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DIRECTIONALLY CONTROLLED DRILLING TO HORIZONTALLY 
INTERCEPT SELECTED STRATA, UPPER FREEPORT 

COALBED, GREENE COUNTY, PA, 

by 

William PB Diamond, David C. Oyler,  and Herbert Ha Fields3 

ABSTRACT 

A 3 - i nch  p i l o t  ho le  was d i r e c t i o n a l l y  d r i l l e d  t o  i n t e r c e p t  t h e  F r eepo r t  
coalbed hor izon  h o r i z o n t a l l y  a t  Mather,  Pa . ,  a s  p a r t  of a  Bureau of Mines 
d e g a s i f i c a t i o n  p r o j e c t .  The o r i g i n a l  concept  was t o  con t i nue  t h e  h o r i z o n t a l  
d r i l l i n g  i n t o  t he  coa lbed ,  a f t e r  t he  i n i t i a l  i n t e r c e p t ,  w i t h  a  t o t a l  of  t h r e e  
h o r i z o n t a l  ho l e s  e v e n t u a l l y  being completed.  However, t h e  e r r a t i c  t h i cknes s  
(0 .0  t o  4 . 3  f e e t )  of t h e  F r eepo r t  coalbed a t  Mather was n o t  s u f f i c i e n t  t o  sup-  
p o r t  t h e  h o r i z o n t a l  d r i l l i n g  d e g a s i f i c a t i o n  techn ique ,  and t he  s i t e  was aban-  
doned a f t e r  s i x  a t t emp t s  t o  l o c a t e  adequate  cont inuous c o a l  t h i cknes se s .  The 
d r i l l i n g  of co r eho l e s  i n  t h e  immediate v i c i n i t y  of proposed w e l l  pa th s  t o  
e v a l u a t e  c o a l  t h i cknes s  i s  e s s e n t i a l  p r i o r  t o  f u t u r e  s l a n t  ho le  ope ra t i ons .  

Although mechanical  f a i l u r e s  of t h e  new d i r e c t i o n a l  d r i l l i n g  equipment,  
mud pump and r i g  breakdowns, d i r e c t i o n a l  c o n t r o l  problems, and e x p l o r a t o r y  
h o r i z o n t a l  d r i l l i n g  i n  t h e  F r e e p o r t  hor izon  more t h a n  doubled t he  a n t i c i p a t e d  
c o s t  of t h e  p i l o t  ho le ,  con t i nu ing  improvements i n  d i r e c t i o n a l  d r i l l i n g  equ ip-  
ment and techn iques  should s i g n i f i c a n t l y  reduce t h e  t ime and c o s t s  of f u t u r e  
d r i l l i n g  o p e r a t i o n s .  

INTRODUCTION 

The Bureau of Mines i n  i t s  con t i nu ing  r e s e a r c h  i n  coalbed d e g a s i f i c a t i o n  
i s  c u r r e n t l y  e v a l u a t i n g  d i r e c t i o n a l  d r i l l i n g  t echn iques  f o r  methane d r a inage  
of l a r g e  a r e a s  from a  s i n g l e  s u r f a c e  l o c a t i o n .  Large q u a n t i t i e s  of methane 
gas  a r e  expected t o  be d r a ined  from coa lbeds  us ing  t h i s  t echn ique .  The 
F r e e p o r t  coalbed a t  a  s i t e  near  Mather,  Pa . ,  was s e l e c t e d  f o r  t h i s  r e s e a r c h  
d r i l l i n g  p r o j e c t  s i n c e  d e s o r p t i o n  of  c o a l  c o r e s  i n  s e a l e d  c a n i s t e r s  i n d i c a t e d  
t h a t  over 200 cu  f t  of methane pe r  t on  of c o a l  i s  p r e s e n t  i n  t h e  F r e e p o r t  
coa lbed  a t  dep ths  of 1,000 f e e t .  

l ~ e o l o g i s t .  
2 ~ e n e r a l  eng inee r .  
3 ~ i n i n g  eng inee r .  

A l l  au tho r s  a r e  w i th  t h e  P i t t s b u r g h  Mining and S a f e t y  and Research Cente r ,  
Bureau of Mines, P i t t s b u r g h ,  Pa.  



The F r e e p o r t  coa lbed  has n o t  been mined i n  t h e  a r e a  o f  t h e  r e s e a r c h  s i t e ,  
b u t  mining o p e r a t i o n s  a r e  planned f o r  t h e  f u t u r e .  The purpose of t h i s  
r e s e a r c h  was t o  p rov ide  i n f o r m a t i o n  on t h e  u s e  of d i r e c t i o n a l  d r i l l i n g  t e c h -  
n iques  f o r  d e g a s i f i c a t i o n  i n  advance of mining f o r  bo th  mine s a f e t y  and energy 
r e s o u r c e  u t i l i z a t i o n .  Th is  r e p o r t  d e t a i l s  t h e  equipment s p e c i f i c a t i o n s ,  
d r i l l i n g  t echnology ,  and c o s t  of t h e  s l a n t  h o l e  t o  t h e  F r e e p o r t  coa lbed .  An 
e v a l u a t i o n  of t h e  g e o l o g i c  f a c t o r s  t h a t  n e c e s s i t a t e d  t h e  abandonment of t h e  
i n i t i a l  r e s e a r c h  s i t e  a f t e r  r e a c h i n g  t h e  F r e e p o r t  coalbed hor izon  i s  i n c l u d e d ,  
and p r e c a u t i o n s  f o r  f u t u r e  s i t e  s e l e c t i o n  a r e  g i v e n .  
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DRILLING PROGRAM 

General  D r i l l i n g  P l a n  

The F r e e p o r t  coalbed h o r i z o n  was known t o  be approximately  930 f e e t  below 
t h e  s u r f a c e  a t  t h e  d r i l l  s i t e .  A d r i l l  p a t h  was c a l c u l a t e d  which, s t a r t i n g  
w i t h  a  5" t i l t  of t h e  r i g  and 6" d e v i a t i o n  per  100 f e e t  of d r i l l e d  d e p t h ,  
would i n t e r c e p t  t h e  coa lbed  h o r i z o n t a l l y .  A 3- inch p i l o t  h o l e  was t o  be 
d r i l l e d  t o  t h e  F r e e p o r t  coalbed and 50 f e e t  h o r i z o n t a l l y  i n t o  t h e  coa lbed  w i t h  
a  2 -3 /8 - inch  ~ ~ n a - ~ r i l l . ~  Standard BQ d r i l l i n g  rod was used w i t h  a  60-foot  
s e c t i o n  of s t a i n l e s s  s t e e l  rod j u s t  above t h e  Dyna-Dri l l  t o o l .  The nonmag- 
n e t i c  rods  a r e  n e c e s s a r y  f o r  d i r e c t i o n a l  su rvey ing .  

The i n i t i a l  h o l e  was t o  be reamed t o  a  10- inch d iamete r  u s i n g  a  s t i n g e r  
ex tend ing  2-1/2 f e e t  beyond t h e  d r i l l  b i t  t o  keep t h e  h o l e  on c o u r s e .  Seven- 
i n c h  c a s i n g  was t o  be cemented i n  p l a c e  t o  j u s t  above t h e  coalbed.  From the  
bottom o f  t h e  c a s i n g ,  t h e  p i l o t  h o l e  would be underreamed t o  a  10- inch diam- 
e t e r  f o r  a  h o r i z o n t a l  d i s t a n c e  of 50 f e e t .  From t h i s  l a r g e  h o l e ,  a t  l e a s t  
t h r e e  i n d i v i d u a l  3 - inch  h o l e s  were t o  be d r i l l e d  a t  v a r i o u s  a n g l e s  t o  a  d e p t h  
of approx imate ly  3 ,500 f e e t  i n t o  t h e  coa lbed .  

E a u i ~ m e n t  and S i t e  Lavout 

A h y d r a u l i c a l l y  o p e r a t e d  Reed E x p l o r a t o r y  r o t a r y  d r i l l  was used on t h i s  
h o l e .  The d r i l l i n g  assembly was mounted on a n  I n t e r n a t i o n a l  Harves te r  
model F2010A t r u c k  w i t h  a  208-inch wheelbase .  The mast h e i g h t  was 45 f e e t  

4 ~ e f e r e n c e  t o  s p e c i f i c  equipment, t r a d e  names, o r  manufac tu re r s  does no t  imply 
endorsement by t h e  Bureau of Mines 



wi th  t h e  hydraul ic  cy l inde r s  r e t r a c t e d  and 79 f e e t  when f u l l y  extended. The 
rear-end loader  was capable of handling 30-foot lengths  of d r i l l  pipe. Hoist  
capac i ty  was 70,000 pounds, and pulldown capac i ty  was 26,000 pounds. Power 
was provided by a Cumins  NT855-P380 d i e s e l  engine developing 380 bhp a t  2,100 
rpm. A Grimmer Schmidt 903-82 a i r  compressor r a t e d  a t  660 cfm a t  100 p s i  and 
575 cfm a t  210 p s i  a l s o  was mounted on t h e  r i g .  

The hole  was d r i l l e d  wi th  Baroid 's  Dextrid c o l l o i d a l ,  o rganic ,  polymer 
mud. The Dextr id a d d i t i v e  produces a mud with a very  low f i l t r a t i o n  r a t e ,  
from 6 t o  13 m l  per  30 min, averaging about  8 m l  per  30 min, which a i d s  i n  
s h a l e  s t a b i l i z a t i o n .  A red s h a l e  s e c t i o n  approximately 300 f e e t  above t h e  
F reepor t  coalbed i s  p a r t i c u l a r l y  troublesome, causing frequent  d r i l l i n g  

Townsh~@ rood 
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FIGURE 1. - Plan view of equipment layout a t  d r i l l  site. 



problems due t o  swel l ing  and sloughing of t h e  s h a l e .  Mud weights t y p i c a l l y  
ranged between 8 . 3  and 8 . 4  l b / g a l .  The funnel  v i s c o s i t y  (1,000 cu cm) ranged 
from 30 t o  33 sec .  No hole  problems were encountered wi th  t h e  mud system used 
dur ing  the  4-1/2 months of d r i l l i n g  ope ra t i ons .  

The fenced- in  d r i l l  s i t e  i s  approximately 165 f e e t  wide and 180 f e e t  deep 
f o r  a  t o t a l  a r e a  of about 30,000 sq f t .  F igure  1 shows t h e  placement of t h e  
d r i l l  r i g ,  mud p i t  and pump, supply and o f f i c e  t r a i l e r s ,  and o t h e r  equipment 
necessary  f o r  the  d r i l l i n g  opera t ion .  The d r i l l i n g  a r e a  was surrounded by a  
6-foot-high,  c h a i n - l i n k  fence as  a  s a f e t y  p recau t ion  s i n c e  t h e  s i t e  i s  near  a  
r e s i d e n t i a l  a r ea .  Adequate l i g h t i n g  was provided f o r  n i g h t  d r i l l i n g  opera-  
t i o n s .  The d r i l l  r i g  and mud pump were enclosed wi th  plywood bu i ld ings  t o  
reduce no ise  l e v e l s  during d r i l l i n g .  

GEOLOGIC FACTORS CONTROLLING DIRECTION OF DRILLING 

The d i r e c t i o n  of  d r i l l i n g  f o r  t h e  s l a n t  ho le  and subsequent h o r i z o n t a l  
ho les  was dependent upon geologic  f a c t o r s .  The Freepor t  coalbed does no t  
main ta in  a  cons tan t  th ickness  i n  the  a r ea  of t h e  d r i l l  s i t e ,  vary ing  from no 
c o a l  t o  nea r ly  8  f e e t .  It  i s  d e s i r a b l e  t o  d r i l l  t h e  h o r i z o n t a l  ho les  i n  t he  
t h i c k e s t  and l e a s t  v a r i a b l e  p a r t s  of t h e  coalbed.  This  w i l l  a i d  i n  keeping 
t h e  advancing h o r i z o n t a l  ho les  i n  the  coalbed and out  of t he  surrounding 
s t r a t a .  Also,  t he  g r e a t e s t  amount of c o a l  w i l l  be sub jec t  t o  d e g a s i f i c a t i o n  
i n  the t h i cke r  p a r t s  of t he  coalbed.  

Before t he  s t a r t  of t h e  d r i l l i n g  p r o j e c t ,  corehole  da t a  i n  t h e  immediate 
v i c i n i t y  of t h e  d r i l l  s i t e  i nd i ca t ed  t h a t  the f r e e p o r t  coalbed t h i n s  i n  t h e  
northwest ,  n o r t h e a s t ,  and southeas t  quadran ts ,  and i s  t h i c k e s t  i n  t he  south-  
west quadrant .  The a r e a  of t h e  t h i c k e s t  c o a l  ( g r e a t e r  than 5  f e e t )  was p re -  
sumed t o  be loca ted  between S  4" W and S 85" W ,  w i th  t h e  s u r f a c e  l o c a t i o n  a s  
t h e  o r i g i n .  

A c r i t i c a l  f a c t o r  f o r  maximum gas flow from coalbeds i s  t h e  c l e a t  system. 
Degas i f i ca t i on  experiments conducted underground i n  c o a l  mines (5) have shown 
t h a t  h o r i z o n t a l  ho les  d r i l l e d  perpendicu la r  to--and t h e r e f o r e  i n t e r s e c t i n g  t h e  
l a r g e s t  number of - - face  c l e a t s  w i l l  y i e l d  2.5 t o  10 times more gas  than  holes  
d r i l l e d  perpendicu la r  t o  t he  b u t t  c l e a t .  The underground mine n e a r e s t  t o  t h e  
d r i l l  s i t e  i s  t h e  Gateway mine, ope ra t i ng  i n  t h e  P i t t s b u r g h  coalbed,  approxi -  
mately 600 f e e t  above t h e  Freepor t .  The f ace  c l e a t  measured i n  t h i s  mine 
s t r i k e s  a t  N 68" W ( 7 ) .  Recent i n v e s t i g a t i o n s  by the  Bureau of  Mines (8) i n d i -  
c a t e  t h a t  c l e a t  systems maintain s i m i l a r  o r i e n t a t i o n  throughout a  v e r t i c a l  
s e c t i o n  a t  one l o c a t i o n .  Therefore ,  i t  was assumed t h a t  t he  f a c e  c l e a t  i n  t h e  
F reepor t  coalbed would be near N 68" W .  Taking i n t o  account  t he  t h i c k e s t  c o a l  
i n  t h e  southwest,  and t h e  d e s i r a b i l i t y  of p e n e t r a t i n g  the  coalbed a s  nea r ly  
perpendicu la r  t o  t h e  f ace  c l e a t  a s  pos s ib l e ,  t he  i n i t i a l  ho l e  was d r i l l e d  
S 13" W .  

Sunder l ined  numbers i n  paren theses  r e f e r  t o  i tems i n  the  l i s t  of r e f e r ences  a t  
t h e  end of t h i s  r e p o r t .  



Two important f a c t o r s  i n  s e l e c t i n g  a su r f ace  l o c a t i o n  f o r  the  hole  were 
t h e  presence of abandoned mine workings i n  t he  P i t t sbu rgh  coalbed beneath t h e  
s i t e  and environmental cons ide ra t ions .  F igure  2 i s  a map of t h e  d r i l l i n g  
l o c a t i o n  wi th  t h e  underground passageways and c o a l  p i l l a r s  superimposed. It 
was e s s e n t i a l  t o  d r i l l  through a s o l i d  block of c o a l  and not  through a mined- 
ou t  a r ea .  Encountering a mined-out a r e a  would have r e s u l t e d  i n  a l o s s  of  
expensive d r i l l i n g  f l u i d s  and would have n e c e s s i t a t e d  cementing t o  f i l l  t h e  
vo id ,  reaming a l a r g e r  ho le ,  and s e t t i n g  a s t r i n g  of cas ing  through the  c o a l -  
bed, o r  e l s e  r e d r i l l i n g  the  hole  from a d i f f e r e n t  su r f ace  l o c a t i o n .  E i t h e r  
a l t e r n a t i v e  would e n t a i l  l o s t  time and added expense. 

The southern  p o r t i o n  of the l o c a t i o n  i s  heav i ly  wooded and bounded by a n  
80-foot  c l i f f  i n t o  Tenmile Creek. To minimize t h e  e f f e c t  of d r i l l i n g  opera-  
t i o n s  on the  environment, t h e  su r f ace  l o c a t i o n  was placed on t h e  unfores ted ,  
no r the rn  po r t ion  of t he  s i t e .  The h o r i z o n t a l  displacement of t he  proposed 
w e l l  pa th  a t  t he  a n t i c i p a t e d  depth of t he  P i t t sbu rgh  coalbed was ca l cu la t ed  t o  

FIGURE 2, - Plan view of dri l l  site and underground workings in the Pittsburgh coalbed, 



71
-5

- 

I 
S

ur
fa

ce
 e

le
vo

tlo
n 

9
3

0
3

3
1

1
 

S
od

l 
L

lm
e

st
o

n
e

 

S
ha

le
, d

or
k 

gr
oy

, 
sa

nd
y 

S
ho

le
. 

do
rk

 q
ra

y 
L~

m
es

to
ne

 
N

O
T

E
S

 
F

cw
m

m
~

on
 

da
ta

 o
re

 fr
o

m
0

 c
or

e 
ho

le
 a

pp
ro

xl
m

ot
el

y 
1

.0
0

0
ft

 
fr

o
m

 th
e 

Li
m

es
to

ne
 

dr
ill

in
g 

st
te

 

L
tm

st
o

n
e

 
W

el
l 

p
lo

t a
ss

um
es

 
S

os
ur

fa
ce

 d
e

v~
o

tl
o

n
 o
f 

d
r~

ll
 r
~

g
 

Ll
m

es
to

ne
 

6
- 

pe
r 

D
O

-1
1 

de
vm

lm
n 

P
lo

t 
ba

se
d 

up
on

 1
0

0
4

t 
st

at
lo

ns
 w

~
th

 
L~

m
es

lo
ne

 
s

tr
a

~
g

h
t-

l~
n

e
 

se
gm

en
ts

 
b

e
tw

e
e

n
 s

ta
tl

o
n

s 

C
w

46
 an

 
S

ho
le

. 
qr

oy
 

Lw
ne

st
on

e 

S
ho

le
, 

p
ra

y 

S
ha

le
, g

ro
y 

gr
ee

n,
pl

us
llm

e 
3

0
0

 
S

ha
le

, g
ro

y,
 s

an
dy

 

P
ltl

sb
vr

g
h

 m
o

l,
l4

ft
 3

ln
 

S
ha

le
, 

bl
oc

k 
an

d 
qr

ay
 

S
ho

le
, l

lq
hl

 a
nd

 d
or

k 
gr

ay
 

S
ho

le
, 

d
a

rk
 p

ro
), 

S
ha

le
.l#

gh
l g

ro
y.

m
dy

.ll
m

y 
A

a
le

 
C

oo
l,Z

~n
 an

d 
71

n 

S
on

ds
ta

ne
 

S
ho

le
, 

gr
oy

 

S
an

ds
to

ne
 

S
ha

le
. g

ra
y 

S
on

ds
lo

ne
 

S
ho

le
 

gr
oy

 s
an

dy
 

S
a

n
d

ito
n

e
 

S
ho

le
, 

bl
oc

k 
Li

m
es

tD
ne

 
S

ha
le

 ,r
ed

 

S
ha

le
, g

ro
y.

gr
ee

n,
re

d.
I~

m
y 

Ll
m

es
lo

ne
 

S
ha

le
, g

ro
y 

Ll
m

es
lo

ne
 

14
4"

 c
m

l
 

S
ha

le
, g

ra
y 

Ll
m

es
to

ne
 

S
ha

le
. g

ro
y,

w
rn

dy
 

S
ha

le
, g

ro
fis

an
dy

 
S

a
n

d
a

~
n

r 
S

tto
k.

gr
ay

 

S
ho

le
.g

ro
y 

Ll
m

es
to

ne
 

S
ho

le
. 

gr
oy

,s
on

dy
 

S
on

ds
lo

ne
 

S
ha

le
,g

ro
y.

so
nd

y 

1.
00

0 
I 

I 
I 

0
 

I
W

 
2

0
0

 
3

0
0

 
4

0
0

 
5

0
0

 
6

0
0

 
7

0
0

 
8

0
0

 
9

0
0

 
1,

00
0 

1.
10

0 
D

IS
T

A
N

C
E

, 1
1 

F
IG

U
R

E
 3

. 
- S

e
ct

io
n

 v
ie

w
 o

f 
pr

op
os

ed
 s

la
n

t 
h

o
le

 w
e

ll
 p

a
th

 w
it

h
 g

e
o

lo
g

ic
 c

ol
um

n.
 



be approximately 90 f e e t  ( f i g .  3 ) .  The c e n t e r  of t h e  l a r g e  block of coa l ,  
approximately 140 f e e t  south  of t h e  northwest corner  of t h e  loca t ion ,  was 
chosen a s  t h e  t a r g e t  i n  t h e  P i t t sbu rgh  horizon.  The prime su r f ace  l o c a t i o n  
then  was determined t o  be along N 13' E t o  S 13' W from the  c e n t e r  of t h e  
b lock  of coa l  and a t  a  ho r i zon ta l  d i s t a n c e  of 90 f e e t  ( f i g .  2 ) .  The p i l o t  
ho le  was d r i l l e d  wi th  s l i g h t l y  l e s s  dev ia t ion  than expected i n  the top s e c t i o n ,  
b u t  t h e  b lock  of c o a l  was encountered a t  a  v e r t i c a l  depth of 333 f e e t  (597 
f e e t  above sea  l e v e l )  and 70 f e e t  from t h e  su r f ace  l o c a t i o n  ( f i g .  4 ) .  

HORIZONTAL DISTANCE, f t  

FIGURE 4. - Section view of actual well  path drilled. 
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DESCRIPTION OF DYNA -DRILL 

To d r i l l  a  hole  from a near v e r t i c a l  p o s i t i o n  a t  the su r face  and i n t e r -  
cep t  a  coalbed hor i zon ta l ly  near ly  1,000 f e e t  below requ i re s  the use of 
s p e c i a l  d r i l l i n g  techniques. To achieve d i r e c t i o n a l  c o n t r o l ,  a  Dyna-Drill was 
s e l e c t e d .  The Dyna-Drill t o o l  ( f i g .  

Bent housing and 
connecting rod assembly 

- 

- 
- 

I l- Bearing and drive 
shaft assembly 

Nonmagnetic 
drill rod 

- Muleshoe subassembly 

b - , R o t a t i n g  bit subassembly 

a- Diamond plug bit 

5 )  i s  e s s e n t i a l l y  a  p o s i t i v e  displacement 
mud motor encased i n  a  housing and 
a t tached t o  a  d r i l l  b i t .  The d r i l l  b i t  
i s  dr iven  by the  downhole motor without 
d r i l l  pipe r o t a t i o n .  Because t h e  d r i l l  
pipe does not  t u rn ,  i t  i s  poss ib l e  t o  
o r i e n t  t he  d r i l l  pipe and the  a t tached 
Dyna-Drill t o o l  t o  c o n t r o l  t he  d i r e c t i o n  
of pene t r a t ion .  

A 2-318-inch Dyna-Drill with a  
3-inch Chris tensen NX diamond plug b i t ,  
s t y l e  D-41, was used during rou t ine  
d r i l l i n g  of t he  p i l o t  hole .  A s p e c i a l l y  
designed diamond s ide t r ack ing  b i t  was 
used when s ide t r ack ing  was necessary.  A 
mud pump pressure of 400 t o  600 p s i  was 
normally requi red  t o  s t a r t  the  mud pump 
motor i n  the Dyna-Drill t o o l  when on t h e  
bottom. Occasional ly,  pressures  as  high 
a s  1,000 p s i  were requi red  f o r  new 
assemblies .  A 300-psi mud pressure d i f -  
f e r e n t i a l  over the  off-bottom opera t ing  
pressure  a t  25-gpm flow r a t e  i s  i d e a l  
f o r  maximum c o n t r o l  and pene t r a t ion .  

Larger Dyna-Drill t oo l s  a r e  a v a i l -  
ab le  which would e l iminate  reaming the  
p i l o t  ho le .  A l a r g e r  Dyna-Drill was not 
used because of the  g r e a t e r  d i f f i c u l t y  
i n  c o n t r o l l i n g  angle of devia t ion ,  which 
i s  ve ry  c r i t i c a l  i n  the  d r i l l  pa th  
needed t o  i n t e r c e p t  the coalbed h o r i -  
zon ta l ly .  The r e n t a l  c o s t  of t h e  l a r g e r  
Dyna-Drill a l s o  i s  much h igher ,  making 
i t  p r o h i b i t i v e l y  expensive f o r  p r o j e c t s  
of long dura t ion .  

Several  subassemblies on the Dyna- 
D r i l l  t o o l  must p e r i o d i c a l l y  be changed 
because of wear which could cause mal- 
funct ions .  The bearing and U -  j o i n t  
packages must be changed a f t e r  about 100 
hours of use.  Improvement of these  
assemblies may extend t h e i r  i nho le  oper-  
a t i n g  time. The motor assembly normally 

FIGURE 5. - Dyna-Dril l tool assembly, 



can  run  500 t o  600 hours o r  more, depending on how f r e e  of extraneous mat te r  
t he  d r i l l i n g  f l u i d  i s .  There was no i n d i c a t i o n  of wear on the  motors used on 
t h i s  p r o j e c t .  This probably was due t o  t h e  low s o l i d s  conten t  and gene ra l  
h igh  q u a l i t y  of t h e  d r i l l i n g  mud used.  

DIRECTIONAL CONTROL USING THE DYNA-DRILL 

The amount of d e v i a t i o n  achieved by the lDyna -Dr i l l  can  be v a r i e d  by us ing  
e i t h e r  in te rchangeable  bent  subs o r  housings of va r ious  ang le s .  Bent housings 
of 30 and 45 minutes were used on t h i s  ho le .  The higher  t he  sub o r  housing 
angle ,  t h e  g r e a t e r  t he  amount of dev i a t i on .  A s tandoff  r i n g  a l s o  can be 
incorpora ted  a s  p a r t  of t h e  t o o l  above t h e  bent  assemblies  t o  hold the  t o o l  
s l i g h t l y  o f f  t h e  bottom on t h e  low s i d e  and thereby inc rease  t he  p e n e t r a t i o n  
angle .  The dev ia t i on  was p r imar i l y  c o n t r o l l e d  by vary ing  the  b i t  p r e s su re :  
The h igher  t he  b i t  p r e s su re ,  t he  g r e a t e r  t h e  amount of dev i a t i on .  The changes 
i n  b i t  weight were read  a t  t h e  su r f ace  a s  changes i n  mud pressure .  Using b i t  
weights  t o  c o n t r o l  angle  a l s o  a f f e c t e d  p e n e t r a t i o n  r a t e s .  I n  formations such 
a s  s h a l e ,  where a  tendency t o  b u i l d  angle  a t  too  g r e a t  a  r a t e  was experienced,  
lowering the  b i t  p r e s su re s  produced a  decrease i n  p e n e t r a t i o n  r a t e .  Pene t r a -  
t i o n  r a t e s  i n  sandstone and limestone were no t  a f f e c t e d  a s  s eve re ly  by changes 
i n  b i t  p r e s su re .  

Azimuth c o n t r o l  of t h e  p i l o t  ho le  was no t  a s  c r i t i c a l  a s  t h e  angle  of 
i n c l i n a t i o n ,  bu t  f o r  s i d e  t r ack ing  and d r i l l i n g  m u l t i p l e  h o r i z o n t a l  ho les  i n  a  
coalbed from t h e  bottom of a  s i n g l e  s l a n t  ho l e ,  i t  d id  become important .  Con- 
t r o l  of azimuth was obtained by tu rn ing  t h e  bend i n  the  bent  housing to  t h e  
l e f t  o r  r i g h t .  This technique of azimuth c o n t r o l  was a l s o  t r i e d  a s  a  method 
t o  slow t h e  r a t e  of i n c r e a s e  of i n c l i n a t i o n ,  bu t  was found t o  be of l i t t l e  
va lue .  

SPERRY -SUN SINGLE -SHOT SURVEYING TECHNIQUES 

To determine t h e  exac t  p o s i t i o n  of t h e  advancing s l a n t  ho l e ,  Sperry-Sun 
s ing l e - sho t  surveys were made every 10 f e e t  of measured depth. These surveys 
provided d a t a  t o  c a l c u l a t e  t he  d i r e c t i o n  of p e n e t r a t i o n ,  t he  t r u e  v e r t i c a l  
depth,  and the  coord ina tes  of t h e  survey po in t .  These d a t a ,  i n  conjunc t ion  
wi th  t h e  proposed d r i l l  pa th  p l o t  ( f i g .  3 ) ,  were used t o  determine what Dyna- 
D r i l l  subassemblies ,  mud p re s su re s ,  and t o o l  o r i e n t a t i o n  were used t o  main ta in  
the  proper  w e l l  pa th .  

The s i n g l e - s h o t  survey system cons i s t ed  of a  wi re  l i n e  instrument  package 
and a  d r i l l  p ipe subassembly (mule-shoe sub) a t t ached  j u s t  above the  Dyna- 
D r i l l  t o o l .  The instrument  package was lowered t o  t h e  bottom of the  ho le  
through t h e  d r i l l i n g  rod.  I n s i d e  t h e  instrument  package were a  d i r e c t i o n a l  
compass and a  lens  and lamp system, whichmadea permanent photographic record  
of the  t r u e  magnetic d i r e c t i o n s  and t h e  i n c l i n a t i o n  of t he  ho le .  The a c t u a l  
survey po in t  was above t h e  bottom of t h e  ho le  s i n c e  t h e  Dyna-Drill t o o l  was 
about 9 f e e t  long and t h e  survey t o o l  f i t  i n t o  t h e  mule-shoe sub d i r e c t l y  
above the  Dyna-Drill. To remove the extraneous magnetic e f f e c t  of r e g u l a r  
d r i l l  r ods ,  i t  i s  necessary  t o  use  s t a i n l e s s  s t e e l  o r  aluminum pipe.  S i x t y  
f e e t  of s t a i n l e s s  s t e e l  BQ rod was used above t h e  mule-shoe sub. 



The lens system which produced the  photographic record was s e t  of f  by a  
hand-wound, mechanical c lock.  The c lock  can be s e t  with a  delay of up t o  
1 hour. Clocks wi th  30-minute and 2-hour delays a l s o  a r e  ava i l ab le .  Normally 
a  10-minute de lay  i s  s u f f i c i e n t  t o  lower t h e  survey instrument t o  the  bottom. 
As the  angle of the  hole reached about 55" t o  65O, i t  became necessary t o  pump 
the  survey t o o l  t o  the  bottom of the hole due t o  the f r i c t i o n  aga ins t  t he  
i n s i d e  of the  d r i l l  rod.  A pump-down s t u f f i n g  box was a t tached t o  the  top of 
the d r i l l  rod f o r  t h i s  procedure. This assembly has a  connection f o r  t h e  mud 
l i n e  and a small  hole i n  the  top  through which the wire l i n e  of the  survey 
t o o l  passes.  

CALCULATION OF SINGLE -SHOT SURVEYS, DOGLEG SEVERITY, 
AND WELL PROJECTIONS 

Single  -Shot Survev Calcula t ion  

The s ingle-shot  surveying t o o l  g ives  a  reading of t he  we l l  pos i t i on  i n  
terms of an i n c l i n a t i o n  angle 8, , a bearing angle QB , and a d r i l l e d  length AL 
( f i g .  6 ) .  These va lues  a r e  t r igonometr ica l ly  broken up i n t o  two s e t s  of com- 
ponents: ALat and ADEP; ATVD and AVS. The sum of these  va lues  from a l l  p re -  
vious surveys of the  hole g ives  the  new hole pos i t i on .  The l a t i t u d e  and 
departure then g ive  the  bottom-hole pos i t i on  i n  a  p lan  view, and the v e r t i c a l  
s e c t i o n  and t r u e  v e r t i c a l  depth g ive  p o s l t i o n  i n  a  c ross  s e c t i o n  along the  pro-  
jected pa th  of t h e  we l l .  The equat ions fo r  c a l c u l a t i n g  components a r e  given 
with t h e i r  d e f i n i t i o n s  i n  t a b l e  1. 

The t a n g e n t i a l  method was used on t h i s  p r o j e c t  f o r  c a l c u l a t i o n  of the  
s ingle-shot  surveys. More complex methods may be used t o  c a l c u l a t e  hole  

SINGLE-SHOT SURVEY 
1 

DOGLEG ANGLE 

FIGURE 6. - Geometry of single-shot survey and dogleg angle calculations. 



pos i t ion .  For in s t ance ,  the  d r i l l e d  d i s t ance  may be more accura t e ly  approxi-  
mated as  the  a r c  of a  c i r c l e .  A t  s h o r t  surveying i n t e r v a l s  as used here ,  t he  
inaccuracy caused by using t h e  sum of a  l a rge  number of t r i a n g l e s  becomes 
n e g l i g i b l e  . 

TABLE 1. - Defin i t ions  of terms used i n  s ingle-shot  survey 
and dogleg s e v e r i t y  ca l cu la t ions  

Term Def in i t i on  

Pro jec ted  w e l l  azimuth planned f o r  t he  we l l .  Given i n  
degrees E o r  W of N o r  S .  

Azimuth a c t u a l l y  d r i l l e d  along. Obtained from the  s i n g l e -  
shot  reading.  Given i n  degrees E or  W of N o r  S. 

I n c l i n a t i o n  of t h e  hole wi th  the  v e r t i c a l .  Obtained from 
the  s ing le - sho t  survey. Given i n  degrees. 

AL Length d r i l l e d  between surveys. Given i n  f e e t .  

V e r t i c a l  s e c t i o n  Horizontal  d i s t ance  d r i l l e d  p a r a l l e l  t o  t h e  pro jec ted  
we l l  path.  Bearing of t h i s  l i n e  i s  0 , .  

Lat i tude  To ta l  d i s t ance  d r i l l e d  N or  S  of t he  su r face  loca t ion .  

Departure To ta l  d i s t ance  d r i l l e d  E o r  W of  the  su r face  loca t ion .  

True v e r t i c a l  depth To ta l  v e r t i c a l  d i s t ance  d r i l l e d  from t h e  sur face .  

P ro jec t ion  on the  ho r i zon ta l  of t he  d r i l l e d  d i s t ance .  
HP = ALbSINB, 

ATVD Ver t i ca l  d i s t ance  d r i l l e d  i n  QL f e e t .  ATVD = AL*COSQl 

ADEP 

AVS 

Distance d r i l l e d  E o r  W of NS l i n e  i n  AL f e e t .  
~ D E P  = [ ~ L . S I N ~ ,  ] [SINQ, 3 

Distance d r i l l e d  N or  S of  an EW l i n e  i n  AL f e e t .  
ALat = [ A L ~ S I N Q , ]  -[COSQ, ] 

V e r t i c a l  s e c t i o n  d i s t ance  d r i l l e d  i n  AL f e e t .  
AVS = [ A L * s I N ~ , ]  [COS(Q,-o,)] 

8 D Dog leg angle  . 
Dogleg Seve r i ty  Ca lcu la t ion  

The r a t e  of change i n  angle i s  important because i f  t h i s  r a t e  of change 
i s  too l a rge ,  i t  may n o t  be poss ib l e  t o  run  casing i n  the  hole .  The dogleg 



angle 8, ( f i g .  6) i s  measured from both the  change of i n c l i n a t i o n  and the  
change of bearing between two poin ts .  

The following equat ion i s  used t o  c a l c u l a t e  dogleg s e v e r i t y  between two 
poin ts  : 

This formula gives t h e  dogleg angle over a  d i s t ance  equal t o  AL(AL=ALl=AL2) 
because i t  rep resen t s  t h e  change i n  angle from poin t  A_ t o  poin t  B ( f i g .  6) 

The accuracy of t he  s ingle-shot  survey computations must be q u i t e  high. 
I f  only two-place accuracy were used, the  cos ine  va lue  might be g r e a t e r  than 
one. This  i s  obviously inco r rec t  s ince  the  cosine func t ion  v a r i e s  from -1 t o  
+ l .  This i s  one reason why i t  i s  convenient t o  use a  small  computer o r  c a l -  
c u l a t o r  f o r  these  computations. I t  g ives  accura te  va lues  of 8, with much 
g r e a t e r  ease and speed than can be obtained from e i t h e r  hand computation or  
t a b l e s .  Tables of dogleg va lues  a r e  ava i l ab le ,  a l though the t a b l e  known t o  
the  au thors  reads  only t o  devia t ions  of 65". 

I t  i s  important t h a t  the  dogleg be kept w i th in  the maximum d e f l e c t i o n  
angle of t h e  cas ing  t o  be run.  Over a  sho r t  i n t e r v a l  of severe dogleg, i t  i s  
poss ib le  t o  ream the  hole t o  run  casing desp i t e  a  dogleg g r e a t e r  than the  max- 
imum allowable d e f l e c t i o n .  However, the  necessary diameter of t h e  reamed hole  
increases  r ap id ly  even wi th  small  angle d i f f e rences .  

Method of Choosing a  S lan t  Hole P ro jec t ion  

Before the  s t a r t  of d r i l l i n g ,  i t  i s  necessary t o  cons t ruc t  a  projected 
we l l  pa th  from the  su r face  t o  t h e  t a r g e t  horizon ( f i g .  3 ) .  This " ideal"  path 
i s  then used a s  a  guide f o r  the  a c t u a l  d r i l l i n g .  The most des i r ab le  wel l  pa th  
i s  a  c i r c u l a r  a r c  from the  sur face  t o  the  coalbed. A wel l  path of  t h i s  geom- 
e t r y  w i l l  minimize dogleg angles .  I t  a l s o  allows d r i l l i n g  t o  shallower t a r g e t  
depths than any o the r  we l l  path.  

For a  c i r c l e ,  t he  angle subtended by a  p a r t i c u l a r  a r c  i s - -  

where A ~ / A L  = c e n t r a l  angle subtended by an a r c  of AL f e e t ,  

AL = a r c  length  (a  d r i l l e d  d is tance  AL), 

TD = r ad ius  of a  c i r c l e  ( t h e  v e r t i c a l  d i s t ance  from the  coalbed t o  
the  su r face ) ,  

and 
180 - -  - conversion fac tor - - rad ians  t o  degrees.  



The expected v e r t i c a l  dep th  t o  t he  F reepo r t  coalbed (TD) a t  Mather, Pa . ,  
was 928 f e e t ,  and t h e  a r c  l e n g t h  (AL) was s e t  f o r  convenience a t  100 f e e t .  
The equa t i on  t hen  gave t h e  change of i n c l i n a t i o n  pe r  100 f e e t  ( ~ / A L )  a s  6.17".  
Because of  p o s s i b l e  problems i n  running ca s ing  i n  h o l e s  w i th  l a r g e  dogleg 
a n g l e s ,  Ao/AL was s e t  a t  6" p e r  100 f e e t  t o  minimize t h e  problem. This meant 
t h a t  t h e  i n i t i a l  ho l e  could n o t  be s t a r t e d  v e r t i c a l l y  a t  t he  s u r f a c e  and s t i l l  
a l low t h e  w e l l  p a t h  t o  r e ach  t h e  t a r g e t .  The d r i l l  r i g  was designed t o  work 
a t  ang l e s  up t o  l o 0 .  Sur face  ang l e s  from 0" t o  10" were mathemat ica l ly  t e s t e d  
t o  determine t h e  proper  ang le  of t h e  i n i t i a l  ho l e .  An ang l e  of 5" a t  t h e  s u r -  
f a c e  was found t o  be s u f f i c i e n t .  

The w e l l  p a t h  p r o j e c t i o n s  were made u s ing  t he  same c a l c u l a t i o n s  a s  were 
used f o r  t h e  s i n g l e - s h o t  surveys ,  excep t  t h a t  AL was s e t  a t  100 f e e t ,  A0 was 
s e t  a t  6" ,  and 8, was s e t  a t  0" .  The h o r i z o n t a l  p r o j e c t i o n  p o i n t s  were t h e n  
p l o t t e d ,  and s t r a i g h t  l i n e s  were drawn between them t o  complete t h e  proposed 
w e l l  pa th .  

PROBLEMS ENCOUNTERED 

Coal Thickness  

The major problem encountered,  which e v e n t u a l l y  l e d  t o  t he  abandonment of 
t h e  s l a n t  ho l e  d r i l l i n g  p r o j e c t  a t  Mather, Pa. ,  was t he  extremely e r r a t i c  
t h i cknes s  of t he  F reepo r t  coa lbed .  Corehole d a t a  a v a i l a b l e  b e f o r e  t h e  s t a r t  
of d r i l l i n g  i n d i c a t e d  t h a t  t h e  t h i cknes s  of t h e  F reepo r t  coalbed was e r r a t i c  
i n  t h e  nor thwest ,  n o r t h e a s t ,  and s o u t h e a s t  quadran ts  surrounding the  d r i l l  
s i t e .  The coalbed i n  t h e s e  quadran ts  ranged i n  t h i cknes s  from no c o a l  t o  
n e a r l y  8  f e e t .  Seven co reho l e s  w i t h i n  t he  prime d r i l l i n g  con f ine s  of S  4"  W 
t o  S 85" W ,  and a t  d i s t a n c e s  of 1,300 t o  22,000 f e e t  from t h e  s u r f a c e  l o c a t i o n  
of t h e  s l a n t  ho le ,  i n d i c a t e d  5 .9  t o  8 . 5  f e e t  of  F r eepo r t  coalbed.  The f i r s t  
s l a n t  ho l e  p e n e t r a t i o n  of  t h e  F r e e p o r t  hor izon  was on ly  about  750 f e e t  away 
from a  co reho l e  ( f i g .  7 ) ,  which i n d i c a t e d  a  t h i cknes s  of 6.75 f e e t  of c o a l .  
However, l e s s  t han  0 .5  f o o t  of c o a l  (No. 1, f i g s .  7-8) was encountered on t h e  
f i r s t  s l a n t  h o l e  p e n e t r a t i o n .  

The f i r s t  p e n e t r a t i o n  of t h e  F reepo r t  ho r i zon  was plugged back,  and a  
second a t t emp t  t o  d r i l l  i n t o  t h e  coalbed was made w i th  a  s h i f t  of t h e  d r i l l  
p a th  t o  t h e  west  t o  i n t e r c e p t  t h e  coalbed c l o s e r  t o  t h e  co r eho l e  c o n t a i n i n g  
6.75 f e e t  of c o a l .  Th is  second ho l e  i n t e r c e p t e d  l e s s  t han  0.4 f o o t  o f  
F r e e p o r t  c o a l  (No. 2 ,  f i g s .  7-8),  a t  a d i s t a n c e  of 690 f e e t  from t h e  co reho l e .  
D r i l l i n g  on t h i s  ho l e  cont inued w i t h  t h e  w e l l  p a t h  ( f i g .  8 ,  t op )  d ipp ing  
a lmost  8  f e e t  below t h e  i n i t i a l  c o n t a c t  w i t h  t h e  coa lbed ,  and no a d d i t i o n a l  
c o a l  was encounte red .  The w e l l  p a t h  was c o n t r o l l e d  back up through t h e  e l e v a -  
t i o n  of  t h e  o r i g i n a l  i n t e r c e p t  and 11 f e e t  above, w i t h  no c o a l  encountered 
(No. 3,  f i g s .  7-8) .  The f i n a l  bottom-hole l o c a t i o n  of  t h i s  ho l e  was 386 f e e t  
o u t  from t h e  i n i t i a l  i n t e r c e p t  and o n l y  about  520 f e e t  from t h e  n e a r e s t  c o r e -  
ho l e  ( f i g .  7),  which had 6.75 f e e t  of  c o a l .  

The t h i r d  ho l e  i n t o  t h e  F reepo r t  ho r i zon  encountered 3 . 4  f e e t  of  c o a l  
(No. 4 ,  f i g s .  7-8) .  However, c o n t r o l  problems w i t h  t h e  Dyna-Dri l l  r e s u l t e d  
i n  i n t e r c e p t i n g  t h e  coalbed a t  t oo  s t e e p  an ang l e  t o  permi t  r e ach ing  a  
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FIGURE 7. - Plan view of dri l l  paths with coal thicknesses of Freeport horizon intercepts 
and nearest corehole. 

ho r i zon ta l  d r i l l  pa th  a t  the  coalbed horizon wi th in  any reasonable hor i zon ta l  
d i s t ance .  This hole was abandoned and another s ide t r ack  begun with the  i n t e n t  
of  r een te r ing  the  Freeport  a s  c lose  t o  t h e  previous penet ra t ion  a s  poss ib le ,  
but  wi th  a  ho r i zon ta l  d r i l l  path t h a t  could be continued i n  the  coalbed. 

Control  problems were again encountered wi th  the  Dyna-Drill on the  next 
attempt t o  en te r  the  coalbed hor i zon ta l ly .  This was p a r t l y  due t o  an at tempt 
t o  use a  new 2' bent sub i n  place of t h e  bent housing. This sub could not  
bu i ld  angle and was replaced with the  45-minute bent housing. It would have 
been d e s i r a b l e  t o  s h i f t  t h i s  d r i l l  path s t i l l  f a r t h e r  west than t h e  previous 
holes ;  however, t he  problems wi th  at tempting t o  reach a  hor i zon ta l  a t t i t u d e  
precluded con t ro l l ing  the  azimuth of the hole.  The we l l  path entered the  
coalbed a t  a shallower angle than the  previous attempt, but  s t i l l  not c lose  
enough t o  hor i zon ta l  t o  remain wi th in  the  4.3 f e e t  of c o a l  (No. 5, f i g s .  7-8) 
encountered. The we l l  path dipped 13 f e e t  below t h e  top of the  c o a l  before  i t  
could be brought t o  hor i zon ta l  and con t ro l l ed  back t o  the  depth of the  i n i t i a l  
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horizon, 

pene t ra t ion .  The hole was continued t o  a  poin t  390 f e e t  beyond and 1 foo t  
above t h e  i n i t i a l  penet ra t ion  of the coalbed; again no c o a l  (No. 6 ,  f i g s .  7-8) 
was encountered. A t  t h i s  po in t ,  i t  was decided t h a t  the  Freeport  coalbed a t  
the  Mather, Pa. ,  l oca t ion  was too e r r a t i c  i n  thickness t o  support t he  s l a n t  
hole d r i l l i n g  technique f o r  d e g a s i f i c a t i o n  i n  advance of mining. The hole was 
subsequently plugged and abandoned. 



Mechanical Problems 

Severa l  mechanical problems adverse ly  a f f e c t e d  t h e  t imely  and economical 
complet ion of t he  p i l o t  ho le .  Completion time of t h e  p i l o t  ho le  was 126 
24-hour days,  of which 38 days were downtime. An a d d i t i o n a l  9 days were l o s t  
f o r  ho l i days ,  p r i m a r i l y  a t  Christmas and New Year. Twenty days of t h e  mechani- 
c a l l y  r e l a t e d  downtime was encountered w i th  f a i l u r e s  of t h e  new Dyna-Dril l  
t o o l  s i z e  designed f o r  t h i s  type  of d r i l l i n g .  S u f f i c i e n t  f i e l d  t e s t i n g  of t h e  
new t o o l  was no t  p o s s i b l e  be fo re  t he  s t a r t  of  t he  p r o j e c t .  The Dyna-Dril l  
problems were mainly f a i l u r e s  of s h a f t s  and U- jo in t s .  Spare  p a r t s  f o r  t h e  new 
t o o l s  were i n  s h o r t  supply u n t i l  l a t e  i n  t he  p r o j e c t .  

The d r i l l  r i g  was a l s o  newly modified f o r  s l a n t  hole  d r i l l i n g  and was 
e s s e n t i a l l y  un t e s t ed  be fo re  being used on the  p r o j e c t .  Downtime d i r e c t l y  due 
t o  t he  mechanical problems wi th  t h e  r i g  was 5 days.  

Mud pump problems r e s u l t e d  i n  t h e  l o s s  of  3  days of d r i l l i n g  t ime. The 
f i r s t  pump used was a  sma l l ,  b e l t - d r i v e n  Bean t r i p l e x  pump which was thought  
t o  be c o n t r i b u t i n g  t o  t he  Dyna-Dril l  f a i l u r e s  by no t  main ta in ing  t he  proper 
mud flow. Larger cha in-dr iven  mud pumps were t hen  used,  bu t  t hey  experienced 
many mechanical breakdowns, probably p a r t l y  due t o  t h e i r  age.  (A new mud 
pump was ordered 11 months be fo re  t h e  beginning of t he  p r o j e c t ,  bu t  t he  back- 
l og  o f  o rde r s  precluded d e l i v e r y  when needed.) 

S i g n i f i c a n t  de l ays  were encountered i n  t he  p i l o t  hole  d r i l l i n g  owing t o  
t he  d i f f i c u l t y  i n  main ta in ing  t h e  proper  w e l l  pa th .  These d i r e c t i o n a l  de lays  
were i n  a d d i t i o n  t o  those  exper ienced a t  the  coalbed horizon.  On t h r e e  occa-  
s i o n s ,  between v e r t i c a l  dep ths  of 860 and 880 f e e t ,  t h e  a c t u a l  w e l l  pa th  d e v i -  
a t e d f r o m t h e  proposed w e l l  pa th  t o  t he  e x t e n t  t h a t  c o r r e c t i v e  measures would 
n o t  b r i n g  the  ho le  back on t a r g e t  i n  time t o  i n t e r s e c t  the  coalbed h o r i z o n t a l l y .  
These s i t u a t i o n s  r equ i r ed  t he  s e t t i n g  of  a  cement plug through t h e  i n c o r r e c t l y  
d r i l l e d  zone so t h a t  t he  ho le  could be s i de t r acked  a t  a  p o i n t  t h a t  would con- 
t i n u e  t h e  w e l l  pa th  a t  t he  proper  ang le .  The t h r e e  s i d e t r a c k s  a r e  shown i n  
c r o s s  s e c t i o n  and p l a n  view i n  f i g u r e  9.  

A t o t a l  of 23 days was l o s t  dur ing  t h e  s i d e t r a c k i n g  ope ra t i ons .  Ex t r a  
t ime was l o s t  due t o  problems w i t h  t he  cement f a i l i n g  t o  harden proper ly .  The 
f i r s t  p lug  was made w i t h  a  cement g r o u t  which was allowed t o  s e t  24 hours 
be fo re  a t tempt ing  t o  s i d e t r a c k .  When t h i s  plug f a i l e d  t o  harden, s e v e r a l  com- 
b i n a t i o n s  of cements and a d d i t i v e s  were t r i e d  be fo re  a  s o l i d  plug was ob ta ined .  
The f i n a l  mix used was 1 p a r t  Hi-Early cement w i th  2  p a r t s  sand,  3  p c t  CaC1, 
and 1 p c t  Gel - f lake  t o  ach ieve  a  28-second flow g rou t .  This  mixture  was 
allowed 36 hours t o  harden be fo re  s i de t r ack ing .  

Environmental  P r o t e c t i o n  

A problem t h a t  d id  no t  r e s u l t  i n  l o s t  t ime b u t  d id  r e s u l t  i n  e x t r a  
expendi tu res  was t he  excess ive  no i s e  dur ing  n i g h t  d r i l l i n g ,  which d i s tu rbed  
t h e  nearby r e s i d e n t s .  Sound-baff l ing enc losures  were cons t ruc t ed  around t h e  
d r i l l  r i g  and t h e  mud pump, and a  wate r  b a f f l e  chamber was a t t a ched  t o  t h e  
d r i l l  r i g  exhaust  system. These measures s i g n i f i c a n t l y  reduced t h e  no i s e  
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FIGURE 9. - P lan and section views of sidetracks above the Freeport coalbed. 

l e v e l .  Sound l eve l s  (measured 100 f e e t  from the  d r i l l  r i g )  during d r i l l i n g  
opera t ions  were 70-72 decibe ls  before  b a f f l i n g  was i n s t a l l e d  and 63  decibels  
af terwards.  The peaked roof of t h e  r i g  enclosure was hinged so t h a t  i t  could 
be opened t o  lower t h e  mast, i f  necessary. The enclosures were constructed 
and bolted together  i n  sec t ions  t o  make the  s t r u c t u r e s  movable and reusable .  

COST ANALYSIS 

The p ro jec t  c o s t  breakdown f o r  the  4-112-month opera t ion  of t h e  s l a n t  
hole operat ions i s  given i n  t a b l e  2. The t o t a l  c o s t  of the  p r o j e c t ,  n o t  
including the  Government-owned d r i l l  rig,6 was $385,481. 

6The c o s t  of the  Reed exploratory d r i l l ,  purchased i n  1975, was $151,000. 



TABLE 2  . . Pro jec t  c o s t  breakdown 

Item Cost 

Reb i l l ab le s  : 
Physical  p l a n t :  

S i t e  prepara t ion  ................................................ $6. 439 
E l e c t r i c a l  systems and power ..................................... 5. 759 
Fence ............................................................ 2. 699 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Off ice  and supply t r a i l e r s  1, 660 
Water ...... ..................................................... 893 
Telephone ........................................................ 533 
S a n i t a t i o n  . ...................................................... 589 

To ta l  .......................................................... 18. 572 
Di rec t iona l  d r i l l i n g  se rv ices  ..................................... 55. 792 

.................................................. Dyna-Drill r e n t a l  32, 401 
............................................. B i t s .  subs. and cas ing  13. 309 

D r i l l .  r i g  p a r t s  .................................................... 1, 446 
.................................................... Mud pump r e n t a l  30, 857 

D r i l l i n g  mud ....................................................... 6. 218 
Fuel.  o i l .  and s to rage  tanks ....................................... 5,  637 
Geolograph ......................................................... 912 
Welding .......................................................... 1. 885 
Plugback and f i s h i n g  equipment ..................................... 1. 459 
Noise po l lu t ion  c o n t r o l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2, 799 
Miscellaneous and small t o o l s  ...................................... 4. 716 
Travel .  t r anspor t a t ion .  and shipping ............................... 18. 072 

To ta l  . ......................................................... 194. 075 
General and adminis t ra t ive  a t  19.8 p c t  ............................. 38. 427 

.................................................... Grand t o t a l  
Labor : 

Supervisors  ........................................................ 27. 474 
........................................................... D r i l l e r s  22. 733 

............................................................. Helpers 35. 894 
F ie ld  engineer ...................................................... 2. 704 
Other labor  . ........................................................ 7. 206 

To ta l  ......................................................... 96. 011 
Labor overhead a t  33 pc t  .......................................... 31. 684 

To ta l  ........ ................................................. 127. 695 
General and adminis t ra t ive  a t  19.8 pc t  ............................. 25 284 

Grand t o t a l  .................................................... T $ m  
Grand t o t a l  f o r  p ro jec t  .............. ...... .................. 385,481 

The mechanical and geologica l  problems encountered on t h i s  research  
d r i l l i n g  p r o j e c t  added s u b s t a n t i a l l y  t o  the  o v e r a l l  c o s t s  . For eva lua t ion  of 
the t o t a l  p ro jec t  expenditures .  most of the l o s t  time can be placed i n t o  t h r e e  
ca t egor i e s :  Mechanical problems. plugging and s ide t r ack ing  p r i o r  t o  i n i t i a l  
c o a l  i n t e r c e p t .  and plugging and s ide t r ack ing  a f t e r  i n i t i a l  c o a l  i n t e r c e p t  . 
The monetary e f f e c t  of each of these  lo s t - t ime  ca t egor i e s  on the  major expense 
items ( labor .  and equipment and se rv ice  r e n t a l s )  i s  given i n  t a b l e  3  . Approx- 
imately $111. 000 was spent f o r  e x t r a  labor  and equipment r e n t a l s  while  



d r i l l i n g  the  3- inch p i l o t  hole  t o  t he  f i r s t  i n t e r c e p t  of t he  Freepor t  coalbed. 
S l i g h t l y  more than $93,000 was spent  during the  46 days of explora tory  d r i l l -  
i ng  a f t e r  t he  f i r s t  i n t e r c e p t ,  a t tempting to  l o c a t e  a  s u f f i c i e n t  th ickness  of 
c o a l  t o  support f u r t h e r  development of t h e  s l a n t  ho le  d e g a s i f i c a t i o n  tech-  
nique.  Deducting the  approximately $204,000 unant ic ipa ted  expenses from the  
t o t a l  p r o j e c t  expendi tures ,  an es t imate  of $182,000 remains a s  t h e  approximate 
c o s t  of d r i l l i n g  the  p i l o t  ho le ,  f r e e  from major mechanical breakdowns and 
without  plugging and s ide t r ack ing ,  t o  the  top  of t he  Freepor t  coalbed a t  
Mather, Pa. 

TABLE 3. - Breakdown of major i t em los t - t ime c o s t  

A common monetary eva lua t ion  of d r i l l i n g  opera t ions  i s  the  c o s t  per  foo t .  
Approximately 3,418 t o t a l  f e e t  o f  p i l o t  hole  were d r i l l e d  on the  p r o j e c t  a t  a  
c o s t  o f  $385,400, o r  $113 per foo t .  However, most d r i l l i n g  de lays  due t o  t h e  
f a i l u r e  of new equipment and t o  t he  u n f a m i l i a r i t y  of t he  d r i l l i n g  crew wi th  
t h e  new technique occurred during the  f i r s t  3  months of t he  p r o j e c t .  Most of 
t hese  problems were solved by the  time t h e  p i l o t  hole  reached t h e  Freepor t  
coalbed f o r  t he  f i r s t  t ime, and continuous d r i l l i n g  then approached a  r e a l i t y .  
The t o t a l  footage d r i l l e d  up t o  t h i s  f i r s t  i n t e r c e p t  was approximately 1,935 
f e e t  a t  a  c o s t  of $292,253, o r  $151 per foo t  of d r i l l i n g .  The t o t a l  footage 
d r i l l e d  a f t e r  t he  i n t e r c e p t  was approximately 1,483 f e e t  a t  a  c o s t  of $93,227, 
o r  $63 per  foo t  of d r i l l i n g .  This  was s u b s t a n t i a l l y  lower than both the  t o t a l  
p r o j e c t  average of $113 per foo t  and t h e  $151 per  f o o t  average f o r  t he  p ro j -  
e c t ' s  i n i t i a l  footage.  It i s  hoped t h a t  t he  c o s t  per  foo t  can be f u r t h e r  
reduced wi th  b e t t e r  d i r e c t i o n a l  c o n t r o l ,  wi th  t he  increased  p e n e t r a t i o n  r a t e s  
of new b i t  des igns ,  and wi th  t h e  g r e a t e r  r e l i a b i l i t y  of t he  improved Dyna- 
D r i l l s  used i n  t he  l a t e r  s t ages  of t h e  p r o j e c t .  

The many v a r i a b l e s  i nhe ren t  i n  d r i l l i n g  opera t ions  make i t  v i r t u a l l y  
impossible  t o  o b t a i n  problem-free d r i l l i n g .  Thus the problem-free d r i l l i n g  
c o s t s  c a l c u l a t e d  f o r  t h i s  p a r t i c u l a r  d r i l l i n g  opera t ion  should not  be con- 
s ide red  an  absolu te  es t imate  of c o s t  f o r  f u t u r e  u t i l i z a t i o n  of t he  d i r e c t i o n a l  
d r i l l i n g  technique. It must a l s o  be pointed out  t h a t  a l l  of t hese  c o s t s  a r e  
f o r  t he  d r i l l i n g  of the 3- inch p i l o t  ho le ,  and do not  inc lude  t h e  c o s t s  of 
reaming the  small  ho le  out  t o  t he  requi red  l a r g e r  f i n a l  s i z e .  

I tem 

Labor.. . . . . . . . . . . . . . 
Direc t iona l  d r i l l i n g  

se rv i ces . . . . . . . .  ... 
Dyna-Drill r e n t a l . .  . 
Mud pump r e n t a l s . . .  . 

T o t a l  .......... 

Problem- 
f r e e  
c o s t  

$47,992 

16,398 
18,698 
8,587 

91,668 , 

Mechanical 
problems 
(29 days) 

$31,412 

14,733 - 
11,963 
58,108 

To ta l  
c o s t  

$152,979 

66,839 
38,817 
36,966 

295,601 

Plugging and 
s ide t r ack ing  
p r i o r  t o  c o a l  

i n t e r c e p t  
(23 days) 
$26,036 

11,807 
5,161 
9,587 

52,591 

Plugging and 
s ide t r ack ing  
a f t e r  i n i t i a l  
c o a l  i n t e r c e p t  

(46 days) 
$47,539 

23,901 
14,958 
6,829 

93,227 



CONCLUSIONS AND RECOMMENDATIONS 

A f t e r  review of a l l  d a t a  from t h e  p r o j e c t ,  i t  i s  concluded t h a t  i t  i s  
f e a s i b l e  t o  d r i l l  a  d i r e c t i o n a l  ho le  t o  a  predetermined t a r g e t .  Granted t h i s ,  
t h e r e  i s  no t echn ica l  reason  why d i r e c t i o n a l l y  c o n t r o l l e d  d r i l l i n g  cannot be 
used a s  a  coalbed d e g a s i f i c a t i o n  technique.  

The abandonment of t h e  s l a n t  ho le  a t  Mather was t he  r e s u l t  of an i n s u f f i -  
c i e n t  c o a l  t h i cknes s  t o  main ta in  t h e  h o r i z o n t a l  d r i l l i n g  technique.  I t  i s  
e s s e n t i a l  i n  f u t u r e  p r o j e c t s  t h a t  a t  l e a s t  one corehole  be d r i l l e d  t o  determine 
the  c o a l  th ickness  a t  a  l o c a t i o n  a s  c l o s e  as  pos s ib l e  t o  t he  p ro j ec t ed  i n i t i a l  
coa l  i n t e r c e p t .  I n  coalbeds where no pre l iminary  geologic  da t a  a r e  a v a i l a b l e ,  
o r  where such d a t a  i n d i c a t e  t h a t  the  c o a l  v a r i e s  ab rup t ly  i n  t h i cknes s ,  i t  
w i l l  be necessary t o  d r i l l  a d d i t i o n a l  coreholes  along t h e  p ro j ec t ed  w e l l  pa ths  
t o  eva lua t e  t h e  f e a s i b i l i t y  of s l a n t  ho le  d e g a s i f i c a t i o n .  

The exp lo ra to ry  coreholes  w i l l  be u s e f u l  i n  a d d i t i o n a l  ways. By cor ing  
t h e  e n t i r e  s e c t i o n  t o  be d r i l l e d ,  t he  d i r e c t i o n a l  d r i l l e r  w i l l  know i n  advance 
what rock  types a r e  l i k e l y  t o  be encountered. The d r i l l  c u t t i n g s  can be com- 
pared w i t h  t h e  l i t h o l o g i c  da t a  from the  coreholes  t o  keep t r a c k  of where t h e  
p i l o t  ho le  i s  i n  the  geologic  s e c t i o n .  

A major problem expected w i th  t h e  s l a n t  ho le  d e g a s i f i c a t i o n  technique i s  
the dewatering of t h e  coa lbed .  I t  has  been shown i n  f i e l d  a p p l i c a t i o n s  and 
l abo ra to ry  a n a l y s i s  (1-6) - - t h a t  t o  produce gas  from c o a l  most e f f i c i e n t l y ,  t he  
i nhe ren t  water  must f i r s t  be removed from t h e  coalbed.  I t  i s  recommended t h a t  
t he  coreholes  d r i l l e d  f o r  geo logic  d a t a  be used f o r  dewatering t h e  coalbed.  
I f  t he  dewatering process  can  be s t a r t e d  from the  coreholes  before  o r  during 
the  d r i l l i n g  of t he  s l a n t  h o l e ,  higher  i n i t i a l  gas  flow r a t e s  can be expected. 

The c o s t  of d r i l l i n g  t h e  3- inch p i l o t  ho l e ,  problem f r e e ,  t o  t he  top  of 
the Freepor t  coalbed a t  Mather, Pa. ,  i s  es t imated  t o  be about $182,000. I t  i s  
expected t h a t  t he  t o t a l  t ime t o  d r i l l  a  p i l o t  ho le ,  problem f r e e ,  can  be 
reduced t o  approximately 80 days a s  a  r e s u l t  of t h e  increased  p e n e t r a t i o n  r a t e  
of new diamond b i t  designs and t h e  higher  r e l i a b i l i t y  of t h e  modified Dyna- 
D r i l l  t o o l .  This r educ t ion  i n  t o t a l  d r i l l i n g  t ime w i l l  f u r t h e r  lower t he  
expendi tures  f o r  l abo r ,  d i r e c t i o n a l  s e r v i c e s ,  and equipment r e n t a l  on the  
p i l o t  ho l e  above the  coalbed.  




