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Nl is cel ia i re o u s  Paper 0-73- I *J, ..~, October I ~13

~~~~ 5Th 1 CII I(AL l’.XC ~ N ~‘Fl() \ SI \C buried so deep l y t h a t  t I r e  r ock is not et ec te d . but  oid~.

MOE \ 1) 1 \ (  ; ( : I IAR(;I~S, /~ C. C Jh.’lnr ’,ri’ , t a i n t s  a mound  of rubble .  l i r e  rubble  is t h eir r e i mrse d  hv

Evp lusii ’c ’ Lxcar ’anon Resear c h Lah )ratr ,r r’ co n vent tonal hau l ing  met  h ods. lire con cept oi us r I

~~~~ n u o u n d i n r r i  c i ra r ee s  to excav at e rock is heiu ~ s tud ied  he~ ~Iuse

Project LOST C R E E K  was conduc ted  hs t i ne  it rn r a s  o i l e r  sr~1r r i t l C U n i  savi n in d r i l l i n g  and h i a s t in g  ~~st s

t e rs~ :r\ s Exper iment  Stat ion s Explosive l :\ cas a t t on in comparison w i t h  conve n t i ona l  blast urg .

Research Laboratory ( E E R L )  in 1972 to inves t i r r a te  the lii preliminary ex per rnnn en i s  at LOST CRI:I ;K .  1 1 1 c c

feasibil i ty of u s in e  n i ou nd ing  cira r ct es ( lar ee . deeply bur i ed  di l  re n t  b las t ing  agents  were  tested ii i  u r r i u n i d ’ i i c

cha r Ce s)  to excavate a th roug h cu t  in rock—such as , t a r de tona t ions .  A\ 10 pr os ed to be markedl y more ci e c t i s  c

A ins tance , a sp i l lwav . It  was desired to de te rmine  w h e t h e r  t han tWu dil l e r e n t  slurr  h l as t ing  agents . (~ecausc . ‘~ \ i t

~~~~~ such a departure from corr v er r  t ion a l tec h ni ques . ass i s ted h~ is also t i re  cheape st of the three :rge i i i  s an ii sh owed It sell

control led blasting,  could produce stable side slopes wi t h  t i re  t r o st  rel iable in detonatu ng. i t  was selected far u s e  in

a min imum of damage to the rock in the ssznl ls .  t i r e  ~l L exper i m en t.

A series ol exper imenta l  b lasts was carried n u t  to test l i e . I shaws in p lan vr es ~ t i r e  design of the  first  l i l t

E L R L s  concepts at using r i i ound i t rg ” charges far rock of t i re  NIL excavat i on . 1 m g. 2 is air end~on es’~ sI r a w i t i ~
excavat ion , cu lmina t ing  in an e x p e r i m e n t  designated t ire  t i re  design and results  of both l i f t s . The I inai  exc av at i o r r

N IL ” Series (fo r M u l t i p le Lilt ). In th i s  f inal  e x p e r i n r e t m t , appeared as shown in ic . 3.
a 30—fl-deep prototy p e sp i i l w a v  was excavated in t w o  l i f ts .  In desi g irin g the  n ro un d i i t g  blasts , t ire i i -  ~ ss s p a c i r e

Project LOST CREEK was performed in Jackson lot  the  A \ i 0  c i ra r g es  as selected on t i r e  bas i s  ol pr ior

County .  Oregon . at t i re  qua r r y  si te  for t i r e  LOST C R E E K  ir ro t i n d i ir g  t e s t s . perfornr ed hot ir a t t i r e  LOST ( R l : l :K Site

rock—fil l  dam hei i rg bu i l t  h~ t i re  t . S . .• \ r r r r r  l t i e i i i e e r  air d at an ot i re r  F E R L  test ar e a hr Colorado . l ir e

P istr i ct . Por t la i rd .  Tire site ma te r i a l  is a l i n re -e ra i r r ed  igneous between—row spacine was based air t i re  C e a i i i e t  I \ at t i r e

rock coi r in ro i r l y  called a basalt . hu t  s~ idc i r  class il ied p i t s  excavated af ter  pr ior r r r o u n r d i t r g  Cs pe r i nn e i r t s  at i t  )S1

petr ograp ir ica l l y  as an an de s i t e  oir the  basis rn ’ i t s  (‘RI : [K. I lad tire r rw s been placed too far ap ar t . t oo ‘i c.i

mineralogy.  The ro ck is fai n un i fo rm wit i r  e x t e n s i v e , a irump of u i rh r ok e i r  r a c k  would ira v e hee ir l e f t  betss ecu

irregular . ci i  seir spaced f r a c t u r i n r g .  Ti re i ’r a c t u r e s  are irot t i r e n r  : irad r h r e y  bee rr p laced too close to r r et irer . b r oken r ti c k

open , and horeholes in l ’res ir rack l e i rd  t r  he w a t e r i r e l i t . be tween t i re  rows would have caused di l ’l ’i cu l t i e s  in d r i l l r n C

On being drilled , i m n r w e s e r , tire rock par ts  along tire of t i re  i r o i es  for tire second l i f t .  The i i r t er s ai  selected proved

frac tures ,  so t h a t  NX cares are se ld a r i r  r e c o v e r e d  i rr  l e t rg th s  to he s a t r s t a c t i r s

ex ce ed i nre  I — I  2 ft .  Tire d esr g i r  ‘ f  t ire N I L  expc r i n re i t t  incor p ora ted

Tire mound in  g tech n i que is an appr oacir  i blas t ing  ‘‘ br. i f l e r  iones ’’ a l t  n ir  h o t i r  sr des of both i i f t  s N  bu f f e r  /oi r e

in termedia te  in concept between convent ional  b las t ing  ar id consist s  oi’ an arm .r~ at sma i l— dia tn e l er .  loaded air d liill ~
c ra te  n i l  g. A prodri c  t h iii blast in coirven t i ona l  bl a stin g is s temirr ed hh r st l ro les .  t i r e  det oi r at  ioi r at whic i r  ci Cat Cs a /one

conrposed oi a large number  of r e l a t i v e l ~ s i r ra l l—d i a t r rc t c r  nr f  f r a c t u r e d  rock b etwe en t i re  i r r a i i r  c l ra rges  a r id  t i re  presp l i t

blast i r u ies . wirerea s hr c r a t ’ r i n r e  a few v er ~ large expl o s ive  s u r f a c e .  Tire hu l le r  loire rs n l e s r gn r cd  to t~~~t e~ i t i re  presp l i t
ch arg es are de tonated  he ir w ti r e ground sur face .  N c ra te r in g  Sri r l , r ce  h~ ri t e i r r i a  t r i t e  t h e  sh ack t ra in  t I ne r ain c i r a r e e s

blast breaks t i re  over l y in g rock a ird also e j e c t s  it to fr r rnr  and hs t n i t e nn e  i nn a s c n r r r e  of escape t a r  ex p lasna Case s .
a c ra te r . Tire nt or r t rd ing  con cept uses a f e w  re la t ive ly  large f l e  presp ir t  spa L I n r es  on the l lrst l i l t ,  and tho se of

charges . sim ilar t r  cra ter in g charges . hu t t ire char g e s  are t l t e  h u l l e r  lanes , w ere  &les r c ied on t i re  b as i s  ~I t e s t  p i i r i ’ls .

-
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in  aL ’ k — r m n t n u n m t e d  h a u n t — c u r d  Inm ade r  s . r t i r  a t o ot i r ed  cL hnr5 - k e r
- -  sia s t rsL’ il I on  t r ~ al c lean-up .

I i ’ . shr >S V s t i r L ’ N Il . C’\~ C’ r I rL ’i r t  l u L l  L’ \ca s a t i o n u  of

__________________ 

r q I p L m  l i l t  
(~l iu ~~~

l

m i

u

i~~m i L L I i ~L i ~t 
l k s a l

_______ t i r e  r m i a i i m  c i r . n i  :es (ml t i r e  seco ir Li ml I a l e  rim t i m e  h l reu r l  m u d .

— 
‘ T  ‘~~~~‘i~~s. _______________ nra ked h is t h I ,w (ro d irr nl e  c o v e r s , l ire secl r r L l . I m t t  bh . i s t  t i l l e d

____________________ 
u r m u c i m  tn t i r L  l i r s t  l i l t  i ori~ i r s s u t h i  roc k r u b b i L  f i r  I

~~‘-.~‘ ‘~~ e _ ~~~~~~~~~ ~~ -
~~~~~~~~~~~~~ , ~~~~ ;

l ’i~’. ,“, (‘I I / f l J) / e feCi clii. l i t  mt toward the soo t/n

Sh t , l c i r i e s  in t i re  seci nm d l i l t  ssere ad jus t e d  air  t i re  basis of . I 
-

t I I I t \ C  hi ~
l
t~L

1
~~ l~~~t ti : L r L I : ~rL sr i I: i iL u~k~ 

_ _ _  

I

/ oir es were used ii i  t Ime sec t l i r d  li f t , ‘ 
“ ~~~ ~~~~~ ‘

~~ ;
i - ac! lilt Ssas H asted ir m a s i r ie le  exp losive eve ir t .  lu m ‘ 

- ‘ - - 
~~~

‘ — ~~~~~~~~~ —

each case t i re  presp l i t  c ira r ees  were  t ired lir st : tire , 
~~~~~~~~~~~~~~~ 

‘
~~~ -

h u t  I c r - / L i n e  chi . i r e es  were dena i ra ted  ~(t r i r sec  l a te r  l v  the  Fit’. ~. First lift lu/It ’ c.vcar ated. !‘/r’nssnaJ square s
USC I i  deE r s b l . i s r m n r e  c :lps~ t h e  n i r a i n r  .-\\i-’( )  ch ra r ges  were c I I r c r  ccean d—lxJ ’t c ’har~’e enmplaeenrenrt Ill /i I

d e to inate Ll  1)0 nrn s ec a l t e r  t i r e  pr esp ht charges. lie 4 s i rn iw s
t i r L  m i m i  of t i r L  l i st  h i t  tin. prLsp l i t  au rd b u l k r  lain. 

___________________ _________

Fig’. IL Ru /i/ ~lc; f ro;ç sc ’
,
co?z(I ; l1ir h/ast~ji ll.s Jirsi-k h!

Several tec h nical  p r n ~’r . n n i s  s \e re  , i s s i i c m , i t e d  ss ti t i r e
LOST ( ‘ R I - I K  d e t l i i m , r t r l n i m s ,  ~u h s i i i  t . r C e  l~an tuL ’ le .5el I1 L i t ~
irreasu re in ert t s ss crc n ir ade dr i r i i r  m ost i t  t i m e  cx peru nm r e  i l l s

l”ir~’. 4. First-/ l i t detonation, c/ low/nt ’  pr csp/u and A l t i m r utt i m t ime  tw o v cltnc it s e.rees ir r l nirinkln ’il du n i m ’  t h e N il
huJJL’r :r,,uc ’s alrcadt ’ detonated it ’l l /u  rrraioucl irig 

‘ -

charges (a / n / /a nt ’ sha rtlr’ cx per~ n en t Lii d not pr 1w ide nr earn or c l i i i  11, 1 r a . L r set ii d , i t a

were acquired l’r ou rr  ses era l  o i l me n t e s t  hl~ sts . \ m l  \ ‘s-s ic

4 b r . r r ee s  I r a s e  de t ou na t ed .  hu t  t i re  n i ai u r  charges ir av e t rot  vet  d i a u r r r r n d — d n i l l  tale was dr i l led  4 Ii h ein iu rd tine p r e sp i n i  wal l

ti red , of l ire upper l i f t  at t i ne  N IL. expe r i i rr e n t .  ( ‘ m~ l i a nr t i t i s
Tire rac k I r ag i r i c u r t e d  well because of tI r e extensive hole was smib je cted to l , r tu a t s s t r e i r e t l r  t e s t n i r e .  and t i r e

it a t i m ral frac t t i re  sS St C mm - Tine broken rock was excavated bore ir ole walls  were p it f r i  (igr a p ine ti lx’ t a r  .iii ~i .it ne t tire

wit i m two hui l doi er s :  a P.8 and a l) —~) , th e  l a t t e r  with a f i r s t — l i l t  de to n a t i o in  se r s  l i t t l e  new t r a c t r i r i u m e  i s  .u I ’ . s t i l t

s i im ej e- t  onl t i r  ripper. The ripper tooth succeeded u t  of t I r e  blast could he de tec ted ,  Tire s.r r c r ole ss j s sm ib t ec ted

dislod ging nrc k trear t ire bot tom of’ tire hlrst l i f t  wit heir . to water  pressure te s t  i n r g  before a im il a l t e r  t i re  blast  . I r e

t lu ot igh broken , remained keyed in place. In add i t i on , a upper 17 i t  r l f  the imo le was i n r a r k e d t s  t e . r k r c r  a l t e r  t i r e

-~~~~~~~~~
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blast t h r a u r  be f ore , i n t d i c a t i u r e  cen t a i u r  b las t . in idu ced I r a c t u r i n u g  iu PORtS RI ( I  N I t  ‘n ’ I’t t l I  t s t t t  I )  t r y  ‘O S

tha t  could i~~nt he LIL’t ected lo m n i  ha re lm tn ie  h n l r n t~~C n _ n l 1 h I 5
- 1 rI (I / 1/’. r a t i I r i

Nl easu r e nrr eui  t s were tr ade of seis u n u ic shin  n c k at  dist a u rL ’L’s
\ I I ~’ I , i u , n S e  (ni’ r I  th’iS—rl m muns ’ St i l t  I ( , i i r i ’ i i r  ‘i I

ran g iun g h ar m ltsOO to S l O t )  Ii and of a i i b l a s t  t rv erpr ess ure s  ( ‘oimL -reie . In I , S - R n l s t l n , L’ . \ t n s , c r r . i i  I C ’ ’  ‘ s I ~7 1- 7 , J u n  ‘I ” I ,

to ra ut i t es  nil  r hon i t  10013 I t .
• ‘ ilu’nirarnl,n -s i,aln,ratn,t~ :

I ’hre L’xp e r i u r ue i r t a l  b l a s t s  au rd  e x c . i va i tnn i n  pro s’ed t l r a t  -Vi~~ t’ Ad m it 311(1 ItTL ’.nI, L’~ lIL’ t L’ 512fl . it,l m l i t r l m  lw’ .n5 1i t i ,it i ’ ‘ I  N~ it

a s t r u c t u r a l  cu t  sucir as a s i T i h l t t . m S  ca in be pr oducL’d m r  y i n r k :  i1~ d ran i tmn  %I nnd el  tiln.’sr rC,nrn in l i . t t ~ 5 ’ , \~ , I lm j s nei l d . i t ’t t n r u t - i l

su i tab le  rock r r s r l r e  nm o unm d in g  ch anc es  a u ig i u ne u r ted  by R C I T I I T i  11-73 -1 3 . A n i ~ ~~~
- - - t lu t a tm I)ar u t I i n e cc icv t l t i t k lme jnh  I’rII inIivpL’ ( ‘t asut t ’ t t ’s s . r u  St ( -c t r n t ro l i ed  blas t ing panels , Tire ec sn i rom n tc  advair  tages oh t i re  Ill aunin n ir , j - t - i Lil t , an d I) , t - la st ian , %i iscL ’ I ia i lCI  us t~,i ‘ 1 1  t t ~~

tec i r un i L l ue  inn c n i r r p a r i s o nr  wi t i r  L a i r s  en i t io i na l  b l a s t i u t g  Sep 973,

practice will prs nh ah ly - he dependent  on tire  sem rpe nf the  •I i t ; / , j / j ( m ’ a.rti iI ’,li ’iro,nmen,ai ‘SI’S/ i  lilt J,alII,ru(I,rr -

project.  ( ;L’nr t -ra n ioiu an d Pr opa e-.nr II i t SI ICri st ’ r s l i n i s  Si l l s  i r i ’r n  I - ‘ ‘ I  - - -

-\ pote it t  Ed pro He in in t ime  use of n ioundi u n ci r arce Ii~ 3. R. Lumnd iL ’m r no d It , 0. Bem rr n . ‘4 5CC l i i  Ci i i ’  I’ m ‘ i i  St 7

Sep 1973.
is tire existence ol n i rounrds  of u n hn nke tu  rock along tine
li tnor of a l i l t , par t icu lar ly  at t i re  Clu es. Tin s problem was So,i~ anti i’am ’~’n rt ’,rts I,ahnnrarn,rr

en c r nuu r te red  j im the ML e’.L’ :m v a t i n r n m . eveir thouiel r tire t , v a l u u t uo u n  i i i  St r u c t u r a l  L,uy er s in I t e s ih t e  t’ , I t C I l I C I U  In R .  St -

~~~~ Misct ’t taun e t us Paper S-73-26 . \t .i~ 973.
b ot toir i s  of pre sp l it  and buffer - tone  i t rd es were extra-loaded

R ad i omr ap tric . Per r n l / t a p l n l c .  m d  Si - SI I s- a t u a t i n i m n  it h a u ls ? i t  . ith
in air a t t e m p t  to over co iuue it .  it  ma s- he irecess ar s to Loaded ( ‘t .i I , u S  I ) . NI . P ,n i t i c k - NI I5~Cit a I n e I IU5  t ’.ipci S-~ 3’~ 7 . J u un
incorporate  secondary blast inr g u n t o p la i ts  for a nr rou i r  ding 1973.

e x c a v a t l t n i m  itowe ver , the small dr i l l s  required for t I n s would .- t n m tn mma t jn - Data I’rat - n ’ss ing (‘enter ,

he available because of ’ t ine presp l i t  t i i n g  n r p e r a t u n n i r s .  ( ‘i t i r p u m i e r — A i t t e d  t n e s i eir m u I t I I r I / i l r l m . I i b  i - t a i n t -it Sli nt ’r I . i ie t .
55 , L. lIon t , NI r s c e t l , m n e n l u s  t’ape r  K-7 3—h , . -\ i i 2  I

The I ragnune u r Ia lion prr Id m ic ed 1w t h e  m u on n dung 1’h ;r r ges

inn tIre LOST CRE I”K test pr m ngra m was s tudied bs i s p /t wit - i /~,w’au’an url /?1-sn ’ar(’ii / ,ain ora to,”i-

c a u r r p a r i u t g  preblast f rac ture  spacings in emp lace u rr ent  S~ r si ne R e i r a d t r I l i r  I- s p t n m r n i n i n n m r  t I l l ’ i I i t ’ C i I lm ’ Sur e t n i e s i i : . i i  i i i ,

. - is It , R. Red put In , ‘tech ruca I Rep ort t —4 , Sit  I )  —

bore iroles wit lr  rubble block sr /es . It ss as a p p a r e n t  t i r a t  t i m e

rock I’rz mgui u eu r ta lion was can t r r ) J le d  1w t u e  cx t enn s ive n a t tura l

f rac ture  p a t t e r n ,  Tire f e w  lar g e slabs of rock r e n r a i n i n g  a f te r

t i re  blast tel l  apar t  whic i m urn ov ed ins tIne hul idoiers , hu t  a

less f rac tured rock n r m as  he in ane tr cnub lesome , Tire large i /mL’ /n n ’ n ’rnm ,C ann i Sn ’rn ’?r ti/ i m ’ Rt 51 cr -I ! at im ’i ,S us t t u h t t r s t i e t t  i ts
i tu e \t .n l t ’ru , n I  t - sp e r i n r l e r r r  S i ,u t l n irr  155 1 - S n .  V m e k s l i u r c . St i s s i S ~~i l ’ f l i ,

equ ipnr en I n re ct ’ssars ti 1 t ra in  die lar g e  I ragmeir ts could be m l  m cii u .uin r t , S . Ci in c r r n rr r err ,n ~’endrcs  no d i t ue research cm ‘ m r  r i r un r i r
e c n n m n i n m m i c a h h \  j u s t r l i e d  aim a lar ee proj ect ,  in ~ ‘ mic , n I  n~u i h  ihe m I l l s  -i . i~ en c d  t s  It’ s , ?  d m ! ’I it’t’ r i m i ’ a ind scl ern u r u c

mc s t i e s  eu r r e m r t t n h~inn cit i dtuC red n 5 51 S. t ri,1iii ii’s s t ru t  r cmsi tt
Tine NIL cx peritr ien t c learl y de ir ion st ra ted  t ine  i n  Ins oi the repn rt e d specific sn ub t e e l  5 ~ n i t  t ’c 5’. Ct L ’nlr rr e i l  - . I n I 1

t e c l r i r i ca l  l e a s i b u l i m s  n i t  p r n m d u c i m n e  a st r u c t & r r a l  e . sc ,us’a t unt r  s t i n mnu id r~1- .nili l r t ’sst’d no rt’spee invc a u u h m n ’ t s . ~ - S. \ t i i i s  I c us te r
\ t a t c r \ t , n \  5 I- \ pe r iumle n t  S n u n u n i n .  I’. 5) . t l i I \  I , ? , 1, t k s i ’ i i l -

wi t l m n ntu t mu rd i u r g  C hr : rn g e s  aurd c n r m n i r l n l t e L l  blasti ng. \ I l s s i s s m p p m  39t srr .
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