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PRELIMINARY GEOTECHNICAL AND GEOPHYSICAL LOGS FROM DRILL HOLE 2C-80 I N  
CAPPS COAL FIELD, COOK INLET REGION, ALASKA 

By Alan F, Chleborad, Lynn A. Yehle, Henry R. Schmoll, 
Cynthia A. Gardner, and Larry L. Dearborn 

INTRODUCTION 

The d r i l l i n g  and l o g g i n g  i n f o r m a t i o n  p r o v i d e d  i n  t h i s  r e p o r t  was 
c o l l e c t e d  d u r i n g  September 1980 as  p a r t  o f  t h e  Energy Lands program o f  t h e  
U.S. G e o l o g i c a l  Survey. 

D r i l l  h o l e  2C-80 i s  l o c a t e d  i n  t h e  Capps Coal F i e l d ,  a p p r o x i m a t e l y  100 km 
(62 m i )  west  of Anchorage, A laska ( f i g .  1). The d r i l l i n g  was under taken t o  
o b t a i n  i n f o r m a t i o n  on t h e  g e o t e c h n i c a l  c h a r a c t e r i s t i c s  o f  a  p a r t  o f  t h e  c o a l -  
b e a r i n g  Tyonek Format ion  and o v e r l y i n g  s u r f  i c i a l  depos i t s .  The p r e l  i m i n a r y  
r e s u l t s  of a  p r e v i o u s  d r i l l  h o l e  (1C-79), l o c a t e d  1.3 km (0.8 m i )  n o r t h e a s t  o f  
d r i l l  h o l e  2C-80, were r e p o r t e d  by Ch leborad and o t h e r s  (1980).  

The Tyonek Format ion  i s  e a r l y  Ol igocene t o  m i d d l e  Miocene i n  age (Wol fe  
and Tanai ,  1980). A t  t h e  d r i l l  s i t e  i t  i s  o v e r l a i n  by a  t h i n  c o l l u v i a l  
d e p o s i t  o f  Q u a t e r n a r y  age. 

The d r i l l i n g  and c o n t i n u o u s  co re  samp l ing  p e n e t r a t e d  19.5 m (63.9 f t )  o f  
overburden,  a  ma jo r  coa l  bed ( W a t e r f a l l  bed), and a p p r o x i m a t e l y  29 m  (95.1 f t )  
o f  u n d e r l y i n g  m a t e r i a l ,  t o  a t o t a l  dep th  o f  6 1  m (200 f t ) .  D r i l l  h o l e  2C-80 
s t r a t i g r a p h i c a l l y  o v e r l a p s  d r i l l  h o l e  1C-79 and c o n t i n u e s  down s e c t i o n  
a p p r o x i m a t e l y  33 rn (108 f t ) .  

A p roposed open p i t  c o a l - m i n i n g  p l a n  ( P l a c e r  Amex, Inc. ,  1977, s t a t u s  
r e p o r t  o f  December 1977) ou t1  i nes a  s e q u e n t i a l  m i n i n g  and r e c l a m a t i o n  scheme 
f o r  f i v e  a reas  i n  t h e  Capps Coal F i e l d .  F i g u r e  2 shows t h e  l o c a t i o n  o f  d r i l l  
h o l e s  2C-80 and 1C-79 w i t h  r e s p e c t  t o  t h e  proposed m in ing  areas as w e l l  as 
s e l e c t e d  s u r f a c e  f e a t u r e s .  A genera l  d e s c r i p t i o n  o f  t h e  geology and n a t u r a l  
hazards o f  t h e  r e g i o n  a r e  g i v e n  by Schmol l  and o t h e r s  (1981). 

The g e n e r a l i z e d  1  i t h o l o g y  i n t e r p r e t e d  f rom c o r e  o b t a i n e d  from d r i l l  i n g  
and supplemented by o u t c r o p  mapping accompl ished d u r i n g  t h e  1979 and 1980 
f i e l d  seasons i s  p resen ted  i n  f i g u r e  3. A more d e t a i l e d  l i t h o l o g i c  l o g  i s  
p resen ted  as p a r t  o f  t h e  g e o t e c h n i c a l  log.  

The g e o t e c h n i c a l  and geophys ica l  l o g s  p resen ted  h e r e i n  ( p l s .  1 and 2 )  
p r o v i d e  b a s i c  p h y s i c a l - p r o p e r t y  and e n g i n e e r i n g  d a t a  use fu l  i n  p r e d i c t i n g  t h e  
response o f  g e o l o g i c  m a t e r i a l s  t o  proposed l a r g e - s c a l e  coa l  m i n i n g  and r e l a t e d  
development, and i n  i d e n t i f y i n n  and assess ing  p o t e n t i a l  g e o l o g i c  hazards. 
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Predominately medium-grained f r i a b l e  sandstone with 
thin interbeds of coal 

Figure 3. Generalized 1 ithologic log for drill hole 2C-80. 



DRILLING OPERATI ON 

A Gardner-Denver Model 2000 d r i l l  r i g  equ ipped w i t h  a  r o t a r y  HQ w i r e  l i n e  
c o r e  system (6.4-cm- (2.5-in,-) d i a m e t e r  c o r e  s i z e )  was used t o  o b t a i n  
con t inuous  c o r e  s u i t a b l e  f o r  l o g g i n g  and p h y s i c a l - p r o p e r t y  t e s t i n g .  Diamond 
c o r e  b i t s  were used on a 1.5-m- (5 .0 - f t - )  l o n g  HQ c o r e  b a r r e l  w i t h  s p l i t - t u b e  
i n n e r  b a r r e l .  D r i l l i n g  mud a d d i t i v e s  were used s t a r t i n g  a t  a  dep th  o f  
a p p r o x i m a t e l y  50 m (164 f t )  t o  s t o p  a  l o s s  o f  d r i l l i n g  f l u i d .  D r i l l i n g  o f  t h e  
60.6-m- ( 2 0 0 - f t - )  deep, n e a r - v e r t i  c a l  d r i  11 h o l e  was completed i n  
a p p r o x i m a t e l y  6 days. 

FIELD GEOTECHNICAL-LOGGING OPERATION 

The p rocedure  f o r  r e t r i e v i n g ,  1  ogging,  t e s t i n g ,  and packag ing t h e  c o r e  
was s i m i l a r  t o  t h a t  d e s c r i b e d  f o r  d r i l l  h o l e  1C-79 (Ch leborad and o t h e r s ,  
1980). The c o r e  was washed, photographed, and d e s c r i b e d  u s i n g  an a b b r e v i a t e d  
f i e l d - 1  ogg i  ng  scheme (Ranki  l o r ,  1974). F i e l d  t e s t s  i n c l u d e d  t h e  pocke t  
penet rometer  ( S o i  1  t e s t ,  Inc.,  1978), and p o i  n t - 1  oad (Broch and Frank1 i n ,  1972) 
s t r e n g t h - i n d e x  t e s t s ,  m o i s t u r e - c o n t e n t  d e t e r m i n a t i o n  t e s t s ,  and a  carbonate-  
d e t e c t i o n  t e s t .  The c o r e  (excep t  f o r  t h e  c o a l )  was wrapped i n  cheesec lo th  and 
waxed f o r  t r a n s p o r t  and s torage.  Coal samples were sea led  i n  p l a s t i c  s leeves  
and f u r t h e r  sampl ing  and s t r e n g t h - i n d i c e s  t e s t s  were per formed i n  Denver. 
Tes t  r e s u l t s  and d e s c r i p t i o n s  of t h e  c o r e  a r e  p resen ted  i n  g e n e r a l i z e d  f o r m  on 
p l a t e  1, 

SUMMARY OF GEOTECHNICAL PROPERTIES 

D e s c r i ~ t i o n  of Geoloaic Mater ia ls  

Sandstone, s i l t s t o n e ,  coa l ,  and c l a y s t o n e  a r e  t h e  p r i n c i p a l  1  i t h o l o g i e s  
sampled a t  t h e  s i t e .  

The sandstones above 49 m (160 f t )  i n  dep th  range i n  c o l o r  f rom p a l e  
y e l l o w i s h  brown (weathered)  t o  medium gray  and c o n t a i n  m o s t l y  f i n e  t o  v e r y  
f i n e  subrounded t o  subangu lar  g ra ins .  The bedd ing  ranges f rom mass ive  t o  
o b s c u r e l y  bedded t o  1  ami nated,  and genera l  l y  e x h i  b i t s  g r a d a t i o n a l  c o n t a c t s .  
Below 49 m (160.8 f t )  t h e  sandstone i s  medium l i g h t  g ray  t o  medium gray, 
medium t o  coarse gra ined,  and very  f r i a b l e .  

S i  l t s t o n e  i s  medium dark  gray,  g r a y i s h  brown (where weathered) ,  massive 
t o  o b s c u r e l y  bedded o r  laminated,  commonly c l a y e y  o r  sandy, and o c c a s i o n a l l y  
carbonaceous, 

C l a y s t o n e s  a r e  medium g r a y  t o  medium dark  gray ,  massive t o  o b s c u r e l y  
bedded o r  l am ina ted ,  s i l t y ,  and o f t e n  carbonaceous. 

Coal beds a r e  b rown ish  b l a c k  t o  b l a c k ,  and a r e  massive w i t h  p a r t i n g s  o r  
i nte rbeds  o f  s i  1  t s t o n e  o r  c l  aystone. 

U n c o n s o l i d a t e d  s i l t y  sand and c l a y e y  s i l t  o f  p r o b a b l e  c o l  l u v i a l  o r i g i n  
ex tend f r o m  t h e  s u r f a c e  t o  a depth  of n e a r l y  2 m (6.6 f t ) ;  however a  few 
pebb les  were a l s o  present .  The c o l  l u v i u m  p r o b a b l y  was d e r i v e d  f r o m  s i l t s t o n e ,  
sandstone,  and g l a c i a l  d r i f t .  The c o l l u v i u m  a l s o  i n c l u d e s  a  man t le  o f  
v o l c a n i c  ash and some o r g a n i c  m a t t e r  t o t a l i n g  about  1 m (3.3 f t )  i n  t h i c k n e s s .  



A l l  m a t e r i a l s  sampled were noncalcareous.  

Discont inu i t ies  and weathering 

D i s c o n t i n u i t i e s  i n  bedrock i n c l u d e  j o i n t s ,  bedd ing break separa t i ons ,  and 
broken r o c k  zones. The d i s c o n t i n u i t i e s  shown on p l a t e  1 i n c l u d e  b o t h  n a t u r a l  
and d r i l l i n g  induced f r a c t u r e s ;  o f t e n  i t  was d i f f i c u l t  t o  d i s t i n g u i s h  between 
t h e  two. Those d i s c o n t i n u i t i e s  i n d i c a t e d  as j o i n t s  a r e  b e l i e v e d  t o  be n a t u r a l  
f r a c t u r e s .  

Wea the r ing  i s  b e l i e v e d  t o  ex tend  t o  a  dep th  of app rox ima te l y  11 m  
(36.1 f t )  on t h e  b a s i s  o f :  (1) d i s c o l o r i n g  r e l a t e d  t o  i r o n - o x i d e  s t a i n ,  ( 2 )  
t h e  apparen t  o x i d a t i o n  ( d e p l e t i o n )  o f  carbonaceous m a t e r i a l s ,  and ( 3 )  low 
s t r e n g t h  va lues  ( p l .  1 ) .  Many o f  t h e  j o i n t s  above 11 m (36.1 f t )  a r e  marked 
by i r o n - o x i d e  s t a i n  i n d i c a t i n g  t h a t  t h e y  a r e  avenues f o r  t h e  i n f i l t r a t i o n  of 
s u r f a c e  wa te rs  ( p l .  1) . 

Strength Properties 

Unconf ined compress ive  s t r e n g t h  va lues  were c a l c u l a t e d  from p o i n t - l o a d  
t e s t s  ( F r a n k l i n  and o t h e r s ,  1972). The m a t e r i a l s  e x c l u d i n g  c o a l ,  range i n  
s t r e n g t h  f rom 0.24 t o  7.44 MPa (megapascal) and can be c l a s s i f i e d  as r a n g i n g  
f rom s o f t  s o i l  t o  s o f t  rock  ( f i g .  4) .  C a l c u l a t e d  compressive s t r e n g t h s  o f  
c o a l  samples v a r i e d  g r e a t l y  w i t h  va lues as h i g h  as 21.6 MPa ( p l .  1). 

The preponderance o f  r e l a t i v e l y  low s t r e n g t h s  i n d i c a t e  t h a t  much o f  t h e  
m a t e r i a l  can be e a s i l y  excavated. Such m a t e r i a l ,  however, may be e a s i l y  
eroded and may c o n t r i b u t e  t o  s l  ope -s tab i  1 i ty problems i f  n o t  a d e q u a t e l y  
e v a l u a t e d  and des igned f o r  i n  t h e  m i n i n g  p lan.  

GEOPHYSICAL LOGGING 

N a t u r a l  gamma r a d i a t i o n ,  gamma-gamma r a d i a t i o n ,  n e u t r o n  r a d i a t i o n ,  
c a l i p e r ,  spontaneous p o t e n t i a l ,  s i n g l e - p o i n t  r e s i s t a n c e ,  and tempera tu re  
measurements were r u n  i n  t h e  h o l e  soon a f t e r  c o m p l e t i o n  o f  c o r i n g .  
A Wel l  Reconnaissance, s i n g l e - c o n d u c t o r  cab le ,  s u i t c a s e - s i z e d  l o g g e r  was used 
f o l l o w i n g  t e c h n i q u e s  d e s c r i b e d  by Keys and MacCary (1971). A  c o m p i l a t i o n  o f  
t h e  g e o p h y s i c a l  l o g s  w i t h  l i t h o l o g i c  and c a s i n g  l o g s  a r e  shown on p l a t e  2. 

The g e o p h y s i c a l - l o g  responses document a lmos t  a l l  l i t h o l o g i c  c o n t a c t s .  
I n  genera l ,  i n t e r p r e t a t i o n  o f  t h e  s u i t e  of l o g s  r e i n f o r c e s  t h e  s u b t l e  
d e s c r i p t i v e  d i f f e r e n c e s  no ted  on t h e  1  i t h o l o g i c  1  og. The more i m p o r t a n t  
i n t e r p r e t a t i v e  f e a t u r e s  a r e  b r i e f l y  d i scussed  below. 

Washouts o r  h o l e  d iamete r  enlargements,  due t o  c a v i n g  o f  l o o s e  o r  f r i a b l e  
beds a l o n g  t h e  d r i l l  ho le ,  occu r  f a i r l y  commonly above t h e  w a t e r  l e v e l .  
R a d i a t i o n  l o g s ,  run  i n s i d e  t h e  d r i l l  stem b e f o r e  i t  was removed, r e f l e c t  m a j o r  
washed-out i n t e r v a l s .  The 1  a r g e s t  d e f l e c t i o n  on each 1  og o c c u r r e d  between 
10.7 m (35 f t )  and 13.7 m (45 f t ) ,  and t h e s e  l a r g e  d e f l e c t i o n s  a r e  m a i n l y  t h e  
r e s u l t  o f  an u n i n t e n t i o n a l  "window" i n  t h e  s u r f a c e  casing.  Apparen t l y ,  t h e  
l ower  3 m (10 f t )  o f  c a s i n g  became unscrewed and s l i p p e d  down 2.1 m ( 7  f t ) .  
The most d i  r e c t  measurement o f  h o l e - s i z e  v a r i a t i o n s  i s  t h e  c a l i p e r  l og ,  wh ich  
was r u n  a f t e r  t h e  d r i l l  stem was removed. 
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A l l  coa l  beds w i t h i n  t h e  logged i n t e r v a l ,  except f o r  a  very t h i n  bed a t  
40.2 m (132 f t ) ,  caused conspicuous d e f l e c t i o n s  on t h e  r a d i a t i o n  logs.  These 
responses a re  a  r e s u l t  o f  a  very low natural-gamma r a d i a t i o n  l e v e l ;  a  low 
backsca t t e r  l e v e l  on t h e  neut ron l o g  because o f  t h e  abundance of hydrogen 
molecules;  and r e l a t i v e l y  low d e n s i t y  i n d i c a t e d  by a  marked i nc rease  i n  t h e  
gamma-gamma count ra te .  

D e f l e c t i o n s  c h a r a c t e r i s t i c  o f  coa l  beds a re  a l s o  general  l y  present  on t h e  
spontaneous p o t e n t i a l  and res i s t ance  logs ,  which begin  below water l e v e l  
33.5 m (110 f t )  because o f  i ns t rument  l i m i t a t i o n s .  The th inness  o f  coa l  beds 
below t h i s  depth caused much l e s s  d e f l e c t i o n  than  would have been r e g i s t e r e d  
by t h e  much t h i c k e r  coa l  beds a t  sha l lower  depth. 

The s u i t e  o f  geophysical  logs,  espec ia l  l y  t h e  n a t u r a l  -gamma and e l e c t r i  c  
logs,  s t r o n g l y  i n d i c a t e  t h a t  beds below a  depth o f  47.2 m (155 f t )  f o r  which 
no core was r e t r i e v e d ,  a re  probably  composed o f  r e l a t i v e l y  c lean  g r a n u l a r  
mate r ia l - -mos t  l i k e l y  medium o r  coarse-gra ined sandstones. It i s  recognized 
i n  t h i s  i n t e r p r e t a t i o n  t h a t  t h e  abrupt  and pronounced r i gh twa rd  s h i f t  on t h e  
gamma-gamma l o g  a t  56.1 m (184 f t )  i s  due t o  t h e  lower  t e r m i n a t i o n  o f  t h e  
d r i l l  stem, and no t  t o  any recogn izab le  decrease i n  bu lk  dens i t y .  The o t h e r  
r a d i a t i o n  l ogs  a l s o  r e f l e c t  t h e  c o n s t r u c t i o n a l  change i n  t h e  d r i l l  hole,  bu t  
t o  a  l e s s e r  degree. 

The temperature l o g  was run severa l  hours a f t e r  d r i l l i n g  ceased and 
presumably a f t e r  temperature e f f e c t s  f rom d r i l l i n g  had l a r g e l y  d i ss i pa ted .  
The on ly  pronounced s h i f t  on t h e  log,  a t  49.7 m (163 ft), may be due t o  
downward f l a w  o f  water w i t h i n  t h e  d r i l l  hole.  The h i g h l y  s e n s i t i v e  and f i n e l y  
c a l i b r a t e d  t h e r m i s t o r - t y p e  probe de tec ted  a  r a p i d  temperature inc rease  of over  
0 . 5 O C  (32.g°F) below t h i s  depth. A warmer, n e a r l y  cons tan t  temperature o f  
3.3"C (37.g°F) occurred below 50.3 m (165 f t ) .  Water thought  t o  be e n t e r i n g  
t he  ho le  above 32.9 m (108 f t )  probably  was moving downward and ou t  i n t o  a 
permeable sandstone(?)  l y i n g  between 46.3 m (152 f t )  and 50.6 m (166 ft). 
Fu r t he r  ev idence o f  p e r m e a b i l i t y  o f  t h i s  zone i s  found on t h e  o t h e r  
geophys ica l  l ogs  as wel l -marked d e f l e c t i o n s .  
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