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MEOR PROJECT DESIGN & DEVELOPMENT

Development of Microbial Enhanced Oil Recovery Solutions
To Address QOil Production Problems in Mature Fields

[1] Reservoir Characterization , .
[ [Field Geology / Historical Engineering & Production Data] 2] Fiesiieton Prollisms (eleiiize
,:[gamoa{!{ingéfgcﬁ‘;m’;fy [4] Candidate Field [3] Screeni_ng Matrix
Injectivity Parameters Selected Applied
[6] MEOR System Selection | |[6-1]1 System & Nutrient &[6(')2“] ygggcg [71 PArF())Fi(')'ggrlson
& Initialization Optimization overy
Calculations Developed
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[ [10] Field Application ]4—[ [2] Materials Staged ]‘—[[8] Microbial System Processed]

[[1 0.1] Implementation]—'[ [10.2] Monitor / Analyze & Adjust ]—'[ [10.3] ROI Projections]

Flow diagram of how the Plawowice project was designed, developed and implemented
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Plawowice deposit — simulation model Reservoir simulation
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MEOR PROJECT IMPLEMENTATION

(Plawowice operational time-line / project implementation — initial 18 month project duration)

|
POGI / POGC /| RAM SEPTEMBER 2011
MICROBIAL ENHANCED WATERFLOOD
PLAWOWICE OIL FIELD
Fri Sat Sun Mon Tues Wed Thur Fri
16th 17th ‘ 18th 19th 20th 21st 22nd 23rd
REACTOR EFFICIENCY STUDY Review prior |ab work and batch records.
Review and adjust operational timeine as
STEP 1 - MSI FERVMENTATION necessary: Sﬁej@‘l

al Prepare 1560 L growth medium

a2 Heat to 70C, 30 min hold, cool to 30C, incubate 4 hrs
Heat to 100C, hold for 1 hr, cool to 30C, sterilize addition port
and pellet bags

Take aseptic reactor sample for pH & plating. Inoculate
wipellets and NTU read @15 minutes

d  Fermentation (16 hrs @30°C)
e  Drum out!Transport to PL-1 field

STEP 2 - MS PREPARATION

al Prepare15,400 L H20 + additives per batch protocols

a2 Dechlorinate with 1,850 gm anh Na2803, Test for chlorine

a3 Add 760 Kg nutrient + additives per protocols

b Inoculate with 1,600 L MSI from Step 1e
¢ Fermentation {16 hrs @ 26-30° C)

STEP 3 - MSN PREP & MS INJECTION

Prepare MSN per protocols

Mix MS + additives with oil field brine per protocols to achieve
b 4wt%

Inject all MS from 20 M3 tank rapidly

STEP 4 — MSN INJECTIONS Step 4
a  Begin periodic MN injection @ 4% mol oil field brine a
b Continue periodic MN injections per project protocols PERIODIC MSN INJECTIONS PER PROJECT PROTOCOLS (18 MONTHS) —» b
MONITOR / ADJUST MONITOR 18 MONTHS / ADJUST MSN REGIMEN AS NEEDED § EXTEND DURATION TO 24 MONTHS & EXPAND PENDING RESULTS

MS = MICROBIAL SYSTEM
MSI = MICROBIAL SYSTEMINOCULUM
MSN = MICROBIAL SYSTEMNUTRIENT
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MEOR PROJECT EVALUATION

MEOR'’s long-term distinctive response is to increase net oil rate and simultaneously to
reduce Water Cut. This typical duality in MEOR response is explained by the
change in apparent oil and water mobilities in the colonized portion of the reservoir,
the bioreactor.

well Viscosity Viscosity Density Density Temperature
Pre-MEOR Post-MEOR Pre-MEOR Post-MEOR °C/F
°API °API
PL-52 14.74 9.52 32.5 36.0 20/68
PL - 159 14.96 9.79 32.5 35.9 20/68
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Absorbancja

MEOR PROJECT EVALUATION
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MEOR PROJECT PRODUCTION RESULTS

Combined PL- Production PL-52 Production
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Plawowice - 23 months of pre-treatment and post-treatment data
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Cumulative Value of PI-52 & PI-159 Incremental Oil vs. Project Cost
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PROJECT ECONOMICS

at $650 USD / Metric Ton
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