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INTRODUCTION 

This repor t  contains the  r e s u l t s  o f  f i e l d  and labora tory  measurements on 
core from t h e  U.S. Geological Survey d r i l l  holes 1C-79, 2C-80, CW 81-2, and 
CE 82-1, loca ted  i n  the upper Cook I n l e t  reg ion  o f  south cen t ra l  A1 aska 
( f i g .  1 Some o f  the  ob jec t i ves  o f  t he  Energy Lands Program i n  Alaska, o f  
which t h i s  study was a par t ,  was t o  prov ide i n fo rma t ion  leading t o  an 
understanding o f  t he  loca t ion ,  nature, and ex ten t  o f  t he  engineering and 
environmental geology concerns i n  areas o f  p o t e n t i a l  coal and o ther  
development i n  t he  Beluga coal resource area o f  t he  upper Cook I n l e t  region, 
A1 aska. This repor t  contains 1 i tho1 ogic  and geotechni ca1 in fo rmat ion  needed 
t o  evaluate and p r e d i c t  t h e  response o f  t h e  coal -bear ing Tyonek Formation t o  
la rge-sca le  mining and re la ted  development i n  the  Capps and Chuitna coal 
f i e l d s  of t he  Beluga coal resource area. S p e c i f i c a l l y  t he  in fo rmat ion  may be 
used i n  determining o r  p r e d i c t i n g  the  s t a b i l i t y  o f  natura l  and manmade cu t  
slopes, ground response t o  seismic a c t i v i t y ,  b l a s t i n g  e f fec ts ,  equipment 
se lec t i on  f o r  excavation, ground-water condi t ions,  and eros ion and weatheri ny 
p o t e n t i a l  o f  s p o i l  p i l e  and i n - s i t u  geologic  mater ia ls .  

LOCATION 

Two p r i n c i p a l  coal f i e l d s  are present i n  t h e  Beluga coal resource area 
( f ig ,  I ) ,  t h e  Capps f i e l d ,  approximately 100 km west-northwest o f  Anchorage, 
and the Chuitna f i e l d ,  approximately 80 km west o f  Anchorage. I n  the  Capps 
f i e l d  two holes were d r i  1  led: USGS 1C-79, 121-m deep (pl .  1) , and USGS 2C-80, 
61-m deep (pl .  2). 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  t he  Water fa l l  coal bed 
between d r i l l  holes i nd i ca tes  t h a t  t he  lower two- th i rds  of d r i l l  ho le  2C-80 
l i e s  s t r a t i g r a p h i c a l l y  below the  bottom o f  hole USGS 1C-79. Core from both 
holes i s  be l ieved t o  be representa t ive  o f  t h e  lower p a r t  o f  t h e  Tyonek 
Formation o f  ea r l y  Oligocene through middle Miocene age (Wolfe and Tanai, 
1980). Pre l  i m i  nary 1 i t h o l o g i c  and geotechnical f i e l d  t e s t  data and 
geophysical l o g  i n t e r p r e t a t i o n  f o r  these two d r i l l  holes were reported by 
Chl eborad and others (1980, 1982). 

Dri 11 holes USGS CW 81-2, 102-m deep ( p l  . 3), and USGS CE 82-1, 115-m 
deep (p l .  4), are loca ted i n  t he  Chuitna coal f i e l d  on the  west and east sides 
o f  the  Chultna River,  respec t i ve l y  ( f i g .  1). S t r a t a  from these two holes are 
be1 ieved t o  be representa t ive  o f  the  middle t o  upper p a r t  o f  t he  Tyonek 
Formation. However, because o f  1 ocal f a u l t i n g ,  fo ld ing ,  and 1 i m i t e d  sur face 
exposures, t he  exact s t r a t i  graphic re1 a t i  onship between the  two holes i s  
uncertain. The Chuitna coal bed o f  Barnes (1966), which crops out f o r  13.7 km 
a1 ong t h e  Chuitna R ive r  canyon, i s  co r re la ted  w i t h  the  s t r a t i  g raph ica l l y  
h ighest  coal bed i n  t h e  Pan American we l l  ( f i g .  1); Calderwood and Fackler, 
1972), and w i t h  a coal bed termed the  brown bed by Ramsey (1981) i n  t h e  
Chuitna R iver  coal f i e l d  east o f  the Chuitna River. F i ve  o ther  coal beds have 





been recognized beneath t h e  brown coal  bed. I n  s t  r a t  i g r a p h i  c a l  l y  descendi ng 
o rder  they are: t h e  ye l low,  t h e  green, t h e  blue, t h e  orange, and t h e  red coal  
bed (Ramsey, 1981). The two major coal  beds i n  d r i l l  ho le  USGS CE 82-1, 
r e f e r r e d  t o  on p l a t e  4 as t h e  upper bed and lower  bed, may c o r r e l a t e  w i t h  t h e  
green and t h e  b l u e  beds, r e s p e c t i v e l y  (B. J. G. P v s c h ,  P lacer  U. S. Inc., San 
Francisco, CA, w r i t t e n  commun., 1981 and R. B. Sanders, Di  amond A1 aska Coal, 
Co., o r a l  connnun., 1982). P re l  i m i  nary f i e l  d  t e s t  da ta  and geophysical  1  og 
i n t e r p r e t a t i o n  f o r  d r i l l  ho les USGS CW 81-2 and CE 82-1 were repo r ted  by Odum 
and o the rs  (1983, 1986), r e s p e c t i  vely.  
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FIELD AND LABORATORY PROCEDURES 

Field Testi ng and Loggi ng Operation 

A l l  f o u r  d r i l l  ho les were con t inuous ly  cored us ing  an HQ-sized r o t a r y -  
w i  re1 i ne core system (6.35-cm core  d i  ameter) . The cored sample was r e t  r i  eved 
i n  s p l  i t - t u b e  samplers. D r i  11 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  of 
run, depths o f  co re  run, amount o f  recovery,  na tu re  o f  d r i l l i n g  f l u i d s ,  and 
hydro1 og ic  cond i t ions .  

The core  was photographed on c o l o r  f i l m  u s i n g  bo th  an instantaneous-  
development camera and a 35 -m s i ng le - l ens  r e f l e x  camera. Inc luded  i n  each 
photograph was a ca rd  i d e n t i f i n g  t h e  core- tube number, co re  depth, and t h e  
app rop r i a te  page from t h e  rock -co lo r  cha r t  o f  Goddard and o thers  (1970). 
I n f o r m a t i o n  on d i s c o n t i n u i t e s ,  co lo r ,  l amina t ions ,  hardness, and degree o f  
weather ing was recorded. 

Poi n t -1  oad s t r e n g t h  index and moi s tu re -con ten t  measurements were 
performed on se lec ted  samples o f  core t o  p rov ide  a base o f  f i e l d  da ta  t o  
compare w i t h  subsequent l a b o r a t o r y  t es t s ,  The presence o f  any carbonate 
cement was determined by app l y i ng  d i  1  u t e  ( 10-percent)  h y d r o c h l o r i c  a c i d  t o  t h e  
co re  a t  0.5-m i n t e r v a l s .  

Untested core  was wrapped i n  cheesecloth, labeled,  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  cardboard boxes w i t h  s p l i t  s ty rene  i n s e r t s  
t o  p r o t e c t  t h e  core  and t o  min imize d is tu rbance  d u r i n g  t r a n s p o r t  t o  t h e  
U.S. Geolog ica l  Survey, Golden, Col o. To avo id  hydrocarbon contaminat ion,  
co re  samples c o n t a i n i n g  coa l  s t r a t a  were no t  waxed, but i n s t e a d  were sealed i n  
p l a s t i c  sleeves. 

Laboratory Procedures 

The core samples upon a r r i v a l  a t  t h e  U.S. Geolog ica l  Survey l a b o r a t o r y  
were stored i n  a c o n t r o l  1 ed h i  gh-humi d i  t y  env i  ronment. Cores were subdi v i  ded 



f o r  geotechnical and geochemical t es t i ng .  Samples selected f o r  geotechnical 
and physical  p roper t ies  t e s t i n g  were prepared and tes ted  according t o  ASTM 
(American Society f o r  Tes t ing  and Mater i  a1 s )  (1 971) procedures, Index t e s t s  
were performed according t o  guide1 i nes developed by t h e  o r i g i n a t i n g  authors 
and ( o r )  modi f ied by t h e  procedures referenced on p l a t e n  1-4. 

Physical properties 

Measured physical  p roper ty  c h a r a c t e r i s t i c s  1 i s t e d  on p la tes  1-4 i nc lude  
g r a i  n-size d i s t r i b u t i o n ,  A t te rberg  1 i m i t s ,  na tura l  -moisture content, densi ty ,  
and organic content. Grain-s ize d i s t r i b u t i o n  in fo rmat ion  was used t o  c l a r i f y  
l i t h o l o g i c  descr ipt ions.  The At te rberg  l i m i t s  bar  on p la tes  1-4 ranges from 
the  p l a s t i c  l i m i t  (smal ler  number on l e f t )  t o  l i q u i d  l i m i t  ( l a r g e r  number on 
r i g h t ) ;  t h e  d i f f e rence  between t h e  two l i m i t s  i s  termed t h e  p l a s t i c i t y  
index. Moisture-content measurements were taken a t  i n t e r v a l s  o f  approximately 
0.5 m o r  a t  changes i n  l i t h o l o g y .  Samples, weighing 15-30 g, were d r i e d  f o r  
approximately four  hours i n  an oven a t  105 "C, and then weighed again t o  
determine t h e  moisture content  i n  percent d ry  weight. P l o t t e d  i n  t h e  
At te rberg  l i m i t s  and moisture-content column are the  r e s u l t s  o f  a few organic 
content measurements. The r e s u l t s  o f  grain, na tura l ,  and dry  bulk  dens i ty  are 
a lso  p l o t t e d  on t h e  p lates.  

S l  ake-du rabi 1 i ty i ndex 

The s l a k e - d u r a b i l i t y  index t e s t  provides a means o f  es t imat ing  t h e  
d e t e r i o r a t i o n  p o t e n t i a l  o f  a geologic  ma te r i a l  t o  c l i m a t i c  we t t i ng  and d r y i n g  
(Frankl  i n  and Chandra, 1972). Slake-durabi 1 i t y  index r e s u l t s  are here 
repor ted i n  percent o f  t o t a l  sample weight remaining a f t e r  two cyc les o f  
tes t ing .  A t e s t  cyc le  cons is ts  o f :  (1) Dry ing and weighing o f  t en  i r r e g u l a r -  
shaped (roughly sphe r i ca l )  specimens w i t h  i n d i v i d u a l  weights between 40 and 
60 g, (2)  tumbl ing i n  a mesh cage w i t h  2-rn openings, p a r t i a l l y  submerged i n  a 
water tank, f o r  10 minutes, and (3)  d r y i n g  and reweighing o f  t h e  specimen 
mater ia l  remaining i n  t he  cage. The index i s  ca lcu la ted  by d i v i d i n g  the  
weight o f  mater ia l  a f e r  step 3 by the  o r i g i n a l  weight t imes 100. A h igh-s lake 
d u r a b i l i t y  index percentage, therefore,  i nd i ca tes  t h a t  t h e  sample has a 
re1 a t i v e l y  h igh  res is tance t o  c l i m a t i c  we t t i ng  and d ry ing  weathering and 
d i s in teg ra t i on .  The s l  ake-durabi 1 i t y  index t e s t  i s  not designed t o  measure 
ra tes  o f  i n - s i t u  weathering o r  strength. 

Poi nt-1 oad strength index 

The po in t - load s t rength  index i s  an inexpensive and rap id  means o f  
approximating unconf ined compressive s t rength  from measurgd t e n s i l e  
strength. The po in t - load st rength,  I s ,  i s  def ined as P/D , where D i s  t h e  
diameter between the  load ing  po in t s  o f  t he  t e s t  apparatus and P i s  t he  load 
applied. As prescr ibed by ISRM ( I n t e r n a t i o n a l  Society o f  Rock Mechanics), 
Commission on Standardizat ion o f  Laboratory and Fie1 d Tests (1972), t he  p o i n t -  
load s t rength  value (Is), f o r  the  d iametra l  t e s t s  ( load appl ied p a r a l l e l  t o  
t h e  bedding planes, normal t o  t h e  core ax i s )  a re  adjusted us ing t h e  char t  
developed by Brock and Frankl  i n  (1972) t o  a reference diameter o f  50 nun. This 
r e s u l t a n t  value, Is(50) ,  i s  then r e f e r r e d  t o  as t h e  po in t - load s t rength  
index. More than one e m p i r i c a l l y  determined c o e f f i c i e n t  ( ranging from 22 t o  
3 5 ) ,  by which the  po in t - load s t reng th  index i s  t o  be m u l t i p l i e d  by t o  ob ta in  
an approximation o f  unconf i  ned compressive st rength,  appear i n  today 's  



1 i t e r a t u r e  (Dunrud and Osterwald, 1980). For consistency w i t h  the  prev ious ly  
publ ished f i e l d  t e s t  data (Chleborad and others, 1980, 1982; Odum and others, 
1983, 1986) a l l  o f  the  approximated unconfined compressive s t reng th  values on 
p la tes  1-4 are computed by m u l t i p l y i n g  the  r e s u l t a n t  value 
and F r a n k l i n ' s  (1972) empi r ica l  c o e f f i c i e n t  o f  24. Also 
p l a t e  i s  t he  r a t i o  o f  the  a x i a l  load t e s t  t o  t he  diameteral  t es t .  This r a t i o  
i s  a  measure o f  s t rength  anisotropy. 

Laboratory unconfined compressive strength 

Core samples represent ing the  var ious 1  i t h o l o g i e s  were c o l  l ec ted  from a1 1  
four  d r i l l  holes. These samples were prepared and t e s t e d  f o r  unconfined 
compressive s t rength  according t o  ASTM (1971) gui de l  i nes (D 2938-71a). 
Specimens had a  l eng th  t o  diameter r a t i o  o f  2.0 t o  2.5 and core-cyl  i nde r  end 
planes were prepared t o  be w i t h i n  0.024 mn o f  pe rpend icu la r i t y  w i t h  the core 
axis. The moisture content o f  t he  samples were maintained as c lose t o  na tura l  
cond i t ions  as poss ib le  by rap id  waxing i n  t he  f i e l d  and subsequent storage i n  
a  c o n t r o l l e d  high-humidity room. Due t o  the  n a t u r a l l y  weak nature o f  many o f  
the  Tyonek Formation 1  i t ho log ies ,  demonst ra ted  by low slake-durabi 1  i t y  and 
po i  nt-1 oad s t rength  index t e s t  values, and by add i t i ona l  sample l oss  incur red  
dur ing  specimen prepara t ion  (para1 l e l  i n g  o f  c y l i n d e r  ends), t e s t  r e s u l t s  must 
be considered t o  be somewhat biased toward the  more phys i ca l l y  competent 
members o f  a  s p e c i f i c  l i t h o l o g y .  

Ultrasonic conpressi onal - and shear-wave ve loci t ies  

Ul t rason ic  t e s t i n g  uses h igh - f  requency mechanical v i b ra t i ons  (general l y  
i n  t he  range o f  10 t o  100 kHz) t o  charac ter ize  t h e  physical  p rope r t i es  o f  an 
e l a s t i c  m a t e r i a l - l i k e  s o i l  and rock. The t e s t i n g  system used consisted o f  a 
pu lse  generator, an osci l loscope,  sample support device and two u l t r a s o n i c  
probes (one t r a n s m i t t e r  and one rece i  vet-). Frequencies used dur ing t e s t i  ny 
ranged from 50 t o  90 kHz. 

Compressional - and shear-wave vel  oc i  t y  measurements were ob ta i  ned f rom 
the  two Chuitna coal f i e l d  d r i l l  holes only. Due t o  the  r e l a t i v e l y  low- 
t e n s i  1  e and compressive st rengths o f  t h e  cored Tyonek Formation 1  i t  hol ogies, 
v e l o c i t y  t e s t  data are considered t o  be somewhat biased and are probably more 
representa t ive  o f  t he  more physical  l y  competent members o f  t he  s t rength  
spectrum f o r  a  s p e c i f i c  l i t h o l o g y .  

The i nhe ren t l y  nonhomogeneous nature o f  many o f  the  Tyonek Formation 
1  i t h o l o g i e s  cause d i f f i c u l t y  i n  sample se lec t ion ,  preparat ion, and tes t i ng .  
Thin laminae o f  micaceous minera ls  are zones o f  weakness which may produce 
s i g n i f i c a n t l y  d iverse  t e s t  r e s u l t s  f o r  s imi  1 a r  appearing samples. In 
add i t ion ,  coal laminae o f  va r i ab le  th ickness and (or )  randomly or ien ted  coaly 
s t r i n g e r s  may increase o r  decrease the  strengh o f  a specimen based soley upon 
t h e i r  o r i e n t a t i o n  w i t h  respect t o  t h e  d i r e c t i o n  o f  appl ied load. 

The hardness c l a s s i f i c a t i o n  o f  most Tyonek Formation 1  i tho log ies  ranges 
from s o f t  s o i l  t o  s o f t  rock (Jennings and Robertson, 1968). Test r e s u l t  
ranges of s l  ake-durabi 1  i ty  index, poi  n t  -1 oad i ndex st rength,  1  aboratory 
unconfined compressive strength, and u l t r a s o n i c  v e l o c i t i e s  d i f f e r  widely f o r  a  
s p e c i f i c  l i t h o l o g y .  However, on t h e  basis  o f  computed means the  l i t h o l o g i e s  



.he; 

w i t h i n  a g i ven  d r i l l  ho le  o r  coal  f i e l d  area can be arranged i n  t h e  f o l l o w i n g  
o rder  of i n c r e a s i n g  s t r e n g t h  and d u r a b i l i t y :  weakly l i t h i f i e d  sandstone, 
s i  1 t s tone ,  c l  aystone, carbonaceous c l  aystone, and coal. Because t h e  m a j o r i t y  
o f  t h e  Tyonek Format ion sandstone u n i t s  encountered were essen t i  a1 l y  
nonrecoverable because o f  t h e i r  n o n l i t h i f i e d  character ,  an ar rangemenaof  
1 i t h o l o g i e s  i n t o  t h r e e  groups i s  more r e a l  i s t i c .  The u n l  i t h i f i e d  sandstone, 
f o r  a l l  p r a c t i c a l  purposes, can be considered t o  have zero unconf ined 
compressive s t r eng th  and no durabi  1 i ty .  S i  1 t s tone ,  c l  aystone, and 
carbonaceous c lays tone  a l l  have low t o  moderate s t r e n g t h  and d u r a b i l i t y .  The 
coal  samples have unconf ined compressive s t reng ths  a t  l e a s t  double those o f  
t h e  o t h e r  f i  ne r  g r a i  ned 1 i tho1 og i  es. The r a r e  carbonate-cemented pebbly 
sandstone u n i t  f rom d r i l l  ho le  CW 81-2 has a s t r e n g t h  t h a t  i s  anomalously 
h i g h e r  t han  a l l  t h e  o the r  l i t h o l o g i e s .  I f  these  sandstone u n i t s  were found i n  
t h i c k e r ,  l a r g e r  quan i t i es ,  and had a r e l a t i v e l y  wider  l a t e r a l  ex ten t ,  they  
would d e f i  n e t l y  be o f  major eng ineer ing  s i gn i f i cance .  
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