
Oil shales don't c o n t a i n oil and are se ldom shales . 
Geo log ica l ly , they are usual ly classified as m a r l s t o n e s 
or m u d s t o n e s , and they c o n t a i n a res inous solid m a 
terial ca l led kerogen . B u t s e m a n t i c s as ide, the fact is 
that , w h e n heated , s u c h rocks yield a valuable c o m m o d -
ity — a n oil that c a n be readily converted to s o m e t h i n g 
akin to c r u d e oil. 

A s m u c h e n e r g y i s b e l i e v e d to r e s ide i n 

t he wor ld ' s o i l s h a l e s as i n a l l i t s k n o w n 

p e t r o l e u m rese rves . T h e di f f icul ty l i e s i n 

t h e ene rgy ' s d i f fuseness : t he re ' s p l en ty o f 

s h a l e for p r e c i o u s l i t t l e o i l . 

I t ' s n o good m i n i n g m a t e r i a l tha t pro

d u c e s l e s s t h a n abou t 2 5 l i t res o f o i l for 

e a c h t o n n e p r o c e s s e d . I t t a k e s as m u c h 

ene rgy as t h o s e 2 5 l i t res c o n t a i n j u s t to 

run t he re tor ts u s e d to h e a t t he s h a l e . T h e 

R u n d l e o i l s h a l e depos i t o n Q u e e n s l a n d ' s 

cen t r a l c o a s t , so m u c h in t h e n e w s , offers 

7 7 l i t res (or a b o u t h a l f a ba r re l ) o f o i l pe r 

t o n n e . 

S y n t h e t i c c r u d e o i l s c a n , o f c o u r s e , b e 

p roduced f rom c o a l . O n e t o n n e o f c o a l c a n 

give 0 . 8 - 0 . 9 t o n n e ( equ iva l en t to a b o u t 4 

or 5 ba r r e l s ) o f l i q u i d fuel v ia a F i s c h e r -

T r o p s c h pa thway , or f l a sh pyro lys i s m a y 

yie ld 0 · 2 t o n n e o f tar . A w o n d e r o f m o d e r n 

e c o n o m i c s , t h e n , i s tha t a n o i l - s h a l e pro

c e s s y i e ld ing a p p r o x i m a t e l y 0 · 1 t o n n e per 

t o n n e o f r o c k l o o k s l i k e b e i n g a p ro f i t ab le 

u n d e r t a k i n g . I t h a s s o m e t h i n g to do w i t h 

the re la t ive c o s t o f p lan t , b u t i t a l so re 

qu i res tha t e c o n o m i e s o f s c a l e be p u s h e d 

to the i r l i m i t . 

M o r e competit ive 

O n e t h i n g t h a t c a n b e s a i d w i t h c e r 

ta inty i s tha t subs t i t u t e fuels a re b e c o m 

i n g m o r e c o m p e t i t i v e e a c h yea r as t he 

A u s t r a l i a n c rude -o i l p r i ce c o n t i n u e s to 

i n c r e a s e . F r o m $ 2 pe r ba r re l i n 1 9 6 0 and 

$ 2 in 1 9 7 0 , i t r o s e to $ 9 in 1 9 7 5 , and $ 2 8 in 

1 9 8 0 . 

In 1865 the first commercial 

operation commenced atMt 

Kembla, south of Sydney. 

T h e cos t o f p r o d u c i n g s y n t h e t i c c r u d e 

o i l f rom s h a l e is d i f f icul t to p i n down. 

M o s t e s t i m a t e s fal l i n t h e r a n g e $ 1 0 — 2 5 

pe r ba r re l , a l t h o u g h m o r e r e c e n t c a l c u l a 

t i o n s , c l a i m i n g to t ake a m o r e r ea l i s t i c 

a c c o u n t o f t he effect o f in f l a t ion o n cap i t a l 

a n d o p e r a t i n g c o s t s , g i v e a f i g u r e o f 

$ 3 0 - 5 0 a ba r re l . 

T h e p r o j e c t e d s c a l e o f t h e R u n d l e 

s c h e m e is e n o r m o u s . A t fu l l p r o d u c t i o n 

t he m i n e — i t w o u l d b e an open -cu t o n e — 

is e x p e c t e d to h a n d l e a b o u t a m i l l i o n 

t o n n e s o f s h a l e and was t e m a t e r i a l s a day 

to p r o d u c e s o m e 2 0 0 0 0 0 bar re l s o f o i l . 

T h i s w o u l d m a k e i t t h e b i g g e s t m i n e i n 

A u s t r a l i a and o n e o f t h e l a rges t in t he 

wor ld . 

I m m e n s e b u c k e t - w h e e l e x c a v a t o r s , 

s i m i l a r to t h o s e w o r k i n g t he L a T r o b e 

V a l l e y b r o w n c o a l d e p o s i t s , a r e b e i n g 

c o n s i d e r e d for t h e m i n i n g j o b , w h i c h w i l l 

i nvo lve sh i f t ing m u c h m o r e m a t e r i a l t h a n 

any o t h e r A u s t r a l i a n m i n i n g en te rp r i se — 

c o a l o r m i n e r a l s . I t i s t h e sof t , m o i s t 

naturae o f t he R u n d l e depos i t s tha t m a k e s 

s u c h a n ope ra t i on p o s s i b l e . A n o u t l i n e o f 

t h e R u n d l e s c h e m e i s g iven i n t h e b o x on 

p a g e 1 4 . 

D r J o h n S a x b y o f t h e CSIRO F u e l 

G e o s c i e n c e U n i t h a s b e e n s t u d y i n g 

A u s t r a l i a n o i l s h a l e s for m a n y y e a r s . 

K n o w l e d g e o f h o w they w e r e fo rmed m a y 

h e l p in l o c a t i n g n e w depos i t s o f t h e s h a l e , 

and o f o i l i t se l f . J u s t as h e a t i n g o i l s h a l e i n 

a re tor t p r o d u c e s o i l , so — over g e o l o g i c a l 

t i m e — does t h e h e a t h u n d r e d s o f m e t r e s 

b e l o w t h e sur face g ive r i s e to i t . T h e o i l 

f lows f rom its s o u r c e r o c k — s e d i m e n t a r y 

r o c k b e a r i n g o r g a n i c m a t t e r , i n s o m e 

c a s e s a n o i l s h a l e — i n t o i m p e r v i o u s 

g e o l o g i c a l b a s i n s f rom w h e r e , i f w e a re 

l u c k y , w e c a n r e c o v e r i t . 

D r S a x b y h a s b e e n s y s t e m a t i c a l l y 

e x a m i n i n g t he o c c u r r e n c e and p roper t i e s 

o f our o i l s h a l e s , and r e c e n t l y h e prepared 

F r o m the a ir , Rundle gives n o clue a s to 
the wealth beneath . 
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Most of our oil shale occurs in 
Queensland. 

a review of what is currently known about 
them. At present he is testing them to 
discover how they behave when retorted. 

In the beginning 
There's nothing new about oil-shale min
ing in Australia. It began in 1865 when 
the first commercial operation com
menced at Mt Kembla, south of Sydney. A 
total of 16 mines tried their luck in the 
ensuing years. 

In 1873 mining began at Joadja, near 
Mittagong, N.S.W., on one of the richest 
deposits ever exploited. Its 'kerosene 
shale' mined from underground yielded 
about 450 litres of oil per tonne. By 1880 
the Joadja township had-a population of 
1000 — quite large when it is remembered 
that Australia's total population at that 
time was just, one million. 

Importation of cheap American 
kerosene derived from petroleum spelt the 
end for Joadja and the mine finally closed 
in 1903y most of its rich seams exhausted. 
Nearly all the other mines closed down 
about the same time, although there were 
exceptions. High-quality road bitumen 
was produced between 1910 and 1934 
from an underground mine in the Mersey 
River area of northern Tasmania. A de
posit at Glen Davis, 150 km north-west of 
Sydney, was worked during World War II 
and continued until 1952, when abundant 

crude oil from the Middle East became 
available. A similar pattern of events oc
curred overseas. 

However, it is interesting to note that a 
few schemes utilizing oil shale have 
begun in the last 10 or 20 years and are 
operating today. Brazil, a country short of 
petroleum, extracts about 1000 barrels of 
oil a day from oil. shale. Sparse informa
tion suggests that, in China, some 30 mill
ion barrels a year are produced this way. 

In another two countries, oil shale is 
burnt for its energy content. Two Russian 
power stations generate 1600 MW each 
from shale combusion, with town gas 
produced on the side. The burnt shale is 
used as a construction material. In West 
Germany, power is similarly generated, 
and the spent shale is used to make ce
ment. However, the burning of oil shale 
produces copious amounts of fly ash, and 
all three of these installations cause seri
ous air-pollution control problems. 

A turn of the page 
Of course, Middle East oil is no longer in 
cheap supply and it may not remain abun
dant for many more years. In this context, 
a renewed interest in oil shale as a source 
of liquid fuel has arisen. 

Oil-shale deposits are widespread in 
many countries, but they vary greatly in 
their grade, size, and geological age. 
Reserves are notoriously difficult to 
quantify, but we can hazard the following 
guesses. 

Australia has not been 
extensively explored for 
these hidden deposits. 

In the big league, the United States, 
China, Russia, Zaire, and Australia prob
ably have recoverable reserves of shale oil 
greater than 10 thousand million barrels 
each. The most extensively studied de
posit in the world, and probably the 
largest, is that in the Green River forma
tion of the Rocky Mountains. This could 
yield 80 thousand million barrels, or even 
a hundred times more if low-grade 
material is included. 

The Americans are greatly interested in 
tapping this resource, and a lot of effort 
has been directed towards this. However, 
various constraints — environmental, 
economic, and legislative — have to date 
stood in the way. 

Countries with reserves greater than a 
thousand million barrels include Burma, 

Shales originated from 
debris accumulated on the 
bottom of hot, shallow ponds. 

Brazil, France, Germany, Luxembourg, 
Italy (in Sicily), Sweden, Thailand, and 
the United Kingdom. 

Australia has known oil-shale reserves 
greater than 12 thousand million barrels. 
The most significant deposits are listed in 
the table on this page. 

The Rundle deposit, on the coast near 
Gladstone in Queensland, looks set to 
host the first of a new wave of oil-shale 
mining ventures in Australia, and indeed 
the world. Its 2 thousand million barrels 
are equivalent to Australia's known 
crude-oil reserves. The Rundle Oil Shale 
Agreement Act 1980 was passed in April 
last year by the Queensland parliament, 
and an arrangement has been made be
tween the holders of the mining rights and 
Exxon for exploitation of the deposit if, as 
expected, the results of detailed geologi
cal and economic assessments are favour
able. 

The output of 200 000 barrels a day 
envisaged by Rundle's backers is equiva
lent to about one-third of the current 
Australian consumption of oil. Another 
measuring stick is the current local pro
duction of crude oil — 420 000 barrels a 
day. 

Near the surface 
Last century, oil-shale deposits were 
found simply by observing outcrops on 

Test drilling at Rundle. 

12 



e x p o s e d c l i f f f aces and i n r iver va l l eys . 

P i o n e e r s w o u l d p i c k u p t he r o c k to fuel 

c a m p f i res . M i n e r s a t t acked a s e a m , typi

c a l l y t h i n and di f f icul t to m i n e , f rom i t s 

e d g e s , u s i n g u n d e r g r o u n d t e c h n i q u e s . 

T o d a y , to b e o f any wor th , depósits m u s t 

be m a s s i v e — t h i c k s e a m s w i t h l i t t l e over

b u r d e n , a l l o w i n g e f f i c i e n t l a r g e - s c a l e 

o p e n - c u t m i n i n g . 

Y e t A u s t r a l i a h a s n o t b e e n e x t e n s i v e l y 

e x p l o r e d for t h e s e h idden depos i t s . O n l y 

r e c e n t l y , fur ther d i s c o v e r i e s h a v e b e e n 

m a d e . T h e C o n d o r depos i t , n e a r P r o s e r 

p i n e in n o r t h e r n Q u e e n s l a n d , is r e c k o n e d 

to h o l d 6 t h o u s a n d m i l l i o n ba r re l s — A u s 

t ra l ia ' s l a rges t yet . A n o t h e r depos i t n e x t to 

R u n d l e , c a l l e d t he S t u a r t p ro spec t , is e s 

t ima ted to h a v e t he po t en t i a l to p r o d u c e as 

m u c h o i l as i ts w e l l - k n o w n n e i g h b o u r . 

T h e J u l i a C r e e k d e p o s i t i n n o r t h -

c e n t r a l Q u e e n s l a n d was on ly d i s c o v e r e d 

i n 1 9 6 6 , d u r i n g e x p l o r a t i o n f o r p e t 

r o l e u m . R e s e r v e s a re pu t at 1 · 5 t h o u s a n d 

m i l l i o n t o n n e s , w i t h t he o i l s h a l e o c c u r 

r ing i n s e a m s up to 1 0 m t h i c k . A t l ea s t 

par t o f t he depos i t c o u l d b e m i n e d by 

o p e n - c u t m e t h o d s , and C S R , t he h o l d e r o f 

t h e m i n i n g r i gh t s , is u n d e r t a k i n g a f eas i 

b i l i ty s tudy o f t h i s . T h e c o m p a n y env i s 

ages a $ 2 0 0 0 m i l l i o n i n v e s t m e n t i n t h e 

p r o j e c t . 

T h e h i g h v a n a d i u m c o n t e n t o f t he J u l i a 

C r e e k m a t e r i a l (up to 0 - 5 % ) i n t r i g u e s 

s c i e n t i s t s . D r S a x b / s s tud ies h a v e s h o w n 

the v a n a d i u m to b e a s s o c i a t e d w i t h b o t h 

t he k e r o g e n and t he c l a y m i n e r a l s i n t h e 

s h a l e , d e e p e n i n g t h e puzzle o f i ts o r ig in . 

H o w e v e r , r ecove ry o f th i s e l e m e n t c o u l d 

h e l p m a k e t h e m i n i n g ven tu re p rof i t ab le . 

T h e o i l - sha l e depos i t s o f t he S y d n e y 

B a s i n offer po t en t i a l p r o d u c t i o n o f a b o u t 

2 0 0 m i l l i o n ba r re l s o f o i l . T h e y o c c u r n e x t 

to c o a l s e a m s tha t su r face at the r i m o f t h e 

b a s i n , and i n c l u d e t h e o ld J o a d j a a n d 

G l e n D a v i s w o r k i n g s . T h e depos i t s a re 

Unlike coal, oil shales 
contain much mineral 
matter. 

s m a l l and n u m e r o u s , and s o m e tha t do n o t 

f o rm ou tc rops n o doub t r e m a i n und i s 

cove red . T h e s e a m s are of ten l e s s t h a n 

o n e m e t r e t h i c k and m u s t b e m i n e d by 

d i f f i c u l t u n d e r g r o u n d m e t h o d s . 

N e v e r t h e l e s s , t h e s h a l e g e n e r a l l y h a s 

q u i t e a l o w m i n e r a l c o n t e n t , so pa r t i cu 

lar ly h i g h o i l y ie lds are p o s s i b l e . 

T h e r e m a i n i n g k n o w n s i g n i f i c a n t o i l -

s h a l e depos i t Occurs i n t he M e r s e y R i v e r 

a rea o f n o r t h e r n T a s m a n i a , a n d c o u l d 

p r o d u c e pe rhaps 2 0 m i l l i o n ba r re l s o f o i l 

f rom the l o c a l i z e d t h i n s e a m s o f s h a l e . 

W h a t ' s in oi l s h a l e ? 

I n g e n e r a l , o i l s h a l e i s m o r e l i k e l y to be 

found i n s e d i m e n t a r y b a s i n s w h e r e c r u d e 

o i l is a b s e n t t h a n i n o i l -bea r ing b a s i n s . D r 

S a x b y s s tud ies c o n f i r m e d t he wide ly h e l d 

Rundle oil shale — there's a lot m o r e 
where that c a m e from. 
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Rundle and the environment 

Named after the nearby mountain range, 
the Rundle shale-oil deposit lies on the 
Queensland coast between Rockhampton 
and Gladstone. In a flat valley — flanked 
on the west by the Rundle and Mount 
Larcom Ranges, and on the east by the 
mangroves and mud-flats of a shallow 
tidal channel, The Narrows — sit an es
timated 4 thousand million tonnes of 
shale. Each tonne can produce, on aver
age, half a barrel of oil. 

The Narrows separates the mainland 
from Curtis Island, and is the work area 
for several professional crab-fishermen. 
T h e mainland vegetation is mostly 
medium-density eucalypt forest, with 
some scrub. To the north, the land is used 
for forestry and some grazing, while to the 
south some small areas have been cleared 
for pasture improvement. 

The two Australian companies that 
plan to change this rural area to an open-
cut mine of vast proportions are Southern 
Pacific Petroleum N.L . and Central 
Pacific Minerals N.L. They have received 
approval from the Queensland govern
ment to develop a project that in the end 
could cost $3000 million. Exxon would 
provide most of the capital, if a recently 
concluded agreement is followed 
through. 

The deposit, up to 300 m thick in 
places, is covered by a thin layer of over
burden, averaging 15 metres in depth. 
The ratio of waste to oil shale averages a 
favourable 1.2 : 1. Obviously it is impos
sible to mine a million tonnes of material 
a day, as planned, without environmental 

impact. Probably 30 square kilometres of 
native bushland will be removed in the 
operation. 

The disposal of spent shale presents 
major problems. Not only are the quan
tities involved massive, but the very act of 
crushing the shale increases its volume by 
10-25%. 

The plan is to return the shale to the 
pits that it came from. However, because 
of the increase in volume, the new surface 
will be higher than the old, forming a 
gentle hill. The companies intend to 
spread topsoil over it to allow revegeta-
tion. 

Before the shale goes back into the pit, 
it will be stored in massive waste dumps. 
These will have to be kept constantly 
damp to hold down the dust. The alkalin
ity of spent shale (pH values of 7 . 8 to 9 . 9 
have been recorded in America) increases 
the ease with which some trace metals and 
other harmful chemicals, possibly includ
ing organic carcinogens, could be leached 
out, creating a risk of water pollution. 

Very large volumes of water will be 
needed for the enterprise; 90 000 
megalitres a year is one estimate of the 
requirements of the full-scale Rundle 
plant. Substantial amounts of electrical 
power will also be needed. 

Problems of air pollution will have to be 
guarded against. Gas produced in the re
torts will contain oxides of sulphur and, 
nitrogen, and possibly traces of fluorine 
and some heavy metals. Gas-scrubbers 
may be necessary. Fortunately, deposits of 
limestone, which is used to control sul

phur emission, are located just to the 
south of Rundle. 

Moisture driven off from the shale 
(Rundle shale contains 20—27% water) is 
condensed back with the oil. When sepa
rated, the water may carry with it soluble 
organic carbon, as well as inorganic salts. 
A number of these organic compounds 
may be toxic or carcinogenic, and care 
will be needed in their disposal. 

Wastes from up-grading of the oil will 
also need to be handled carefully. The 
companies involved believe none of these 
obstacles is insurmountable. They are 
continuing to study the region's aquatic 
and terrestrial ecosystem, air and water 
quality, meteorological conditions, and 
the physical and chemical properties of 
spent shale. The results of these studies 
will be presented in a forthcoming sub
mission to the Department of Science and 
the Environment. 

The companies propose that the project 
be undertaken in two stages. The first, 
costing about $300 million, calls for some 
25 000 tonnes of oil shale to be processed 
each day to produce at least 15 000 barrels 
of oil. When production is under way the 
viability of proceeding to stage 2 — pro
duction of about 200 000 barrels of oil a 
day from 400 000 tonnes of oil shale — 
will be assessed. 

If all goes according to plan, by 1985 we 
will see the first oil flowing from a re
source as big as Bass Strait. Spurred on by 
rising oil prices, Rundle looks set to be the 
forerunner of modern-day ventures into 
oil-shale mining. 

the 
nto 

view that the shales originated from 
debris accumulated on the bottom of hot, 
shallow ponds. To survive this harsh en
vironment, the organisms responsible had 
to be fairly tough, and they produced large 
amounts of kerogen, a substance built up 
from sugars, amino acids, lignin, and, par
ticularly, lipids. Over time, unsaturated 
lipids and other components have 
polymerized to form the hard, cross-
linked structure that we find in oil shale 
today. More than 90% of the organic 
matter in oil shales is kerogen, and the 
rest mostly bitumen. 

In Rundle oil shale Dr Saxby has found 
algal debris, together with some woody 
plant remains. The Julia Creek kerogen is 
more difficult to define precisely, but fish 
scales found with it suggest a shallow 
marine environment. The Sydney Basin 

deposits show kerogen derived from the 
ancestors of the present-day green colo
nial alga Botryococcus, leading Dr Saxby 
to think they have originated from fresh
water swamps. 

The Tasmanian oil-shale deposits are 
unique — the material has acquired the 
name Tasmanite. The kerogen is com
posed largely of cysts of a large unicellular 
alga (called Tasmanites) that lived in sea 
shallows. The tough outer sac of the alga 
was originally spherical, but it was flat
tened to a disc during formation of the 
sediment. Because of the large size of the 
algal kerogen particles, Tasmanite oil 
shale can be concentrated to more than 
50% organic matter by physical methods, 
such as froth flotation. 

But for most oil shales, recovering the 
kerogen is not so easy. Unlike coal, oil 

Drawn on a scale of oil reserves, the 
Middle East looms large on the world map 
and Australia is very small. 
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Getting it out 

U n d e r g r o u n d e x t r a c t i o n m e t h o d s w e r e 
used in Austra l ia ' s ear ly sha le m i n e s , but 

today o p e n - c u t s e e m s the way to g o . H u g e 
bucket -whee l e x c a v a t o r s c a n bite 1 5 0 0 0 0 
c u b i c m e t r e s p e r d a y t o a c h i e v e t h e 
e c o n o m y o f s ca l e that s e e m s neces sary . 

A t R u n d l e , w h e r e the o v e r b u r d e n is 
about 15 m e t r e s th ick , and t h e m a t e r i a l is 
soft and moi s t , open-cu t m e t h o d s s e e m 
ideal . 

N e a r l y t h e w h o l e o f a deposi t c a n be 
r e c o v e r e d t h i s w a y , c o m p a r e d w i t h a 
m a x i m u m o f 5 0 - 7 0 % f r o m a n u n d e r -

g r o u n d m i n e . T h e d r a w b a c k is t h e 
m o n u m e n t a l s c a r o n t h e e n v i r o n m e n t 

unt i l revegeta t ion takes p lace . 
T h e r e is a third way to r e c o v e r sha le oi l , 

ca l led in situ process ing . It has never been 
used c o m m e r c i a l l y , but tests be ing under 
taken in A m e r i c a are showing promise . 
B u r i e d oil sha le is first f ractured , usual ly 
by explos ives . T h e n a port ion o f the kero
g e n is burnt to re tort the r e m a i n d e r , and 
the oil is p u m p e d off. 

T h e advantages c l a i m e d for the m e t h o d 
inc lude the a b s e n c e o f spoil pi les , l ow 

water r e q u i r e m e n t s , and its suitabil i ty for 
low-grade shales . 

D r S a x b y th inks the t e c h n i q u e is p r o m 
is ing, but m u c h r e s e a r c h r e m a i n s to be 
done . A t present , contro l l ing c o m b u s t i o n 
is difficult, dri l l ing cos t s are h igh , rates of 
recovery are low, and t h e r e is a r isk o f 
c o n t a m i n a t i n g aquifers in t h e v ic ini ty . . 
Poss ib le future deve lopments inc lude the 
u s e o f n u c l e a r d e v i c e s to f r a c t u r e t h e 
sha le , lasers to in i t iate c o m b u s t i o n , and 
r a d i o - f r e q u e n c y h e a t i n g to r e t o r t t h e 
shale . 

shales c o n t a i n m u c h m i n e r a l m a t t e r , at 
least 3 3 % and usual ly 7 0 - 8 0 % , depend
i n g o n t h e g r a d e . I t is s o m e t i m e s 
sugges ted that dissolving the oil out of oil 
sha le wi th a solvent would be a s imple 
a p p r o a c h . 

Unfor tunate ly , kerogen is inso luble in 
m o s t o r g a n i c so lvents . So lvent s w o u l d 
only e x t r a c t the b i t u m e n fract ion; indeed 
oil c a n be recovered from tar sands this 
way. T h e S y n c r u d e tar-sands operat ion in 
C a n a d a , begun 2 years a g o , works in s u c h 
a m a n n e r . 

Oil shale is more easily 
converted into useful liquid 
hydrocarbons than coal. 

T h e s tandard way o f gett ing the o r g a n i c 
mater ia l out o f the shale is to c r u s h it and 
heat the p ieces to rough ly 5 0 0 ° C in a 
r e t o r t . T h i s ' c r a c k s ' t h e k e r o g e n a n d 
b i t u m e n m o l e c u l e s into l ighter volat i le 
products that are driven off and recovered 
by c o n d e n s a t i o n . 

A d d i n g h y d r o g e n 

B u t why go to the trouble of m i n i n g and 
heat - treat ing oil shale wi th perhaps 1 0 % 
yield w h e n we c o u l d m a k e oil f rom coa l 
with m u c h h i g h e r yields? 

T h e a n s w e r is that oil shale is m o r e 
easi ly conver ted into useful l iquid hyd
r o c a r b o n s t h a n coa l . K e r o g e n h a s a rat io 
of hydrogen to c a r b o n (about 1 - 5 : 1 ) that 
a p p r o a c h e s the values c o m m o n for pet
r o l e u m (around 1 . 9 : 1) . S h a l e oils are 
heavier and m o r e v i scous t h a n p e t r o l e u m 
b e c a u s e of the ir s l ightly lower hydrogen-
t o - c a r b o n r a t i o , b u t a l i t t l e h y d r o g e n 
added dur ing re tor t ing or ref ining easi ly 
m a k e s up the difference. 

In c o a l , by c o n t r a s t , the rat io is m u c h 
lower — about 0 . 8 : 1. T h i s is b e c a u s e of 
its h igh l ignin c o n t e n t — derived from 
woody plants . Cons iderab ly m o r e hydro
gen m u s t therefore be added to coa l to 
m a k e it l iquid — a real d i sadvantage . 

M a n y different types o f retort c a n be 
used to get oil out of the shale . T h e result 
ing oil will, o f c o u r s e , vary depending o n 
the type of sha le and the re tort used. It 
cou ld be tai lored for use as p e t r o c h e m i c a l 
f eeds tock , fuel oi l , or a t r a n s p o r t a t i o n 
fuel. 

T h e a i m of the R u n d l e projec t is to 
p r o d u c e a p e t r o l e u m subs t i tu te , and a 
c o m b i n a t i o n o f two types o f r e t o r t s is 
p lanned. P l a n t to up-grade the oil to the 
point w h e r e it is an a c c e p t a b l e subst i tute 
for c r u d e oil will a lso be neces sary . Only 
after hydrogenat ion and r e m o v a l of n i tro
gen , su lphur , o x y g e n , and t r a c e meta l s 
does the p r o d u c t r e s e m b l e a top-grade 
natura l c r u d e oil. 

O n e type o f re tor t , the Lurg i , used to hea t 
shale so that the kerogen in it breaks down 
to oil and gas . 

T h e p r i n c i p a l c o n t a m i n a n t in m o s t 
sha le oils is n i t rogen , at a level of 0 - 5 — 
1 . 5 %, or even h i g h e r in s o m e A m e r i c a n 
samples . N i t r o g e n quickly po i sons m o s t 
cata lysts c o m m o n l y used in p e t r o c h e m i 
c a l p lants and m u s t be virtual ly e l imi
nated from oil feedstocks . 

S u l p h u r a l s o i n t e r f e r e s w i t h p e t r o 
c h e m i s t r y , and m u s t be removed . O x y g e n 
is found in quanti t ies (up to 3 %) sufficient 
to p r o d u c e prob lems in ref inery towers . 

Al l sha le oils are sure to bear t races o f 
o n e or o ther o f the m e t a l s i ron , n icke l , 
v a n a d i u m , copper , lead, z inc , s e l en ium, 
a n d a r s e n i c . A l l m u s t be r e m o v e d for 
trouble-free refining. 

H y d r o g e n a t i o n is t h e f a v o u r e d u p 
grading p r o c e s s . Impur i t i e s are r e m o v e d 
as hydrogen r e a c t s wi th t h e m with the 
he lp o f a meta l ox ide catalyst . N i t r o g e n 
goes to a m m o n i a , su lphur to hydrogen 
sulphide , and o x y g e n to water . H y d r o 
genat ion also stabil izes the hydrocarbons 
by conver t ing unsa tura ted c o m p o u n d s to 
sa turated ones . 

O f c o u r s e , the p r o c e s s requires great 
quant i t ies of hydrogen , n o r m a l l y an e x 
p e n s i v e c o m m o d i t y . H o w e v e r , w h e n 
R u n d l e oil shale is re torted , it produces a 
gas s t r e a m r i c h in hydrogen . T h i s would 
r e d u c e the need for addit ional supplies. 

H y d r o g e n a t i o n tests have been carr i ed 
out on R u n d l e sha le oil . T h e y indicate 
that a high-qual i ty synthet i c c r u d e , suit
able for pe tro l p r o d u c t i o n , c a n be ob
ta ined. 
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