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GLOSSARY 

b a i l i n g  - l i f t i n g  d r i l l e d  c u t t i n g s ,  from a  h o l e  

inby.  - mining t e r m  d e s c r i b i n g  a  p o s i t i o n  a s  be ing  

towards t h e  i n s i d e  o f  t h e  mine 

mucking o u t  - b a i l i n g  

outby - '  o p p o s i t e  o f  inby 
. . 

spudding . . i n  - t h e  p r o c e s s  o f  s t a r t i n g  t o  d r i l l  a h o l e  beginning 

when t h e  d r i l l  b i t  f i r s t  engages t h e  s t r a t a  and 

l a s t i n g  u n t i l  t h e  d r i l l i n g  p roces s  i s  con t inu ing  

wi thout  s p e c i a l  equipment o r  p rocedures .  



1. INTRODUCTION 

The Nuclear Waste Terminal Storage Facilities will-be a 

final repository for spent nuclear fuel removed from commercial 

nuclear power stations. If this facility is established in an 

underground mine, then the nuclear material will probably be 

placed in long cylindrical holes in the floor of the mine. . , 

These holes can be drilled in many ways. This report describes 

the results of a conceptual design program conducted by Foster- 

Miller Associates under contract to Office of Waste Isolation, 

Union Carbide Corporation, Nuclear Division, Order No, 89Y22324, 

during which various types of drilling systems were analyzed for 

this application. The program is based on the concept that exist- 

ing commercial drilling equipment or components can be used 

directly or with little modification. Five systems are considered. 

They are: 

Q *Raise borer with circulation bailing 

8 *Raise borer with auger flights 

8 Auger drill rig with auger flights 

8 ,  Auger drill rig with circulation bailing 

8 Bucket dsi 1 1  rig. 

All five systems are technically adequate and are available 

commercially in sufficiently rugged . . and reliable equipment. All 

can be operated safely. Initial cost, operating 'cost and service 

life can be traded"off. Although one system, the auger drill rig 

with circulation bailing, has a lower cost, the final choice may 

he hased ugan other factors that are at present indeterminate 

such as noise, or dust, or the choice of haulage vehicles, or 

decisions on power distribution or, .finally, on cash flow require- 

ments. Tt will be shown in Section 5 that the auger drill rig 

with continuous auger flights are noncompetitive. 

ck 
Used in the blind drilling mode. 

' b  



2. FACILITY DESIGN C R I T E R I A  

The o p e r a t i o n ,  d r i l l i n g  s i t e  and environment o f  t h e .  f a c i l i t y  

have been determined by o t h e r s  t o  a  l a r g e  e x t e n t  and a r e  r e p o r t e d  

i n  g r e a t e r  dep th  e lsewhere .  They a r e  p re sen ted  and expanded 

w i t h i n  t h i s  r e p o r t  because of  t h e i r  obvious  i n f l u e n c e  on t h e  

d r i l l i n g  system des ign .  To p r e s e n t ,  f i r s t ,  an  overview of  t h e  

d r i l l i n g  t a s k s ,  t h e s e  c r i t e r i a  are summarized i n  Table  1. 

The c a n n i s t e r s  o f  waste w i i l  be s t o r e d  i n  v e r t i c a l  h o l e s  i n  

t h e  f l o o r  of  t h e  mine. This  s tudy  cons ide red  f i n i s h e d  h o l e s  from 

twenty t o  f o r t y  f e e t  deep and from twelve t o  t h i r t y - s i x  i nches  i n  

d iameter .  They w i l l  be plumb w i t h i n  one degree  t o  f a c i l i t a t e  

handl ing  of t h e  long s t o r a g e  c y l i n d e r  and plug.  Th i s  . i s  e s p e c i a l l y  

c r i t i c a l  cons ide r ing  t h e  t r a n s f e r  o p e r a t i o n  from t h e  s h i e l d  ca sk  

i n  t h e  t r a n s p o r t  v e h i c l e s .  

For  t h e  p i l o t  f a c i l i t y ,  t h e  h o l e s  w i l l  be l i n e d  w i t h  a  s t e e l  

s l e e v e  t o  f a c i l i t a t e  r e t r i e v a l  of  t h e  c a n n i s t e r  (see F igu re  1). 

The h o l e  w i l l  be covered w i t h  a c o n c r e t e  p lug  which w i l l  be  sup- 

p o r t e d  by a s t e p  i n  t h e  s l e e v e .  The sequence of  o p e r a t i o n s  is:  

The h o l e  w i l l  be  d r i l l e d  o v e r s i z e ,  t h e  s l e e v e  w i l l  be  i n s e r t e d ,  

t h e  annulus  w i l l  be b a c k f i l l e d  wi th  l o o s e  s a l t  and compacted. 

Afterwards t h e  c a n n i s t e r  w i l l  be emplaced and t h e  h o l e  w i l l  be  - 
plugged. For l a t e r  f a c i l i t i e s ,  t h e  c a n n i s t e r s  may n o t  be r e t r i e v -  

a b l e  i n  which c a s e  t hey  would be  b u r i e d  d i r e c t l y  w i thou t  a  s l e e v e  

and b a c k f i l l e d  complete ly  wi th  s a l t .  The d r i l l i n g  o f  t h e  h o l e  
I 

w i l l  be a  p a r t  of t h e  mining process .  The s l e e v i n g  of t h e  h o l e  

w i l l  be done p r i o r  t o  t h e  emplacement o f  t h e  waste.  

A s  d e s c r i b e d  i n  t h e  p re l imina ry  des ign ,  t h e  s t o r a g e  rooms o r  

e n t r i e s . w i l 1  be about 6 0 0  f e e t  long ,  a t  l e a s t  1 8  fee t  widc and 

18 f e e t  h igh  wi th  an e n t r a n c e  from an i n t e r c o n n e c t i n g  c o r r i d o r  a t  

one end on ly .  The f l o o r  w i l l  be l e v e l  w i th  l o c a l  d e v i a t i o n  



Table 1. Summary. Criteria 

What is to be dri'lled? 

Over 400,000 straight holes 

12 to 36 inch diameter (maximum 48 inch) . , 

.20 to 40 feet deep (maximum 70 feet) 

Plumb to 1 degree 

Where? 

Underground mine 

Bedded or domed salt (slate, limestone, granite?) 

Room 18 feet high 

18-36 feet wide 

600 feet long 

Minimum 5 feet from'side wall 

Minimum 20 feet from end wall 

In straight line patterns - 

4 to 17 feet between centers 

Environment 

20°F to 115OF 

5% to 958  P.H 

Maximum 10 mg/cubic meter dust 

Nongassy, nonexplosion proof 

Noise probably over 90 dba 



Cyl i ndri cal 
Conc're t e  

Plug 

Figure 1. Waste Cannister 
Stored in Sleeve 
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C .ramping no more than  f o u r  i nches  i n  10 f e e t .  The h o l e s  w i l l  be 

l o c a t e d  i n  s t r a i g h t  l i n e  p a t t e r n s  and w i l l  be  nominally spaced 

4' f e e t  t o  17 f e e t  a p a r t .  The h o l e s  a t  t h e  s i d e  o f  a room w i l l  

be  c e n t e r e d  no c l o s e r  t han  5 f e e t  from t h e  s i d e  wa l l .  T h e . h o l e s  

a t  t h e  end of  a  room w i l l  be  c e n t e r e d  no c l o s e r  t h a n  20 f e e t  

from t h e  end w a l l .  

The bottom o f  t h e  h o l e  may be contoured by t h e  shape o f  

t h e  d r i l l  b i t  o r  t o o l .  Some l o o s e  s a l t  may be l e f t  i n  t h e  h o l e  

s i n c e  it w i l l ' b e  c leaned  by t h e  crew t h a t  i n s t a l l s  t h e  s l e e v e .  

The e n t i r e  o p e r a t i o n  w i l l  be  performed wi thou t  water f o r  d u s t  

suppress ion  o r  f o r  c h i p  b a i l i n g .  

One of  t h e  main problems t o  be cons ide red  i n  t h e  develop- 

ment p l an  i s  t h e  o r d e r  i n  wh'ich h o l e s  w i l l  be d r i l l e d .  The 

h o l e s  a r e  p r e s e n t l y  spaced on t h e  f l o o r  o f . t h e  mine i n  a way 

t h a t  hampers haulage of  t h e  c u t  s a l t .  To minimize t h e  danger  

t o  men and equipment t h a t  t h e  h o l e s  p r e s e n t ,  it would be  p r e f e r -  

a b l e  t o  d r i l l  them i n  a r e t r e a t i n g  f a sh ion .  That  is', t h e  d r i l l -  

i n g  would s t a r t  a t  t h e  inby end and proceed outward. A l l  equip- 

ment would be  outby o f  t h e  ho le .  This, pres .ents  a  problem o f  

l oad ing  t h e  s a l t  o n t o  haulage v e h i c l e s  s i n c e  t h e r e  is  n o t  enough ; 

room i n  an e i g h t e e n  f o o t  wide e n t r y  t o  accommodate bo th  t h e  
I d r i l l  and t h e  hau lage  v e h i c l e  s i d e  by s i d e  i f  t h e  d r i l l  i s  cen- 

t e r e d .  ( A l l  s t anda rd  r i g s  a r e  b u i l t  t h i s  way.) Hence t h e  c u t -  

t i n g s  have t o  be c a r r i e d  t h e  l e n g t h  o f  t h e  d r i l l  r i g  b e f o r e  

loading. A l t e r n a t i v e l y ,  t h e  d r i l l  can be p o s i t i o n e d  inby  of  

t h e  h o l e  t o  e a s e  t h e  l oad ing  problem, b u t  t hen  t h e  d r i l l  would 

have t o  d r i v e  over  t h e  h o l e s  a f t e r  d r i l l i n g .  

I f  t h e r e  is  t o  be more than  one row of  h o l e s  i n  a  room, 

t hen  each row should be s t a r t e d  a t  t h e  inby end because t h e r e  

i s  simply more t r a v e l  involved i n  haulage t h a n  i n  moving t h e  

d r i l l ,  and t h e  danger from t h e  open h o l e s  would be g r e a t e r .  
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The l o s s  i n  t r a v e l  t ime from one end of  t h e  room t o  t h e  o t h e r  

i s  p r e f e r r e d  ove r  t h e  l o s s  of  a ho le ,  damaged equipment, s t u c k  

equipment, o r  any personne l  i n j u r i e s .  Of cou r se ,  , i f  t h e  h o l e  

p a t t e r n  could be  a r ranged  s o  t h a t  avenues f o r . t r a v e 1  a r e  l e f t ,  

t hen  t h e  danger i s  minimized. S to rage  rooms open t o  c o r r i d o r s  

a t  bo th  ends  a r e  p r e f e r a b l e  f o r  many reasons .  

I t  has  been presumed t h a t  no permanent s e r v i c e s  w i l l  be 

i n s t a l l e d  i n  t h e  e n t r i e s  such a s  prime e l e c t r i c a l  power f o r  

heavy du ty  machinery o r  f o r  l i g h t i n g ,  and no v e n t i l a t i o n .  Con- 

s equen t ly ,  t h e s e  i t ems  w i l l  have t o  be  prov ided  by t h e  d r i l l i n g  

system. 

The main and sub-main c o r r i d o r s  w i l l  have t h e  same h e i g h t  

as t h e  e n t r i e s ,  e igh teen  f e e t .  However, it i s  expec ted  t h a t  

t h e r e  may be s e r v i c e s  s t r u n g  from t h e  roof  which w i l l  1 i m i t . t h e  

overhead space.  These c o r r i d o r s  w i l l  have two way t r a v e l ,  b u t  

t h e i r  width w i l l  pe rmi t  f a s t e r  moving v e h i c l e s  t o  e a s i l y  p a s s  

by s lower  v e h i c l e s .  

To f a c i l i t a t e  t h e  t a s k  of moving t h e  equipment underground., 

t h rough 'na r row s h a f t s ,  t h e  equipment s h a l l  be capab le  of  being: 

broken down i n t o  modules 8 x 8 x 10 f e e t  and. reassembled.  T h e .  

d r i l l i n g  mast, ,however, may be 1 0  x 3 x 5 feet. 

The environment of  t h e  mine w i l l  be a combination of  t h e  

b a s i c  mine environment a n d . t h a t  of  t h e  s u r f a c e  a r e a  above it 

because of  t h e  c i r c u l a t i n g  v e n t i l a t i o n  a i r .  The mine ambient  

temperature  may range from 20°F t o  115OF w i t h  l o c a t i o n s  nea r  t h e  

i n t a k e  a i r  g e t t i n g  c o o l e r  f o r  Northern mines. The r a t e d  s t o r a g e  

tempera ture  f o r  a d r i l l  would have t o  be  from - 4 0 ' ~  t o  +130°J? 

t o  cover  t r a n s p o r t a t i o n  from t h e  f a c t o r y  f o r  t h e  g e n e r a l  case. 

The humidity o f  t h e  mine would be dependent on t h e  o u t s i d e  a i r  

t o  a l a r g e  e x t e n t  and could range from 5% t o  95% r e l a t i v e  

humidity.  The l e v e l s  of  d u s t  i n  t h e  a i r  cou ld  be q u i t e  h igh  



l o c a l l y  d u e ' t o  t h e  mining and d r i l l i n g  o p e r a t i o n s ,  b u t  w i l l  

C 
1 have t o  m e e t  MESA s t a n d a r d s  of  10 mi l l i g r ams  p e r  c u b i c  meter . .  

To m e e t  t h e s e  l i m i t s ,  s p e c i a l  c a r e  must be taken  i n  t h e  d e s i g n  

of  d r i l l i n g ,  l oad ing  and haulage equipment. Th i s  i s  e s p e c i a l l y  

c r i t i c a l .  i n  view of t h e  r e s t r i c t i o n s  on . the  u se  .of water .  

S a l t  mining g e n e r a l l y  does  n o t  r e q u i r e  exp los ion  proof 

equipment o r  equipment approved by MESA f o r  u se  i n  gassy  mines. 

S a l t  does  n o t  o x i d i z e ,  t h e r e f o r e  i t s  d u s t  cannot  burn o r  explode.  

Genera l ly ,  domed s a l t  c o n t a i n s  methane o n l y  a t  t h e  edges  which 

are avoided f o r  o t h e r  mining reasons .  Some excep t ions  have been 

no ted  i n  t h e  Winnfie ld  dome i n  t h e  Northern Louis iana  area. 2 

Some s a l t  d e p o s i t s  c o n t a i n  s m a l l  pocke t s  o f  methane which can 

be hazardous i f  t h e y  a r e  i g n i t e d  b@fore  t hey  a r e  d i s s i p a t e d  by 

t h e  v e n t i l a t i o n  system. These f e a t u r e s  a r e  d i s c e r n i b l e  by 

e x p l o r a t o r y  d r i l l i n g  be fo re  developing a mine. Cons ider ing  t h e  

problems i n  procedures  and p r a c t i c e s ,  d e s i g n  o f  t h e  mine equip-  

ment t o  be  used,  e t c . ,  p r e sen ted  by o p e r a t i n g  i n  gassy  mines, it 

i s  w e l l  worth t h e  e f f o r t  t o  avoid  t h e  i s s u e s  r a t h e r  t han  accom- 

modate them. Therefore ,  t h e  program h a s  been pursued on t h e  

b a s i s  t h a t  t h e  mines w i l l  be  nongassy. 

The number of  h o l e s  t o  be  d r i l l e d  f o r  d i r e c t  s t o r a g e  o f  

. s p e n t  f u e l  e lements  a r e :  

January 1983 t o  June 1984 F- 50,650 h o l e s  

1988  t o  2000 -- 32,000 ho le s /yea r  

P ro to type  d r i l l s  w i l l  be needed i n  1979 a t  t h e  e a r l i e s t .  

'MESA a d v i s e s  t h a t  an a n a l y s i s  of  t r a c e  e lements  may be needed 
and t h a t . t h i s  l i m i t  may be reduced. 

' ~ u ~ f e r ,  D . H . ,  ' S t r u c t u r e  o f  S a l t  i n  Gulf Coast  Domes, " Pro- 
ceed ings  - Second Symposium on S a l t ,  1962, Northern Ohio 
Geological  Soc ie ty ,  Inc . ,  Cleveland,  Ohio. 



3 .  DRILLING SYSTEM DISCUSSION 

The D r i l l i n g  Operat ion 

The d r i l l i n g  o p e r a t i o n  can be broken down i n t o  t h e  fo l lowing  

p roces ses :  

(a)  S t a r t i n g  t h e  ho le  (spudding. i n )  

( b )  C u t t i n g  t h e  rock c h i p s  

(c) Cleaning t h e  c u t t i n g  f a c e  

(dl L i f t i n g  t h e  c h i p s  ( b a i l i n g ,  mucking o u t )  

(e) Loading on to  t h e  haulage v e h i c l e  

( f )  Break down, moving and s e t t i n g  up a t  t h e  n e x t  h o l e .  

. . As .wi th  any system, a l l  t h e  s t e p s  are i n t e r r e l a t e d  t o  some 

e x t e n t  and some s t e p s  a r e  more impor tan t  t h a n . o t h e r s .  Also,  

t h e r e  a r e  many t y p e s  of  equipment t h a t  can be  u s e d . t o  implement 

t h e s e  p roces ses  which provide  a  v a r i e t y  of  combinat ions  of  

p r a c t i c a l  cand ida t e  d r i l l i n g  r i g s .  I n  t h e  f i n a l  a n a l y s i s ,  t h e  

common denominator i s  c o s t .  I n  o rde r ,  t o  p rov ide  a  b e t t e r  under- 

s t a n d i n g  o f  t h e  a v a i l a b l e  hardware and how it can  be used f o r  

t h i s  a p p l i c a t i o n ,  some o f  t h e s e  s t e p s  w i l l  be d i s c u s s e d .  

S t a r t i n g  t h e  Hole 

S t a r t i n g  t h e  h o l e  i s  impor tan t  from two a s p e c t s  - e x a c t  

l oca ' t i on  o f  t h e  h o l e  and t h e  s t a r t i n g  of t h e  b a i l i n g  of  t h e  

c h i p s .  Presuming t h e  d r i l l  ha's been s p o t t e d  w i t h i n  t h r e e  i nches  

o f  t h e  t a r g e t  l o c a t i o n  and has  been l e v e l e d ,  t h e  e x a c t  l o c a t i o n  

o f  t h e  h o l e  may s t i l l  change s l i g h t l y .  Because rock b i t s  c u t  

ve ry  c o a r s e l y  and t h e i r  t e e t h  a r e  widely  s e p a r a t e d ,  and because 

t h e  f l o o r  of t h e  mine i s  n o t  n e c e s s a r i l y  l e v e l  and smooth, one 

o f  t h e  c u t t e r  t ee t .h  w i l l  engage f i r s t  p rov id ing  a  h o r i z o n t a l  

f o r c e  s h i f t i n g  t h e  d r i l l  s l i g h t l y .  This  s h i f t  can be l e s s e n e d  

us ing  bushings  on t h e  b 2 t  o r  on t h e  d r i l l  stem. . . ' 



* .  Continuous b a i l i n g  systems us ing  compressed a i r  o r  vacuum 
I t o  convey t h e  c u t t i n g s  o u t  of  t h e  ho le  depend upon f i x e d  a i r  

. . p a t h s  w i th  f i x e d  c r o s s  s e c t i o n  t o  ,develop s u f f i c i e n t  a i r  v e l o c i t y  
t o  e n t r a i n  ' the c u t t i n g s .  Compressed d i r  would blow t h e  c u t t i n g s  

n 
i n t o  t h e  a i r  whi le  vacuum may n o t  move t h e  c u t t i n g s  a t  a l l ,  and 

I t hey  w i l l  p lug  up t h e  b i t .  ' (These  problems do n o t  occur  when 
auge r s  o r  bucke ts  are used.)  A f r e q u e n t  p r a c t i c e  has  been t o  
excava te  a s t a r t e r  h o l e  by hand o r  t o  remove t h e  c u t t i n g s  by 

hand  u n t i l  t h e  - d r i l l  systems are o p e r a t i n g .  Because o f  t h e  num- 
b e r  of h o l e s  t o  be s t a r t e d ,  however, t h i s  method should be 

avoided.  

B i t . d e s i g n  can provide  c o n s i d e r a b l e  h e l p  w i th  a l l  of  t h e s e '  

problems. I f  t h e  b i t  i s  c o n i c a l l y  shaped,  t hen  t h e  l e a d i n g  

t o o t h  would have a  smal l  moment a r m  t o  o f f s e t :  t h e  d r i l l  s ' t r i n g .  

The f u r t h e r  t h e  b i t  advances,  t h e  more it i s  s t a b i l i z e d  by t h e  

w a l l  o f  t h e  ho le .  Also,  i f  t h e  b a i l i n g  p o r t s i n  t h e  b i t  a r e  

l o c a t e d  nea r  t h e  c e n t e r ,  t hen  t h e  p o r t s  would be b u r i e d  i n t o  

t h e  h o l e  qu icke r  f o r  a  c o n i c a l  b i t ,  hence t h e  b a i l i n g  would be  

s t a r t e d  e a r l i e r .  The r o t a t i o n  speed and downward speed o f  t h e  

d r i l l  should be i n f i n i t e l y  v a r i a b l e  between 0 rpm and t h e  maxi- 
mum speed of each ' d r i l l '  type.  

3.1.2.1 S p e c i f i c  Energy 

C u t t i n g  of  s a l t ,  o r  any rock ,  can be d i s c u s s e d  i n  t e r m s  of 

t h e  i n p u t  power o r  energy needed t o  c u t  a g iven  volume of  rock 

us ing  a  given b i t  c o n f i g u r a t i o n .  This  r e l a t i o n s h i p  has  been 

e m p i r i c a l l y  determined us ing  a  factor c a l l e d  " s p e c i f i c  energy" 

. and  i s  used i n  t h e  exp res s ion  



. . 

where CR is cutting rate (volume) 

C '  N is rotation rate (revolutions per minute) 
. . 

. . T is applied torque (length x force) 
J is specific energy (length x force/volume). 

The specific energy has been shown to be from 0.5 to 1.0 

times the compressive strength for picks and for disc or milled 

tooth roller cutters. The maximum compressive strength of salt 

has been assumed to be 6000 psi. Thus, calculation of the cutting 

rate can serve as a basis for comparing theperformance of various 

systems. (Other, more complicated means of calculating cutting 

rates are used; however, the one described here seems sufficient 

for the purposes of this study.) Thrust does not enter into these 

calculations. 

3.1.2.2 Rock Cutters 

For soft rocks, there are three types of cutters that are 

efficient. They are pick cutters, milled tooth roller cutters 

and disc roller cutters (Figure 2). Pick cutters are normally 

used for softer rock and soils, and seem ideally suited to salt. 

Roller cutters are used when rock becomes,harder,.the crossover 

point between pick and roller being nebulous but ranging from 

6000 psi to 12,000 psi compressive strength. The cutting action 

of the two types are different. The pick scrapes, gouges and 

chisels the rock causing mostly tension failure in the strata. 

Roll-er cutters bear into the rock causing first compression 

failure immediately under the tooth pulverizing the rock and 

providing relief for tensile stresses in the strata which in 

turn breaks off chips (Figure 3). Pick cutters require high 

torque and low thrust while roller cutters require low torque 

and high thrust. Roller cutters can be skewed so the teeth also 

gouge the face somewhat. 

Disc cutters are another type of roller cutters which pene- 

trate the same way. However, they are arranged on the bit to 

cut even, concentric grooves on the face which produces large 
' @  



A loader type shank with 
A crimpon type 100th. indentation in body for tooth A small fishtail, used as 
relatively rugged but not to be peened-on to hold it pilot in standard digging Weld on drive lug for small 

reversible. Wt. 1 '/2# fast. Wt. 21/2# conditions. Wt. 3# fishtail (843-001). Wt. 11/2# 

Pick Cutters . 

. -. - 
I I . 

GTA TYPE 2 LEFT GAGE CUTTER I - .  
GTA N P E  2 STRAIGHT GAGE CUTTER GTA TYPE 2 RIGHT GAGE CUTTER 

Mil led Tooth Roller Cutters - 
I I 

GTA TYPE D3 DlSC CUTTER GTA N P E  Dg NO. 1 
INSERT DISC CUTTER 

Disc Roll er Cutters 

QTA TYPE W NO. 2 
INSERT DlSC CUTTER 

Figure 2A. Three Cutter Types 



Drag bit for reverse-circulation operation. 

Calweld heavy-duty drilling bucket, equipped with Calweld 
all-purpose insert teeth. 

A 31" flat bottom bit. 

Extra-heavy duty, large-diameter bucket-bottom with 
flaps, Calweld's shanks, tsdh and fishtail. 

Figure 2B. Bit Bodies 



Region o f  Compression F a i l u r e  

F igure  3. R o l l e r  Cu t te r  C u t t i n g  Mechanism 



.. 
ch ips .  . ~ h e k e  c h i p s  a r e  ha rd  t o  remove and a r e  f r e q u e n t l y  

reground. Because .of t h e  c h i p  s i z e ,  d i s c  c u t t e r & .  a r e  u s u a l l y  

used o n l y  w i t h  d r i l l i n g  mud w h i c h ' b a i l s  heavy c h i p s  much e a s i e r  

t han  a i r  s t reams.  

3.1.3 Cleaning The C u t t i n g  Face 

The c h i p s  c u t  from t h e  rock f a c e  must be  moved i n t o  t h e  

b a i l i n g  system i n  some manner. For bucke t  d r i l l s ,  t h e  c u t t i n g s  

a r e  f o r c e d  i n t o  t h e  bucket  through a  s l o t  i n  t h e  bottom, t h e  

' t e e t h  p rov id ing  wedges and l a t e r  c u t t i n g s  f o r c i n g  t h e  ear l ier  

, c u t t i n g s  through t h e  s l o t ,  t o  f i l l  t h e  bucke t  and be c a r r i e d  

.away du r ing  t h e  d i sposa l  cycle: The th r0a . t  of  an  auger  i s  

f i l l e d  i n  t h e  same way; however, f r i c t i o n  of  t h e  c u t t i n g s  on 

t h e  w a l l s  moves t h e  c u t t i n g s  up t h e  f l i g h t s .  

C i r c u l a t i o n  b a i l i n g  systems a r e  more complex. The c u t t e r s  

work t h e  c h i p s  t h e  same a s  f o r  t h e  bucket  and auge r s  above. 

However, t h e  c h i p s  i n  t h i s  c a s e  must be  e n t r a i n e d  i n  t h e  a i r  

stream, which r e q u i r e s  a  c e r t a i n  t h r e s h o l d  a i r  v e l o c i t y  dependent 

upon c h i p  s i z e ,  shape and d e n s i t y .  For p r a c t i c a l  r e v e r s e  c i r -  

c u l a t i o n  systems,  t h i s  t h r e s h o l d  v e l o c i t y  i s  reached on ly  nea r  

t h e  a i r  p o r t s  i n  t h e  b i t  body. The c h i p s  must t hen  be conveyed 

by o t h e r  means t o  t h e  p o r t s .  The a i r  f low does  h e l ~  t o  move 

t h e  c h i p s .  Frequent ly ,  sweep arms a r e  welded t o  t h e  b i t  body 

which g a t h e r  t h e  c h i p s  i n t o  t h e  po r t ,  A i r  jets can be p o s i t i o n e d  

on t h e  bit body t o  d i r e c t  t h e  c h i p s .  Also,  t h e  shape of t h e  

p o r t  i s  long  and narrow and sweeps t h e  f a c e  each  r e v o l u t i o n .  

Grav i ty  can be used e f f e c t i v e l y  by making t h e  b i t  f a c e  c o n i c a l .  

The i d e a l  s i t u a t i o n ,  of  cou r se ,  i s  t o  c l e a r  a l l  t h e  c h i p s  

from t h e  f a c e  b e f o r e  .they a r e  reground.  I f  t h e  c h i p s  a r e  t o o  

big, t hey  must obvious ly  be  reground b e f o r e  t h e y  can be e n t r a i n e d  

i n  t h e  a i r  s tream. I f  t o o  much r e g r i n d i n g  o c c u r s ,  t hen  t h e  s'ys- 

tern l o s e s  t o o  much energy,  and sometimes t h e  c h i p s  pack between 

t h e  t e e t h  Yedu.cj.ng their effectiveness ( c a l l e d  b a l l i ~ ~ y )  , The net 

e f f e c t  i s  a r e d u c t i o n  i n  t h e  p e n e t r a t i o n  r a t e .  



T 3.1.4 L i f t i n g  The Chips ( B a i l i n g )  

Chips o r  c u t t i n g s  can be b a i l e d  from t h e  h o l e  by l i f t i n g  

them o u t  i n  a bucket  o r  caught  i n  t h e  auger  f l i g h t s ,  by r a i s i n g  

them on t h e  auger  f l i g h t s  o r  by e n t r a i n i n g  them i n  c i r c u l a t i n g  

a i r .  B a i l i n g  by bucket  o r  by s h o r t  auger  r e q u i r e s  t h e  d r i l l  

t o o l  be  r a i s e d t o  unload c u t t i n g s ,  t h u s  d e t r a c t i n g  from t h e  

d r i l l i n g  t i m e .  The cont inuous  auger  s o l v e s  t h i s  problem as 

long as t h e r e  a r e  new c u t t i n g s  t o  f e e d  t h e  t h r o a t .  However, 

once t h e  f u l l  dep th  of t h e  h o l e  i s  reached ,  t h e  auger  must be  

removed5 and many of  t h e  c u t t i n g s  f a l l  back i n t o  t h e  ho le .  

These c u t t i n g s  must be removed some o t h e r  way o r  t h e  h o l e  must 

be  o v e r d r i l l e d  i n  l e n g t h  t o  a l l o w  f o r  t h e  dropped c u t t i n g s .  

Also, t h e  power used t o  r a i s e  t h e  c u t t i n g s  must be  d e l i v e r e d  

through t h e  r o t a r y  d r i v e ,  adding t o  i t s  a l r e a d y  heavy load .  

C i r c u l a t i n g  a i r  systems c l e a n  t h e  h o l e  con t inuous ly ,  reduc- 

i n g  t h e  t i m e  p e r  h o l e ,  and can be implemented e i t h e r  w i t h  com- 

p r e s s e d  a i r  o r  w i th  vacuum. F u r t h e r ,  t h e  a i r  can be c i r c u l a t e d  

e i t h e r  d i r e c t l y  ( a i r  f lowing i n t o  t h e  d r i l l  s t e m  and o u t  t h e  

a n n u l u s ) ,  o r  i n  r e v e r s e  c i r c u l a t i o n .  Also,  compressed a i r  can 

be used t o  c r e a t e  t h e  vacuum by v e n t u r i  a c t i o n  o r  jets. 

F i n a l l y ,  d u a l  c o n c e n t r i c  p i p e s  o r  p i p e s  w i th  added f eed  l i n e s  

can be used t o  e s t a b l i s h  t h e  a i r  c i r c u l a t i o n .  See F igu re  4 .  

As a r u l e  of thumh, a n  a i r  v e l o c i t y  of  4000  f e e t  p e r  

minute i s  needed t o  l i f t  c u t t i n g s .  S ince  t h e  a r e a  of  t h e  d r i l l  

p i p e  i s  s m a l l e r  t han  t h e  a r e a  of t h e  annulus ,  less1 volume of 

a i r  would be needed t o  reach  t h i s  l e v e l  f o r  r e v e r s e  c i r c u l a t i o n .  

A s  t h e  h o l e  d iameter  i n c r e a s e s ,  t h i s  f a c t o r  bebomes more 

impor tan t .  Reverse c i r c u l a t i o n  by compressed a i r  would require 

' contrary  t o  t heo ry  which s t a t e s  t h a t  a  p r o p e r l y  designed auger  
can c l e a r  i t s e l f  of  c h i p s  by con t inu ing  t o  r o t a t e ,  p r a c t i c a l  
d r i l l e r s  i n d i c a t e  these .  c u t t i n g s  w i ' l l  n o t  be r a i s e d  w i t h  no 
m a t e r i a l  behind it i n  t h e  auger  t h r o a t .  



Fi 1 t e r  f l  Vacuum F A i r  
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Figure 4, Circulating Air Schemes 



a seai a t  t h e  t o p  o f  t h e  h o l e  whi le  t h e  vacuum could  be  used 

wi thou t  a  s e a l .  Both t h e  duo tube  o r  a u x i l i a r y  p i p e  and t h e  

v e n t u r i  system a r e  d r i v e n  by compressed a i r  c r e a t i n g  a vacuum, 

f o r  c h i p  t r a n s p o r t  and can a l s o  be used without .  s e a l i n g  t h e  

ho le .  However, t h e y  bo th  need e x t r a  space  a t  t h e  t o p  of  t h e  

h o l e  where space  i s  q u i t e  p rec ious .  

3.1.5 Loading o n t o  t h e  Haulage Vehic le  

Once t h e  c u t t i n g s  a r e . b a i l e d  from t h e  h o l e ,  t hey  must be  

loaded o n t o  t h e  haulage v e h i c l e .  ' F o r  a bucket  d r i l l ,  a conveyor 

w i t h  a . s u r g e . h o p p e r  i n p u t  t o  a c c e p t  t h e  c u t t i n g s  and a c h u t e  

. , ou tpu t  t o  d i r e c t  t h e  c u t t i n g s  i n t o  t h e  h a u l a g e ' v e h i c l e  is  t h e  

s i m p l e s t  approach.  

An auger  is  more complicated s i n c e ,  f o r  a  s h o r t  auger  u s ing  

a d i s p o s a l  c y c l e ,  t h e  c u t t i n g s  are l i f t e d  from t h e  h o l e  on t h e  

auger  and spun outward t o  c l e a n  it. '  Th i s  p r o c e s s  makes c u t t i n g s  

pick-up r a t h e r  d i f f i c u l t .  Compressed a i r  could  be  used t o  clear 

t h e  auger  r a t h e r  t han  sp inn ing  it,. and could  a l s o  be used t o  

convey t h e  c u t t i n g s  i n t o  t h e  hau lage  v e h i c l e .  The same tech-  

n iques  could  be used on t h e  cont inuous  auge r ,  a l s o .  

. Compressed a i r  c i r c u l a t i n g  sys tems .b low t h e  c h i p s  o u t  of  

t h e  ho le .  I f  t h e  a i r  i s  channeled ' through a hose  a t  t h e  t o p  of  

t h e  h o l e ,  it can be d i r e c t e d  t o  t h e  hau lage  v e h i c l e .  Thc h o ~ e  

would be connected t o  a d i v e r g i n g . n o z z l e  where t h e  v e l o c i t y  of  

t h e  a i r  d rops  due t o  t h e  en l a rged  c r o s s  s e c t i o n  and t h e  c h i p s  

w i l l  f a l l  i n t o  a b in .  Th i s  i s  a  f a i r l y  d u s t y  method and £re-  

q u e n t l y  water  sp rays  on c l o t h  f i l t e r s  a r e  used t o  suppres s  t h e  

d u s t .  

A vacuum system would p r e s e n t  o t h e r  d i f f i c u l t i e s .  The 

vacuum system must be f i l t e r e d  and s e a l e d ,  and it mus t .be  

l o c a t e d  a t  t h e  end of  t h e  c u t t i n g s '  p a t h ,  namely a t  t h e  hau lage  



b ' . 

v e h i c l e .  Thus s p e c i a 1 , v e h i c l e s  which provide .  a s e a l e d  c o n t a i n e r  

t o  empty t h e  vacuum f i l t e r  would be  needed. 

3.1.6 ~ o v i n ~  t o  t h e  Hole, Setup and Breakdown 

These s t e p s  appear  to'  be  t h e  s i m p l e s t  o f  t h e  s i x .  A l l  

d r i l l i n g  r i g s  a r e  p o r t a b l e  b u t  i n  va ry ing  degrees .  Bucket 

d r i l l s  and auger  d r i l l s  a r e  u s u a l l y  t r u c k  mounted f o r  l a n d  use  

because t h e  h o l e s  t hey  d r i l l  a r e  shal low,  r a r e l y  p e n e t r a t i n g  

rock ve ry  f a r ,  and hence many h o l e s  ( i n  many s i tes)  a r e  needed 

t o  j u s t i f y  t h e  equipment. R a i s e  b o r e r s  a r e  u s u a l l y  s k i d  mounted 

because they  a r e  set  up a t  one s i t e  f o r  a  long  t i m e ,  d r i l l i n g  

deeper  and l a r g e r  h o l e s ,  and t h e  t r a n s p o r t  v e h i c l e  can be used 

f o r  o t h e r  work wh i l e  d r i l l i n g  i s  be ing  done. For underground 

use ,  t h e  space l i m i t s  of a mine r e q u i r e  t h a t  r i a s e  b o r e r s  be  

modular f o r  t r a n s p o r t  i n t o  a  mine and i n  t h i s  r e g a r d ,  a  d r i l l  

t r a n s p o r t  v e h i c l e  would be  e x t r a  equipment s e r v i n g  no f u n c t i o n .  

Also,  t h e  s i z e  of t h e  l a r g e r  b o r e r s  would t a x  a s i n g l e  t r u c k .  

On t h e  o t h e r  hand, some s m a l l e r ,  l i g h t e r  du ty  models have been 

produced f o r  s p e c i a l  purpose a p p l i c a t i o n s  which are crawler 

mounted o r  which a r e  provided wi th  a  s e p a r a t e  c r awle r  t r a n s p o r t e r  

which i s  detached wh i l e  d r i l l i n g .  

The t r a n s p o r t  base  can be wheeled o r  crawler mounted, bo th  

p rov id ing  adequate  f l o t a t i o n  t o  p r e v e n t  s c a r r i n g  o f  t h e  mine 

f l o o r .  ~ u b b e r - t i ~ e ~ l  v e h i c l e s  can be steered e?t .her by t u r n i n q  

t h e  wheels as i n  convent iona l  t r u c k s  or  by squirming ( l o c k i n g  

one set  and d r i v i n g  t h e  o t h e r  s e t  - l o o s e  s a l t  on t h e  f l o o r  

p rov ides  a  n a t u r a l  l u b r i c a n t  i n  t h i s  c a s e ) .  S t e e r e d ,  wheeled 

v e h i c l e s  move f a s t e r  because t h e y  are des igned  f o r  highway use  

and y e t  can be maneuvered a long  a  s t r a i g h t  l i n e  o r  around t u r n s  

e a s i l y  enough. Squirmed v e h i c l e s ,  whether wheeled o r  c r a w l e r ,  

a r e  s lower  i n  tramming. Th i s  i s  impor tan t  on ly  between rows of  

h o l e s  o r  between rooms. However, t hey  can be p o s i t i o n e d  more 

p r e c i s e l y .  P o s i t i o n i n g  would be impor tan t  i f  an  e r r o r  were made 



i n  moving between h o l e s  and t h e  d r i l l  w e r e  misa l igned  on t h e  

f irst  t r y ,  o r  i f  t h e  ho le  p a t t e r n  r e q u i r e s  h o l e s  c l o s e r  t o  t h e  

rib t han  f i v e  f e e t  o r  c l o s e r  t o  t h e  end w a l l  t han  twenty f e e t .  
. . 

I f  t h e  mi'ne development p l a n  were such t h a t  t h e  d r i l l s  had 

t o  p a s s  over  h o l e s  a f t e r  d r i l l i n g  them, t h e n  t h e r e  would be  no 

s t a n d a r d  t r u c k  bod ie s  of  s u f f i c i e n t  s i z e  t h a t  would n o t  cause  

t h e  wheels o f  t h e  t r u c k  t o  p a s s  ove r  t h e  edge o f  t h e  h o l e ,  caus- 

i n g  n o t  on ly  a hazardous s i t u a t i o n  t o  men and equipment, b u t  

a l s o  i n c u r r i n g  rework t o  o r  l o s s  of t h e  h o l e .  Crawlers ,  on t h e  

o t h e r  hand, a r e  a v a i l a b l e  on frames such t h a t  t h e  t r a c k  can  

p a s s  between h o l e s  on f o u r  f o o t  c e n t e r s .  The d i s t a n c e  between 

t r a c k s  can be changed e a s i l y  i f  s p e c i a l s  a r e  needed. Tracks  

' a l s o  can  e a s i l y  span t h e  edge o f  a h o l e  w i th  l i t t l e  danger  o r  

damage i n  c a s e  of a s t e e r i n g  e r r o r .  Narrower v e h i c l e s  can  be  

b u i l t  w i t h  t r a c k s  which permi t  them t o  g e t . c l o s e r  t o  t h e  r i b .  

S ince  crawlers a r e  more compact t han  wheels ,  t h e  space  a v a i l a b l e  

above t h e  c r a w l e r s  i s  g r e a t e r  f o r  packaging equipment. Also,  

c r a w l e r s  can e a s i l y  be b u i l t  w i t h  a s lewing  j o i n t  between t h e  

t r a n s p o r t  frame and t h e  d r i l l  r i g  s o  t h e  r i g  . . can be r o t a t e d  t o  

t h e  s i d e  to.accommodate d r i l l i n g  c l o s e r  t o  t h e  r i b  i n  some c a s e s .  

F i n a l l y ,  wheeled v e h i c l e s  have two eng ines  whi le  c r a w l e r s  would 

use  o n l y  one engine  f o r  bo th  d r i l l i n g  and moving. A l l  of  t h e  . 

rnanufactureirs s o l i c i t e d .  recommended c r a w l e r s  t o r  t h e  feaSOnS 

above. I n  s p i t e  of t h e  overwhelming f l e x i b i l i t y  p rov ided  by 

crawlers, it should be emphasi,zed t h a t  rubber  wheeled v e h i c l e s  

are e r i t i r e l y  adequate  f o r  . t h e  base  l i n e  c a s e  e x c e p t  f o r  t h e  

modular s i z e  requirement .  I t  i s  o n l y  when changes t o  t h e  com- 

p a r i s o n  c r i t e r i a  a r e  cons idered  t h a t  t h e  c r awle r  mount becomes 

t e c h n i c a l l y  p r e f e r a b l e .  

S e t  up and break down.are  b a s i c a l l y  t h e  r e v e r s e  p roces ses .  

A f t e r  t h e  r i g  d r i l l i n g  c e n t e r  l i n e  i s  p o s i t i o n e d  o v e r  t h e  h o l e  

s i te ,  t h e  d r i l l  is  plumbed us ing  h y d r a u l i c a l l y  o p e r a t e d  s t a b i l ' i -  

z a t i o n  jacks .  Level i n d i c a t o r s  a t  t h e  o p e r a t o r ' s  s t a t i o n  w i l l  



f a c i l i t a t e  t h i s  ope ra t ion .  A l l  d r i l l s  can be trammed a t  low 
. . 

speeds  .wi thout .  f o l d i n g  down t h e  d r i l l i n g  m a s t .  (.It seems. t h e  

on ly  t i m e  t h i s  f o l d i n g  f e a t u r e  w i l l  be used i s  d u r i n g  i n i t i a l  

i n s t a l l a t i o n ,  t r i p s  t o  t h e  maintenance s h o p ' w h i c h ' s h o u l d  be  

i n f r e q u e n t  s i n c e  most maintenance w i l l  be done on s e c t i o n ,  moth- 

b a l l i n g  s t o r a g e  o r  extended p l a c e  changing.  For some u n i t s  it 

i s  conce ivab le  ' t h a t  t h e  mast  w i l l  be  f o l d e d  on ly  f o u r  t i m e s  i n  . 

i t s  e n t i r e  l i f e t i m e .  I f  it w e r e  n o t  a l r e a d y  a p a r t  o f  s t a n d a r d  

des ign ,  it might n o t  be  worth t h e  added c o s t . )  

3.1.7 Other Equipment. Cons ide ra t ions  

I n  a d d i t i o n . t o  t h e  d r i l l i n g  s t e p s  and t h e  key equipment 

f e a t u r e s  t h a t  a f f e c t  them, t h e r e  a r e  o t h e r  equipment f e a t u r e s  

t h a t  must be  cons idered .  These f e a t u r e s  a r e :  

The r o t a r y  d r i v e  and d r i l l  s t e m  and t h r u s t  

Stem handl ing  equipment .  

A t t i t u d e  ad jus tments .  

3 .1 .7 .1  Rotary Drive and D r i l l  Stem and Thrus t  

The r o t a r y  d r i v e ,  t h e  d r i l l  s t e m  and t h e  t h r u s t  equipment 

are s o  c l o s e l y  r e l a t e d  t h e y  should be d i s c u s s e d  t o g e t h e r .  There 

are two b a s i c  d r i v e s  f o r  r o t a r y  d r i l l s .  The f i r s t  i s  a power 

swive l  which i s  connected t o  t h e  t o p  o f  t h e  d r i l l  stem. The 

to rque  motor i s  mounted on t h e  swive l  and e i t h e r  d r i v e s  t h e  d r i l l  

s t r i n g  d i r e c t l y  o r  through a  g e a r  t r a i n .  The motor i s  r e a c t e d  

through a  c rosshead  t o  t h e  d r i l l i n g  mast.  Th rus t  i s  provided  

e i t h e r  by c y l i n d e r s ,  sometimes w i t h  reaved c a b l e s ,  o r  by drum 

d r i v e n  c a b l e s  moving t h e  c rosshead .  These arrangements  can be 

used wi th  a l ' l  o f  t h e  d r i l l  t y p e s  d i scussed .  

The o t h e r  r o t a r y  d r i v e  i s  a r o t a r y  t a b l e  which has  a  square  

h o l e  through which a  square  p i e c e  of d r i l l  s t e e l  c a l l e d  a  Kel ly  

is  passed.  The Kel ly  i s  connected t o  o t h e r  d r i l l  s teel  o r  t o  
' 6  ' 



t h e  d r i l l  b i t  and it i s  f r e e  t o ' d e s c e n d  a s  t h e  ho le  i s  d r i l l e d .  

The Kel ly  i s  h o i s t e d  o r  lowered by c a b l e s  suspended ' f rom a 

d e r r i c k . '  Th rus t  i s  provided by dead weight ,  o r  by h y d r a u l i c  

c y l i n d e r s  a c t i n g  a g a i n s t  clamps on t h e  Kel ly ,  o r  by a powered 

c rosshead  a s  above. 

An i n t e r e s t i n g  innova t ion  on t h e  s i n g l e  Kel ly  i s  a tele- 

scoping Kelly.  The added s e c t i o n s  prov ide  f o r  d r i l l i n g  a g r e a t e r  

dep th  h o l e  wi thout  ex tending  t h e  h e i g h t  o f  t h e  mast .  Some tele- 

scoped s e c t i o n s  a r e  l a t c h e d  t o g e t h e r  when extended whi le  o t h e r s  

r e l y .  on f r i c t i o n  under t o rque  t o  keep t h e  s e c t i o n s  locked.  The 

s m a l l e r  s i z e d  t u b i n g  used f o r  t h e  i n n e r  s e c t i o n s  may reduce  t h e  

maximum a l lowab le  t o rque ,  however. I t  i s  a l s o  p o s s i b l e  t o  s e a l  

t h e  j o i n t s  between s e c t i o n s  t o  p rov ide  c i r c u l a t i o n  b a i l i n g .  

3 .1 .7 .2  Stem Handl ing Equipment 

Stem hand l ing  equipment i s  f o r  t h e  most p a r t  mechanized. 

. D r i l l  p i p e  is  grasped .be tween  p r e s s u r e  pads  whi le  auger  f l i g h t s  

f o r  con t inuous  auge r s  are grasped wi th  l a r g e r  pads o r  hooks on 

c a b l e .  Cons ider ing  t h e  number o f  t i m e s  an  auger  would be  

handled i n  a d a y , . t h e  hook hand l ing  o f . t h e  f l i g h t s  i s  r a t h e r  

slow. For t o r q u i n g  purposes ,  t h e  p r e s s u r e  pads  should be 

r ep l aced  by wrenches on f l a t s  on t h e  s teel  because t h e  pads  s l i p  

, a n d  wear t h e  p ipe .  The s t o r a g e  of  p i p e  o r  auge r s  can be i n  

l i n e a r   rack^ o r  on a c a r o u s e l .  

. . 
3.1.7.3 A t t i t u d e  "Adjustments - 

A t t i t u d e  ad jus tments  of  t h e  d r i l l  r i g  i n c l u d e  base  p o s i t i o n -  

i n g  and m a s t  t i l t i n g .  S t a b i l i z a t i o n  jacks  a r e  used t o  l e v e l  t h e  

base  o f  t h e  r i g .  Some r i g s  p r o v i d e . r o t a r y  s lewing  and f r o n t -  

to-back s lewing.  A l l  mast r i g s  tilt front- to-back whi le  some 

a l s o  tilt sideways. The bucket  d r i l l  is  t h e  on ly  one t h a t  canno t  

d r i l l  on an angle .  



3.2 Safety 

. . 

From a safety standpoint, two men will have to be present 

during all operations of equipment, thus defining the minimum 

crew size. Communications and fire fighting equipment will also 

be needed but is not considered a part of this study. Scrubbers 

will be needed on any diesel engine exhaust, and these engines 

must be MESA approved. Gasoline engines will not be allowed. 

Holes around the working area will be'covered to prevent men 

and equipment from falling into them. A canopy should be posi- 

tioned directly over the operator's station at the control panel 

to protect him from roof falls. This is especially important 

,considering that the drill will have to jack against the roof to 

provide sufficient reaction against the thrust of thedrill. 

Because miners prefer to have more than one escape route 

and prefer not to work~continuously between equipment and blind 

entries, it is preferred that the drill will be inby of the 

operators. 

3.3 Noise 

Noise in 'the drilling area will be a particular problem. 

Operators will probably be subjected to it for six hours out 

of the eight hours they work. The 0SHA.limit for this period 

is 92 dba. Considering all of the drilling equipment, ventila- 

tion equipment, haulage equipment and the close confines of the 

storage room, some measures will have to be taken to protect 

personnel. 



3.4 Other Considerations 

It is not clear that.the split between the mining process 

and the emplacement process should occur after drilling. On 

the one hand, the walls of the hole ar.e bound to slough, filling 

the bottom of the hole unevenly and leaving an.uneven surface. 

. The sloughed salt will absorb moisture from the atmosphere and 

solidify if left long enough which may require dressing the 

bottom of the hole before installing the sleeve. Before inser- 

tion of the sleeve, any loose salt will have to be removed to 

prevent it from falling .under the sleeve .and upsetting the 

vertical registration. Also, this sloughed salt will leave 

recessed voids which will be harder to backfill. Finally, the 

drilled salt will have a random.distribution of particle sizes 

which will not need crushing before being used for backfilling, 

while mined salt and salt left to stand and absorb moisture 

will require additional processing before it can be used for 

backfilling. If the sleeve is installed right after drilling, 

the operation will be much cheaper. 

Another point to consider is that the blind -end storage 

room may not necessarily be the best layout from an operational 

or safety standpoint. Ventilation is much more complicated. 

During mining, ventilation and dust suppression at the face are 

inescapable problems. However, during the drilling, emplacement 

and inspection procedures, the portable blower and duct work 

would .not be needed if both ends of the room were open. Haulage 

loading is also more complicated. With one entrance, either the 

drill has to be inby of the hole for direct loading of the 

haulage vehicle, thus causing the drill to drive over the holes, 

or both the drill and the haulaqe are outby of the hole causing 

extra equipment being needed to carry cuttings around the drill. 

From a safety standpoint,' it is always desirable to have two 

escape routes away from a work area in the event of fire or a 

a, roof fall. Most miners do not like to work inby of an operating 



machine c o n t i n u o u s l y  and i f  a  sys tem w e r e  set  up t h i s  way, 

e v e n t u a l l y  t h e y  would f i n d  a way t o  change it. A c c e s s ' t o  t h e  

h o l e s  f o r  emplacement and i n s p e c t i o n  would o b v i o u s l y  b e  enhanced 

e s p e c i a l l y  i n  t h e  e v e n t  o f  a n  a c c i d e n t .  . . 



4 .  AVAILABLE EQUIPMENT 

Of all the types of drilling rigs available, there are two 

groups that stand out for this application. One group is raise 

borers and the other group includes bucket drills and auger 

drills. Raise borers are compact, heavy duty drill rigs used 

to drill small diameter, blind pilot holes and then back ream 

them.to very large diameters. They are applied to drill.large 

ventilation or man and materials shafts, both underground and 

on the surface. Hence they are set up for extended periods in 

one. place that may be cramped for space. They are generally 

portable, but not mobile in the sense of providing 'their own 

carriage (although a few do just that). They are customarily 

powered electrically from an outside source. The power pack, 

operating controls and drill rig are usually separateunits. 

Since these rigs are usually used to cut hard rock, they are 

equipped with roller cutters, which require very high thrust., 

The pilot hole diameter is,small so the torque is low while the 

speed is high, and the rig is fitted for directlair or water 

bailing. For raise reaming or boring, the torque is very high 

while the speed is very low, and the bailing is done by gravity. 

For the'emplacement hole application, only the blind drilling 

mode would be used. 

The other group of drills, bucket and auger drills, are. 

intermediate to light duty rigs used to drill smaller holes in 

P 
soil and soft rock for pilings, post holes, cisterns, etc. The 

holes are short and most commonly under 3 feet in diameter. 



They use drag bits which demand higher torques and lower thrust 

than roller cutters. They usually operate on a disposal cycle 

which means the operators cut the strata enough to fill the 

bucket or a few turns of the auger flight and then hoist the 

tool out of the hole to empty it. The bucket swings out to the 

side and the bottom opens, while the auger is spunquicklyand 

the cuttings fly off it and land in a ring around the top of 

the hole. A continuous flight auger is also available but is 

rarely used for many operational reasons and is not competitive 

,in this application. ~hese rigs are generally mobile, having 

their own motive power and drive power so they can operate for 

a.short.time drilling a few short holes, and then move quickly . 

to a new location. Figures 5, 6 and 7 show these various drilling 

rigs. 

4.1 Standard/Nonstandard Rigs 

The market was surveyed to determine what  feature,^ of these 

rigs are available, to match them to the application, to deter- 

mine their cost and to'asses their reliability. &.might be 

expected, none of the standard catalog items exactly suited the 

application. It is quite clear, however, that components of 

various rigs have-frequently been assembled for custom purposes 

by nearly all manufacturers. Most manufacturers are willing to 

make changes in varying degrees to optimize their equipment, 

although all are emphatically reluctant to use components with. 

which they are not familiar. 





Figure 6 .  Acker Continuous Auger D r i l l  Rig 
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. Figure '7 ;. ' R o b h i n s  .Raise B o r e r  
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Many of the suggested rigs can do the job and all are 

sufficiently rugged .and reliable for.this service. The issues 

are efficiency, cost and.safety. In the sections below, the 

equipment available .from the eight..manufacturers solicited and 

the modifications they offered to optimize the systems will be 

. . discussed. Data sheets and drawings submitted by these.manu- 

facturers during the program'appear in Appendix A. 

4.2 Raise Borer Discussion 

Ingersol-Rand 

Ingersol-Rand manufactures two raise borers. The smallest 

unit, an RBMG, is over 17 feet high without a carrier and is 

too tall for this application. This unit is one of the largest 

considered as it can apply 160 horsepower to the drill steel, 

which is twice'the power from many other units. Ingersol-Rand 

is not interested in modifying their equipment and has no other 

custom rigs available for this purpose. 

Robbins 

Robbins manufactures the largest line of raise boring 

~udcliines sf all thc manufacturers. They have recornmended their 

Model 23R mounted on crawlers a.nd using a vacuum, reverse cir- 

culation for bailing. Their concept is shown in Figure 8. 

The modifications to the standard 23R rig are: 

m Add crawler mount with leveling jacks and roof jacks.. 

Q Add pipe handler. . . 

o Add vacuum bailing. 
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@ .  Attach controls. 

i Change feed rate. 

-Other changes recommended that Robbins is willing to do at this 

time are: 

e Add crawlers to the vacuum system. 

@ Add lights. 

~b Convert from air motors to hydraulic motors for ' 

the crawlers. 

However, there are three major changes recommended that 

Robbins is reluctant to offer. First, it is recommended that 

the drill pipe length be increased from 4 to 10 feet to reduce 

. . the handling time per hole. Robbins objection is based upon 

the engineering time to increase the cylinder and leg lengths 

of the mast, and strengthen the cross head, crown plate and 

base supports required due to the increased lever arm. FMA 

considers this a reasonable viewpoint. 

Second, it is recommended that a diesel generator set be 

added for prime power. Robbins1 objections are based on the 

fact that this equipment is available in existing mobile units 

that can easily be moved on site and that there is not enough 

room on their carrier frames. Considering that 'the power and 

services plan for"the mine has not been completed at this point, 

it is poss ib le  that electric power will be available for drill- 

ing. The cables required present a handling, maintenance and 

production problem and are considered undesirable, nevertheless. 



Third, it was recommended that all equipment be mounted on 

one carrier frame. Robbins' objections here are based upon the 

fact they have experience only with this size frame and are 

reluctant to try a new one. This objection is understandable 

and appreciated. On the other hand, vacuum systems are commer- 

cially available that are one-half the size shown and still 

adequate for the task. Also, larger 'crawler frames are readily 

available in proven designs which would be a small risk'and well 

worth the benefits to be gained. .Also, the'pipe handler rack 

. , shown holds48 pipe while only 5 are needed. The use 
I 

of two carriers is viewed as a serious drawback due to capital 

cost and operation complexity involving moving and cable and 
I 

hose handling. 

Dresser 

Dresser manufactures two raise boring machines. The - 

smaller unit, the Model 300, has the transmission mounted on the 

cross head. The transmission has a hollow spindle for circula- 
. . 

tion of air, but it is only 2.5 inches ID which is inadequate 

for this application, and the downward speed is too slow for 

this application. The Model' 500 is 17 feet 9 inches tall with- 

out a carrier and-would not fit into the mine. 

However, Dresser makes a.custom drill rig which they call 

a PRS Drill. (See Figure 9.) This rig is a combination of 

-~odel 300 components and other components from previous designs. 
. . 
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, Figure  $A. Dresser PRS D r i l l  Rig 
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Figure  9B. Dre.sser PRS D r i l l  ' Rig , 



Figure 9C. Dresser PRS Drill Rig 



C This rig could easily be adapted by: 

8 Adding crawlers and stabilizer jacks. 

Adding diesel motor. . . 

e Adding pipe storage and handling. 

Adding vacuum bailing. 

8 Adding roof jacks.. 

e Moving. the mast to one end and making it fold. 

Dresser states that the package will easily fit onto a 30 foot 

long frame. 

Subterranean . 

Subterranean, Division of Kennemetal, manufactures three 

raise borer machines. The Model 004 is slightly small for this 

application, although it was recommended by the manufacturer. 

The Model 005L seems to fit quite well however. The transmis- 
.-. 

sion is offset from the drill stem center line, permitting the 

longest section of pipe in the lowest height. 

4 . 3  Bucket and Auger Dr'ills - 

Ca1wel.d has recommended their Model 150.C Bucltet Drill 

mounted on crawlers (see Figure 10). The shorter telescoping 

boom has three sections that will reach 35 foot depths. These 

are the only modifications which are required; all other fea- 

tures are met by standard options. Roof jacks will be required 

to react the thrust, and lights will' be added. The only draw- 

back seen with bucket drills is the fact that the operator must 

make and break the crowd cylinder mechanism, attach and detach 





t h e  bucke t  bottom t r i p  rope ,  t r i p  t h e  bucke t  and gu ide  t h e  Kel ly  

yoke back i n t o  t h e  r o t a r y  d r i v e  f o r  every  d i s p o s a l  c y c l e .  Th i s  

manual involvement appears  dangerous.  Another sma l l  p o i n t , i s  

t h a t  t h e  bucket  bottom is  c l o s e d  by dragging  it a c r o s s  t h e  edge 

o f  t h e  r o t a r y  t a b l e .  This  would appear  t o  be dangerous t o  t h e -  

t e e t h  on t h e  bottom of  t h e  bucket .  

Gus Peck 

Peck manufactures t h r e e  bucke t  d r i l l s  t h a t  a r e  g e n e r a l l y  

s i m i l a r  t o  t h o s e  of Calweld and appear  t o  be j u s t  a s  adequa te ,  

and t h e  changes would be t h e  same. 

Acker 

Acker D r i l l  Co. manufactures  a l a r g e  number of  d r i l l i n g  

r i g s  and equipment. They have recommended t h e i r  Model W A I I  
I 

mounted on c rawler  t r a c k s  and f i t t e d  w i t h  c i r c u l a t i o n  b a i l i n g .  
. . 

Figure  11 shows t h i s  r i g  mounted on a  t r u c k  body. The modif i -  

c a t i o n s  f o r  t h i s  u n i t  would be:  

e Change t o  c r awle r  mount. 

Q Add vacuum b a i l i n g .  

e Add l i g h t s .  

e Add p ipe  s t o r a g e  and handl ing.  

>. o Shorten t h e  mast. 

H u g h e s  . . 

Hughes Tool Co. manufactures  a  s t a n d a r d  l i n e  of  Auger t ype  

r i g s  and has  recommended t h e i r  Model HD200. T h i s  r i g  has  a  
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t e l e s c o p i n g  Kelly.  The m o d i f i c a t i o n s  recommended a r e :  

e Change t o  d r i l l  s t e e l .  ' 

o Add p ipe  handl ing  and s t o r a g e .  

e Add vacuum b a i l i n g .  

o Change t o  c r awle r  mount w i th  roof  j acks .  

o Add l i g h t s .  

e Shorten t h e  mast. 

Hughes a l s o  has  walking beam d e s i g n s  which could  be used t o  

- reduce t h e  t r a n s p o r t  t ime between h o l e s  i f  t h e  spac ing  i s  4 f e e t .  

The beams can be moved whi le  t h e  main c a r r i e r  i s  s t a b i l i z e d  f o r  

d r i l l i n g .  However, i f  t h e  spac ing  i s  g r e a t e r ,  t h e n  t ime i s  l o s t .  

For i n s t a n c e ,  t o  move 17 f e e t  would t a k e  about  12 minutes  com- 

pared  t o  2 minutes f o r  c r awle r s .  

Hughes a l s o  makes a  l a r g e r  r i g ,  Model LHD, which i s  s l i g h t l y  

o v e r s i z e  b u t  which might be adapted.  I t  i s  s i m i l a r  i n  s i z e  t o  
. . 

t h e  Peck SGH 4 8  and t h e  Calb~e ld  ADL. 

4 .4  R e l i a b i l i t y  ---- 
I 

, The r a i s e  bo re r  machines are designed p r i m a r i l y  f o r  heavy 

du ty ,  up-reaming o p e r a t i o n  w i t h , a d e q u a t e  d e s i g n  f o r  d r i l l i n g  

about.  12 inch  diameter  p i l o t  h o l e s  i n  hard  rock  w i t h  r o l l e r  

c u t t e r s .  Consequently,  t h e  main frame c o n s i s t i n g  of  t h e  b a s e s ,  

gu ide  p i l l a r s ,  crown p l a t e  and low speed to rque  and t h r u s t  equip- 

ment i s  ve ry  rugged and would be r a t e d  f a r  i n  e x c e s s  of t h e  need 

f o r  t h i s  a p p l i c a t i o n .  However, t h e  running g e a r  f o r  p i l o t  

d r i l l i n g  would be ope ra t ed  from one-half  t o  f u l l  r a t e d  c a p a c i t y  

and i n  some c a s e s  may need improvement o r  lower performance 



b. rates would be imposed. Also,  t h e  c a r r i e r ,  prime power and 

b a i l i n g  equipment would be d r i v e n  nea r  r a t e d  c a p a c i t y .  A s  a  

r e s u l t ,  t h e  on ly  b e n e f i t s  de r ived  from t h e  raise b o r e r ' s  rugged- 

ne,ss would be  i n  t h e  long  l i f e  frame. 

E l e c t r i c a l l y  powered r a i s e  bore , r s  have l i t t l e  problems as 

long  as  t h e  motors a r e  a.c.; on. t h e  o t h e r  hand, t h e  major f a i l u r e  

mode o f  d .c .  systems h a s  been t h e  r e c t i f i e r / c o n t r o l  u n i t  due t o  

i n p u t  s p i k e s  and ove rvo l t age  problems. The n e x t  major f a i l u r e  

-.. mode o f  a l l  r i g s  i s  t h e  h y d r a u l i c  systems; t h e  pr imary f a i l u r e s  

be ing  components wearing o u t  Or d i r t y  f l u i d  o r  d i r t y  f i l t e r s .  

Manufacturers  d e c l i n e d  t o  p o i n t  o u t  any p a r t i c u l a r  component, 

b u t  motors and pumps w e r e  mentioned most f r e q u e n t l y .  Following 

t h i s . w o u l d  probably be f a i l u r e  of  d r i l l  s t e e l  o r  t h r u s t  b e a r i n g s  

due t o  normal wear. 

Auger and bucket  d r i l l s  a r e  i n t e r m e d i a t e  d u t y  r i g s  w e l l  

s u i t e d  f o r  t h i s  t ype  o f  d r i l l i n g  s e r v i c e  and would have t h e  

u s u a l  l i f e  of  heavy du ty  c o n s t r u c t i o n  equipment. I n  a d d i t i o n  

t o  t h e  problems of  h y d r a u l i c s  and t h r u s t  b e a r i n g s  noted above, 

c a b l e s  would appear  t o  be an e a r l y  f a i l u r e  component. T h e  tele- 

scoping  Kel ly  b a r s  and t h e  d e r r i c k s  on a  bucke t  d r i l l  would be 

d r i v e n  t h e  h a r d e s t .  The r eav ing  c a b l e s  used w i t h  crowd o r  t h r u s t  

c y l i n d e r s  would be more p r o t e c t e d  and have a  much g r e a t e r  l i f e .  

A l l  d r i l l s  would be faced  w i t h  t h e  problem o f  l o s t  t e e t h  

and shanks from t h e  b i t s .  I n  mines u s ing  cont inuous  miners  o r  

cha in  saws, t h i s  would be w e l l  unders tood.  The problem w i l l  be 

more p r e v a l e n t  i n  bedded s a l t  where t h e r e  a r e  ha rd  s t r i n g e r s  and 

where t h e r e  a r e  ve ry  l a r g e  c r y s t a l s  which do n o t  f r a c t u r e  e a s i l y .  



4.5 Summary Performance 

The available performance ratings of the eight machines 

discussed have been tabulated below. The cutting rates were 

calculated using the method described earlier in this report. 

All of these drills can complete a hole within the one hour 

limit; a detail analysis of the operation times is shown in 

Section 5, below. 

The twb raise borers with the best performance are too large 
... 

to fit into an 18 foot high storage room. They are the Ingersoll- 

Rand RBM-6 and the Dresser 500, and they are included because 

the 18 foot height may be changed later. Robbins also has units 

that fit 'into this category. Of the remaining drill units, the 

most significant fact is that generally the auger drill rigs and 

the bucket drill rigs have higher horsepower and torque ratings 

than raise borers have in the pilot drilling mode and are better 

suited to drag bits or pick cutters. 
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TABLE 2 

DRILL RATINGS 

: MANUFACTURER 

MODEL NO. 

H P  a t  Dril l .  S t em 

To.rque (ft- lbs x 1000) 

Speed Range (RPM) 

Thrus t  ( lbs  x 1000) 

Cutting Rate (FPM) 

(24" diam. hole i n  sa l t )  

_ __________ 

BUCKETS 

Calweld 

150C 

70 

14.9 

0-37 

23 

1.7 

Pech  

SGH48 

100 

18.0 

0-29 

- 

2.4 

. . 

-.- 

-, 

Acker 

WAII 

66 

10.0 

0-34 

28  

1.6 

500 

134 

13.0 

0-54 

225 

. 3.3 

. 

RAISE BORERS 

Subterranean 

004 

57 

3.0 

0 - 1 0 0 0 - 9 0  

80 

'1 .4  

--- 

005 

1 5 0 ,  

23  

100 

3.6 

AUGER 

Calweld 

ADL 

87 

13.0 

0-59 

- _  
2.1 

~ r c s s e r ~ ~ r e s s e r  

PRS 

7 5 

22.0 

0-60 

60 

1.8 

Drezse r  

3'20 

5C 

22.0 

0-60 

9c 

1.2 

* 
I-R 

RBM6 

160 

24.7 

0-77 

103 

3.9 

RIGS 

Hughes 

LDH 

100 

50 

- 
37 

2.4 

Robbins 

23R 

- 8 5  

13.1 

0-117 

77 

2.1 

Hughes 

HDZOO 

40 

- 
- 
- 

1.0 

height. 

I ----- 

+Will 

- 

no.: f i t  i n  1 8  . 5 6 t  

--- 
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5. LIFE CYCLE COST ESTIMATE 

5.1 General 

The.life cycle cost of three of the drilling systems studied 

have been developed. Each system is'a combination of available 

equipment which would require modification. The rigs are all 

diesel powered and require no outside power source. A two man 

crew consisting of an operator and a helper would b e  capable of 

. . operating any of the three systems. 
e 

A drilling cycle time study for each of the systems is shown 

in Table 3 -  Cycle times are based on the mine model furnished 

by the Office of Waste Isolation (OWI). The drilling cycle in- 

cludes a move of 17 feet along the length of the mine room. Time 

for moves from one row of.holes to another either within a room 
. . 

or between rooms has been excluded from.this study. In addition 

bad holes due to cave-ins, misplacement or 'out of tolerance holes 

have not been taken into account. ~rilling rates are based on 

the operation of standard equipment of each kind but are limited 

by the penetration rates discussed insection 4. 

The summary times in the drilling cycle appear to be com- 

petitive for three rigs but the auger rig with continuous auger 

flights is noncompetitive. Although the drilling time is com- 

parable, the handling time is excessive due to the lack of 

threads'on the end of the flight requiring a man to be at the 

I, top of the rig to release the flights from the power swivel, and 

also due to the need to overdrill because the hole cannot be 

completely cleaned. 



Table 3.' Cycle Times 

Time - Minutes 

. . Auger Bucket Auger Raise 
w/Auger Drill w/Vacuum Borer 

Transit Time-Drill 

Transit Time-Conveyors 

Setup, Align, Spot Haulage 

Start Hole (Sury Bit/Set Collar) 

Drill 

Change Steel or Flight 

Drill 

Change Steel or Flight 

Drill 

Change Steel or Flight 

Drill 

Withdraw .Steel or  light . . 

Remove Steel or Flight 

Break Down 

Overdrill Time 

Cycle Time - Minutes 

Drilling Time - MinuLes 29.67 30.0 19.38 17.21 



The number of machines required is based on the currently 

projected drilling schedule furnished by OWI. A sufficient 

number of each type machine is included to meet the projected 

drilling schedule with allowance for maintenance down-time. The 

purchasing schedule was selected to use as much of the useful 

life of all machines as possible. 

Raise borer machines as normally used can last from 5 to 10 

years. Their duty cycle under normal operation is 24 hours per 

day while operating. However, it is believed that they are 

operated under normal conditions approximately 3 months of the 

year. Their operating life over 7 years then is 16,000 hours 

with major overhauls,every 2 years. Bucket drills and auger- 

drills normally used in heavy construction are :reported to 

last about 15 years under normal usage. Normal usage in heavy 

construction is from 4 to 5 months per year'at 10 hours a day. 

Thus the life of this equipment is 16,000 hours with normal 

maintenance. Heavy equipment manufacturers such as ~ater~iilar 

Tractor also list life for this type equipment as 16,000 hours. 

Therefore an average life of 16,000' hours was selected for the 

life cylce of all equipment considered. 

5.2 Projected Drilling Schedule 

For storage of spent fuel elements, the OW1 projected 

schedule calls for drilling opearations to begin in 1983. In 

the following 18 months 50,650 holes are to be dril.led to pro- 

vide 5 years storage capacity. Drilling equipment will then be 

stored until 1989. Drilling will then,be resumed ,with 32,000 



b '  holes per year being required to keep 1 year ahead of emplacement s- operations until year 2000. Work is t~ be carried on three shifts 

a day. To meet this schedule prototype drilling machines will 

be required some time during a peirod 1979 through 1981. For 

cost estimating purposes, a 400 hour test of the prototype cover- 

ing a 3 month period was assumed during 1980. 

5.3 Assumptions 

a. Costs of material and labor are based on.1977 prices. 

b. Annual inflation rate is assumed to be 8 percent per 

year on material and labor. 

. . 

c. The two man crew on each system consists of one operator 

at $11.70 per hour and one helper at $9.10 per hour. 

(R.S. Means, .Construction Consultant, incl. gov't 

employee benefits.) 

d. Operating efficiency of each system is assumed to be 
. . 

80 percent during production drilling and 40 percent 

during the 3 month prototype test in 1980. 

e. Ten percent of equipment capital cost is allowed for 

maintenance and is assumed to be half labor and half 

material. 

f. Tooling costs are considered an expense item and not 

included in capital costs. 

g. Cycle time for each system is based on continuous 

hnulagc being avail ah!,^ w i t h  no. stoppage. 
. . 

-48- 



h. All systems are assumed to-be moved from hole to hole 

with its mast erected ready for drilling. 

i. Reconditioning costs at the start of the second phase 

of mining and drilling are omitted. 

5.4 Bucket Drill 

The bucket drill. system consists of a crawler mounted drill 

and two portable rubber tired conveyors. Telescoping Kelly 

length and mast height of the drill are reduced to suit an 18 

foot high mine room. In operation the unit will be backed to 

the first hole location at the in-by end of a room. Work 
I 

progresses toward the main tunnel. Over long distances the con- 

veyors can be towed by the drill rig. By backing into the room, 

1 .  the drill located at the center rear of the unit can be located 

well within 20 feet of 'the end wall and within '5 feet of a 

pillar if required. The conveyors are arranged along side the 

drill rig to receive cuttings from the bucket and transport 

them to a haulage unit located in front of the drill, towards 

the room entrance. The conveyors use power from the drill 

engine. 

Hole to hole"cyc1e time with the above arrangement is 

estimated to be 44 minutes. With proper maintenance a useful 

life of 16,000 hours is expected from this equipment. Allowing 

for down time and efficiency nine machines are required to meet 

t the production schedules during the first year and eight units 

from 1992 on. Therefore the life cycle cost assumes the pur- 

e 
chase of the first system in 1980 with eight more added in 1983 



b' when production drilling begins. All nine would be replaced by 

eight in 1992. These in turn would be replaced by eight sets in 

1996. This replacement schedule would allow the use of 100 per- 

cent of the first two sets and essentially 100 percent of the 

final set of eight with the total number of systems being 25. 

Buckets are considered to be replaced once a year. How- 

ever cutting teeth are estimated to last on the average through 

2000 feet of hole and cutting tool holders replaced twice each 

year. 

5.5 Auger Type Drill with Blind Hole Bit and Vacuum 

A standard auger type drill is altered by shortening its 

mast and mounting the unit on a Crawler base. A conventional 

blind hole bit will be used with drill pipe and a vacuum'unit 

for reverse air circulation. Drill pipe will be mechanically 

handled to and from a storage carrousel. 

The drill mast and drill pipe handling and racking equip- 

ment will be located at the rear of the unit with the vacuum 

and cuttings discharge at the front. 

A conventional blind hole bit would be used. The vacuum 

unit connected to the top end of the drill pipe through a swivel 

draws air down the hole flushing chips off the hole bottom and 

up the drill string to the vacuum unit. Cuttings are dumped 

to the hauler and the air is filtered before leaving the vacuum 

unit. 

,six additional units in 1983 for full production drilling.. All 



seven units will be replaced in 1991 and again in 1996. Using 

this schedule the entire life of the first 14 units would be 

consumed and the last 6 would be used to essentially 100 percent 

of their useful life at the end - of the year 2000. 

5.6 ,Raise Bore Drill with Vacuum 

Underground a raise bore machine is normally used to drill 

a small pilot hole downward between levels of a mine then pull a 

large bit towards itself to enlarge the hole. These machines 

have more than adequate thrust for blind drilling 3  foot holes 

in salt. The system considered is track mounted. Configuration 

would be similar to the auger rig previously discussed. The 

system is set up to drill at the in-by .end of a. room with'the 

vacuum end facing the room entry allowing a hauler easy access 

to the cuttings discharge chute. Work progresses toward the 

room entry. 

Cycle time for the system is estiinated to be 3 4 . 5 4  minutes. 

' The prototype system would be purchased in 1980 with five addi- 

tional units added in 1983. For a 16,000 hour life all five 

sets would be replaced in 1992 and again in 1997. 

Drill bits and drill pipe are replaced annually while 

average cutter life would be 2000 feet of hole. Holders would. 

be replaced twice a year. 

5.7. Conclusions 

t.' The total costs for the three rigs is presented in Table 4. 

Backup detail sheets are in Appendix B. The spread of costs is 

0 felt to be signif.icant but at this time the estimated .drilling 

rate is inexact and firm figures should be developed depending 

upon the unit chosen. 



T a b l e  4 .  L i f e  C y c l e  C o s t s  

Bucket Drill 

Unit Cost - 1977 
No. Units * 

Capital Cost 

Operating Cost 

Labor - Operating $ 49,431,000 

Labor - Maintenance 3,105,000 

Materal - Operating 1,878,000 

Material - Maintenance 3,105,000 

Fuel 3,458,000 

Operating Subtotal . . 60,977,000 

. Total Cost J2,093,000 

Raise Bore with Blind Hole Bit and.Vaccum 

Unit Cost - 1977 
NO .:'Units 

Capital Cost 

Operating Cost 

Labor - Operating 
Labor - Maintenance 
Material - Operating 2,408,000 

Material - Maintenance 4,131,000 

Fuel 4,014,000 

Operating Subtotal 50,927,000 

Total Cost 

Auger Drill Rig with ~lind Hole Bit and Vaccum 

Unit Cost - 1977 
No. Units 

capital Cost 

Operating Cost 

' Labor - Operating 
Labor - Mainte~iarice 
Material - Operating . 

Material - Maintenance 
Fuel 

Operating Subtotal 

Total Cost 



6. , OTHER CONSIDERATIONS 

The e f f e c t s  of changing t h e  presumptions  upon whi'ch. t h e  

d e s i g n . i s  based may a f f e c t  t h e  f i n a l  cho ice  o f  t h e  d r i l l .  I n  

t h i s  s e c t i o n  t h e  poss i .b le  changes known a r e  d i scus sed .  

6 . 1  S t r a t a  

The s t o r a g e  f a c i l i t y  may be e s t a b l i s h e d  i n  s t r a t a  o t h e r  

t han  s a l t .  I f  t h e  s t r a t a , i s  l i m i t e d  t o  s o f t e r  rock  such as 

s h a l e  and s o f t  l imes tone  - up t o  about  12,000 p s i  compressive 

s t r e n g t h - t h e n  t h e  auger  and bucket  r i g s  can  s t i l l  be used w i t h  

reduced performance r a t e s .  However, i f  t h e  rock  is  h a r d e r ,  

t hen  t h e  p i ck  s t y l e  c u t t e r  w i l l  no l o n g e r  be  economical  and 

r o l l e r  c u t t e r s  should be used. I n  t h i s  c a s e ,  less to rque  and 

more t h r u s t  a r e  needed. The t h r u s t  p e r  i n c h  of  h o l e  d i ame te r  

f o r  r o l l e r  c u t t e r s  can be t e n  t i m e s  t h e  t h r u s t  used f o r  a d r a g  

b i t  of  t h e  same s i z e .  Even t h e  l a r g e s t  raise b o r e r  l i s t e d  above 

would be marginal . ,  The d r i l l  s t e e l  used would be i n c r e a s e d  t o  

a t  leas t  8 .625  i nch  d iameter  nominal,  s t a b i l i z e r s  on t h e  s t e e l  

would be  used t o  keep t h e  d r i l l  s t r a i g h t ,  t h e  roof  j acks  would 

be inc reased ,  make up and break o u t  t o o l s  would be changed, and 

t h e  vacuum system would remain t h e  same o r  t h e  c i r c u l a t i n g  f l u i d  

could  be changed t o  mud i n s t e a d  of  a i r .  The p e n e t r a t i o n  ra te  

would d r o p . b y  a  f a c t o r  of about  10. The r o l l e r  c u t t e r  would 

change from m i l l e d  t o o t h  t o  bu t ton  type  and a l l  b i t  and c u t t e r  

l i f e  would dec rease  d r a s t i c a l l y .  



6.2 Hole Length 

The present specification considers hole depth from 20. to 

40 feet. Increasing the depth to 70 feet would eliminate bucket 

drills completely. One bucket drill manufacturer cannot reach 

over 25 feet because his telescoping Kelly is limited to two 

sections, while a second manufacturer is limited to 35 foot 

depths with three sections. Only one manufacturer can reach 

about 46 feet with a 4 section Kelly. Any added height in the 

rooms will improve this limitation obviously. : 

For rigs using drill steel, the.only hardware impact is 

storage and stabilizers. The stabilizers will obviously pose 

a handling problem and a special rack and hoist would be needed. 

The vacuum system would remain the same. 

6.3 Hole Diameter 

The present specification for hole diameters is 12 to 36 

inches. Naturally each diameter would require a different bit. 

~ncreasing the diameter to 48 inches would also require another 

bit. More important, the.+hrust required would increase well 

beyond the limits of the present auger and bucket rigs, and the 

arguments about thrust in Section .6.1 for so'ft rock would apply 

here also. Also,' the roof jack pads would.inc'rease in size. 

6.4 Hole Position 

During the course of the program there has been consider- 

able discussion of the location of the holes in the storage 

rooms. If the center line of the holes is located closer to 



the rib than five feet, then it is quite possible a special drill 

rig will be needed with either an offset drill center line or 

with a rotation skew to the drill frame. The former may also be 

compounded by the need for right and left hand configurations 

which would add to logistics in operation. 

. 6.5 Hole Angle 

The hole is presently specified.as vertical. However, both 

the raise borers and the auger rigs.can drill at least up to 

forty-five degrees from the vertical with no adverse effects 

'other than a slight curvature downward as the'hole lengthens. 

This can be reduced by stabilizers. The roof jacks would obvi- 

ously have to be repositioned and possibly two more added. 

Bucket drills could not drill on an angle. . . 

6.6 Primary Power 

The primary power chosen for these rigs is supplied by a 

local diesel engine. This was based upon an expected lack of 

high electric power in the area. 1f this power is available, 

then the raise borers can use their standard power systems while 

the bucket and auger rigs will have to be modified. 



7. CONCLUSIONS AND RECOMMENDATIONS 

Two classes of drills can be,used to drill emplacement 

holes in salt. Both are sufficiently rugged and reliable. 

Raise borers have.a higher capital cost and require more modifi- 

cations, but will be more flexible in other applications and 

require less labor. The life cycle cost for the raise borers 

and for the auger rigs are about the same, while the life cycle 

costs of bucket drills are much higher. As long as the hole is 

36 inches in diameter or less and 40 feet deep or less in salt, 

then the auger rig is recommended because of the Power capital 

cost and lower operating cost. 

Of the two bailing systems, circulation systems are pre- 

ferred over disposal cycle systems because (1) the tool bit is 

cutting continuously rather than intermittently, and (2) the 

loading of haulage is simplified. 

The circulation can be established by pressure or by 

vacuum.' The latter is preferred for cost and noise reasons. 

Also, the circulation can be established in direct or reverse 

modes. Reverse circulation is preferred because the volume flow 

is lower for the pipe than. for the annulus, .and because no seal 

is needed on the top of the hole. The one drawback of vacuum 

is the need for special haulage bin that seals to the vacuum 

circulation is the need for special haulage bin that seals to 

.the vacuum system. If this cannot be accommodated, then the next 

best system is reverse circulation using.compressed air injected 

through a cover on the hole that is held in place by the drill rig. 

. . 
. . 



The bit should have a conical face to help bailing and it 

should be laced with drag bits. Roller cutters cannot be used 

with the hole diameters and thrust loads available with this 

equipment. The carrier should be a crawler frame because they 

are lower and more maneuverable than truck bodies. If small 

squirmed rubber tired frames were available, they would be pre- 

ferred over all. The primary power should be a diesel engine 

rather than mine service electric power because the cable handling 

is a major failure mode, and because the flexibility provided by 

the diesel is useful. The one drawback of the diesel is the , 

noise it produces compared to an electric motor. 

These recommendations have been embodied in Drawing No. 

A-12510 entitled, Procurement Specification - Emplacement Hole 
Drill and Drawing No. J-12511 entitled,' Emplacement Hole Drill - 
Envelope Drawing, which are to be found in Appendix C. 

This recommended system represents what is throught to be 

the best combination of' available 'drill components assembled into 

a drill rig which will provide-'at least adequate performance. 

Furthermore, this drill system can be procured from at least 

three manufacturers. If the facility criteria change significantly, 

however, then the.dril1 rig recommendations will have to be 

reassessed on the merits of the changes. The drill rig manufac- 

t u r e ~ ~  caxi be quite flexible iri combining components provided the 

buyer is willing to accept components with which the manufacturer 

has had experience. If this condition can be met, then most 

t . .  .: drill rig manufacturers will include the associated design cost 



as part of the drill cost. If special components are required, 

however, then the number of manufacturers willing to participate 

in a procurement may be severely reduced. 






