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P r e l  i m i  nary L i  tho1 og ic ,  Geotechnical , and Geophysical Data from D r i l l  Hole 
CW-81-2, Chuitna West Coal F i e l d ,  Cook I n l e t  Region, Alaska 

By Jack K. Odum, Cynth ia  A. Gardner, Lynn A. Yehle, 
Henry R. Schmoll and La r r y  L. Dearbornl 

INTRODUCTION 

The d r i l l i n g  and l o g g i n g  a c t i v i t y  descr ibed i n  t h i s  r e p o r t  was undertaken 
i n  J u l y  1981, as p a r t  o f  t he  Energy Lands program o f  the  U.S. Geo log ica l  
Survey. The peneral  o b j e c t i v e s  of the  p r o j e c t  o f  which t h i s  work i s  a p a r t  
a r e  t o  p rov ide  an understanding of the  nature,  l o c a t i o n ,  and e x t e n t  o f  t he  
engineer ing geology and environmental  geology concerns i n  areas o f  p o t e n t i a l  
coa l  development i n  t he  Cook I n l e t  reg ion ,  Alaska. The l i t h o l o g i c ,  
geotechnica l ,  and geophysical  data presented i n  t h i s  r e p o r t  i n c l u d e  some of 
t h e  data needed t o  eva lua te  geo log ic  hazards, and t o  p r e d i c t  t he  response o f  
geol og ic  ma te r i  a1 s t o  l arge-scale coal  m i  n i  ng and re1  a ted  devel opment i n  t h e  
Chui tna West coal  f i e 1  d o f  the  Beluga coal  resource area. S p e c i f i c a l l y ,  t he  
i n fo rma t i on  may be used i n  eva lua t i on  of n a t u r a l -  and cu t -s lope  s t a b i l i t y ,  
spo i  1 - p i  1 e s t a b i  1 i t y  , ground response t o  se i  smic a c t i v i t y ,  b l a s t i n g  e f f e c t s ,  
e x c a v a t a b i l i t y ,  ground-water cond i t i ons ,  and e ros ion  p o t e n t i a l .  

The d r i l l  s i t e  ( f i g .  1, p o i n t  C ) ,  l o c a t e d  on t h e  edge of a smal l ,  g e n t l y  
s l op ing  bas in  d r a i n i n g  northwestward i n t o  the  Chui tna River ,  i s  approx imate ly  
90 km, (55 m i )  west o f  Anchorage, Alaska, and 29 km (18 mi )  nor thwest  o f  
Tyonek, a n a t i v e  v i l l a g e  on the  nor thwest  s ide  o f  Cook I n l e t .  

The d r i l l i n g  and core  sampling i nvo l ved  s t r a t a  o f  the  Tyonek Format ion o f  
lower  01 igocene t o  m idd le  Miocene age (Wol f e  and others ,  1966; Wol f e  and 
Tanai, 1980), and o v e r l y i n g  s u r f i c i a l  depos i ts  of Quaternary age. A 
genera l i zed  l o g  showing l i t h o l o g i e s  found i n  the  d r i l l  h o l e  i s  presented i n  
f i g u r e  2. Barnes (1966) descr ibed and mapped t he  reg iona l  geology and coal  
resources o f  the  Beluga-Yentna reg ion,  which inc ludes  the  Capps and Chui tna 
West coal  f i e l d s .  P re l im ina ry  geotechnica l  da ta  f rom two d r i l l  ho les  i n  t h e  
Capps coal  f i e l d  have been compi led by Chleborad and others ,  (1980; 1982). 
B r i e f  d e s c r i p t i o n s  o f  environmental  geo log ic  concerns i n  t h i s  v i c i n i t y  have 
been presented by Schmoll and o the rs  (1981) and Schmoll , Gardner, and Yehl e 
(1981). From outcrops a long  t he  Chuitna River ,  i n  the  Chuitna West area, 
Rarnes (1966) i d e n t i f i e d  one p r i n c i p a l  coal  bed, t he  Chui tna, and severa l  
m inor  coal  beds i n  t h e  v i c i n i t y  of the d r i l l  s i t e .  A t  present,  s t r a t i g r a p h i c  
c o r r e l a t i o n  o f  the  t h r e e  p r i n c i p a l  coal  beds i n  d r i l l  ho le  CW-81-2 has n o t  
been made w i t h  the  beds i d e n t i f i e d  by Barnes. Instead,  t he  coal  beds i n  t he  
d r i l l  ho le  a re  r e f e r r e d  t o  as the  upper bed, the  midd le  sequence, and t h e  
1 ower bed, based on t h e i r  re1 a t i  ve p o s i t i o n s .  

' D i v i s i o n  o f  Geological  and Geophysical Surveys, Department o f  Na tu ra l  
Resources, S ta te  o f  A1 aska. 
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DEPTH 
feet. rrreters 

Diamicton, nonsorted c l a y  t o  boulders 

Sandstone, f ine-grained t o  s i l t y  

Claystone, s i l t y  in p a r t  

Coal , upper bed 

carbonaceous 

Cl aystone,  p a r t l y  carbonaceous 

Sandstone, medium-to coarse-grained,  f r i a b l e  

Sandstone, coarse-grai  ned , carbonate  cement, hard 
Sandstone, medium-to f ine-grained,  f r i a b l e *  

Claystone, carbonaceous in  p a r t  

Coal, middle sequence of beds 
i n t e r  bedded c lays  tone 

Claystone, s i l t y  and carbonaceous i n  p a r t  

Si 1  t s tone-c l  aystone interbedded 

Coal , 1 ower bed 

T.D. 
335 ft, 102.1 rn 

F i g u r e  2 .  General ized 1 i t ho log ic  col umn showing s t r a t  iyraphy i n  d r i  11 hole .USES 
CW-81-2, Chuitna West coal f i e l d ,  Cook I n l e t  region,  Alaska. 
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DRILLING AND RELATED OPERATIONS 

The o b j e c t i v e  o f  t he  d r i l l i n g  program was t o  o b t a i n  cont inuous core  o f  
geo log ic  m a t e r i a l  s  s u i  tab1 e f o r  1  i t h o l o g i c  s tud ies ,  phys ica l  p rope r t y  t e s t s  
and s t r eng th  determinat ions.  

The i n a c c e s s i b i l i t y  o f  t he  d r i l l i n g  l o c a t i o n  necess i ta ted  t he  use o f  
t racked  veh i c l es  and f ixed-wi  ng a i r c r a f t  t o  t r a n s p o r t  equipment, personnel,  
and suppl ies.  A track-mounted Acker MB I 1 1  c o r i n g  d r i l l  was c o n t r a c t e d  f o r  
t h i s  study. D r i l l i n g  commenced on J u l y  21, 1981, u s i n g  an HQ r o t a r y - w i r e 1  i n e  
core  system (6.4-cm- (2.5-in.-) d iameter co re  s i ze ) ,  a  convent ional  diamond 
b i t ,  and unmuddied water. D r i l l  ho le  CW-81-1 (NE1/4 SW1/4 sec. 33, T. 13 N., 
R. 13 W.) was cored and then cased t o  7.3 m (24 f t ) .  To t h a t  depth weakly 
consol i da ted  ma te r i  a1 s were found and core recovery was poor. With f u r t h e r  
c o r i n g  some h i g h l y  f r a c t u r e d  coal  was encountered a t  11.1 m (36 f t )  and core  
recovery cont inued t o  be poor. Because small coa l  fragments c o n t i n u a l  l y  
became lodged between t he  d r i l l  stem and t he  sampl i n g  sp l  i t  b a r r e l  , causing 
ma l func t ion  o f  the  w i r e l i n e  system, the  ho le  was abandoned a t  a  depth of 
13.4 m (44 f t ) .  

The d r i l l  was then moved t o  another s i t e ,  approx imate ly  244 m (800 f t )  
downslope t o  the  northwest,  and on J u l y  24, 1981, d r i l l i n g  o f  h o l e  CW-81-2 
(SE1/4 NW1/4 sec. 33, T. 13 N., R. 13 W . )  began. The ho le  was cored  and then 
cased t o  7.6 m (25 f t).  A r tes ian  water f l o w i n g  a t  a r a t e  o f  15-19 L/min (4-5 
gal /min)  was observed on the  morning o f  J u l y  27, 1981. It was thought  t h a t  
the  f l ow  o r i g i n a t e d  a t  the  base o f  the  upper coal  bed a t  a  depth o f  36 m (118 
f t ) .  Qu ik -ge l  ben ton i t e  mud had t o  be added t o  t he  d r i l l  i n g  water a t  a  depth 
o f  47.3 m (155 f t )  because o f  poor core recovery and cav ing  o f  sand. A f t e r  
pass ing through the  zone o f  cav ing  sand, some o f  which was recovered, t h e r e  
was good core recovery f o r  the remainder o f  the  ho le .  D r i l l  i n g  ceased on 
Auqust 1, 1981, a f t e r  p e n e t r a t i n g  a s h o r t  d is tance  below the  lower  coa l  bed. 

Geophysical measurements were conducted i n  t he  ho le  immediate ly  a f t e r  t h e  
complet ion o f  the  d r i l l i n g  and cont inued on the  f o l l o w i n g  day. Measurements 
i n d i c a t e  t h a t  a  t o t a l  o f  3.7 m (12 f t )  of caved m a t e r i a l  accumulated i n  t h e  
bottom o f  the ho le  bv t h e  t ime l ogg ing  was completed. 

F i e l d  Geotechni c a l  Logging Opera t i  on 

The r e t r i e v a l ,  l ogg ing ,  t e s t i n g ,  and packaging o f  the core  were 
accomplished i n  t h ree  steps. 

F i r s t ,  the  core i n  t h e  sp l  i t - t u b e  sampler was t r ans fe r red  a t  the  d r i l l  
r i g  t o  the l o g g i n g  team. D r i l l i n g  i n f o r m a t i o n  was recorded, i n c l u d i n g  t ime o f  
recovery,  depth o f  the  cored i n t e r v a l  , natu re  o f  t he  d r i l l  i ng f l  u i d ,  and 
hydro log ic  cond i t i ons .  The core was photographed on c o l o r  f i l m  u s i n g  bo th  an 



i nstantaneous-devel opment camera and a 35-mm s i  ng l  e-1 ens ref1 ex camera. 
Inc luded  i n  each photograph was a card  i d e n t i f y i n g  the  core  tube number and 
t h e  depth o f  t he  core i n  meters and f ee t ,  and an app rop r i a te  page f rom a rock 
c o l o r  c h a r t  (Goddard and others ,  1948). 

Second, i n f o r m a t i o n  regard ing  1 i t h o l  ogy, d i  s c o n t i  nu i  t i e s ,  c o l  o r ,  
1 ami nat ions,  hardness, and degree of weather ing was recorded. S t reng th  index  
and mo is tu re  con ten t  t e s t s  were performed on se lec ted  samples t o  p rov ide  a 
base o f  f i e l d  data t o  compare w i t h  subsequent l a b o r a t o r y  t es t s .  To t e s t  
samples hav ing unconf ined compressive s t reng ths  o f  l e s s  than 0.5 MPa (72.5 
1 b f / i n2 )  a pocket-penetrometer s t r eng th  t e s t e r  ( S o i l  t e s t ,  Inc., 1978) was 
used. For  m a t e r i a l  o f  g rea te r  s t r eng th  the  p o i n t - l o a d  t e s t  o f  Brock and 
F r a n k l i n  (1972) was used. The presence o f  carbonate was determined by 
a p p l i c a t i o n  o f  d i l u t e  hyd roch lo r i c  a c i d  t o  small areas o f  the  core  a t  se lec ted  
i n t e r v a l s .  The 1 i t h o l  ogy and geotechnica l  p r o p e r t i e s  determined i n  t h e  f i e l  d 
a r e  g iven  i n  t he  geotechnica l  l o g  ( p l .  1, i n  pocket ) .  

Th i rd ,  un tes ted  core  was wrapped i n  cheesecloth,  1 abel ed, coated w i t h  
p o l y c r y s t a l l i n e  wax, and p laced i n  boxes w i t h  spl  i t  s ty rene  i n s e r t s  t o  p r o t e c t  
the  core  and t o  min imize d is tu rbance  du r i ng  t r a n s p o r t  t o  U.S. Geo log ica l  
Survey l a b o r a t o r i e s  i n  Colorado. To avo id  contaminat ion, coal  samples were 
n o t  waxed; i n s t e a d  they were sealed i n  p l a s t i c  sleeves. Only a 1 i m i  t e d  number 
o f  t e s t s  were performed i n  the  f i e l  d because most o f  the  sample was needed f o r  
a d d i t i o n a l  t e s t s  t o  be conducted i n  the  1 aboratory ,  i n c l u d i n g  g r a i n - s i z e  
d i s t r i b u t i o n s ,  A t t e rbe rg  1 i r n i  t s ,  bu lk  dens i t i es ,  c l a y  mineralogy, s l ake  
d u r a b i l i t y ,  unconf ined compressive s t rength,  geochemistry, and coa l  q u a l i t y  
ana lys is .  

GEOTECHNICAL PROPERTIES 

L i  t h o l  ogy 

Geologic m a t e r i a l s  observed c o n s i s t  of f i v e  p r i n c i p a l  types. I n  o rder  o f  
abundance these are: c laystone,  coa l ,  sandstone, s i l t s t o n e ,  and d iamicton.  

Claystone, i n c l u d i n g  carbonaceous c laystone,  makes up approx imate ly  40 
pe rcen t  o f  t he  core. The t h i c k e s t  homogeneous u n i t  of c lays tone  e x i s t s  
between a 7.6- and 18.8-111 (24.9- and 61.7- f t )  depth, which i s  above the upper 
coa l  bed. Retween t h e  upper coal  bed and the  mldd le  sequence o f  coa l  beds, 
t he re  occurs a 3- t o  5-m- (9.8- t o  16.4-f t - )  t h i c k  sequence o f  c l ays tone  which 
becomes more carbonaceous a t  depth as i t  grades i n t o  t h e  coal .  An a l t e r n a t i n g  
sequence o f  c l  aystone and s i l  t s t one  e x i s t s  between the  midd le  sequence and t h e  
1 ower coal .  S i  1 t y  c l  aystone occurs beneath t he  lower  coal .  

Coal, thought  t o  be l i g n i t i c  t o  subbituminous, makes up approx imate ly  29 
pe rcen t  o f  the m a t e r i a l  cored and i s  t he  second most abundant l i t h o l o g y  found 
i n  the  d r i l l  hole.  Three coal  zones were i d e n t i f i e d  from the  core: (1) t h e  
upper coal ,  a massive h i g h l y  f r a c t u r e d  bed, 15.5 m (50.0 f t )  t h i c k ,  ( 2 )  a 
m idd le  coal  sequence c o n s i s t i n g  o f  s i x  seams from 0.5 t o  1.8 m (1.5 t o  5.8 f t )  



i n  th ickness  in terbedded w i t h  c lays tone  beds, and (3 )  the lower  bed, 4 m (12.5 
f t )  i n  th ickness.  The l e t t e r s  M, 0, and Q have been assigned, r e s p e c t i v e l y ,  
t o  t he  above t h ree  beds by l o c a l  workers (B. J. G. Patsch, w r i t t e n  commun., 
1981). Only a  few minor c lays tone  p a r t i n g s  were observed i n  t he  upper and 
1 ower coal  beds. 

Sandstone comprises approx imate ly  19 percen t  o f  the  t o t a l  core. It 
ranges i n  t e x t u r e  from very f i n e  t o  very coarse g ra ined  and from s i l t y  t o  we1 1 
sor ted.  Except f o r  in terbedded lenses l e s s  than 0.5 m (1.6 f t )  t h i c k ,  most o f  
the  sandstone i s  con ta ined  i n  two t h i c k  un i t s .  The uppermost u n i t ,  from 4.9 
t o  7.2 m (16.1 t o  23.6 f t )  i n  depth, i s  very f i n e  g ra ined  and i n  p laces  
s i l t y .  The lower  u n i t ,  from 40.1 t o  55.5 m (131.6 t o  182.0 f t )  i n  depth, 
ranqes i n  g r a i n  s i z e  from f i n e  sand t o  pea gravel  and i s  very f r i a b l e .  The 
lower  u n i t  had poor core recovery because o f  i t s  h i g h l y  f r i a b l e  na tu re .  
However, w i t h i n  t h i s  lower  u n i t  a 1-m (3 .3 - f t )  i n t e r v a l  o f  very hard, 
carbonate cemented, coarse-grained sandstone was found from 50.0 t o  51.1 m 
(164.0 t o  167.5 f t )  . L i  tho1 o g i c  c h a r a c t e r i s t i c s  above and be1 ow t h i s  cemented 
zone appear t o  be the  same. Extens ive caving, conf i rmed by the  c a l i p e r  log ,  
took p lace  above and below the  carbonate cemented zone. 

S i l t s t o n e  makes up approx imate ly  7 percen t  o f  t he  cored m a t e r i a l  and 
occurs p r i m a r i l y  i n  u n i t s  0.5-1.5 m (1.6-4.9 f t )  t h i c k .  These u n i t s  a re  
in terbedded w i t h  c l  aystone, and p r i m a r i l y  1  i e  beneath the midd le  coa l  
sequence. The s i l t s t o n e  i s  f a i r l y  c layey and commonly grades v e r t i c a l l y  i n t o  
c l  aystone u n i t s .  Less commonly the  s i l  t s t one  con ta ins  sca t te red ,  f i  ne-grained 
sandstone s t r i n g e r s .  

Diamicton, which represen ts  about 5 percen t  of the  cored m a t e r i a l ,  i s  
presumably o f  g l a c i a l  o r i g i n .  It extends from beneath the  sur face  o rgan ic  mat 
and vo l can i c  ash l a y e r s  t o  a depth of 4.9 rn (16.1 f t ) .  The d iamic ton  i s  
poo r l y  so r ted  and p a r t i c l e s  range i n  s i z e  from c l a y  t o  boulders.  

D i s c o n t i n u i t i e s  

The types o f  d i s c o n t i n u i t i e s  i d e n t i f i e d  i n  d r i l l  ho le  CW-81-2 were h igh-  
angle t o  v e r t i c a l  j o i n t s  and noncyl i n d r i c a l  f r ac tu res .  Dips between 25' and 
30" were measured a1 ong beddi ng p l  anes throughout  t he  core. However, evidence 
o f  d i s c o n t i n u i t i e s  and movement a long the  bedding planes themselves was n o t  
found. Those d i s c o n t i n u i t i e s  observed immediately a f t e r  co re  recovery  are 
p l o t t e d  on p l a t e  1 ( i n  pocket )  us ing  a system mod i f i ed  from R a n k i l o r  (1974). 
The l e t t e r  "B" under t he  j o i n t s  column i d e n t i f i e s  t he  core as be ing  h i g h l y  
broken i n  n o n c y l i n d r i c a l  p ieces. These broken zones con ta in  both n a t u r a l  and 
induced f r a c t u r e s  and i n  some cases, i t  i s  d i f f i c u l t  t o  d i s t i n g u i s h  between 
the  two. Noncyl i n d r i c a l  f r a c t u r i n g  occurred i n  a l l  coa l  beds i n  d r i l l  h o l e  
CW-81-2 as w e l l  as the  upper coal  bed i n  t he  abandoned hole.  Coal recovered 
from prev ious d r i l l  ho les was much more competent. 

H i  gh-angl e t o  n e a r - v e r t i c a l  f r a c t u r e s  were found predominant ly  i n  t he  
coal  beds, b u t  a few were observed i n  the o the r  1 i tho log ies .  Most f r a c t u r e s  
appeared t o  be f r e s h  w i t h  no c l e a r  evidence o f  secondary m i n e r a l i z a t i o n .  The 
freshness o f  the f r ac tu res  i n  the  coal  suggests t h a t  i t s  h i g h l y  f r a c t u r e d  
na tu re  may r e s u l t  from expansion of t he  core  a f t e r  i t  was removed f rom the  



conf inement o f  the  i n  s i t u  s t resses.  A few s l i c kens ides  were observed i n  t h e  
c l  ay - r i ch  1 i tho log ies ,  suggest ing t he  p o s s i b i l  i ty t h a t  some mi nor  f a u l t i n g  may 
have occurred. 

S t reng th  P rope r t i es  

S t reng th  i n d i c e s  were determined i n  t he  f i e l d  by pocket penetrometer o r  
by po in t - load .  Compressive t e s t s  were conducted i n  the  n a t u r a l l y  humid 
environment o f  the  f i e l d  area u s u a l l y  w i t h i n  a  h a l f  hour o f  co re  e x t r a c t i o n .  
Thus samples a re  be1 ieved  t o  have been a t  o r  near na tu ra l  mo is tu re  con ten ts  a t  
t h e  t ime o f  t e s t i n g .  M a t e r i a l s  w i t h  s t r e n g t h  values beyond t h e  l i m i t  o f  t he  
pocket penetrometer (0.5 MPa, 72.5 l b f / i n 2 )  were t e s t e d  us ing  t he  p o i n t - l o a d  
method developed by Broch and F r a n k l i n  (1972). It should be noted here t h a t  
the  pocket penetrometer values are c o r r e l a t i v e  t o  t he  approximate u n i a x i a l  
compress~ve-s t reng th  values, Is(50)x24, de r i ved  from the  po i  n t -1  oad t e s t s  and 
n o t  t o  the  s t r enq th  index, 1 ~ ( 5 0 ) .  The method descr ibes t e s t i n g  t h e  c o r e  
sampled bo th  a x i a l l y  ( l o a d  appl i e d  para l  l e l  t o  t he  bedding p lane)  and 
d i a m e t r i c a l l y  (1 oad appl i e d  perpend icu la r  t o  t he  bedding plane).  T e s t  r e s u l  t s  
a re  "cor rec ted"  t o  a  re ference diameter ( I s ( 5 0 ) )  o f  50 m (1.97 i n . )  and t h e  
approximate unconf ined compressive s t r eng th  was c a l c u l a t e d  by m u l t i p l y i n g  t h e  
reference-diameter ( I q ( 5 0 )  ) va lue by an emp i r i ca l  l y  determined c o e f f i c i e n t  o f  
24. The method descr i  bed above was devel oped f o r  essen t i  a1 1 y h o r i z o n t a l  
s t r a t a .  However, bedding planes i n  the  d r i l l  ho le  d i p  25'-30°, thus  i t  was 
d i f f i c u l t  t o  apply  the  l oad  as s t a t e d  i n  the  t e s t i n g  procedures. Therefore,  
1  oad was gene ra l l y  appl i e d  para l  1  e l  and perpendicu l  a r  t o  the  l o n g  a x i s  o f  t h e  
core. Test r e s u l t s  ob ta ined  were compared t o  r e s u l t s  ob ta ined  on s i m i l a r  
1  i tho log ies ,  f rom prev ious  t e s t  holes,  i n  t h e  Tyonek Formation, where t h e  d i p  
was 3 ' 4 '  (Chleborad and others,  1980; 1982). The comparison showed 1 i t t l e  
d i f f e r e n c e  i n  c a l c u l a t e d  s t rengths,  t he re fo re ,  the  au thors  b e l i e v e  the r e s u l t s  
ob ta ined  t h i s  year  are probably  v a l i d  as i nd i ces .  

Approximate u n i a x i a l  compressive s t r eng th  i n d i c e s  ranged from 0.72 t o  
6.92 MPa (104 t o  1004 1 b f / i n2 )  f o r  the  d iamet ra l  t e s t s  and 0.72-7.70 MPa (104- 
1117 1 b f / i n 2 )  f o r  t he  a x i a l  t es t s .  Pocket penetrometer values a re  n o t  
presented i n  t he  s t r eng th  ana lys is .  Mean approximate u n i a x i a l  s t r e n g t h  
i n d i c e s  determined from d iamet ra l  t e s t s  were: 

Si l tstone-------------------  5.83 MPa (846 1 b f / i n 2 )  
Carbonaceous claystone------  4.03 MPa (585 1 b f / i n 2 )  
Claystone------------------- 3.18 MPa (461 1 b f / i n 2 )  
Sandstone------------------- 2.76 MPa (400 1 b f / i  n2) 

There were too few a x i a l  samples t e s t e d  t o  de r i ve  v a l i d  mean values. S t reng th  
va lues f o r  t he  c l  aystone beneath the  midd le  coal  sequence appear s l  i q h t l y  
g rea te r  than values f o r  the  c lays tones  above the  sequence, perhaps due t o  t h e  
g r e a t e r  overburden s t ress.  Not i nc l uded  i n  t he  above range of s t r e n g t h  values 
are values f o r  the  carbonate cemented sandstone u n i t ,  as i t s  s t r e n g t h  exceeded 
t h e  l i m i t s  o f  t h e  f i e l d  t e s t i n g  equipment, 55 MPa 18000 l b f / i n 2 ) .  The two 



u n i t s  o f  unconsol idated f r i a b l e  sandstone t h a t  comprise t he  major  zones o f  no 
recovery a re  a l s o  n o t  represented as these u n i t s  e s s e n t i a l l y  had no i n t a c t  
s t r e n g t h  once removed from t h e i r  surroundings. 

The approximate unconf ined-compressive-strength values o f  t he  c o r e  
de r i ved  from the  p o i n t - l o a d  t e s t s ,  ranged from about 0.8 t o  8.0 MPa (116 t o  
1160 1b f / i n2 ) .  These values a re  compared t o  a r e l a t i v e  sca le  o f  rock and s o i l  
hardness devised by Jennings and Robertson (1969) and shown i n  f i g u r e  3. The 
sca le  c l a s s i f i e s  the  t es ted  m a t e r i a l s  as rang ing  from s t i f f  s o i l  t o  very  s t i f f  
s o i l  o r  s o f t  rock. The prevalence o f  low-s t reng th  values i n d i c a t e s  t h a t  t he  
m a t e r i a l  can be e a s i l y  excavated. However i t  a1 so i n d i c a t e s  a p o t e n t i a l  f o r  
e ros ion  and cu t -s lope  s t a b i l i t y  problems i f  n o t  adequately eva lua ted  i n  
development p l  ans. 

Mo is tu re  Content 

Mo i s tu re  con ten t  samples were taken a t  i n t e r v a l  s o f  approx imate ly  0.5 m 
(1.6 f t )  o r  a t  changes i n  l i t h o l o g y .  Samples between 10-20 g were weighed, 
d r i e d  f o r  about 4 hours i n  an oven a t  105OC (22lQF) then weighed aga in  t o  
determine the  mo is tu re  con ten t  i n  percent  dry  weight.  Mean and median 
moi s tu re -con ten t  values i n  percen t  dry weigh t  f o r  t h e  var ious  1 i t h o l  o g i  es a re  
1 i sted  be1 ow: 

Percent  

L i  tho1 ogy Mean - Median 
Claystone------------------- 15.5 14.9 

Carbonaceous c l  aystone------ 16.9 16.1 
Si l ts tone-- - - - - - - - - - - - - - - - - -  17.7 18.8 
Sandstone------------------- 18.0 18.5 

Due t o  t he  l a r g e  number of carbonaceous c lays tone  and c lays tone  samples, t he  
median values probably  r e f l e c t  the mo is tu re  con ten t  of these u n i t s  more 
accura te ly ,  whereas t he  moi s t u r e  con ten t  f o r  t he  sandstone and s i l  t s t o n e  u n i t  
are probably  bes t  represented by the  mean values because fewer samples were 
tes ted .  Several coal  samples were t e s t e d  and y i e l d e d  mo is tu re  con ten t s  o f  
approx imate ly  30 percen t  each. 

GEOPHYSICAL LOGGING WITH HYDROLOGIC INTERPRETATIONS 

A s u i t e  o f  seven geophysical  l ogs  was run soon a f t e r  c o r i n g  reached t h e  
f i n a l  depth of 102.1 m (335.0 f t ) .  These l ogs  i nc l uded  cont inuous reco rd ings  
of neut ron po ros i t y ,  gamma-gamma densi ty ,  na tu ra l  gamma, s i n g l e  p o i n t  
res is tance ,  spontaneous p o t e n t i a l  ( S P )  , fl u i d  temperature, and ha1 e 
diameter.  The geophysical  l ogs  are reproduced as a r e f i n e d  composited v e r s i o n  
on p l a t e  2 ( i n  pocket ) .  A We1 1 Reconnaissance Geologger was used t o  o b t a i n  
the l oqs  as was done f o r  s i m i l a r  work i n  1979 and 1980 (Chleborad and o the rs  
1980; 1982). Ins t rument  s e t t i n g s  i d e n t i c a l  t o  those used i n  t h e  1980 l o g g i n g  
were used whenever poss i  b l  e. 





A l l  geophysical logs  were run under f l ow ing  a r tes ian  cond i t i ons  of 
(15-19 L/min (4-5 gal /min))  and the only  casing i n  the hole was an 11-cm 
(3.6-in.) inside-diameter s tee l  cas ing t h a t  extended t o  7.6 rn (25 f t )  below 
ground surface. The i n i t i a l  depth o f  geophysical logging, 98.5 m (323 f t )  , 
was about 2 m (6.9 f t )  l ess  than the f i n a l  depth o f  d r i l l i n g  due t o  
accumulations o f  caved mater ia l .  The hole cont inued t o  f i l l  s lowly w i t h  
debr is  from the wa l l  s  dur ing  geophysical logging. A1 1 logs  were made a t  an 
uphole speed o f  3 m/min (10 f t /m in ) ,  except f o r  the  temperature l o g  which was 
run  a t  a downhole speed o f  1.8 m/min (6  f t /m in ) .  Temperature l ogg ing  fo l lowed 
a l l  o ther  logg ing  hy about 12 hours, dur ing  which t ime the na tura l  a r t e s i a n  
f l o w  of the hole was undisturbed. 

The composite o f  smoothed geophysical logs  on p l a t e  2 shows genera l l y  
excel 1 ent c o r r e l a t i o n  between 1 i t h o l  ogic  u n i t s  i d e n t i f i e d  through d e t a i l e d  
examination o f  the core and the r a d i a t i o n  and e l e c t r i c  logs. The c a l i p e r  l o g  
proved t o  be a good d iagnost ic  t o o l  f o r  i d e n t i f y i n g  beds having h igh  o r  low 
competence. A1 though the h igh- reso lu t ion  temperature l o g  i s  d i f f i c u l  t t o  
i n t e r p r e t  w i t h  respect t o  1 i t h o l  ogy, i t  r e f 1  ects hydro1 ogic  cond i t i ons  b e t t e r  
than the o ther  logs  o f  t h i s  hole. 

Two conspicious 1 i tho log i c  u n i t s  are ev ident  on the l o g  su i te :  a very 
competent, dense, 1 ow poros i ty ,  carbonate cemented sandstone bed from 50.0 t o  
51.1 m (164.0 t o  167.5 f t ) ;  and a hard tuf faceous(?)  bed from 85.9 t o  86.1 m 
(282.0 t o  282.4 f t ) .  

The dense nature o f  the carbonate cemented bed was s t rong ly  r e f l e c t e d  on 
a l l  logs  except the SP and temperature logs. The f a c t  t h a t  t h i s  bed w i ths tood 
s i g n i f i c a n t  ho le  caving, both above and below i t s e l f  as shown by the  c a l i p e r  
log, i s  evidence o f  i t s  competence. Although cemented sandstones are n o t  
commonly thought o f  as aquicludes (conf in ing  beds), t h i s  bed, i f  i t  has much 
l a t e r a l  con t i nu i t y ,  may severely r e s t r i c t  v e r t i c a l  ground-water movement. 

The tu f faceous(?)  bed caused s i g n i f i c a n t  responses on th ree  l o g s  as 
f o l l  ows: ( 1  1 a  low natural-gamma spike, (2) a h igh  e l e c t r i c a l  - r e s i  stance 
spike, and ( 3 )  a h igh  dens i ty  gamma-gamma. The lack  o f  d iagnost ic  character  
on the neutron l o g  i s  probably due t o  the r e l a t i v e l y  l a r g e  sphere o f  r a d i a t i o n  
i n f l uence  w i t h  respect  t o  the  thinness of the bed, whereas the smal le r  sphere 
of i n f l uence  of the o ther  r a d i a t i o n  logs al lowed detec t ion  o f  t h i s  bed. I f  
the  tu f faceous(?)  bed was a meter o r  more th ick ,  de f lec t ions  on the  r a d i a t i o n  
1 ogs presumably would be more pronounced. Because of these d i  s t i  n c t i v e  
responses, t h i s  bed could serve as a marker hor izon recognizable on 
geophysical loqs  i n  o ther  holes i n  the area. 

The two t h i c k e s t  i n t e r v a l s  f o r  which no core was recovered, 43.1-50.0 m 
(141.5-164.0 f t )  and 51.1-55.5 rn (167.5-182.0 f t ) ,  have a s i m i l a r i t y  i n  
geophysical l o g  responses which suggests t h a t  they are very s i m i l a r  i n  
composition. These responses s t rong ly  suggest t h a t  these two i n t e r v a l s  a re  
composed o f  moderately we1 1 sorted, f r i a b l e  sandstone o f  a uni form 
character.  The c a l i p e r  l o g  c l e a r l y  shows t h a t  the mater ia l  i s  h i g h l y  
suscept ib le  t o  caving. It seems l o g i c a l  t o  conclude t h a t  the po ros i t y ,  and 
probably the permeabi l i ty ,  of these beds i s  s u b s t a n t i a l l y  g rea ter  than t h a t  o f  
t he  recovered calcareous sandstone bed a t  50 m (164.1 f t ) .  



Above the two t h i c k  nonrecovery i n t e r v a l s  are two th inne r  nonrecovery 
i n t e r v a l s  between 38.4 and 42.7 m (126 and 140 f t ) .  It i s  p a r t i c u l a r l y  
i n t e r e s t i n g  t h a t  the two th inne r  nonrecovery i n t e r v a l  s have d i f f e r e n t  l o g  
responses from the t h i c k e r  zones below, I n  these upper t h i n  i n t e r v a l s  the 
logs  d e f l e c t  i n  d i r e c t i o n s  t h a t  imply g reater  s i l t  and ( o r )  c l a y  content  and 
genera l l y  shows more res is tance t o  caving than do the t h i c k e r  i n t e r v a l s  below. 

The d r i l l - h o l e - f l u i d  temperature l o g  i s  the most valuable l o g  of the 
s u i t e  f o r  i n t e r p r e t a t i o n  o f  the ground-water system. Ground water moving 
through porous o r  f r a c t u r e d  rocks w i t h i n  100 m (328.0 f t )  o r  so of the  surface 
may be expected t o  keep those beds which serve as aqu i fe rs  coo ler  than o ther  
beds behaving as aquicludes. This phenomenon occurs because i n  general t he  
temperature of recharge water, which i s  be l ieved t o  en ter  the system from the  
surface, remains coo ler  than t h a t  of subsurface ma te r ia l s  t h a t  are n o t  
subjected t o  ground-water c i r c u l a t i o n  bu t  ins tead are warmed by normal 
geothermal heat from be1 ow. Therefore, the i n t e r f a c e  between re1 a t i v e l y  
permeable and re1 a t i v e l y  nonpermeable beds i s  commonly a zone o f  s i g n i f i c a n t  
temperature change. This  change takes the form of an increase o f  temperature 
as the probe's sensor i s  lowered past the bottom o f  a water -y ie ld ing  bed, and 
i s  a consequence o f  the above-mentioned e f fec t  o f  permeab i l i t y  c o n t r a s t  and o f  
uphole a r tes ian  flow. The magnitude o f  de f l ec t i on  on the temperature l o g  i s  
commonly d i r e c t l y  p ropor t iona l  t o  the volume of water en ter ing  the  ho le  a t  
t h a t  p o i n t  and i t s  temperature contrast d i r e c t l y  p ropor t iona l  t o  the  amount o f  
u p f l  owing water i t  jo ins .  

The temperature l o g  shows th ree  depths where temperatures i n  t he  d r i l l  
ho le r i s e  s i g n i f i c a n t l y .  A 0.4"C (1.3OF) increase occurs w i t h i n  the  top h a l f  
o f  the  upper coa l  bed a t  approximately 19.8 m (65 f t ) ,  a s i m i l a r  though more 
abrupt r i s e  shows w i t h i n  the same coal bed a t  about 26 m (85.3 f t )  and a r i s e  
o f  1.3"C (4.3"F) occurs a t  73.6 m (241.5 f t ) ,  a t  the  bottom o f  the middle coal 
sequence. I n  accordance w i t h  the explanat ion given above, ground water i s  
presumed t o  be en te r i ng  the d r i l l  ho le a t  these depths where the temperature 
grad ien t  i s  steep. Narrow c o l d  troughs of temperature change occur on the l o g  
a t  26 m (85.3 f t )  and 73.6 m (242.8 f t ) .  It i s  thought t h a t  water i n f l o w  i s  
considerably g reater  from those pa r t s  o f  the coals opposite these troughs than 
e l  sewhere. It follows, then, t h a t  since the volumetr ic  r a t e  o f  water moving 
upward i n  the hole increases as each successive i n f l o w  i n t e r v a l  c o n t r i b u t e s  
water, a smal ler  temperature l o g  de f l ec t i on  opposite the  topmost coal  does n o t  
necessar i l y  s i g n i f y  t h a t  l ess  ground water i s  en te r i ng  the hole there  than 
e l  sewhere. 

I n  summary, the s u i t e  of geophysical logs  from d r i l l  ho le CW-81-2 shows 
good c o r r e l a t i o n  w i th  the l i t h o l o g i c  desc r ip t i on  of the core, and s t r o n g l y  
r e f l e c t s  the presence o f  the carbonate cemented sandstone bed and 
tu f faceous(?)  bed. The l a t t e r  u n i t  may be a p o t e n t i a l  marker hor izon on o ther  
geophysical logs i n  the area. The geophysical logs  i n d i c a t e  t h a t  t he  major 
nonrecovery zone i s  comprised o f  clean, f r i a b l e  sandstone o f  un i fo rm character  
and suggests 1 i t h o l o g i c  di f ferences between i t  and o ther  no recovery zones. 
Although i n t e r p r e t a t i o n  o f  ground-water movement from these logs  i s  
compl i c a t e d  by f lowing a r tes ian  condi t ions,  the temperature l o g  i n  p a r t i c u l a r  
i nd i ca tes  t h a t  pa r t s  o f  some coal beds are conduct ing ground water. The l ogs  
fu r the r  suggest t h a t  ground-water f l ow  i s  s i g n i f i c a n t  only  i n  several t h i n  



zones. Some s i l t s t o n e  and c laystone beds and one t h i n  cemented sandstone bed 
e x h i b i t  r e l a t i v e l y  h igh  densi ty  and low saturated poros i ty ,  and appear t o  a c t  
as the major con f i n ing  beds f o r  pressur ing the ground-water system. 
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