &. &smm&M 29. ca #% unl o 1@ pomsity 
i n  the mbble* tJlg da$tted t@t& ya$4"pd1dae is k2 on Et. Sin- the original 
vo3:m is not hm,,'%he s c t d  v d h  ~~~~ is &Lab uncer.taS1 but ap- 

to be about four. . 
s.' 

\ i' 

(2) Carbon-fi11ed fractures haw f&&d bx &is at. Rmver, 
~ n s % a & ~  of biin$ radiallg. &atvibw*d, a @ t m a  mar8 ~";?s+PEM to ~ 6 r ~ d a 1  . 

Bone $is& 3 b 5 ft wide &X'kndbg g e w a z y  @c@@ % be&$.qg b@lmmn N 25 W 
anid W 50 We The ma$qI.ty of frac.tures are per"tica$ $0: 7$ 9% !3$O (hw .to 
e a ~ e  -8%) in tnclination, A typi.~:aX E ~ a c t m  Ir$t.tern is dLqlayed in FPg.6 
which ahms smmra3. fractmws (8, 9* an&&J' uf F5g.h) i n  the rooif and 5x1 head- 
ing H, h p t  $&# sever& wry short araeks adjaeentu to  oaVjt;p wdZs, no ' 
fracttdes eatehd2ng in direo%tons oCbr .%ha Just speoifbd -re f a d  any6be:re 
else ,a,Mt~% the caaty. Two aleowa drimn to the e b t  and mst ipm the ohm- 
ber verified .%@ .absence of filled $&tar in these direct&ons. Wa+mse t&& Rao- 
ture 6 r i ~ t a t i e n  is naarlJr identfeal to that of locd. join%& add' '@ecau$e ~@%rd 
fraotuyes can 'be traced m e t l y  jato unfflled job%s* $t is sQggesW %ha% the 
mode of f d1.tn-e and 'eject2dk a$ eqhwion  gases about emXo@$m &abr 
was eonCr~Iled bv tip presence of them preexisting n&tu+a3 d%~rsm%b&tfp25. 

(3)- The first carbon-fflIed j o b t s  were encormtared in the entry do& 
abau-t l0 f% fron the c a d t  cenCe.r, As seem in Fig. 4, a% 11 fV fraa Zlze gbnter, 
fractme b, fo1lowhg a I4 3: 5 W trsnd, suddenly intersectrs a jotnt bmbg $J TO L 
The oarbon Wm.sSCer follows %is l a t t e r  joint  f fraetum! 51 far s . d f l ~ c @  of 10 f% 
t o  the southweatg Ombn per&@ts byand that point, ba* exaavaCion s%opped them$ 
To the $oath and eatst of the $htepeeat%on both 3tfin't;;s oantiwe by% etFe &ee .of oar- 
boa, Oi ,%& no& side of' tb ~avi%y T~actures 7 %brbugh 19 && $0 df;b8%@ac@s ; 

from 12 t o  &L &'as &m in F5p.b. E~eavat$on above the r @ ~ f  dk %he cedgJr @ ,+ 
rem&d %at f r a c t w s  7 an4 8 ,q @$@ban-f.lllsd $0 a% $ew% f3 3% &bp& %W. upper- 
most le-3: 3x1 the c'yramWs, Ga@mn and gees i n  th is  cracly m y  ham @p$p@@&d 
many more feet u m d  inasmch 6s slight gas eseape eqd ba@3r'lid@ *re a~)t&@ *fn 
the tuqme'l, fZoor $0 f% above som minutes after the q%o.E. 

( '  Im the. roof Lm~di~tEeLp above %ha chamber wnbr,  the fraaturea ap- 
proach a r ~ d i d  mientation (see Flg. and 7). A t  ddr$aotes of 4 t o  6 Pt from 
. thL aca.be,r the fpwtuqs beg it^ to follm the joifit trea8s. lhpw in the itpediate 
deinL%y of %he ohamber, %bff fraature pattern 5s d&sijn-iized bg the c.~rlS-ndrical 
shape- of %he U O ~ $ ~ ; & B ~ , ~ @ ~ S : & &  only a% disfanqes pater $ban several chamber 
.radi% do the jobks  exercise %be dominant controS; 
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Fig. 7. View of top cf Hobo Shot 1 1 wvitp, explosive loading hole in center, shoeng initial radial w 
character rlf fi-actures. Bottom of piehre ta -east; right to south. 
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( 5 )  Most of the frzctures-:are c&centxated in the upper half of Wb cavity. 
Homws, mwx& fractw@& originite in, or  extend inW, the Lqyers .&Zanr the 
axpXosio% $ d r +  Fripizrkws 1 and 2 extend outwmd W ft ~pu%hfxm the cavity 
c@ntar~: In section TI ( a g o  k) a m  s b m  several un-xxmbgwed TTtt~kure~ which 
mm fizi~lo-md fop 7. to 8 fi qo&h from the eeai&r. 

. % , 
(6)  pqrn oavlbr&f ages t o  distaaoeg of 25 'ft or mom, the main *ac- 

' 

tuses consl*,,of j Q'Ln* , f ; i l l ~ p s ,  @4, U.~ociat@d dbse  a& m m y  subsf diary 
fractures Blihich a) mrd3leX the r fpkctmres, 6) braneb .r:P affshoot, from 
%Mae$ or a) $om ~ q t Z a d . a r  and sag eegp&&a PVZ$b the n w n t  fiat- 
turns .( Fig, 8). Thlp aPfec.t, th , L2k:;re'&e% dis%mce from the cavity, 
T h i ~  oBs$rm%ick ..lablie s2 &age and new swface. developr~ent 
ccwred 'as a w@u'lt o%;. .the explosian but mem Lwalized ;tloqg the joints whbh 

&4ed up as rock abogt the aaxct,v Wnt b % o  tension. - . 
a --. 

Table XI, %he volu$x3-~%rodu&w and roOk-&eaking &ik$.ties of the two 
exploeions 11 gnd 3-48 have bee6 stx&ar;'iaea. The healuews shopmr 'only 
app~?@intations ,lpcal)se aP the un~eFtab%ies kvoImd in mea@hemnta of 
dimer@ion~ and $n ~ 0 ' 1 . .  ca,%datOlx8, 

', r 

4  able 11. Significant Changes i n  Volume Tor  §hots' 11. and m. 

shot Na, &I. Shot No* I./& 
vol&L< 

,* fioi$s@iifi. ~ ~ 1 4  10.5 - 
- 3 

4.7* 
"k*$*$&* " , Cihmber: ' 

. *+ , - fi . 1 , ;  2 -  ' "b.. . ,  
6s " ?T*$@Mp; - 

, , . .  

. ,  ' . '  
I .  - - -.- *:r 7 

I 
' ?i *' 

Q* 25 
!,. :* , -2 ' e C ,. '-, 

' i ~ ~ ~ a w ~ ~ .  ,,4; i.p: . *- - 0 
,? " 

Lg&eas~ hl ~%w/m%% kbqp: " - , - : I 

* .. . . , % 2 ,A' - 
V@l, ?c: VoT . .I 7. .L 

. ,,.: @ B & ~ F  
- S t .  - . - %ppg~] Q& hb r . . 

k?. 

~.o&P"cu %/lb 
: - yle38 , - - -I";- 
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Fig. 8. Face of Heading E, Hobo Shot 11, lookirtg: nmth. Note ~rsslch- 
ing and subparallel split.t&ng character of fracture &ps€6th. Subunit I1 is (2 
prominent banded layer in cent-er of picme,  The bla& blotches.are car- 
bon ~.t;akns made by percolatihg grbund water, 



I NTE3?PRETATI!7NS AND C9NCLUSIONS 

Many of the  following comments on the r e s u l t s  represent t en ta t ive  con- 
clusions and, i n  some instances, speculations by the  wri ter .  The v a l i d i t y  of 
some of the in te rpre ta t ions  below is l i ini ted by the  inadequacy of preshot and, 
t o  a l e s s e r  extent ,  postshot data. 

(1 )  The Hobo Shot lb demonstarated the  importance of preexis t ing dis- 
con t inu i t i es  i n  control l ing the manner of rock f a i l u r e  during the explosion. 
The existence of jo ints ,  together with the re tent ion o f  gases within $he cham- 
ber, provided a ,pa r t i cu la r  combination of f ac to r s  which permitted the rapid 
en t ry  and deep penetrat ion of these gases in cracks t h a t  opened up during the 
passage of the -:prbary shock and perhaps a l so  re-opened upon f e $ u ~  ' bfc the 
re f lec ted  shock waves. It should be noted t h a t  the  e a r l i e r  Blanca event, some 
600 fl. away, may have opened or  otherwise weakened the  l oca l  j o i n t s  in the 
Hobo area. 

( 2 )  .Comparison between Plowboy and Hobo f rac ture  phenomena po in t s  
up an e s sen t i a l  difference between a homogeneous ( s a l t )  and a jointed ( t u f f )  
medium. .The salt f r ac t~ i r ed  appro$.ma.tely as expected f o r  a homogeneouo 
medium2 Radial cracks were prevalent; the departure fcom idea l  d i s t r ibu-  
t i o n  about a "spheren was a function of the ac tua l  cy l indr ica l  shape of the 
chamber. The tuff ,  however, ruptured according t o  control  exexciSed by the 
jo ints ,  the dominant surfaces of weakness, producing therefore  a s ingle  ax i a l  
planar zone of f rac ture  fa i lu re .  It i s  l i k e l y  t h a t  the  r e l a t i ve  d u c t i l i t y  o r  "soft-  
ness" f the  t u f f ,  as evidenced by i t s  low compressive s t rength and flow prop- 
er t ies[  inh ib i ted  the  development of new major f rac tures  during the explosion, 
with r e l i e f  of s t r e s s  being accomplished mainly by expansion across jo ints ,  

(3 )  In  plowboy the  f rac tures  a t  the cavi ty  surface were open gashes t o  
a depth of 6 t o  12hJ.' Nothing s imilar  was found i n  Hobo. A s  seen a t  several  
remnants of the pre-collapse surface of t he  expanded chamber wall,  the frac- 
tu res  were t i g h t  ( l e s s  than 1/10 in. wide) up t o  t h a t  surface. However, it is  
s ign i f ican t  t h a t  the number of individual  subsidiary f rac tures  associated with 
the main carbon-filled j o in t s  increases with decreasing distance from the shot  
chamber. These have the e f f e c t  of ra i s ing  the t o t a l  volume of a spec i f i c  f rac-  
t u r e  system i n  the v i c i n t t y  of the  cavity. Such a system may be analogous t o  
the more open p a r t s  of f rac tures  observed a t  Plowboy. 



(4)   he most obvious v i s i b l e  difference between 11 and 1&, the absence 
of carbon-filled cracks in the f i r s t  shot, i s  a t t r i bu t ed  t o  the venting t ha t  oc.- 
curred during detonation of Shot 11. This venting probably began e-arly i n  the 
explosion event and may have been completed by the time r e f l ec t i on  shock 
waves returned t o  the cavity. This suggests t h a t  the  appearance of carbon- 
f i l l e d  f rac tures  i n  the t u f f  depends on the  re tent ion of explosion-released gases 
which may a id  i n  the  formation and maintenance of open spaces and a l s o  serve 
t o  carry carbon i n t o  these spaces t o  del ineate  them with noticeable deposits. 
For Shot I1 the  existence of preshot j o in t s  was i n su f f i c i en t  i n  i t s e l f  t o  promote 
the  development of f i l l e d  fractures.  These conclusions, however, may not be 
applicable t o  media with d i f f e r en t  proper t ies  and discont inui ty  dis t r ibut ions .  

( 5 )  I n  con t ras t  t o  the  explosion i n  salt, the chambers around both ex- 
plosions i n  tu f f  experienced some collapse. Each chamber had been expanded 
by a factor  exceeding 4 before t h i s  collapse was i n i t i a t ed .  . f ie  collapse and 
accumulation of rubble does not appear t o  have been caused by general frac- 
tu r ing  of the  walls. Rather, the rock debr is  which f e l l  i n t o ' t h e  expanded cham- 
ber appears t o  r e s u l t  from a) spal l ing immediately following the  explosion ;as 
the w a l l s  went i n to  tension during the  a r r i v a l  of re f lec ted  shock waves and 9' 
slabbing of the  roof and upper wal ls  over an extended period a f t e r  the shots, a s  
caused by s t r e s s  r e l i e f  i n  the cav i ty  arch, aided no doubt by the e f f e c t s  of in- 
flowing groundwater .* 

The evidence from S h o t 1 1  favors roof slabbing a s  the  pr incipal  rnecha- 
nism of collapse. A t  the base of the cairity w a l l s  there  appears a conspicuous, 
near ly  hemispherical remnant of the  o r ig ina l  chamber wall  in i t s  emanded 
position. From a measurement of 7.2 f t  a t  i t s  maximum breadth, t h i s  cham- 
ber  wall,  i f  extended i n  the shape of a sphere, ~Vould include a volue of 230 
cu f t .  This agrees reasonably wel l  with the  estimate of 190 cu f t  f o r  the  t o t a l  
void volume within:.-the cavity.  By p lo t t i ng  the out l ine  of t h i s  expanded cham- 
ber on a cross  section through the  cavity, with the center o f  t h e  chamber coin- 

I cident  with the explosion center, it becomes apparent t ha t .  the majority of the  
rock debr is  must have come from the roof and upper walls. This viewpoint i s  
supported by the  observation t h a t  the present .roof is  several  f e e t  f u r t he r  from 
the center of the pre explosion chamber than a re  the  wal ls  and floor.' 

96 : .  Both cav i t i e s  were "wet," with several  hundred gallons of water drained 
out during entry. Par t  of the rock debr i s  had been softened t o  a clayey muck. 

(This i s  a copy) 



(6) The data  in Table I1 a l so  indicate  other differences between Shots I1 
and 1b. The dif ferences  cannot be a t t r i bu t ed  t o  the d i f f e r en t  y i e ld s  as  these  
should scale  f o r  the two explosions, nor do the di f ferences  follow the s l i g h t  
var ia t ions  i n  medium propert ies.  It would appear a t  f i r s t  glance t ha t  these 
differences a re  r e l a t ed  t o  a grea te r  effect iveness  i n  expansion and rock 
breakage f o r  Shot 11. This i s  surpr is ing i n  view of t he  +nting t h a t  accom- 
panied t ha t  shot, f o r  e a r l y  l o s s  of gases would be expected t o  reduce the ef-  
f i c iency  of the  explosion. 

It i s  not c l ea r  which, i f  e i t he r ,  of these shots produced e f f e c t s  t ha t  
could be considered as t yp i ca l  o r  normal f o r  a completely tamped explosion 
i n  tu f f .  Shot I@ may exh ib i t  reduced e f f ec t s  because of pockets or  gaps tvithin 
the Pe l le t01  charge resu l t ing  from incomplete loading of the abnormally shaped 
chamber. This could have l e d  t o  an uneven o r  par tka l  detonation, non-uniform 
and asymmetrical passage of shock waves i n to  the surrounding rock, and 
p a r t i a l  decou~ l ing  or  a t tenuat ion of the emlos ive  energy. 

No adequate emlana t ion  fo r  the  e f f ec t s  observed i n  Shot I1 has been pro- 
posed. A greater  r e l a t i v e  volume of rock debr is  could be accounted f o r  by as- 
suming more e&nsivef3~oof and wal l  collapse about a l a rger ,  more unstable 
postshot void. But the reason f o r  the void i t s e l f  being r e l a t i v e l y  l a rge r  than 
1 b A  i s  not  obvious unless it i s  postulated t h a t  Shot I1 i s  typ i ca l  and 1h.A is  sub- 
normal. The ro le  t h a t  venting played i n  the cavi ty  development and h i s to ry  i s  
a l so  not d iscernible  from the  f i e l d  evidence. Venting would reduce, perhaps 
rapidly,  the i n t e rna l  pressure of the void. I f  this were t o  occur by the time 
t h a t  re f lec ted  shock waves have returned, the  e f f e c t  would be t o  f a c i l i t a t e  
spa l l ing  by increasing the nressure gradient  between wal l s  and void. 

(7) One ob jec t i -~e  of the  Hobo study was t o  compare' the  charac te r i s t i c  
phenomena of an intermediate-yield H. E, explosion t o  the features  associated 
with nuclear explosions of much higher yields. There are  several  noteworthy 
differences. The Rainier event3 produced a cavity,  (before collapse) whose 
actual  radius i s  only 0.57 .and 0.LL t h a t  whit r e s u 1 . t ~  when the r a d i i  of the two /" Hobo H.E. shots  I1 and 1b are scaled (by 3) up t o  the same y ie ld  as 
Rainier  (1.7 kilotons).  I n  the scal ing the r a d i i  used were obtained by recalcu- 
l a t i n g  the volumes of t he  t o t a l  voids a s  equivalent volumes of spheres. The 11 
and 1@ voids would occupy spheres of 3.6-=d 2.2-ft r ad i i ,  respectively.  
A t  face value t h i s  would seem t o  imply t ha t  H.E. explosions, a t  l e a s t  a t  lower . 

yields,  produce l a rge r  c av i t i e s  than nuclear explosions. However, d i r e c t  

(This i s  a copy) 



comparison ~ e t h  Rainier i s  complicated by the  absence of melting and vapor- 
i za t ion ,  the influence of jo ints ,  difrerences i n  scaled depths, and probable 
differences i n  mode of collapse which are charac te r i s t i c  of explosions of the 
Hobo ty-pe. 

Detailed excavation around Rainier has indicated tha t ,  up t o  several  
tens  of f e e t  beyond the cavity,  the tu f f  deformed p l a s t i c a l l y  and adjusted by 
flow i n  response t o  the large  shock pressures (hundreds of k i lobars)  which 
affected the rock i m e d i a t e l y  adjacent t o  the cavity.3 Under such conditions 
extensive f r ac tu r e s  connect @g with the cavi ty  apparently were not developed 
and preexist ing jo ints ,  which may have opened momentarily, would be e f fec t -  
ivel-y closed. The absence of such f rac tures  would prevent the  escape of radio- 
a c t i v i t y  by t h i s  mechanism. Thus, any la rge  unconnected f rac tures  which 
originated a t  some distance from the  cav i ty  would not  be recognized as explo- 
sion-related because of t h i s  ab,senee of enclosed rad ioac t iv i ty  (analogous t o  
carbon-filling). Recent digging i n to  the p l a s t i c a l l y  deformed t u f f  below the  
lower hal f  of the Rainier cavi ty  has revealed t h a t  the close-in deformation was 
more intensive and complex than o r ig ina l l y  believed. Some i n t r i c a t e  under- 
thrust ing,  block faul t ing,  and gash-like ' f ractur ing have now been i den t i f i ed  
i n  the 25-ft zone adjacent t o  the cavity. Up t o  now no long ontinuous frac- 
t u r e s  analogous t o  the opened Hobo jo in t s  have been observed.f I n  Hobo the 
neak shock pressures were too low t o  i n i t i a t e  and sus ta in  the  ltself-sealing".. 
p l a s t i c  deformation t h a t  r e su l t s  when the jointed t u f f  is  overstressed by a 
nuclear eliplosion. Such p l a s t i c  deformation ap ea r s  t o  i n h i b i t  extension of 4 connected f rac tures  t o  considerable distances," 

+b Recent work around Blanca and Logan nuclear events has shown .the presence 
of radioactive f i s su re s  ( some apparently concentric) ; these are now being exam- 
ined by d i r e c t  excavation i n t o  the cav i ty  area. 

** It 2s evident tha t  the distance t o  which Hobo jo in t s  are carbon-filled cannot 
be d i r e c t l y  extrapolated t o  the Rainier  y i e ld  by conventional w1/3 scaling,  as 
then one would expect radioactive j o in t s  t o  extend a s  f a r  a s  1700 f t  from Rainier. 
Nothing l i k e  t h i s  has been observed, although bedding plane movements were 
recorded a t  distances g rea te r  than 1000 f t 'from ground zero and j o in t s  a t  the 
mesa surface were opened up upon re f lec t ion  of the shock waves. 
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I n  summary, the Hobo shots  have shown the  r e l a t i ve  importance of geo- 
l og i ca l  d i scon t inu i t i es  and of venting i n  the development of recognizable frat- 

' tu res  associated with an e!xplosion. The shots  have shown fu r the r  t h a t  there 
are notable dif,€erences betiveen a low-yield H.E. and a high-yield nuclear ekplosion 
i n  tu f f  i n  the manner i n  which t h i s  medium responded and i n  the  features  
produced. Experiments in other  nedia (e.g., grani te  and limestone) w i l l  be 
needed t o  demonstrate whether the pa r t i cu l a r  e f f e c t s  observed in Hobo were 

' pecul iar  t o  the explosion chamber conditions and t o  theproper t ies  of the 
medium o r  represent ins tead a general case f o r  layered 'and jointed rock. - 

I gra te fu l ly  acknowledge the  s u p ~ o r t  given my by personnel a t  the Nevada 
Test S i t e ,  and i n  pa r t i cu l a r  wish t o  thank V J i l l i a m  D. Richards f o r  h i s  ass is tance 
i n  manping the Hobo excavations. This work was performed under auspices 
of the U. S. Atomic Energy Commission. 
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