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ABSIR^Cr

Coal Ba.tn/Sf Pota6d/ r.

. dJ . cen t  r o  h l 3h I y  33 r  . . t u r . r ed  13ned .  b6 r r l v

.nd sln.e rhe b.glnntne .f !6t! cetury ior.

the l5O0 drbuFrr h6ve o.cnr..d tn for

. x t . t l na  o l n€ r ,  l n c l ud lq  1295  t n  t he  i o . t

har.rddd nrne NoE Rud3. Pr€v.rltna p.rt of

dtoxlde/corI ortbur.t. of

. j . c t . d  Ees€B  50 -5000  t onn€ . / . v . 200 / t . nd  A . !
volun€ relea..d rron 2OO nl !o 8O0,OOO nl.

Iti.Anltud. ol rh€re phe.oEend Ir Arorlns wrth

l he  d€p rh . . d  f o .  p res .n t  €x t r ac t t on  t €v€ l r /

375 -753  n /  my  b€ . xp r . 36ed  by .  f o rmra l

t 4  .  L , 25 tH -1OOt ,  uh€ r€  n - ' . r s . .  eJ€c r . d .

t  r nd  H  -  d .p rh  o f  € r t r . c r r on ,  n ,

R .gu Id t l ons  ob l lB , r o r y  h r rhe . ro  c r l l  f o r

t o  be  b .d€  1 .  3  n

1on3 .nd 42 nn dla. bor€hol€! 43c€r nor nor€

rh€o  25  D . l o . 3  Lh .  l o .A la l r  f ac€  6nd  l l k l ds

sdap l€  o f  d l l t I 1 . 9 .  f o r  d€ lo rp r l on  t e ! ! 1 . g ,

C r l l e r i a  o f ,  h . zd rd  a re  f o l t@ lne :  p r c6 . l r e

h tgh€ .  t h€n  l 0  k? .  / f o .  co , /  n r  30  kPE  / r o r

CHt /  . ! d  d€so rp . t o .  bo le  t h rn  1 ,44  cnJ /a ,  t h€ae

6ac r . f 6c ro r y  beca l s .  m6ny

ln  sp r t €  o r  l d  v . l ue .  o f

p3radt€r8 @$ur€d ,nd for sevedl rtms no

6 f re r  l e r y  h tgh  vs rues  E r€

obiat.€d. Ilor€ore., ob8€rv.tlos 3h@ thrt s

hu8e D.lorlry or .ase d.hu.3r€ occuried 1.

c@I E.Lened by local g€o1ostc.! d16torrlm,

In order to 1oplove Dredt.rld t€chnlque

po r tab le .on€  p .n€ t r l f t t e r  e !3  des ign .d  . . d

eupp l red  ! o  n tn€3  t o8e th€ r  u t r h  l na r ruc t t on .  l o r

r o .  r r p td  i n  i l r u  po in t  1o ' d

6 t renS th  t €3 t5 .  s l b8equ€n r t y ,  no re  r h rn  .

hund r€d  l o t n i  cd r r l €d  ou t  s i en

bo rh  B t renA th  t ndex  / z /  . n i l  r o l r r . €  d . t .  r e r .

r . . o rded  l n  l on8wr t l  f 6ced  and  sd ! . a  he .d tnss  o t

t h r€e  n l nes ,  I n  v t r u6 l  oh . . r v r -

r r oo .  r € re  sade  o f  c . acks .  s . s  ou t f t o ,  f r on

bo reho r " . ,  d r t l l l nS .  €Jec r l on ,  sn ! l t  ou tbu t . t . ,

€ t c .  C r6ph l ca l  . na I ya l6  o f  co . t  . t r ens th  t nd€x /

z ,  N /nn  v€ . ! ud  s . .  p re rEu r€  /  t p ,  kp . /  Ehoe . .

l l ne  d l v rd rns  r . p resen t l ns . . f .

cond l t l ons  a .d  r h€  o rh . r  - . v t d€n t  . x i r t 6nc€  o f

c r t ! € r t . n  f o .  ou rbu . r t s  p red r . -

t l on  nay  be  p ! . pos€d  ss  r o l l . u . :

Ap  )  K  .  z r  l he re  K  t 3  "  co . . t a . t  €qua l  t o

1 .76  l hen  t n1 !1 .1  hsz , rd  app€ . r6  and  9 ,oo  , h€ r

ve ry  h13h  l ev€ I  o f  r l . k  r !  r o  b€  co . . l d€ ! . d ,

l,Jherea. thla .anpl. approrch nay 6€

sd ! l . f ac to r y  enouah  l o r  p r . c r t ca r  app11 . . t l ona

1 !  doesn r !  c l a r l f y  accu ra te l y  cond t t l on .  o t

equ i r t b r t l h  €x r . t r ns  b . f o .e  r be  ou tbu r . r

f 1 1 t  r h J 6  g a p ,  p \ y s I c . l  n o d . t

proposed and boundary condl!1o.s

de r l ned  mrh€ la r r c . t l y  r oy  t h ree  f undsen ld I

f r r l u re  o l  cod l  r t h l .  s c t l ve /

1 .e .  con f rned /  zone ,  p re r . €  o l  .  ho te ,  and

f l L l d r zed  bed  ou t f l o r  o f  t he  p roduc t6  f r on

ceo log l s t .  D r .Techn .Sc i ,  E . s . ,  p ro fesso r  o r

rn3lneerlna, cenir.r Mlnlns 
qE!-E!4!-r!!9!!4r!!

. o . I  f r e rds  a re  t oca red  l n
I ns r t r ue€ t  x . r oy t c€ ,  Po land .

sou th  -  r es t  o f  Po land  c l ose  t o  czechos tova r ran

lh. Au.. LM M. Sourh.d Ou..n.t..d Ardch, Th. O@m@, pEdtcdo. ,nd Co.rrct ol
O!tb!6t. i. Cqt MIn6 Sympodon S.gr.mbr, 19OO



l9,l A. KIDYBINSKI

bo rde r  hd  nex t  t o  t he  l sneous  hass t v  o r

sude ry  noun r . t ns -  Fou .  ex1 . ! 1n3  e i nes /

Ha lb r zy .h ,  v l c l o r l a ,  Tho rez , . nd  Nou .  Rud .  /

p roduce ,nnua r r t

o r  h reh  s rade  cok tn8  coa l  , h l ch  a l t houah  on rv

2  pe rc€nL  o f  PoLand r3  ro taL  ha rd  . o . l  p . oduc -

due  ! o  h r sh  qua l r r y  o r  coa r .  s t n .e  r r s  b€s lnn -

l o u e r  r r l e s l a

co . I  r nd  sss  ou tbu rs to  and  no re  rhan  I  r oo  JBeB

'e re  . €co .ded  d l r t na  r€c€n t  30  yea r8 .  The6e

d .€  m tno r  mrhane  l nd  coa r  ou lbu re .3  3 r

l , Ja l b r zych  and  v i c ro r l d  n l n€3 ,  ne than . / ca rbon

d lo r l de / coa l  ou rbu r6 t . t  Tho rez  n l n€ '  6nd  r , r f l e

. a rbon  d to r l de / coa l

haz . rdou .  No ro  Rud .  n l n€ / sec t ron  P tas ! / uhe r€

l l 9 r . a a e B . o o r  p l a .  e  r n -  l u d 1 n 3

r6nde ton€ / . s rbon  d tox i de  ou tb ! . 3 t . ,  11 .3 . c !

€ l ec ted  anoun t  f r oh  50  ! o  t ooo  t onn€ . . nd  4 . .

uo rune  re r€ased  f r on  200  6 -  t o  800 ,000  s - .

En l6s1ons  o f  s . .  1n  coa r  3esn6  l a r t es  r r o$

b ; l os  l o  t o  30  r r / t  6nd  du . rns  n l n l ne  oPc r r -

L l on6  a0 -100  n -

sha l l d  l ev€ l .  and  IOO-?OO s l  o .  ' o re  -  l .

d . ep r r  l e l e t 6 ,  so th  t h .  nsbe r . nd  rhe  Mg . t t d .

o f  ou tbu rd t t  ! r €  S rou lns  r aP rd l y  r l l h  t he

d€p rh  o f  ex l r . c t on .  I n  ! 14 : !  t hc  € r f ec t  o r

dep lh  r a  6hdn  o !  sve r3se  t ua8e .  €Jec r€d  l n

61ns !e  ou tbu r . t  h  Nou  R lda  n l ne ,  Fo r  coa r

eeams  No ,405  and  615  ehPr r l cd l  f o rnu la  My  be

t l -  t . 2 t  l A - 4 A o /  l r l

e l ec red  / r /  and  l l  1e  dep .h

/n / ,  l he reae  f o r  f r r ec l . y  eh6 le

red  as  .  des t . es31ns  s€an  ro r  ad lacen r  co . l

seanr !h€ fornura r3 folt.ulna.

l r  -  0 . 31  / 1 { -100 / ,  l 2 l

A  rou r  l n€  t echn rqLc  ubed  ro r  Lhe  P r t d l ( -

t  l on  o f  haza rd

1 .42  m  d ra  bo r€ho le3 .  I  n

2 t  n  a rona  rhe

f . . e ,  a reo  rbe  t a r l na  o r  a  Ea f rp I€  o f  d r l l r i nas

fo r  deso rp t l on

Rec .n t l y  l es r  bo reho le6  a re  o r ren  nade  6  m

Ione  f o .  be t l e r  r e l t ab r l r r ,  o r

The  l o l l@rnB  c r l r e r l a  f o r  €v , I ua t rod  o f  l he

l han  30  kPa /c l z ,

-  sa6  p ress r re  t han  30  kP . / c l  a .  ,

-  deso rp t l on  no r€  rhan  1 .44  cn - / c i  o r

-  des . rp r l on  l n t €n61 t y /u l r h l n  2  4  n tnu tes /  ho re

3ev€ ra r  ou tbu rs t s  occu t r€d  rn

epft€ of ror v61ue6

uhe reas  rn  o !he .  c . 3es  no  haz . rd  ud3  e l r den t

a f t e .  h13h  v i l ues

Doh  t d  l he  d€p rh  o r  600  s  b l as t i ng  13

used  a6  l he  na ln  n€ thod  o f  p .e l eo r t na  t he

rhuc l  3nd  c r . ndn l r r on  b ra t t t n f l

de6 ! r . s s l ns  b ras t l ng  rnd  p rovo t l ng  b I . s t r ns  l n

3 rns l e  o r  doub l€  veb .  The .€  t e .hn lquea  p roved

to  b€  e f f ec t l l e  as  s l so  163  d€8 r . € .6 rng  d r l l l t . s

bo reho re r / 42  m  d t . . ,  6n  r ons /

r r on  rhe  f . c .  and  uo te r  r n j . c t l on  l n ro  t he  3eah ,

Hosever, b€Ior 600 ' Lhe h.z.rd tncr€a.es

s l sn l f r can r l y  . nd  l o r k rns  r he  . e *  1 . lO l2 -412  a .

one  ro r  ad l6cPn '

pan red  . eSu la r I y  by  s t r ona  ou tbu r i t s .  The

s r ronaee .  o .€  f es tu red  3 ,300  ronne t  o t  r ocks

e je . t €d  l n  a  r onav . I I ,  dnd  no r€  t h6n  70  n  o r

roaduay  . Lpp . r r  r ou r  l n€  P ' ed l ! -

rlon r€.hnrque3 and Pr.venrion

e f f e r r  l v c  Pnou8h  a r  t h r6  dep t i

f ac l o r y  ne rhod6  Eu6 t  be  deve loped .  The r€ ro re

a  . on r l n l ous  se l . uo loS i c  l nd  d l . r o3€ t3n rc

. c r l v l r y  no .1 !o . r n3  r . 3  l n t r oduced  4  P tas r

se . r t on  rn  1977  and  s rnce .ha r  t 1b€  330  3€16 -

noroslc 6hocb have been reco.d€d up to l5th

uay  1930 .  ov . r a l l  en€ ray  o f  ghocks  . oun ted  pe r

unlt area nlned varre. fron 67 r/.2 (ror the

dep lhs  l ess  r han  730  n )  ! o  9 l  J / o r  ( f o .  dep th

f r o r€  l han  730  m) .  M l . r os€ rsn t c  ac r t v t l y  da r r

Bhor€ very hlsh rrequ€ncy of event3 otth anPlt-

rude lorer than tha! reco.ded

Uppe r  s11es ta ,

Th. Au.. LM M. Sodhrn Ouend..d 8..nclr Th€ Occut.nca Podlciion .nd conltal ol
outbud. l. cql Mind Svmoodum saproib.r. 1980
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specracutar lncr€.se of nlcr€etsolc €n€ray

r r th ln  a  fee  dars  Pr io r  ro  an

ourburet occurrence, !&:1.

rur.!ir_-!94slg!qg$q
Exp€rl€nc€ h.6 .hom that a huSe fralo-

l n r r l a red  ' l t h l n  zones  o f  ! e5 l  co r l  d i  l o . a l

seo los l c  d1e to r . 1on3 ,

con t l nu r t y  o f

and  t h€ re fo r€

po ln !  I o : d  B t ren8 th  ev3 lu . ! 1on  h .e  beed  app r l €d

u61n3 .  po r t ab re  con .  Pene l rone ie r , 3ee  Lg : ] .

Th l s  1n3 t . un€n !  h . s  been  des rsned  and  6 .nu f . c_

!u .ed  a t  t h .  cen l r a I  u l n l nS  l n6 ! l r u r€  snd  r t ' 3

u .e  . e  .  t oo l

r educ r l ond  o f  co61  ad ldc€n r  t o  f au r t r  and

d€ec r t b€d  e l r euhe re  ( r dyb tnsk l  ( 1979 ) ,  A t  r he

te8 t  6 f t €  t he  po tn r  pene . rom. .€ r  t s  p ress€d  by

h .nd  t n l o  ! h€  coa l  and  a  r €adou r  o f  t h ru6 !  P

(N) and penerrctton l,r (m) tr lakeni the lndex

o f  s t r ens th  b€ rna  ca l cu l a t€d  aa  f o l l oua :

l l ne  oay  be  l den r l f t ed

d id  t ha (  r cp reqcn t l  n3

pr€36ure  rncr€nent  ( rP . ) ,  .nd  '

l s  .verase s r .ens ih  rndex  (N/m) .  ruo  orhe !

l n l L l d l  a n d  v e ' y  h l E h  l e v e l

o f  r l . k  r espec t l ve l y ,

t 5 /

I t  a t pe . r s  ! he re fo re ,

neasu rehen t s  d . . c r1b€d  rh . t  6  n€u  c r l ! € r t on  f d

g"tbJr9! !d<r! €vdludtlon h.y b€ propoded rn

a  ve r t l c l l  l t ne  f r d  r oo f  r o  t l oo !  o t  a  Be6n  t .

mes .u red  f r r 6 t  and .hen .  ho r r . on t . l  l l . e

urlhln the ueal€at layer of coal Solh

vc r r i c , I  and  ho r l zon ra r  r l n€  r e . r  -  po rn t .

S tnc€  [ a r ch  ro

hund r€d  t ds t  6 ! t e3 . .  Tho rez .  v l c t o r t '  and

h . ve  been  l nves . l a ' r ed .  uhe r€

r t r eng lh  l l dex  l nc .enen t  AP ,

.nd Mxlnur desorptton oere neasured. In

add i t t on  v l eua I  s t sns  o f  haz l r d  u€ re  r €co rd€d ,

. uch  a3  8as  and  b l o rou t  o f  d r i L1 rn36  f rm  rh€

bo reho les ,  shocks  and  Jam lng  o f  bo r€ho le6

du r l nB  d r l l l i n s ,  e t c .  I hese  neaeu ren€n te  E re

haza rd  t s  usu r l y  nos r

As  l r  mv  be  se€n  t n  r he  f l eu re .  .  bo rde r

" ' i . - , - l t /

, hc . .  t he  cong lan r  x  r anaes  f r on  2 .73  ro  9 .09 ,

obv ro rd l y ,  t he  va lu€  o f  (  ndy  b€  a  6ub l€c t  r o

dnd obg€rva.toni are nad€ rn v.rlous A€olollc

6nd  m ln l n8  cond r r t on3 ,

To . vo ld  ! h .  € f t ec t  o t  f r dc tu r€ . ,  t n . c . r

l h€ - r r b  zone  o f

d .e l gn  h .€  b€€n  p rep l r ed  f o r

rhe  end  o f  l .O  n  -  l ong  bo !e -

The  s rnp l€  he rhod  f o r  p red l * l ns  ! h .

ou tbu rs r  haz . rd ,  desc r t b€d  above ,  i s  o r  a

n.tura 'nd €ven tf tl atghr

b€  cono lde .ed  a6 .  he tp  f o r  p r r c t l c l l  pu rpos€e

1 r  canno !  con . r i bu te

fac ro . s  o i he r  t han  sas  p re6su re  and  coa r r t

s l r ene rh . re  p l . y t ng  a  r o l e  ! n  t he  p rocess ,

To  f r nd  t he8e  f : c t o rd  a  phyd rca r  nod€L  o f  an

be  as6uned  and ,  1 f  pose tb l e ,

p.oved by underground

Th€ nodel propos€d here con.l.ts of

r \ e  ee .n  r hedd  o I  nLn ln8  opPra

Th.Ad!.l.M M. Sourhd Oudd.l.nd B,rn.h, Tn. O.cut.nc.. Pr.dicrion.nd Co^ttol ol
oorbuBr. In Col MiM Svdpo.lum s.pr€mb.r. 1 980
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- piote.rlon/de8asdclon zone

zonelac!rve zonel, and

ve loc t r ,  ca r r l ed  ou !  t n

ho r i zon ra r  bo reho les  d r l l l ed  f . o !  r he  l ona ra t r

co.l .€.n beina €xrracred at

No r .  Rudd  n l ne  rhd  t he  co lnc l d€nce  o f  r he

3d33e3 i . d  . odc l  r l r l -  va l  ' e3  u r

1r nay be seen 1n llEtl !h€

t .  ch l r ac te r r r ed  b ,  10 {  s . s

sas  ou r r t o '  and  l ou .e l . n r c

v€ roc l r y  ( app rox . J00 -400  n /3 ) .  The . c t r l e

A66  p re63u .€8 ,  a  r . p t d

ou t r t o r  u l l b  dep .h  o f  I  bo .e -

va lues  o f  6€13h1c  v€ roc r t y

(app rox .a00 -300  a / . ) ,  r b€  abu tncn t  p re . su r€

zone  f ea tu .ea  h r sh  s€ t sn l c  ve l o . t t t e .  ( 300 -

2 t500  n /3 )  dhd l t ns  a  cona lde rsb le  des r . e  o f

a6  w€ r l  € r  c r r 6 r t ns  d t scd -

sedo  l den r i f t ed  by  t oca l

qcgl_Lr_!_{Lu-{-c_qDIf M
1 .h1n  t he  nod€1  ds runed .  r h r€€  ru& la -

hu3 r  be  n . t  f o r  ou rbu rs t

1 .  f d l r u re . f  coa l  l n  coDp r€ss1on  r r r h r .

2 ,  pcne i r a r l on  o f .  ho re  t h rouBh  t h€

3 .  f l u l d12ed  bed  ou t f l o r  o f  l he  p roduc t .  f r on

r i  es .h  o f  r he  ! b .e€  c6d€ .  r he . - r v€

fo r (es  shoL ld  < i . eed  rhc  r es re ran .e  dnd  I ne r t r r

o r  r h€  env l r onhen t ,  s l np l l f l ed  Da thena . l ca t

f o rnu lae  f o r  r be  rh re€  cond r t l ons  spec t f r €d

io  t he  f o l l o l l n s  f o rn :

.d t. k y 'r . R." ,G- tsl

vhe r€  k  r s  s t r ess

ove.burden, RO{ rs unlaxtar

o f  c o r t  r 1  '  n P  s c J n ,  I  t d

p ro t€c t l on  zone

d .  t n  t h r s  f omu la

(  r "  1 , .  - r u ' r " r  s t . ens th  bu r . l p r l ca t r o .

and Kldybln6tr

a d , r ,  k ( r H )  +  p  n D L ( c  + o r a n  t ) ,  / ;

, hc re  p  l d  ave raEe

zone ,  D  13  d tan€ re r  o f  d  ho1€ ,  ( . ,  , r . nd  o  a re

.ohe6 lon ,  ans re  o f  1n r€ .na t  f r t c t r on ,  and

c.troon€n! of srr€3. resp.c-

! t ve l y  r n  r he  p ro rec t t on /d€sssa r l on  zone ) .  on

rhe  bounda ry  o f  ac t r ve  6nd  p ro tec t l on  zon€s  r l c

ndy  be  cob . t de red  as  c .1 ! r . d t

l t 0 /

/ t r  /
r he re  v r  16  ! he  t n rens r r y  o f  r a r

rhe  bo lnda ry  o f  ac i r v€ .nd  p ro rec t ron  zone r

(n j l . ) ,  co  16  an  esp l r l . d l  cons r , n t  o t  v , l l e s

(0 .2 -0 .a ) ,  !  t 6  r he .oncen t ra i l on  o r  so l l d

p 6 r r t  l e s  I n  d  q . 6  ( l r . t 0 ) , 6  r r  s . o n c t d . r  o t

*rre :d__\ , uhere ls rr n,rs den.rry or

ha68  deno l l y  o f  '  E r s l ,  . nd  B  t s

e .3v1 t y  f o r ce  (n /3_ ) .  r he

exp r€B res  a  cond l t r on  ! h r t  t he

ve loc l ! y  o f  eas  sh .u l d  b€  h r she r  t h rn  c . l r l . s l

t o  . e3u l r  1n  f l u l d r zed  bed  f t oe  o f  a  p ! l v . r l zed

rock  sno rdy r . u ,  1966 .

!3!3!CMq 9!-!C!41M
Equa t l ons  / 3 / ,  / 9 / ,  / t a t  snd  / r r /  ' h . v

r r a t  l 5 . " r n  D a r a a < r e r s  6 h . L l d  b e  d e r p - l T d  t

h l za .d ,  abons  t hen  31x  a re

dod  phys l ca r  cons ! . n t6

(1 ,  H ,  n ,  ' r  co  and  3 ) ,  t , o  a r€  unknoun  seo
(D  and  L ) ,  r ou r  a r€  l nknoun

seonechan l ca l  v3 rue6  (Rcu ,  c , L ,  and  k ) , . nd

eas  dynaD ics  v , r u€s  ( vu ,  p

and  ! ) .  F ron  rh€  n rne  unknoh  p . r an€ te r s ,  t h ree

n . y  be  e l t o l na ted  ( c  0  and  p )  oheo  l es t  -

bo reho lee  a re  d r i l l ed  t n to  r he

Th.Au..l.M M. South.m Ou€..!lr^d Bdnch. Th. Occutr.nc., Podtcrion.nd Conoot ol
OutbuEG in Co.l Min.r Synporium S.pt€nb.r, t98O
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rpactns e'.h otherr .nd Lh€rerore €qu.rlon /9/

desc r t b tns  ch€  c .nd l t l on  f o r

rdes  t cs  va r i d r t y ,  l .  r h l s . ase  l h€ re  a re

on ry  s r x  va l ues  necessa . y  t o  be  l 6dn  ro r

con tLe te  ou rbu rs t  haza rd  eva lus r ron ,  nane rv  k ,

and !. Alrhouah

n€n l s  o f  r he6e  be  d l f f l cu l t  o r

even  l nposs lb l e  ! o  be  ca f t l ed  ou ! ,  an  l od t r . . t

approsch frtsht be used ror f,ost of th€m. The

f . c ro r  ( k )  nay  he  f ound

p ropo r l l on  o r  t h€  peak  ve ld i r y  t o  ! h€  l oY

s rsb t l t zed  ve roc r t y .  An  exanp lP  o f  su .h  an

€v . t ua r ron  l n  f ou r  l o . a i l ond  a t  Nou r  n l da  n l n€

1a shoun li !-1!.6. rhe .tref,8th or coal

(Rc  )  ndy  be  de te .n l ncd  t h roush  con€  pene t ro -

. uaF€3 ted  rn  f l r t .  sec t r on  o f

t h l s  pape r ,  dnd  mk lna  u8e  o f  €nP t r r c r r

co r re l a r l on  o t  P€nc . ra t i on  re3 !3 t . nce .nd

uncon f l ned  . onp res t l on  s ! r ena th .  su .h  a

co r re l a t l on  s l r e .dy  ex l s t d  f o r  manv  k rnda  o f

r ocks  K1dyh ln . k l ,  1979 ,  The  va lue  o f  L  m6v  b€

o r L l l i r s s  y l e l d  n € r l ' . d  a r  l r  l d

used  f o .  co . l  -  bu .6 t  l r . t d rd  eva lua t rd  ' hc r€

a  rdp ld  l nc reass  o t  d r t l l l na8  vo lune  a t  3

.€ . r a l n  dep rh  o f  s  em. l I  -  d l sbe t€ r  bo .eho l€

shN6  t l r e  bo rnda ry  l oca t l . n  o r  i he  ac ! l ve

ho rev€ r ,  t ha t

f l r e !  a t t ehp t s  ! o  app l y  t h13  n€ thod  l n  v€ r v

w :k  cos l  a !  Noud

no !  en r r r € r y  suc .ess r ! l

deve lop ien t  so r k  13  r€qu l r €d  1n  t h16  f l e l d .

o r  sa3  deso rp r l on  ( vu )  s ,Y  be

ca l . d ra t . d  f r on

iak l ng  t n ro  accoun t  5 l 3o  t he  vo ruse  o f . oa l

ensased  rn  t he  p rocess .  The  concen t r s i l on  o f

Eo l r d  pa r ! l c l es  r n  a  ga6 ,  a l . bouah  va ry l ne  l n

a bro,d ranse! as .PProx. 30 aB

value condttionlns a flo! of

n r x l u re  l n  .  l b l e  sno ldy re r ,  1963 .  The  no8 r

d t f f l c ' l t t  t o  ev . l ua te  t s  t he  d l anee€ .  (D )  o r

,  ho l d ,  and  he re  an  enp l r r c . l  app roach  f t ay  be

adv l sed  on l y ,  nane l y  t ak l na

ss!s!!.ql0_!9
a n d . 3 e n l t h e o r e t t c . l

p rob l€n  o r  ou tbu rs te  P r€d t c t l on ,

shov  t h€  e l en r r r cance  o f  l n  s t t u  s t r ens th

nea60 renen ta  o f

cond l t l . ns  a .e  no re  o f t en  h l ahe r  r han  vs r ra -

snd  d€3o rp t ron .  t he re -

ro re  s f f ec ! l n *  Lhe  l o . a l  ou tbu rs r  haz3 .d  r c re

rhan  rh€  l a t t € . ,

p red l . i r on  accu racy .  r he  . on€  t e .e t r ohe t€ r

t upPL€6en t6 r y  r o  s33

p .ee ru re  and  d€o . rp t r on

f u r r r P r  s r  c p ,  e v a l u s r t o n  " f

o r  t h€  equ l l t h r i un  eq ra t l ona ,  3 l l eo  1n  t h13

F .pe r .  n6y  be  ddv raed .

{Elfg!c\qF.!

l .  z ,Su . l r . do l 3k l  -  P .ob l€m o r  343  and  . ock

r r n e B  / L n  P o l i s \ / ,

P rn .e  Nauk .  t n8 t .  co rn l . t l d  Po l l t €chn .

r r o . l . ! r k t c j .  6e r l d  x2 l l 10 ,  l , J roc l a r  1977

2 ,  A . ( r dyb lnek !  -  t r pe r l enc€  r l t h  h6 rd - rock

pene t romte rs  uded  f . r  n l ne  rock  3 rab i11 t y

p rcd l c t l dne ,  P roc ,  4 th  r n te rn . cons re ' 6  o r

t l . n t r e u x ,  I x / 1 9 7 9 .  ! h .  I I ,

v o  l , 2 ,  p p , 2 9 1 - 1 0 1 ,

3 ,  l { .Bo reck l ,  A .K ldyb rn6k l  -  coa l  s ! r €na th

. n d  D c s r l n s  c a p .  t t y  o _  0 6  p t l l a t e ,  P r o c ,

2n , l  I n ! e rn ,  cons resB

B c o s . r d .  1 9 7 0 ,  v 6 I . 2 ,  p a p . 3 - 2 1 .

4 .  A ,  E ,  sno rdy re {

f o r  p . c  ' nd ,  l .

-  r nd  a . r o  m l r r u r c .  o f  r o . k3

1n  p tp€ I l nes  / t n  RusB ian / .  "Nauk . " ,

I os .ow ,  1966 .  pp .3 : l - 90
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0!la.r. /'on the lac.. D

l o c r t  t o n  o f  s t r r s s
( , \ - 1 o n l v i l  I  N r , 3 t a  t n

t s . , r h  4 t o l 2 : 4 i 2 ;  B _ t o r . r  c n r r y  r o  r h .  l o n r l r | |  t r  f l r r . t i y

l " | ,  ! ' ' r  " n i '  )  '  l ' q ' l - 2 4 0 )
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