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Microbes aid heavy oil
recovery in Venezuela

Thomas L. Smith Micro-Bac International Inc.

icrobial products pre}
M sent an alternative fg

increasing productio
in oil wells that exhibit skir
damage, paraffin problem
as-phaltene agglomerate
scaling tendencies, and cq
rosion con-cerns.

As an example, treatme
with biotechnology product
have enhanced heavy oil
covery in 25 Lake Maracaib

district.

Three different reservoir
LGINF-07, BACH-01, an
BACH-67, were treated wit
microbial solutions (Table 1).
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Small well head platforms
are common in Lake Mara-

These reservoirs produge caibo (Fig. 1).

heavy 10-19° API gravit
crude.

Since the early 1920p,

ing oil from Lake Maracaibo|
Today, lake Maracaibo h

more than 7,000 wells, in wa-
ter depths of up to 130 ft,
produc- ing ostly on gas-lift
(Fig. 1).

Microbes
The microbial treatments in

Lake Maracaibo included:

e Para-Bac/S for contro
ling paraffins

« Ben-Bac for preventin
asphaltene deposition and i
proving crude oil flow proper,
ties

e Corroso-Bac for protect-

¢

neered microorganisms t

hat
are nonpathogenic to humafs.
Venezuela has been recovér- These biotechnology prodi-

ucts are not chemical pro

sucts, but their metaboli

byproducts react similarly t
chemicals.

In the well bore and deep
the formation, microbes wor
to enhance oil recovery. Liy
ing in the water phase,

mL—
crobes colonize at the oil/w@-

ter inter- faces in the well bo
and cling to porous media, €
pecially water-wet reservo
rock. The microbe-inoculate
fluid is pumped into the we

tion where colonization an
outward mi-gration occur.
As production fluids flow

ing downhole and surfage through the microbe colon
equipment from corrosion

sequestration, filming, and re- factants, fatty acids, paraff

the microbes produce biosu

|

the microbial treatments (Fig.

O

d a mixing tank (Fig. 3).

The microbes reduce paraf-
Y, accumulation, asphaltenes aggld
lerates, and other prob- lems in
Nwell bore area as well as the res

A triplex pump on a self-propelled barge was
2).

“bore and out into the forma- \orkers pour a microbial scale and corrosion inhibitor intg

firyents decrease oil/water inte
nfacial tension, altering effectiv
theermeability of oil by changing
apettability characteristics, an

moving solids. solvents, and gases, which

: d ga hich argoir. During the stimulation treat-lowering fluid surface tension.
The products are naturally highly effective in mobilizing

ment, bio- Microbial byproducts also:
produced surfactants and sol- « Inhibits scale formation

=

1%

occurring, nongeneticallgngi- | crude oil.
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and corrosion
e Increase API gravity

with bio-produced solvents,
al-cohols, and ketones.
Microbes significantly de
crease nutrients available fi
sulfate-reducing bacteria.
SRB
colonies are lessened or elin
nated.

DI

N1-|

RESERVOIR CHARACTERISTICS

Reseanvoir

Year discovered

Total number of wells

Monthly oll production, 1,000 bbl/m
Monthly gas production, MMcf/mon

Producing area, acres
Met sand thickness, ft
Qlil volume, acre-ft

The microorganisms can Sg;?nﬁgél'l’fo =
convert long chain n-alkane |  pjstance btgﬁmn wells, m
molecules into less-densk, gelo:ogllca}ll Fergﬂ A
_ ; ; riginal cil in place, million
short- chain molecules, whigh | 25 Oy recovery, million bol
improves hydrocarbon mobill- Recovery factor, %
ty. Waterflood In progress
: Bottom hole temperature, °F.
a 3 Number of reservolrs
Allllllﬂatlﬂ“ Reservolr depth, m
Annular batch treatments E;;é:lg;;well. m
and formation squeezes dre€  Numper of sands
two of the most commoh “API Gravity

methods or applying micrg
bial products in producing o
wells. The selected methd
de- pends on treatment go
and well characteristics.

Annular batch treatments
are intended to reduce well

maintenance, while microbial
squeeze programs aim to i
prove production from the fof-
mation.

In the 25 treated oil wells in

d

Lake Maracaibo, the bottom

hole temperatures range
Srom 130 to 150° F. Microbia
products can be effective i
bottom hole temperatures ¢
up to 270° F. The selecte

treatment method was a higf-tion platform (Fig. 2).
“volume microbial squeeze.

Microbial solution was in-

Monthly water production, 1,000 bbl/month

LL-07
1926
974
1,107
858
820
31,639
68

onth
th

2,117,433
30

1,500
173
Miocene
3,828.00
203

39
Yes

1
3,800
4,700

Sand
3
18

procedure that placed the so
dtion about 1-2 m into the prd

ducing formation. The soly
h tion was injected with a triple
fpump from a self-propelle
dbarge docked by the produ

Solution preparation

Bach-01 Bach-67
1934 1979
481 10
1,116 23
961 30
434 36
23,511 5,185
137 43
3,220,028 190,385
335 33.5
3,000 3,000
300 300
Miocene Miocene
6,621 39
720 35.3
16 10
No No

137
1 1
3,000 3,300
3,600 3,500
Sand Sand
9 1
12 4

-Maracaibo and potassiun
-chloride.
% The barge holds 650 bbl ¢
Hsolution in two compart-
cments—500 bbl in the botton
compartment and 150 bbl inth
top. The solution was pre|
pared at the well site (Fig. 3)

jected with a tubing squeeze

The microbial solution con-

To remove suspended

utained tillered water from Lake

n

—h
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TECHNOLOGY

wells were returned to produd
TREATMENT DESCRIPTION tion.
Testing and well data

Para- Corro- Ben- Shut- Concen- records were kept to provide
Bac/S, so-Bac, Bac, Water, in, tration, on-going monitoring analysis|
Well Date Reservolr “API drums drums drums bbl daya ppm Data inCIUded:
LL-2792-3* 04.22.97 BACH67 13 3 1 500 10 10,000 *Whole oil/gas chro-
LL-2609 04-24.07  BACH-67 11 2 2 500 10 10,000 matography
LL-153-2 04-25.07 BACHO1 13 4 4 1,000 10 8,000 L
LL-2465* 062607 LGINF07 15 4 3 500 10 18,000 _° Saturates,  aromatics,
LL-2141° 08-27-97  LGINF-07 17 5 3 600 7 18,000 resins, and asphaltenes analy-
LL-124" 06-27-07  LGINF-07 18 5 3 600 7 18,000 sis
LL-2105 06-27-07 LGINF-07 18 3 2 400 7 13,000 :
LL-2599 07-0597 BACH-01 11 3 3 2 600 7 18,000 * Water analysis .
LL-2248 07-05-97  BACH-01 11 3 4 3 800 12 18,000 * Viscosity, pour-point
LL-2772 07-03-07 BACHO1 10 3 3 2 600 15 18,000 and cloud-point analysis
LL-2318 04-2507 BACHO1 10 4 2 600 12 18,000 : }
LL-2624 07-0607 BACH-01 11 3 4 3 800 15 18,000 __* Testing procedures spg
LL-2785 07-06-07  BAGH-01 11 3 3 o 600 8 18,000 cific to microbial products.
LL-2499 10-03-07  LGINF-07 19 3 2 150 5 54.000 s
LL-2647 10-03-07 LGINF-05 18 4 3 200 5 54,000 Additional t_reatments_
LL-2214 10-17-07  LGINF-07 190 3 1 100 5 54.000 An optional proprietary
LL-360 10-17-07  LGINF-07 15 3 1 100 5 54.000 ;
LL-1506 10-17.97  LGINF-07 14 3 1 100 5 54,000 surfactant was added to five :ﬁf
LL-2106 10-1897  LGINF07 19 5 3 200 5 54,000 the treatments. The advan-
LL-1359 10-18-97  LGINF-07 15 5 3 300 5 36,000 tages of the surfac tant include
LL-1579 11-03-07  LGINF-07 16 3 1 100 5 54,000 P b
(L1634 11-1697 LGINF-07 18 4 3 250 5 43,000 deeper penetration into the Oi
LL-2231 11-16-97  LGINF07 19 3 2 150 5 54,000 bearing formation, faster pro-
LL-2241 11-16-07  LGINF-07 190 4 3 250 5 43000 duction increases, and decreds-
SRR esin mterfaqlal tension.
When microbes penetrate

the oil-bearing formation, the
speed at which they migrate
“away from the well bore is in
versely related to the formg-
tion obstacles that they en-
counter. The surfactant in-
creases the penetration rate py
removing various obstaclep
that slow down the penetrd-
tion rate of the microorgan-
isms.

Wells with a long history of
chemical treatments may be
more difficult to treat success-
fully with microbes. Poor re-
sults might be obtained bg-
cause chemical residuals in
well casing could be toxic to
some microbial products.

Depending on chemical re
siduals in the well casing,
higher treatment dosage may
be called for, or the well may
need an additional treatment.

solids prior to mixing, the lake established.
water was strained through aj2- The solution in the first
micron filter. The water (100 wells had low microbe concen
bbl) was pumped into the tgptrations, and the wells weré¢
holding tank where a centrifd- shut in for longer periods. Be
gal pump mixed the potassiumcause the operator preferred
chloride (KCI) and microbi
products with lake water.
Powdered KCI concentr
was mixed at a concentration
1.6% by weight, while the mi+
crobe concentration rangegd
from 8,000 to 54,000 ppm. M|-
crobe concentration dependsfon
the well shut-in time. The¢
longer the shut-in, the lower the
concentration.
The solution was trans-
ferred to the 500-bbl compaI—
ment after each 100 bbl w.
prepared. This procedure wp
repeated until the desired vgl-
ume was prepared.

shorter shut-ins, the subsé¢
quent wells had higher mi
crobe concentrations, anfd
shut-ins were reduced to b
days.

After the shut-in period, the

o)

The thoroughly mixed sq- Results
lution was then transferred |n Carmen J. Partidas is the reservoir manager far the Tamare oil divisio|df ~ Fi9- 4 shows the productiop
100-bbl intervals to the top | Pdvsa E&P, Lagunillas district, Venezuela. She is responsible for recom- performance of four of the
compartment from which itwas| mending and preparing new wells and evaluating new technology. treated wells. Each well had [a
injected into the well with a trif | I.Pagr']da.s has a pgtro'ef“t’r‘]“ eggl'lnee””?é’egree f“’"f‘ {/he U”'V?'S'WdO;PE significant production peaX
plex pump. ulia. She ie a member of the College of Engineers of Venezuela an | several weeks after the treakt-
i i Gabriela Trebbau is technology director of Micro-Bac Venezuela, in Carg- ment.

In]Bl:TtrI:]II I]_l'ﬂﬂ:ll'llrﬂl ti cas. She is responsible for research and business development for oilfield Of the four wells. Well LL-

€ microbial solutio products, Previously, she was with Intevep South America. 2241 shows the most sus$-
(Table 2) was injected at a rdtg Trebbau has an MS in microbiology from the University of Oklahoma. tained ducti fter the
of 3 bbl/min at a pressure| Sheis a member of the American Society of Microbiology (ASM), ASTM, ained production after ¢

and SPE. treatment.

o L G - ; | ) i i M Overall, the three reservoils

ure. * omas L. Smith is vice-president of petroleum engineering with Micro 0

so that the injection pressure Bac International Inc., Round Rock, Tex. He is responsible for business dg ve|~hac| an 80 4) Sqlcces(i ratt.e, Wagh

not damage the formation. opment, engineering field support, and field testing new technology for en} | NEreases in oil production c
The wells were then shut fn|  hanced oil recovery, formation stimulation, and flow assurance. He previoj)y 50-200%, indicating that mi

between 5 and 15 days to allgw was with NL Industries. Smith has a petroleum engineering degree from crobes are an alternative to tra-

: . Louisiana State University. He is an SPE member. iti
the microbial colony to becornte t ditional treatments.




BIOTECHNOLOGY IN THE OIL FIELD
Microbial Enhanced Oil Recovery (MEOR)

For over a decade, Para-Bac™ has proven to be a cost-effective and environmentally safe alter-
native to traditional chemical treatments and mechanical intervention. To target diverse treatment
objectives, Para-Bac™ products work on a wide range of paraffin; carbon chains from C16-C60+;
and temperatures up to and including 240° F.

Micro-Bac International, Inc. stands behinds its products with full technical support and services.
Petroleum engineers and field technicians are available to provide guidance on

selection of wells, design of treatment programs and training on product

application. Para-Bac™ meets EPA requirement and requires no special

clothing or equipment for handling.

Use Para-Bac products in the oil field to:
M Increase oil production
M Lower operating costs
M Reduce downtime
M Remove paraffin and control deposits

M Reduce asphaltene agglomerates
M Improve flow characteristics

M Reduce viscosity

M Remove wellbore skin damage

M Inhibit scale and corrosion

M Improve injectivity of water floods

Micro-Bac International, Inc. SM

3200 N. IH35, Round Rock, TX 78681
Ph: 512-310-9000/Fax: 512-310-8800
E-mail: mail@micro-bac.com

Website: http://www.micro-bac.com




