
Using bacteria to get more oil 
When an oil well stops gushing, the obvious thing to do 
is pump water or gas into it to force more oil out. This is 
now being done on a large scale in the United States and 
some other oil-producing countries. 

Pr imary recovery from a wel l — t app ing 
of the oil tha t g u s h e s ou t u n a i d e d — typi
cally del ivers abou t 3 0 % of t he a m o u n t 
or iginal ly p resen t . S o m e t i m e s th is f igure 
is as low as 5%, w h i l e i n excep t iona l wel l s 
it c a n be as h i g h as 4 5 % . P roduce r s i n t he 
U n i t e d Sta tes expect t ha t ' e n h a n c e d re
covery t e chn iques wil l enab le t h e m to 
increase the count ry ' s total recovery by 
abou t half. 

Wi th oil set to b e c o m e a scarce c o m 
modi ty , th i s is obviously m o s t impor t an t . 
If ' e n h a n c e m e n ť doub les a we l l ' s o u t p u t 
— w h i c h shou l d often be poss ib le — the 

resu l t is equivalent to t he discovery a n d 
exploi ta t ion of a n e w well . A 5 % inc rease 
i n recovery levels wor ld-wide wou ld p ro 
vide a n addi t ional 200 000 m i l l i o n barrels 
of oil — a figure greater t h a n t h e proved 
reserves of S a u d i Arabia . 

Oi l reservoirs are general ly layers of 
p o r o u s r o c k , s u c h as l i m e s t o n e or 
s a n d s t o n e , h o l d i n g t h e a c c u m u l a t e d 
hydrocarbons in the i r mic roscop ic pores . 
T h e y a r e n o t s i m p l e u n d e r g r o u n d 
cavit ies. 

Unfor tuna te ly , w h e n water is p u m p e d 
d o w n to flush the oil ou t , t he resu l t c a n be 

ra ther l ike w h a t h a p p e n s w h e n an oil-
soaked sponge is he ld u n d e r a t ap . I n t he 
case of t h e sponge , t he wate r is l ikely to 
r u n over the top ra the r t h a n p u s h the oi l 
ou t . I n a n oil we l l , t h e water wil l s imilar ly 
follow the p a t h of least r es i s t ance , a n d 
m a y force very l i t t le oil t h r o u g h t h e rock. 

T h i s p r o b l e m c a n be rel ieved by add ing 
surfactants (detergent- l ike c o m p o u n d s ) to 
t h e wate r . T h e s e c o m p o u n d s p r o d u c e 
some m i x i n g of water and o i l , and also 
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reduce t he surface t ens ion tha t t ends to 
ho ld oil i n s ide t he rock pores . T h e addi 
t ion of 'viscosifiers ' , to give t he water a 
viscosity a p p r o a c h i n g tha t of oi l , a l so as
sists the f lush ing process . 

Wi th these addit ives, water h a s b e e n 
used successfully to inc rease oil p roduc 
t ion from m a n y wel l s . B u t the very la rge 
quant i t ies of surfactants and viscosifiers 
needed are expens ive , and a great deal of 
energy is r equ i red for the i r p roduc t ion . 

O t h e r w e l l s h a v e r e s p o n d e d i n a 
wor th -whi le fash ion to la rge in jec t ions of 
ca rbon d ioxide or n i t rogen . A g a i n , h o w 
ever, the energy a n d m o n e y costs of c o m 
press ing the quan t i t i e s of gas r equ i red are 
a se r ious d rawback . 

The bacteria alternative 

At Canber ra ' s Baas -Beck ing Geob io log i -
cal R e s e a r c h Labora tory , w h i c h is sup 
por ted jo int ly by C S I R O ; t h e B u r e a u of 
Mine ra l R e s o u r c e s , a n d the Aus t r a l i an 
Mine ra l I ndus t r i e s R e s e a r c h Assoc ia t ion , 
a t e a m led by D r B o h d a n Bube la is inves
t i g a t i n g a n i n g e n i o u s , a n d p o t e n t i a l l y 
m u c h cheaper , a l ternat ive m e t h o d of en
h a n c i n g oil p roduc t ion . I t involves pu t 
t ing bacter ia , and nu t r i en t s for t h e m to 
feed on , d o w n oil wel ls . 

T h e idea is tha t t he bac ter ia , as they 
mul t ip ly and grow, wi l l p r o d u c e ca rbon 
d ioxide a n d o the r gases , b u i l d i n g u p pres 
sure i n t he wel l a n d h e n c e forc ing oil 
t h r o u g h t h e reservoir rock. T h e bacter ia 
m a y also inc rease oil f low by r e d u c i n g the 
viscosity of t he oi l a n d p r o d u c i n g the i r 
o w n surfac tants ( in t h e labora tory they 
p r o d u c e a f ro th ing i n t he n u t r i e n t m i x 
ture) . Also helpful i s t he fact t ha t some of 
t he gas p r o d u c e d wi l l d issolve i n water i n 
the wel l , m a k i n g it m o r e ac id ic . T h e re 
servoir rock m a y s lowly d isso lve , a l l owing 
the oi l to m o v e m o r e freely. 

U s e of bacter ia to inc rease oi l p roduc 
t ion was first p roposed i n t h e 1940s by a n 
A m e r i c a n sc ient is t , D r C l a u d e Z o B e l l . 
S i n c e t h e n , t h e idea h a s b e e n t r ied ou t i n a 
n u m b e r of H u n g a r i a n , P o l i s h , a n d R u s 
s ian we l l s , w i t h m i x e d success . 

I n o n e H u n g a r i a n e x p e r i m e n t , 100 
l i t res of a bac te r ia l c u l t u r e c o n t a i n i n g 
abou t 70 m i c r o o r g a n i s m spec ies t a k e n 
from sewage effluent a n d u n d e r g r o u n d 
waters were in jec ted in to a we l l 2460 m 
deep . T w e n t y cub i c m e t r e s of a n u t r i e n t 
so lu t ion , i n c l u d i n g 4 0 t o n n e s of mo la s se s 
and smal le r quan t i t i e s of p o t a s s i u m ni t 
rate a n d sugar , we re a lso in jected. T h e 
wel l was t h e n c losed for 3 m o n t h s , d u r i n g 
w h i c h t i m e the m i c r o o r g a n i s m s were ex
pec ted to mu l t i p ly , bu i ld u p gas p r e s s u r e 
in t h e wel l , a n d have o the r useful effects. 

T h i s expe r imen t p roduced h i g h ly en 
c o u r a g i n g resu l t s . T h e s e i nc luded s u b 
s tant ia l decreases i n oil viscosi ty a n d i n 
t he p H of water in t h e wel l . T h e ca rbon 
d i o x i d e c o n t e n t of t h e rese rvo i r a t m o 
sphere j u m p e d from 1 2 % to 6 0 % . M o s t 
impor tan t ly , a 6 0 % inc rease occur red i n 
t he wel l ' s ra te of oil p roduc t ion . 

O t h e r expe r imen t s i n H u n g a r y s h o w e d 
tha t bacter ia l e n h a n c e m e n t c a n work i n 
b o t h l i m e s t o n e and s an d s t o ne reservoi rs . 
T h e y s u g g e s t e d t h a t t h e p o t e n t i a l i n 
crease i n p ro d u c t i on varies w i t h the per
meabi l i ty of t he reservoir rock , a n d t h a t 
l i t t le if any inc rease can b e expec ted i n 
wel ls of low permeabi l i ty . 

E x p e r i m e n t s i n P o l a n d and the U S S R 
have s h o w n tha t bacter ia l in jec t ion c a n 
affect o i l p r o d u c t i o n from wel l s s o m e d i s 
t ance from those t reated. P o l i s h sc ient i s t s 
repor ted a n inc rease , tha t pers i s ted for 6 
m o n t h s and averaged 2 6 0 % , i n p r o d u c t i o n 
from a wel l 50 m from o n e in to w h i c h 
bacter ia had b e e n in jected. Surpr i s ing ly , 
the re was n o s igni f icant c h a n g e i n o u t p u t 
from the t rea ted wel l . R u s s i a n sc ien t i s t s 
have repor ted improved recovery u p to 
600 m from a t rea ted wel l . 

More data needed 

W h i l e these field t r ia ls have s h o w n tha t 
bacter ia l e n h a n c e m e n t of oi l p r o d u c t i o n 
works , at leas t in s o m e wel l s , they have 
no t provided m u c h of t he in fo rmat ion tha t 
wil l be needed if t he p r o c e d u r e is adopted 
o n a subs tan t ia l sca le . F o r example , oi l 
p roduce r s wi l l need to k n o w h o w to tai lor 
t h e bacter ia l m i x t u r e to su i t t he varying 
cond i t i ons found in oil wel l s . T h e y wi l l 
a lso n e e d m o r e in fo rma t ion o n w h a t nu t 
r ient ma te r i a l s s h o u ld be in jec ted w i t h it. 

I n addi t ion , grea ter u n d e r s t a n d i n g is 
needed of t h e c h a n g e s p r o d u c e d i n t h e o i l 

itself, reflected i n t he decreased viscosity 
m e a s u r e d in t rea ted we l l s . T h e bacter ia 
m a y al ter t he oi l ' s c o m p o s i t i o n directly, in 
a process s imi lar to tha t o c c u r r i n g w h e n 
m i c r o o r g a n i s m s b reak d o w n oil s l icks . 
A l t e rna t i ve ly , t h e c a r b o n d i o x i d e they 
p r o d u c e m a y prec ip i ta te t he heavies t frac-
t ions of t he oil. 

T h e Baas -Beck ing t e a m ' s work , sup
por ted by a $112 000 3-year g ran t from the 
N a t i o n a l E n e r g y R e s e a r c h , D e v e l o p 
m e n t , a n d D e m o n s t r a t i o n C o u n c i l , a ims 
at p rov id ing some of t he answers . T h e 
sc ient i s t s are s tudy ing the behav iou r of 
different types of bacter ia i n h a r s h cond i 
t i ons l ike t hose found in oi l we l l s . T h e 
B u r e a u of M i n e r a l R e s o u r c e s provides in 
fo rmat ion on t h e t e m p e r a t u r e s , p re s su res , 
a n d so o n found in Aus t r a l i a ' s o i l -bear ing 
rock s trata . 

O n e of t he cond i t i ons tha t the bacter ia 
have to cope w i t h is a lack of oxygen . 
O t h e r s are h i g h t empe ra tu r e s — u p to 
9 0 ° C — a n d p r e s s u r e s a s g r e a t a s 
20 000 k P a (200 t i m e s a t m o s p h e r i c pres 
sure) . I n add i t ion , they need to be able to 
thr ive i n t he water found in oi l we l l s , 
w h i c h is usua l ly h igh ly sa l ine , and , of 
cou r se , i n t he p r e s e n c e of oi l . 

E x p e r i m e n t s so far sugges t tha t m ixed 
p o p u l a t i o n s of bac t e r i a , r a t h e r t h a n a 
s ing le s t ra in , are l ikely to be m o s t success 
ful. D r Bube la ' s t e a m is inves t iga t ing t he 
pe r fo rmance of bac ter ia isola ted from oil 
we l l s , a r tes ian wel l s , a n d sewage s ludge , 
as wel l as p u r e bacter ia l cu l t u r e s . 

In the laboratory 

A ba tch of bacter ia i n a su i tab le n u t r i e n t 
m e d i u m no rma l ly mu l t i p l i e s first rapidly 
a n d t h e n m o r e s lowly u n t i l a peak popu la 
t ion is r eached ; t h e n n u m b e r s quickly fall. 
T h i s pa t t e rn poses cons ide rab le difficul-

2 0 
2 0 



t ies for t he expe r imen te r t ry ing to find ou t 
w h a t effects c h a n g e s i n t e m p e r a t u r e s , 
p r e s su re s , n u t r i e n t availabil i ty, and so on 
have o n different bacter ia l m i x t u r e s . H e 
h a s to work ou t w h i c h aspects of t he bac 
ter ia ' s pe r fo rmance resu l t f rom imposed 
c h a n g e s i n the i r e n v i r o n m e n t a n d w h i c h 
are jus t pa r t of t h e na tu r a l g rowth a n d 
decay cycle . 

D r B u b e l a a n d h i s c o l l e a g u e s h a v e 
overcome th is p r o b l e m by u s i n g c h e m i c a l 
reac tors — c h e m o s t a t s — tha t c a n m a i n 
t a in t he bacter ia l m i x t u r e at any po in t i n 
t h e cyc l e w h i l e effects of c h a n g e s i n 
t e m p e r a t u r e , p r e s su re , e tc . are m e a s u r e d . 
C o n s t a n t add i t ion and remova l of nu t 
r i en t s provide t he cond i t i ons tha t keep the 
bac te r ia ' s activity s table . 

The idea has been tried out 
in Hungarian, Polish, and 
Russian wells, with mixed 
success. 

A c h e m o s t a t t ha t c a n expose t h e bac 
teria to al l t he cond i t i ons found i n a n oil 
we l l , except t he h i g h p re s su re s , h a s been 
u s e d i n m o s t e x p e r i m e n t s so far. M r I a n 
J o h n s of the Baas -Beck ing Labora to ry de
vised its c o m p l e x e lec t ron ic con t ro l a n d 
m o n i t o r i n g sys tems . T h e s e m a i n t a i n t he 
s table cond i t i ons r equ i red and keep a con
s tant c h e c k o n w h a t is go ing o n ins ide t he 
reactor . 

Recen t ly a second chemos t a t , des igned 
i n t h e Labora to ry a n d able to opera te at 
oi l -well p re s su res , c a m e in to service. D r 
B u b e l a e x p e c t s t h a t , af ter 2 - 3 y e a r s ' 
laboratory e x p e r i m e n t s , h e s h o u l d have a 
good idea w h i c h types of reservoir found 
in Aus t ra l i a are l ikely to r e spond bes t to 
bacter ia l e n h a n c e m e n t a n d w h a t m i x t u r e s 
of bacter ia a n d n u t r i e n t s wi l l give t he bes t 
r e su l t s . ( T h e idea l m i x t u r e is l ikely to vary 
widely from wel l to well .) 

H e hopes field t r ia ls wi l l t h e n beg in . 
T h e knowledge ga ined i n t he laboratory 
s h o u l d enab le sc ien t i s t s to p red ic t w i th a 
r easonab le degree of cer ta in ty w h a t wi l l 
h a p p e n w h e n bacter ia a n d n u t r i e n t s are 
injected in to a c h o s e n Aus t r a l i an oi l wel l . 
I t s hou ld a lso e n s u r e tha t n o d a m a g e is 
d o n e to t he wel l . 

Robert Lehane 

More about the topic 

R o l e of geomicrob io logy i n e n h a n c e d re
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