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P r e l  i m i  nary  F i e l d  Geotechnical  and Geophysical Logs from 

a D r i l l  Hole i n  t h e  Capps Coal F i e l d ,  Cook I n l e t  

Region, Alaska 

By Alan F. Chleborad, Lynn A. Yehl e, Henry R. Schmoll , 

and Cynth ia  A. Gardner 

I n t r o d u c t i o n  

The d r i l l i n g  and l ogg ing  a c t i v i t y  descr ibed  i n  t h i s  r e p o r t  was under taken 

i n  August 1979, as p a r t  o f  t h e  Energy Lands program o f  t h e  U.S. Geo log ica l  

Survey. The general o b j e c t i v e s  o f  t h e  p r o j e c t ,  o f  which t h i s  work i s  a  p a r t ,  

a re  t o  p rov ide  an understanding o f  t h e  nature,  l o c a t i o n ,  and ex ten t  o f  t h e  

engi  n e e r i  ng and environmental  concerns i n  p o t e n t i a l  coa l  -devel  opnent areas of 

t h e  Cook I n l e t  reg ion ,  Alaska. The geotechnica l  and geophysical  l o g s  

presented i n  t h i s  r e p o r t  p rov ide  sorne o f  t h e  bas i c  phys i ca l - p rope r t y  and 

eng inee r i ng  data needed t o  eva lua te  geo log ic  hazards, and t o  p r e d i c t  t h e  

response o f  geo log ic  ma te r i  a1 s  t o  l a rge -sca l  e  coal  m in ing  and re1 a ted  

development i n  t h e  Capps coa l  f i e l d  o f  t h e  Beluga coa l  area. S p e c i f i c a l l y ,  

t h e  i n f o r m a t i o n  may be used t o  h e l p  determine such t h i n g s  as n a t u r a l -  and cu t -  

s lope  s t a b i l i t y ,  s p o i l - p i l e  s t a b i l i t y ,  ground response t o  se ismic 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 ,  b u l k i n g  c h a r a c t e r i s t i c s ,  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) i s  l o c a t e d  on an up land approx imate ly  100 km west 

o f  Anchorage, Alaska, and 38 km f rom Cook I n l e t .  The d r i l l i n g  and c o r e  

sampl ing i n v o l v e d  s t r a t a  o f  t h e  lower  Ol igocene t o  m idd le  Miocene (Wol fe  and 

Tanai , 1980) Tyonek Format ion and o v e r l y i  ng Quate rnary  g l  ac i  a1 deposi ts .  The 

geology and coal  resources o f  t h e  Beluga coa l  area were descr ibed  by Barnes 

(1966). Subsequently, t h e  Be1 uga Coal Company c o r r e l a t e d  coa l  beds (Capps and 

W a t e r f a l l  beds) and descr ibed  overburden m a t e r i a l  i n  t h e  Capps coa l  f i e l d  by 





d e t a i l e d  d r i l  l i n g  on a  one-quarter m i l e  g r i d  bas is  (Patsch, 1975). A 

general ized l o g  showing l i t h o l o g i e s  i n  t he  v i c i n i t y  o f  t h e  d r i l l  s i t e  i s  

presented i n  f i g u r e  2. The l o g  i s  based p r i m a r i l y  on t h e  d r i l l - h o l e  f i e l d  l o g  

supplemented by outcrop i n fo rma t ion  obta ined du r ing  t h e  1978 and 1979 f i e 1  d  

seasons. 

O f  t h e  several coal f i e l d s  i n  t he  Cook I n l e t  region,  t h e  Capps coal f i e l d  

appears t o  be one o f  t h e  most l i k e l y  t o  undergo la rge-sca le  development i n  t h e  

foreseeable fu tu re .  A proposed open-pi t mining p lan  ( i n fo rma t ion  from P I  acer 

Amex, Inc., s ta tus  r e p o r t  o f  December 1977) c a l l s  f o r  t h e  sequent ia l  min ing 

and rec lamat ion o f  f i v e  areas i n  t h e  Capps coal f i e l d  ( f i g .  3 ) .  The d r i l l  

s i t e ,  a l so  shown i n  f i g u r e  3, i s  loca ted  i n  t h e  t h i r d  proposed mine area 

where, according t o  t h e  mining plan, two major coal beds ( t h e  Capps and 

Wate r fa l l  beds) and approxirnately 90 m o f  s p o i l  ma te r i a l  (mined overburden and 

in te rburden)  would be invo lved i n  t he  mining operat ion. 

Several l a r g e  l ands l i des  near t he  d r i l l  s i t e  ( f i g .  3 )  i nvo l ve  coa l -  

bear ing  s t r a t a  s t r a t i g r a p h i c a l  l y  equ iva len t  t o  t h e  mater i  a1 sa~npl ed a t  t h e  

d r i l l  s i t e .  Data provided i n  t he  present r e p o r t  and data frorn l abo ra to ry  

t e s t i n g  o f  core samples (when a v a i l a b l e )  should be p a r t i c u l a r l y  use fu l  i n  

i d e n t i f y i n g  f a c t o r s  i nvol ved i n  t h e  Inass movement process and i n  ana lyz ing  

na tu ra l -  and cu t - s l  ope s tab i  1  i ty. 
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F igu re  2. Genera l ized l i t h o l o g i c  l o g  f o r  t he  v i c i n i t y  o f  t h e  d r i l l  s i t e  
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D r i l l  i ng o p e r a t i o n  

The remoteness and i n a c c e s s i b i l i t y  o f  t h e  d r i l l i n g  l o c a t i o n  necess i t a t ed  

t h e  use o f  t r acked  v e h i c l e s  and f i xed -w i  ng a i r c r a f t  t o  t r a n s p o r t  equipment, 

personnel ,  and supp l ies .  The d r i l l  i ng c o n t r a c t o r  used a  F a i l i n g  Model 1500' 

d r i l l  u n i t  mounted on a  t r acked  v e h i c l e  which, w i t h  severa l  t r acked  camp 

t r a i l e r s ,  were d r i v e n  o r  p u l l e d  a p p r o x i ~ n a t e l y  40 kni across d i f f i c u l t  t e r r a i n  

f r a n  near  Cook I n l e t  t o  t h e  d r i l l  s i t e .  A f t e r  l eng thy  de iays r e l a t e d  t o  

adverse weather and ground c o n d i t i o n s  t h e  d r i l l  r i g  a r r i v e d  a t  t h e  s i t e  on 

August 23, 1979, and d r i l l i n g  ccinnlenced t h e  f o l l o w i n g  day. A  r o t a r y  HQ 

w i  r e1  i ne co re  system (6.4-cm d i  aineter c o r e  s i  ze) was used w i t h  t h e  o b j e c t i v e  

o f  o b t a i n i n g  cont inuous co re  su i  tab1  e  f o r  phys i ca l  p r o p e r t y  and s t r e n g t h  

t e s t i n g .  Due t o  al inernent and cav ing  problems re1  a ted  t o  i n s u f f i c i e n t  su r f ace  

cas ing  t h e  f i r s t  a t t m p t e d  d r i l l  h o l e  was abandoned a f t e r  reach ing  a  depth o f  

 he use o f  t r a d e  names i s  f o r  d e s c r i p t i v e  purposes o n l y  and does no t  

n e c e s s a r i l y  c o n s t i t u t e  endorserilent by t h e  U.S. Geol o y i c a l  Survey. 



20 m. Two a d d i t i o n a l  a t t m p t s  w i t h i n  3  m o f  t h e  f i r s t  d r i l l  h o l e  were a l s o  

thwar ted  by d i f f i c u l t  d r i l l  i ng i n  boulder-1 aden g l a c i a l  deposi ts .  These holes 

were a l s o  abandoned a f t e r  reaching depths o f  l e s s  t han  G rn. I n  a f o u r t h  

a t tempt  ( h o l e  no. 1C-79), us i ng  a  12.8-crn d iameter  rock  b i t ,  su r face  cas ing  

was success fu l l y  se t  t o  a  depth o f  approx imate ly  9 rn. Core d r i l l i n g  was t hen  

c o n t i  nued, v a r i o u s l y  u s i  ng carb ide ,  r egu l  a r  d i  amond, and face-d i  scharge 

diamond core  b i t s  i n  an e f f o r t  t o  o b t a i n  good core  sa~np'i e. D r i l  l i n y  problems 

i n c l  uded n e a r l y  cont inuous c i r c u l  a t i o n  l oss ,  excessive b i t  wear, and de lays i n  

g e t t i n g  rep1 acement par ts .  Sheari  ng o f  t h e  core  sampl e, a t t r i b u t e d  t o  

abnormal r o t a t i o n  o f  t h e  i n n e r  core  b a r r e l ,  was noted i n  core  frorn t h e  f i r s t  

abandoned hole.  Qu ik -ge l  b e n t o n i t e  and Rever t  d r i l l - m u d  a d d i t i v e s  were used 

i n  an e f f o r t  t o  s t a b i l i z e  t h e  hole,  m i t i g a t e  b i t  wear, and t o  s top  t h e  l o s s  o f  

c i r c u l a t i o n .  A double tube  co re  b a r r e l  w i t h  a  sp l  i t  tube  sampler 1.5 rn l ong  

was used t o  c o l l e c t  co re  sample. Rates o f  d r i l l i n g  averaged about 1 m/h bu t  

v a r i e d  g r e a t l y  depending l a r g e l y  on type  and c o n d i t i o n  o f  t h e  b i t  and t h e  t ype  

of m a t e r i a l  be ing  d r i l l  ed. The a1 inernent and c o n d i t i o n  o f  t h e  n e a r - v e r t i c a l  

d r i l l  ho le  were mainta ined w i t h i n  t o l e rances  necessary f o r  geophysical  l ogg ing  

and f o r  t h e  i n s t a l l a t i o n  o f  a  5.1-cm ( o u t s i d e  d iameter)  p l a s t i c  pipe. The 

p l a s t i c  p i pe  was i n s t a l  l e d  f o r  proposed geothennal measurements. D r i l l  i ng o f  

t h e  121-m deep ho le  was acconipl ished on a  cont inuous b a s i s  i n  two 12-hour 

s h i f t s .  

I n  a d d i t i o n  t o  t e s t  ho le  no. 1C-79 descr ibed  above, a  76-m deep t e s t  l ~ o l e  

was d r i l l e d  us ing  an a i r - r o t a r y  rnethod f o r  t h e  purpose o f  de te rmin ing  t h e  

hyd ro log i c  p r o p e r t i e s  o f  t h e  ma te r i a l s .  The t e s t  hole,  which i s  l oca ted  

approx imate ly  30 m t o  t h e  south and w i t h i n  a  meter o f  t h e  salile ground 

e l e v a t i o n  as ho le  no. 1C-79, was cased w i t h  15.2-c~n I.D. ( i n s i d e  d iameter)  

s t e e l  p i pe  and was in tended t o  be used as a  wate r - leve l  observa t ion  we l l .  



However, t h e  amount o f  wa te r  t h a t  en te red  t h e  h o l e  upon t e r m i n a t i o n  o f  

d r i l l i n g  was n o t  s i g n i f i c a n t  and t h e  w e l l  w i l l  no t  be mon i to red  on a  r e g u l a r  

b a s i s  (G. L. Nelson, U.S. Geolog ica l  Survey, w r i t t e r i  canmun., 1979). 

F i e l d  geo techn ica l  l o g g i n g  o p e r a t i o n  

The r e t r i e v a l ,  l ogg ing ,  t e s t i n g ,  and packaging o f  t h e  co re  was conducted 

i n  t h r e e  bas i c  steps. 

F i r s t ,  t h e  co re  sample i n  t h e  sp l  i t - t u b e  sampler was t r a n s f e r r e d  a t  t h e  

d r i l l  r i g  t o  a  member o f  t h e  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  concern ing  

t ime  o f  recovery ,  dep th  o f  t h e  cored i n t e r v a l ,  n a t u r e  o f  t h e  d r i l l i n g  f l u i d  

used, and h y d r o l o g i c  c o n d i t i o n s ,  was ob ta ined  frorn t h e  d r i l l e r  and recorded, 

t h e n  h a l f  o f  t h e  s p l i t - t u b e  sampler was removed t o  expose t h e  core  which, i f  

necessary, was washed u s i n g  a  f i n e  spray o f  water f rom an o r d i n a r y  p ressu r i zed  

garden o r  weed sprayer.  The core  i n  t h e  sanp le r  was t h e n  photographed w i t h  a  

c o l o r  instantaneous-development camera and w i t h  a  35-mnl s i n g l e - l e n s  r e f l e x  

camera. A c a r d  showing t h e  tube  number, t h e  depth i n  meters and f e e t ,  and an 

a p p r o p r i a t e  page from a  rock  c o l o r  c h a r t  (Goddard and o thers ,  1948) was 

i ncluded i n t h e  photograph. 

Second, t h e  co re  was t r a n s f e r r e d  t o  a  l o g g i n g  t a b l e  where i t  was . 

c a r e f u l l y  removed from t h e  sampl e tube  and exarni ned b y  t h e  1  ogger. A g raph i c  

and abbrev ia ted  f i e l d - l o g g i n g  scheme (Rank i l o r ,  1974) was used t o  l o g  t h e  

core.  I n f o r m a t i o n  r e g a r d i n g  d i s c o n t i n u i t i e s ,  m a t e r i a l  t y p e  and c o l o r ,  

l amina t ions ,  hardness, and degree o f  weather ing were recorded. As p a r t  o f  

t h i s  s t ep  o f  t h e  l o g g i n g  opera t ion ,  s t r e n g t h  index  t e s t s  were performed on 

se lec ted  samples t o  determine t h e  range o f  rock hardness and t o  p rov i de  a  base 

o f  s t r e n g t h  da ta  f rom t h e  f i e l d  t o  compare w i t h  subsequent l a b o r a t o r y  t e s t s .  

A pocket  penetrometer s t r e n g t h  t e s t e r  ( S o i l t e s t ,  Inc., 1978) was used t o  t e s t  

samples w i t h  an unconf ined compressive s t r e n g t h  o f  0.5 MPa (72.5 p s i )  o r  



lower.  The pocket pene t rane te r  values have a  d i  r e c t  c o r r e l a t i o n  w i t h  u n i a x i a l  

compressive s t reng th .  For  m a t e r i a l  o f  g r e a t e r  s t r e n g t h  ( t h a t  i s ,  >0.5 MPa) 

t h e  p o i n t - l o a d  t e s t  (Broch and F rank l i n ,  1972) was used. The po in t - l oad  index 

va lue  ( I s )  i s  an approx imat ion  o f  t h e  u n i a x i a l  cornpressive s t r e n g t h  u s i n g  t h e  

c o r r e l a t i v e  equat ion;  compressive s t r e n g t h  = Is X 24 (Frank1 i n  and others ,  

1972). The p o i n t - l o a d  va lues ob ta ined  a re  f rom s i n g l e  d iamet ra l  t e s t s .  A 

l i m i t e d  number o f  t e s t s  were performed i n  t h e  f i e l d  because most o f  t h e  sample 

was needed f o r  l a b o r a t o r y  t e s t s .  N o i s t u r e  con ten ts  were determined i n  

c o n j u n c t i o n  w i t h  t h e  s t r e n g t h  t e s t s  and a re  expressed as a  percentage o f  t h e  

d r y  sampl e  weight.  The measured ~ n o i  s t u r e  con ten ts  a re  probably  g r e a t e r  t han  

t h e  n a t u r a l  ( i n  s i t u )  wa te r  con ten ts  because wate r  was used i n  d r i l l i n g  t h e  

hole.  A d d i t i o n a l l y ,  d i l u t e  h y d r o c h l o r i c  a c i d  was a p p l i e d  t o  smal l  areas o f  

t h e  co re  a t  r e g u l a r  i n t e r v a l s  t o  t e s t  f o r  t h e  presence o f  carbonates. 

Th i r d ,  most o f  t h e  1  ogged co re  was wrapped i n  cheesecloth,  1  abel ed, and 

coated w i t h  p o l y c r y s t a l  l i n e  wax, t h e n  s t o r e d  i n  boxes w i t h  s p l i t  s t y rene  

i n s e r t s  t o  p r o t e c t  t h e  co re  and t o  min imize d i s t u rbance  d u r i n g  t r a n s p o r t  t o  

U.S. Geolog ica l  Survey l a b o r a t o r i e s  i n  Colorado. Samples o f  coa l  were no t  

waxed t o  avo id  contarn inat ion but ,  i ns tead ,  were seal ed i n  p l a s t i c  s leeves 

p r i o r  t o  box ing f o r  shipment. 

The p r e l  i m i  nary  geo techn ica l  1  og we devel oped i s  presented i n  general  i zed 

fo rm i n  f i g u r e  5 ( i n  pocket ) .  The l o g  i s  presented a t  a  sca le  o f  1  i n .  = 10 

f t  t o  f a c i l i t a t e  comparison w i t h  geophysical  l ogs  ( desc r i bed  i n  a  l a t e r  

s e c t i o n )  t h a t  a r e  a t  t h e  same scale.  



Summary o f  geo techn ica l  p r o p e r t i e s  

D e s c r i p t i o n  o f  geo log ic  m a t e r i a l s  

Geo log ic  m a t e r i a l s  found i n  t h e  t e s t  ho l e  (1C-79) are o f  f i v e  p r i n c i p a l  

l i t h o l o g i c  types:  sandstone, s i l t s t o n e ,  c lays tone ,  coa l ,  and d iarn ic ton 

( t i l l ) .  

Sandstone beds above t h e  Capps coa l  bed (above 52-m depth) range i n  c o l o r  

f rom l i g h t  t o  medium gray and con ta i n  mos t l y  f i n e  t o  very f i n e ,  subrounded t o  

subangul a r  gra ins.  The beds a re  massive t o  obscure ly  bedded o r  laminated, 

u s u a l l y  have g rada t i ona l  con tac ts  w i t h  t h e  m a t e r i a l  above and below, and range 

i n  t h i c kness  frorn 0.1 rn t o  approx imate ly  1.5 m. The sandstone beds sampled 

below t h e  Capps coal  seam are  medium 1  i g h t  gray t o  o l i v e  gray, f i n e  t o  coarse 

g ra ined ,  and a re  very f r i a b l e .  In te rbeds  o f  f r i a b l e  small pebble (<2 cm) 

congl  ornerate w i t h  subrounded t o  subanyul ar  g ra ins  are common. 

S i l t s t o n e  beds a re  medium l i g h t  gray t o  medium gray, massive t o  obscure ly  

bedded o r  1  arni nated, and commonly con ta i n  t h i n  saridstone o r  c l  aystone 

i nterbeds. 

Claystones a re  medium gray t o  brownish b lack,  massive t o  obscure ly  bedded 

o r  laminated, and a re  i n  p a r t  carbonaceous. 

Coals are dusky brown t o  b lack,  mos t l y  banded ( l i t h o t y p e s  from v i t r a i n  t o  

f u s a i n ) ;  they  appear massive i n  p a r t  bu t  c lays tone ,  s i l t s t o n e ,  o r  carbonaceous 

sha le  p a r t i n g s  o r  i n t e rbeds  a re  common. 

Diamic ton extends f rom near su r f ace  t o  approxirnately 9 rn i n  depth and 

c o n t a i n s  p o o r l y  s o r t e d  m a t e r i a l s  r ang ing  i n  s i z e  from c l a y  t o  boulders.  

L i t t l e  o r  no s i gn  o f  chemical weather ing was observed i n  t h e  f i e l d  i n  t h e  

c o r e  sample ob ta ined  from t h e  hole. The degree and depth o f  t h e  near-sur face 



weathered zone cou ld  no t  be deterni ined because o f  ext remely  poor recovery i n  

t h e  t o p  9 m o f  t h e  core. 

A1 1  m a t e r i a l s  found a r e  noncalcareous w i t h  t h e  excep t ion  o f  a  c l ays tone  

bed between 83 and 85 m which had a  weak r e a c t i o n  t o  h y d r o c h l o r i c  ac id .  

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

The d i s c o n t i n u i t i e s  shown i n  f i g u r e  5 i n c l u d e  bo th  na tu ra l  and 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  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 re  be1 ieved  t o  be n a t u r a l  f r a c t u r e s .  

Many o f  t h e  bedding p lane  separat ions a re  induced. The broken zones i n  t h e  

lower  coal  ( W a t e r f a l l  bed) a r e  probably  induced, bu t  t h e  o thers  appear t o  be 

n a t u r a l .  Steeply  i n c l i n e d  j o i n t s ,  i f  present  (observed i n  nearby outcrops) ,  

a r e  n o t  adequately represented because o f  t h e  o r i e n t a t i o n  o f  t h e  hole.  

S t reng th  p r o p e r t i e s  

Rock-mass s t r e n g t h  p lays  an impor tan t  r o l e  i n  rock  engineer ing.  The 

o v e r a l l  s t r e n g t h  i s  l a r g e l y  c o n t r o l l e d  by t h e  i n t a c t  rock s t r eng th  and by 

d i s c o n t i n u i t i e s  such as j o i n t s  and o t h e r  p r e e x i s t i n g  planes o r  zones o f  

weakness. I n  general ,  t h e  g r e a t e r  t h e  s t r e n g t h  o f  t h e  i n t a c t  rock t h e  more 

fundamental t h e  e f f e c t  o f  d i s c o n t i n u i t i e s  on t h e  o v e r a l l  s t r e n g t h  o f  t h e  rock  

mass. According t o  t h e  s t r e n g t h  index t e s t s ,  unconf i ned canpress ive s t r eng ths  

range from 0.20 t o  4.20 MPa and averaye 1.74 MPa ( f i g .  4).  Comparing these  

va lues w i t h  those compi led by Jennings and Robertson (1969; f i g .  4 )  i n  

r e l a t i n g  compressive s t r e n g t h  t o  rock  and s o i l  hardness, t h e  t e s t  ho le  

m a t e r i a l  can be ca tego r i zed  as rang ing  from s o f t  s o i l  t o  s o f t  rock. Present 

l a b o r a t o r y  t e s t i n g  o f  t h e  core  samples should b e t t e r  d e f i n e  t h e  s t r e n g t h  

p r o p e r t i e s  o f  t h e  var ious  ma te r i a l s .  





Geophysical l ogg ing  

Borehole  geophys ica l  l ogg ing  was perforrned i n  t h e  119-m deep t e s t  h o l e  

(1C-79) by L a r r y  Dearborn o f  t h e  U.S. Geolog ica l  Survey who p rov ided  t h e  

f o l l o w i n g  d e t a i l s  and observa t ions  ( w r i t t e n  commun., 1979) concern ing t h e  l o g s  

( f i g s .  7-10). Unca l i b ra ted  natural-gamma, gamma-garnma, and neu t ron  logs ,  and 

a  c a l i b r a t e d  temperature l o g  were cornpleted i n s i d e  t h e  HQ (7.8-cm I.D.) d r i l l  

p i  pe . 
Noteworthy enlargements i n  t h e  d r i l  1 -ho le  d i  dr i~eter  a re  i n d i c a t e d  by t h e  

c a l i p e r  l o g  ( f i g .  6 )  a t  10 m (33 f t )  and between 21.3 and 36.6 m (70 and 

120 f t ) .  

Na tu ra l  l y  present  r a d i a t i o n  de tec ted  by t h e  natural-ya~nnia probe ( f  i g .  7 )  

i nc reases  t o  t h e  r i g h t  on t h e  l o g  w i t h  a  span from zero t o  100 counts  pe r  

second (cps ) .  A dep th  c o r r e c t i o n  o f  rninus 0.6 r i ~  ( -2  f t )  i s  needed t o  c o r r e c t  

t h e  i n d i c a t e d  depth o f  t h e  log .  

The gamma-gainrna l o g  ( f i g .  8 )  has a  cps span f r a n  0  ( l e f t  inary in)  t o  5000 

( r i  y h t  margin).  The water  1  eve1 i n s i d e  t h e  d r i l l  stem i s  i n t e r p r e t e d  t o  be a t  

22.8 m and t h e  bottom o f  t h e  d r i l l  stern a t  approx imate ly  109 m. R e l a t i v e  b u l k  

d e n s i t y  inc reases  t o  t h e  l e f t .  Cave-ins and washouts lower  t h e  d e n s i t y  o f  t h e  

area o f  d e t e c t i o n  causing a  d e f l e c t i o n  t o  t h e  r i g h t .  The s t r ong  d e f l e c t i o n  a t  

10 m (33 f t )  near  t h e  bot tom o f  t h e  su r f ace  cas ing  i s  most l i k e l y  such a  

f ea tu re .  

The neu t ron  l o g  span ( f i g .  9 )  i s  0-1000 cps above t h e  water  i n  t h e  d r i l l  

stem (22.8 m) and 0-400 cps below t h a t  depth. A s l  i g h t  d e f l e c t i o n  t o  t h e  

r i g h t  occurred as t h e  probe moved below t h e  su r f ace  casing. The l o g  between 

67 and 85 m (220 and 280 f t )  and between 88.4 and 112 rn (290 and 368 f t )  

suggests a  un i f o rm  dryness. 



The temperature l o g s  were run  i n s i d e  t h e  d r i l l  stem a f t e r  t h e  ho le  was 

a l lowed t o  s t a b i l i z e  f o r  20 hours. The temperature l o g  ( f i g .  10) i n d i c a t e s  a  

temperature g r a d i e n t  o f  approx imate ly  1.6"C/100 m (0.9"F/100 f t )  f o r  t h e  

measured i n t e r v a l  o f  40.8-118 m (134-389 f t ) .  I n  t h a t  i n t e r v a l  t h e  

temperature ranged from 4.1°C (39.4"F) a t  40.8 m ( t h e  wa te r - l eve l  depth)  t o  

5.1°C (41.2OF) a t  118 m. The g r a d i e n t  i s  low r e l a t i v e  t o  t y p i c a l  g r a d i e n t s  

( l o  F/100 f t  t o  1.3OF/100 f t), b u t  i s  s i m i l a r  t o  t h a t  measured near -su r face  i n  

an unsuccessfu l  o i l  w e l l  near Anchorage (Keys and MacCary, 1971). I n  t h a t  

w e l l ,  t h e  low-temperature g rad ien t s  were a t t r i b u t e d  t o  s i g n i f i c a n t  ground- 

wa te r  c i r c u l a t i o n .  

The f o l  l ow ing  observa t ions  and conc lus ions  concern ing t h e  temperature 1  og 

a r e  those o f  t h e  authors.  The ananlolous r i s e  i n  temperature a t  118.7 rn 

(389 f t )  ( f i g .  10)  occurs  near  t h e  t o p  o f  t h e  N a t e r f a l l  coal seam. The heat  

source i s  p o s s i b l y  an exothermic  r e a c t i o n  i n  t h e  coa l  caused by f r i c t i o n a l  

f o r c e s  generated i n  t h e  d r i l l  i n g  process. High d r i l  l i n g  p ressure  was appl i e d  

a t  t h a t  depth ( 119 rn) i n  an e f f o r t  t o  c o r e  t h e  coa l  , w i t h  what was l a t e r  

determined t o  be a bad l y  worn b i t .  Use o f  t h i s  r e s u l t e d  i n  an i r r e p a r a b l y  

ben t  co re  sampler, a  ve r y  s low d r i l l i n g  r a t e ,  and b a d l y  d i s t u r b e d  c o r e  

sample. Some o f  t h e  r e t r i e v e d  sample was bad l y  broken and srnel l e d  l i k e  

c r e s o t e  and hydrogen s u l f i d e .  The temperature probe was r a i s e d  and lowered 

severa l  t imes  t o  check t h e  v a l i d i t y  o f  t h e  l o c a l  heat  source and t h e n  l e f t  

s t a t i o n a r y  a t  t h e  118.7-m ( 3 8 9 - f t )  l e v e l  ( t h e  bot tom o f  t h e  ho le )  f o r  about 2  

hours. A maxirnuni temperature o f  10.7"C (51.Z°F) was recorded a t  t h e  end o f  

t h e  2-hour per iod.  



Hydro1 oyy 

The f o l  l o w i  ng h y d r o l o g i c  c o n d i t i o n s  a re  based on i n f o r m a t i o n  o b t a i  ned 

frcm t h e  76-m deep t e s t  h o l e  30 m south o f  h o l e  1C-79 (G. L. Nelson, U.S. 

Geo log ica l  Survey, w r i t t e n  commun., 1979) : "The m a t e r i a l s  were unsa tu ra ted  t o  

t h e  t o t a l  depth except f o r  a  few t h i n  perched wate r  t a b l e  zones. Only t h e  

perched water t a b l e  zone a t  9.1 m y i e l d e d  any measurable water (about  2 

L/mi n). A 1  i ttl e  seepage was de tec ted  between 40.8 and 41.4 m. The zone 

between 60.9 and 76.2 m i s  q u i t e  permeable (380 L/rii in (100  yal / rn in)  were 

i n j e c t e d  i n t o  t h e  w e l l  a f t e r  d r i l l i n g ) . "  

The geotechnica l  l o g  ( f i g .  5 )  shows t h a t  t h e  perched water t a b l e  zone a t  

9.1 m corresponds t o  t h e  con tac t  between t h e  s u r f i c i a l  t i 1  1  and t h e  u n d e r l y i n g  

c lays tone ,  i n d i c a t i n g  t h a t  t h e  c l ays tone  i s  an aqu ic lude  i n h i b i t i n g  t h e  

downward r l i i g ra t i on  o f  water.  The seepage de tec ted  between 40.8 and 41.4 m 

corresponds t o  t h e  upper p a r t  o f  t h e  Capps coa l  sear11 and t h e  base o f  t h e  

carbonaceous c l ays tone  ( sha l  e?) above. The permeable zone between 60.9 and 

76.2 m corresponds t o  what i s  r r~os t l y  a  nonrecovery zone thouyh t  t o  be co~nposed 

o f  f r i a b l e  sandstone. The o n l y  d i r e c t  i n d i c a t i o n  o f  hyd ro l og i c  c o n d i t i o n s  

between 76.2 and 121  m comes froril t e s t  ho l e  no. 1C-79 where c i r c u l a t i o n  o f  

d r i l  li ng f l u i d  was never a t t a i n e d ,  i n d i c a t i n g  a  downward c o n t i n u a t i o n  o f  t h e  

unsa tu ra ted  permeable rnater i  a1 . 
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