


Basic Microbial EOR Methodologies

Four basic Microbial Enhanced Oil Recovery (MEOR) methodologies are
currently employed to mitigate or resolve oil production problems in
mature fields. Conformance control, heavy oil recovery, H,S and
corrosion abatement, paraffin control, and selective plugging are among
the more widely recognized applications.

BASIC MEOR Methodologies

1)  Sample production fluids, screen the indigenous microbial populations, and
inject specially prepared nutrients / bio-catalysts to promote growth and
increase metabolic activity beneficial to oil production;

2)  Sample production fluids, isolate beneficial microbial strains, grow up and re-
inject high colony forming unit (CFU) slugs plus specially prepared nutrients /
bio-catalysts;

3) Develop a microbial system composed of microbial strains selected for
injectivity, transport, and growth under reservoir conditions. Inject high CFU
slugs plus specially prepared nutrients / bio-catalysts to produce bio-
chemicals and gases beneficial to oil production;

4)  Combinations and variations of 1, 2 and 3



Systematic Approach to MEOR Project Development

A systematic approach to MEOR project development should be applied to all
MEOR methodologies. This presentation centers on the laboratory evaluation
and field application of Method No. 3 — Develop a microbial system composed
of strains selected for injectivity, transport, and growth under reservoir
conditions. Inject high CFU slugs plus specially prepared nutrients / bio-
catalysts to produce bio-chemicals and gases beneficial to oil production.

e

Oil recovery volumes and project cost estimates are derived early in
the project planning stage which enables oil produc ers / investors to
make an informed go / no go decision for field impl ementation

with minimal up front investment.



Development of Microbial Enhanced Oil Recovery Solu  tions
To Address Oil Production Problems in Mature Fields
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[1] Reservoir Characterization
[Historical Field Geology / Engineering / Production Data]

Assemble / review geophysical, geochemical, and oil / water
chemistry data

Original Oil In Place (OOIP) estimate

Review / analyze historical engineering, drilling, and production data
Develop / review production decline curve; current OIP estimate
Number of wells; production, injection, disposal, plugged/abandoned
Assess infrastructure conditions

Current state of production; secondary / tertiary / enhanced recovery

e Active waterflood?

 Injector / producer well patterns, injection volumes, water source
« Permitted for enhanced recovery?
« Tax considerations available: local, state, federal?



[2] Production Problems Identified

Common Oil Production Problems

Formation damage, low relative oil permeability
Loss of gas drive

Trapped / stranded oil due to capillary forces

Poor sweep efficiency / Channeling / High water cut
Paraffin plugging / Scaling

Unfavorable mobility ratio / Low sweep efficiency
Water or gas coning

Heavy oil / low API°

H,S (sour gas) and corrosion problems

Economic Considerations

$ Oil production volumes at or near B-E point
$ Trapped / stranded oil not economically recoverable by other EOR means
$ ROI calculations indicate positive net returns on microbial waterflood investment



[3] Screening Matrix Applied

Candidate field assessed for MEOR treatability: Geophysical,
Geochemical properties, Oil and Water Chemistry, Oil Saturation,
Production Problems and Infrastructure

Question: Is this field a viable candidate for MEOR — YES / NO
YES

Select the appropriate microbial system, gather oil/water samples, and
begin laboratory evaluations

NO

Are non-MEOR solutions available to address the problems?
Provide general recommendations when applicable



[4] Candidate Field Selected

Every oll field has a unique geophysical and geochemical makeup;
characteristics which affect microbial injectivity, transport, and growth. The
methodology presented here adopts a systematic approach to the development
of specialized microbial systems for enhanced oil recovery. These systems are
composed of mixed microbial strains that have been naturally selected for
injectivity, transport, and growth under reservoir conditions to produce
bio-chemicals and gases capable of producing stranded oil.

Candidate fields are screened by MEOR selection matrix.
Fields meeting treatability criteria are identified

Selected fields undergo laboratory evaluations and final candidates
selected



[5] Oil / Water Analysis
Formation Geochemistry / Injectivity Parameters

Oil Analysis
PONA

Water Analysis
Chemical composition / TDS

Microbial Evaluation
Cultures / Genomic markers

Historical Data
Formation Geochemistry

Injectivity Parameters
Tracer Studies / Fluid Flow

UTCHEM - Computer
Modeling & Simulations



[6] MEOR System Selection & Initialization

MEOR System Selection

Microbial system best suited to the oil field characteristics and capable of
achieving the desired results is selected.

System Initialization

Stock microbial cultures reconstituted
Microbial system and nutrients prepared for laboratory evaluation



[6.1] System & Nutrient Optimization

The selected microbial systems and nutrients are optimized for
performance under field conditions

Nutrient composition growth limiting factors adjusted
Delivery mechanism characterized for optimum efficiency
Microbial system core inoculum prepared



[6.2] Material & Recovery Calculations

Microbial system undergoes laboratory evaluation wi th oil saturated
cores which enables volumetric calculations for rec overable oil and
microbial system and nutrients requirements.

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Laboratory Evaluations

— OOIP <original oil in place estimate>

— OIP <current oil in place — saturation>

— Volume of stranded / un-produced oil calculated

— Oil field cores saturated with produced oil

— Cores are water flooded & volume of recovered oil measured

— Cores inoculated with selected microbial system + incubation period
— Cores are water flooded again & volume of recovered oil measured
— Difference in volumes = microbial system recovery efficiency

— ROI Calculations = Go / No-Go Decision



[7]1 Application Protocols Developed

Injection pattern, volumes and rates determined

Field application schedule prepared and treatment program reviewed with
oll production engineering and project management

Field application specialist training for HSE guidelines

Project schedule prepared



[8] Processing Infrastructure Developed
Microbial System Processed

Seed materials required for the initial phase Processing facility and basic lab is placed on site
of the MEOR project are prepared and concurrent with a go decision to implement the
tested in the laboratory MEOR project. The plant is modular in design and
easily scaleable.

All processing is done at standard atmosphere

Microbial system seed inoculum
and pressure and moderate temperature.

for microbial enhanced waterflood project

Initial Project Phase is Typically
(1 year to 18 months)



[9] MEOR System Processed and Staged

The microbial system is processed on site when possible to
maintain system viability and lower delivery time and expense. Raw

nutrient feed-stocks are typically delivered via tank truck and staged
In holding tanks at the injector wells.

Raw nutrients and processed materials can also delivered from an
off-site facility via tank truck, rail tank car, or pipe line.



[10] Field Application

Field personnel are selected and trained to implement and monitor
the field application.

Field work is tightly coordinated with project and production
management.

A field supervisor oversees field operations and reports regularly to
production, project, and environmental management.

Established field testing protocols and project coordination guide the
application process and enable near real-time adjustments to
optimize recovery efficiencies.



[10.1] Implementation

Microbial enhanced waterfloods are typically conducted in stages
beginning. Tracer studies and fluid flow modeling establish the most
efficient injection patters and project stage demarcations.

Production fluids are sampled periodically and evaluated for the
presence of microbial system strains and biochemical markers.

Staged expansions are implemented pending oil recovery efficiency
and cost analysis.

Field implementation adheres strictly to Governmental groundwater
regulations and Health, Safety and Environmental [HSE] Protocols.



[10.2] Monitor / Analyze & Adjust

Monitor - Field implementation continually monitored using established
sampling and testing protocols.

Analyze - Testing data analyzed and reviewed with project

Adjust - The analysis of monitored results and coordination between
the field supervisor and project, environmental, and process
provides input and guidance for adjustment during field

Implementation at every stage.

Implementation flexibility allows near real-time adjustments to
be made in feed stock composition, nutrient concentrations,
application rates, and schedules for optimum oil recovery

efficiency.



[10.3] ROI Projections

Periodic ROI projections are made based on several key variables:

actual oil production volumes,
crude olil prices,

operational costs,

remaining volume of recoverable

Management is able to track and execute their exit strategy by
proper and timely determinations for project continuation, expansion,
adjustment or termination.



