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ABSTRACT 

Sign i f i can t  q u a n t i t i e s  of n a t u r a l  gas hydrates have been detec ted  i n  many 
arctic regions of t h e  world, including western S ibe r i a ,  t h e  Mackenzie Delta of 
Canada, and t h e  North Slope of Alaska. Direct evidence f o r  gas  hydrates on 
t h e  North Slope comes frcm a gas-hydrate-containing core, and i n d i r e c t  evi- 
dence has been obtained £ram d r i l l i n g  and open-hole geophysical logs  which 
appear t o  ind ica te  t h e  presence of a number of gas-hydrate-containing l a y e r s  
occurring mainly i n  t h e  Kuparuk O i l  Field.  The i d e n t i f i e d  gas hydrates appear 
t o  be l a t e r a l l y  continuous and extensive;  t h i s  widespread d i s t r i b u t i o n  of in- 
s i t u  gas  hydrates on t h e  North Slope suggests  t h a t  they may be an 
unconventional source of na tu ra l  gas. 

Gas hydrates a r e  c r y s t a l l i n e  compounds of water and gas i n  which the  
solid-water la t t ice  accommodates t h e  gas molecules i n  a cage-like s t r u c t u r e ,  
o r  c l a t h r a t e .  Gas hydrates have been known a s  laboratory c u r i o s i t i e s  s ince  
about 1810. Detai led s t u d i e s  of hydrates and t h e i r  physical  p roper t i e s  how- 
eve r ,  were not  undertaken u n t i l  Hammerschmidt (1934) published da ta  per ta in ing 
to t h e  plugging of na tu ra l  gas p ipe l ines  due t o  gas hydrate formation, The 
geological  occurrence of gas  hydrates has been known s ince  t h e  mid 19601s, 
when gas hydrate fields were discovered in t h e  U.S. S.R. ( see Makogon, 198 1 f o r  
a review). 

The pressure and t e m p r a t u r e  condit ions s u i t a b l e  f o r  t h e  formation of gas 
hydrates are found in a r c t i c  regions of permafrost and beneath t h e  sea  i n  
ou te r  cont inenta l  margins and ocean bas ins  (Kvenvolden and McMenamin, 1980). 
The fact t h a t  temperatures and pressures  associa ted  with permafrost may f a l l  
wi th in  the s t a b i l i t y  f i e l d  of gas  hydrates was f i r s t  recognized by Katz 
(1971). G ~ B  hydrates can occur not only i n  permafrost bu t  a l s o  below t h e  base 
of permafrost a t  temperatures above the f reezing po in t  of water. 

S ign i f i can t  q u a n t i t i e s  of gas hydrates have been detec ted  i n  severa l  
permafrost regions of t h e  world, including western S i b e r i a  (Makogon, 1981), 
t h e  Mackenzie D e l t a  of Canada (Bi ly  and Dick, 19741, and t h e  North Slope of 
Alaska ( C o l l e t t ,  1983; Galate and Goodman, 1982) .  Estimates of worldwide gas 
hydrate resources i n  permafrost regions a r e  a s  high as 1016 m3 ( P o t e n t i a l  Gas 
Agency, 19811, an eetimate l a rge  enough t o  s t imula te  i n t e r e s t  i n  gas hydrates 
as a poss ib le  energy source. Gas hydrates a l s o  may be a p o t e n t i a l  d r i l l i n g  
hazard; as such t h e i r  de l inea t ion  is important f o r  minimizing d r i l l i n g  

* r i sks .  In  t h i s  paper we review t h e  publ ic ly  ava i l ab le  information on t h e  
occurrence of gas hydrates on the  North Slope of Alaska. 

RECOVERED HYDRATES 

The only known confirmation of t h e  presencee of i n - s i t u  na tu ra l  gas hy- 
d r a t e s  an t h e  North Slope of Alaska was obtained i n  1972, when ARC0 and EXXON 
were successful  i n  recovexing the f i r s t  sample of a n a t u r a l  gas  hydrate i n  a 
s o l i d  s t a t e  (Kvenvolden and McMenamin, 1980). This sample was from a depth of 
666 m i n  t h e  North-West Ei leen  S t a t e  Number 2 w e l l  a t  Prudhoe Bay. The well 
was d r i l l e d  w i t h  cool  d r i l l i n g  muds i n  an at tempt t o  reduce thawing of t h e  
permafrost and decaaposi t ion of t h e  gas hydrate. A sample of methane hydrate 



was r ecwered  i n  a pressurized core ba r re l .  The presence of gas  i n  a hydrated 
s t a t e  was confinned by a pressure test of t h e  co re  while it was maintained i n  
t h e  b a r r e l  a t  a temperature of about 1' C. As gas  was withdrawn from the  core 
ba r re l ,  t he  pressure dropped, but it subsequently rose toward t h e  gas hydrate 
equil ibrium pressure  when the system was closed. This pressure  response has 
been discussed by Hunt ( 1 97 9, p. 1 67 . I f  t h e  core  had contained only f r e e  
gas ,  t h e  pressure i n  t h e  barrel would have decreased l i n e a r l y  a s  gas  was 
witMrawn. 

Data from d r i l l e r ' s  and open-hole geophysical logs also s t rongly  sug- 
gested the  presence of na tu ra l ly  occurring in - s i tu  gas hydrates. The mud log  
i n d i c a t e s  t h a t  a s i g n i f i c a n t  amount of f r e e  gas was l i b e r a t e d  frm the  
hydrate-containing i n t e r v a l  during d r i l l i n g .  Logs such as t h e  Dual Induction 
and the  Compensated Sonic devices ind ica te  t h e  presence of gas hydrates with 
a n a ~ a l o u s l y  high r e s i s t i v i t i e s  and t r a n s i t  t imes wi th in  t h e  suspected gas 
hydrate occurrence. The recovered gas hydrate sample had a gas composition of 
92.79% methane, 7.19% ni t rogen,  and a l s o  had minor t r a c e s  of carbon dioxide,  
ethane, and propane (P. Barker, personal cammun., ARC0 Alaska fnc. ,  Anchorage, 
Alaska) . 

HYDRATE STABILITY 

As discussed e a r l i e r ,  gas hydrates e x i s t  under a l imi ted  range of temper- 
atures and pressures.  The depth and thickness of t h e  zone of p o t e n t i a l  gas 
hydrate s t a b i l i t y  in permafrost regions can be ca lcu la ted  i f  t h e  geothermal 
gradient ,  pressure  gradient ,  and gas dens i ty  are known (Bi ly  and Dick, 1974).  
The geothermal g rad ien t s  needed t o  p red ic t  t h e  th ickness  of the gas hydrate 
s t a b i l i t y  zone are not  e a s i l y  obtained, e spec ia l ly  i f  permafrost is present .  
Lachenbruch e t  al . ,  (1982) published a series of geothermal g rad ien t s  recorded 
on t h e  North Slope. Their reported g rad ien t s  var ied  g r e a t l y  l a t e r a l l y  i n  the 
Prudhoe Bay region; t h i s  variance ind ica tes  t h a t  an average regional  g rad ien t  
can no t  be used t o  c a l c u l a t e  t h e  thickness of t h e  gas hydrate s t a b i l i t y  f i e l d .  
A new mthod  was developed t o  evaluate l o c a l  geothermal g rad ien t s  on a w e l l -  
by-well b a s i s  ( C o l l e t t ,  1983). In t h i s  procedure, indiv idual  geothermal grad- 
i e n t s  Ear each w e l l  were projected £ran t he  base of t h e  ice-bearing permafrost 
t o  the surface.  Becauae of a change i n  thermal conductivi ty,  the geothermal 
gradient  changes abrupt ly  a t  t h e  base of t h e  ice-bearing permafrost,  and t h i s  
change i n  t h e  g rad ien t  must be accounted f o r  i n  any gas hydrate s t a b i l i t y  
ca lcula t ion .  To cor rec t  f o r  t h i s  change i n  gradient ,  a f a c t o r ,  developed by 
Lachenbruch e t  a l . ,  (1982),  has been used t o  e s t a b l i s h  t h e  geothermal gradient  
within the  permafrost and below t h e  base of the  permafrost. 

'3 
The methane hydra te - s t ab i l i ty  curve and t h e  depth t o  the  base of t h e  

permafrost can be used t o  determine t h e  depth and th ickness  of t h e  p o t e n t i a l  
methane hydrate zone (Figure  1 ) .  In t h e  example from the North-West Eileen 
S t a t e  N u m b e r  2 w e l l ,  no e f f o r t  was made t o  c o r r e c t  f o r  the e f f e c t  of t h e  7% 
ni t rogen in the methane. The following ca lcu la t ions  were made using C o l l e t t ' s  
(1983) methodt t h e  depth to  t h e  base of t h e  permafrost i s  532 m and t h e  sua- 
pecked zone of methane hydrate s t a b i l i t y  extends from a depth of 177 m t o  a 
lower boundary a t  957 m, a t o t a l  thickness of 780 m. 

After w a l u a t i n g  logs £ram 125 w e l l s  on the North Slope, it was deter -  
mined t h a t  i n  order  t o  have an i n t e r s e c t i o n  between t h e  methane hydrate 



s t a b i l i t y  curve and a geothermal g rad ien t ,  t h e  projected gradient  within t h e  
ice-bearing permafrost must be equal t o  o r  less than 4 . 3 2 ' ~ / 1 0 0  m ( C o l l e t t ,  
1983). If t h e  geothermal g rad ien t  and t h e  methane hydrate s t a b i l i t y  curve do 
not i n t e r s e c t ,  i n - s i tu  gas hydrates w i l l  no t  be s t a b l e  and moat l i k e l y  w i l l  
no t  be present .  Given this geothermal gradient ,  a minimum permafrost depth 
would be 232 m. In o the r  words, methane hydrate should not  be present  i n  
North Slope sediment i f  t h e  permafrost is  less than 232  m th ick .  The shaded 
a rea  i n  Figure 2 i n d i c a t e s  t h e  region i n  which methane hydrates would be 
p o t e n t i a l l y  s t a b l e ,  and t h e  dashed l i n e   represent^ t h e  232 m permafrost depth 
contour. The northern boundary of t h e  shaded a rea  is uncertain.  

The r e s u l t s  of recent  subsurf ace  geochemical sampling within the  gas  hy- 
d r a t e  s t a b i l i t y  f i e l d  in t h e  Kuparuk O i l  Field ind ica tes  t h a t  t h e  composition 
of the f r e e  gases within these  shallow horizons is  more complex then previous- 
l y  believed. G a s  analyses indica ted  t h e  presence of s i g n i f i c a n t  amounts of 
methane and heavier  gases  such a s  ethane and propane. The depth and thickness 
of t h e  gas hydrate s t a b i l i t y  f i e l d  is d i r e c t l y  r e l a t e d  t o  t h e  gas composition 
of t h e  gas hydrates. Minor amounts of heavier  gases such a s  propane could 
alter t h e  gas hydrate s t r u c t u r a l  form leading t o  a more extensive hydrate sta- 
b i l i t y  f i e l d  than t h a t  of a pure methane hydrate system. Conversely, n i t rogen 
would decrease t h e  s t a b i l i t y  of a gas hydrate systern and reduce t h e  th ickness  
of the gas hydrate s t a b i l i t y  f i e l d .  The recovered gas  hydrate core from the  
Eileen wll contained ni trogen;  thus  t h e  de l ineated  gas hydrate s t a b i l i t y  
f i e l d  i n  Figure 2 may not  be accura te  and only represents  an approximation. 
More geochemical analyses of t h e  gases within t h e  gas hydrate horizons a r e  
needed to determine the a c t u a l  ex ten t  of t h e  na tu ra l  gas  hydrate s t a b i l i t y  
f i e l d  on t h e  North Slope. 

INF'ERRED HYDRATE OCCURRENCES 

Detai led analyses of a series of open-hole geophysical w e l l  logs from 125 
wells i n  the Prudhoe Bay and Kuparuk o i l  f i e l d s  suggests  the presence of 102 
gas hydrate occurrences i n  32  d i f f e r e n t  w e l l s  (Collett, 1983). Gas hydrates 
a r e  present  i n  r e l a t i v e l y  porous, d i s c r e t e  sedimentary u n i t s  and En many wel ls  
in mul t ip le  zones; t h e  individual  zones range from 2 t o  28 m i n  thickness.  
Most of t h e  gas hydrate occurrences appear t o  be geographical ly r e s t r i c t e d  t o  
t h e  Kuparuk Field,  w e s t  of Prudhoe Bay (Figure 3) .  

Xn Kuparuk O i l  F i e ld ,  gas  hydrates a r e  present  i n  about four t o  s i x  l a t -  
e r a l l y  continuous u n i t s  that can be del ineated  i n  cross sec t ion .  The gas hy- 
d r a t e s  a r e  r e s t r i c t e d  to a series of sands and g rave l s  which a r e  interbedded 

.* with mul t ip le  t h i c k  s i l t  u n i t s ,  The gas hydrate bearing sands and g rave l s  
r ep resen t  a non-marine d e l t a  f r o n t  t o  d e l t a  plane deposi t ional  package 
( C o l l e t t ,  1983). 

The presence of t h i c k  coal  u n i t s  i n  t h i s  sequence a l s o  suggests  a d e l t a i c  
environment of deposi t ion.  The coal  may a l s o  se rve  as a source of t h e  f r e e  
methane gas necessary f o r  the  fonnation of gas  hydrate. Heavy o i l ,  a l s o  pre- 
s e n t  within t h i s  shallow sequence, may a l s o  have been a source of methane and 
heavier  gases such as propane s ince  dissolved gases are canmonly associa ted  
w i t h  o i l  accmula t ions .  



Galate and Goodman (1982) evaluated 17 National Petroleum Reserve of 
Alaska (NPRA) w e l l s  f o r  evidence of in - s i tu  gas hydrates. For t h i s  s tudy,  
they used al l  ava i l ab le  records such a s  d r i l l i n g  plans, w e l l  h i s t o r i e s ,  d a i l y  
d r i l l i n g  repor t s ,  mud r e p o r t s ,  geologic da ta  f o r  t h e  area ,  coring information, 
and geophysical well. logs. Of t h e  17 w e l l s  inves t iga ted ,  8 showed s i g n i f i c a n t  
evidence of gas hydrates. A l l  t he  p o t e n t i a l  hydrate i n t e r v a l s  i d e n t i f i e d  by 
Galate and Goodman (19821 f a l l  within t h e  methane hydrate s t a b i l i t y  field 
(shown Figure 2 )  at Point  Barrow, Cape Simpson and along t h e  northern coast of 
NPRA . 

CONCLUSION 

In-si tu na tu ra l  gas hydrates a r e  known t o  be present  i n  many Arct ic  
environments. In northern Alaska, pressure and temperature condi t ions  within 
which gas hydrates should be s t a b l e  appear t o  be widespread, Core samples, 
d r i l l i n g  operat ions,  and open-hole geophysical logs provide evidence of 
probable gas hydrate occurrences on t h e  North Slope of Alaska. A t  t h i s  time 
t h e  ex ten t  of these  hydrate occurrences is  not  known, but preliminary research 
has indica ted  t h a t  a s u b s t a n t i a l  amount of in-place n a t u r a l  gas hydrates is 
present  i n  t h i s  region. 

REFERENCES 

Bily,  C,, and Dick, J. W. L., 1974, Natural ly occurring gas hydrates i n  t h e  
Mackenzie River Delta, N.W.T.; Bul le t in  of Canadian Petroleum Geology, v. 
22, p. 320-252. 

C o l l e t t ,  T. S., 1983, Detection and evaluat ion  of na tu ra l  gas hydrates from 
-11 logs,  Prudhoe Bay, Alaska, Proc. of t h e  Fourth In te rna t iona l  
Conference on Permafrost, Fairbanks, Alaska; National Academy of 
Sciences, Washington D.C. , p. 169-1 74. 

Galate, J. W, ,  and Goodman, M. A., 1982, Review and evaluat ion  of evidence of 
in-s i tu  gas hydrates i n  t h e  National Petroleum Reserve of Alaska; U.S. 
Geological Survey unpublished repor t ,  Contract No. 14-08-0001-19148, 102 
P 

Hammerschmidt, E. D., 1934, Formation of gas hydrates i n  na tu ra l  gas t rans-  
mission lines; I n d u s t r i a l  and Engineering Chemistry, v. 26, p. 851-855. 

Hunt, J, M., 1979, Petroleum geology and geochemistry; W. H. meeman and 
Capany,  San Francisco, Cai l f . ,  617 p. 

~ a t z  , D, L., 1971 , Depths t o  which frozen gas  f i e l d s  (gas  hydrates)  may be 
expected; Journal of Petroleum Technology, v.23, p. 419-423. 

Kvenvolden, K. A., and McMenamin, M. A., 1980, Hydrates of na tu ra l  gasz a 
review of their geologic occurrence; U . S .  Geological Survey Circular 825, 
11 p. 



Uchenbruch, A. H . ,  Sass, J.  H . ,  Marshall, B. V., and Moses, T. H . ,  1982, 
Permafrost heat flow, and the geothermal regime a t  Prudhoe Bay Alaska; 
Journal of Geophysical Research, v.  87,  no. ~ 1 1 ,  p. 9301-9316. 

Makogon, Y. F . ,  1981, Hydrates of  natural gas; Penn W e l l  Publishing Company, 
Tulsa, Oklahoma, 237 p. 

Potential Gas Zqency, 1981, Gas hydrates; in Potential supply of natural gas 
in  the United States (as of December 31, 19801, Colorado School of Mines, 
Golden Colorado, p. 76-89. 



T E M P E R A T U R E ,  I N  DEGREES C E L S I U S  

Figure 1--Phase diagram of the mthane hydrate s t a b i l i t y  
zone i n  the North-West Eileen State Number 2 we11 i n  Prudhoe 
Bay, Alaska (Collett, 1983).  





Figure 3--Geographic distribution of gas hydrate occurrences on the North Slope, 
Alaska ICollett, 1983). 


