
1 Organic Oil Recovery

Scott Field
North Sea Pilot
July 2020

• Operator – CNOOC Petroleum Europe Limited
• Asset – Scott Platform
• Location – UKCS
• Trap Type – Structural
• Pay Zone – Scott & Piper Formation
• Formation Age – Upper Jurassic
• Depth to Crest – 10,400ft
• Permeability – 0.1 to 6,500mD
• BHT – 96°C (205°F)

The Scott Field, located in the UK Central North Sea, is in a mature stage of 
development. The oil field is developed in the highly-productive Upper Jurassic 
Humber Group sandstones of Oxfordian to Kimmeridgian age. The field was 
discovered in 1983, sanctioned in 1990, and produced first oil in 1993.

Scott is located about 187 kilometres northeast of Aberdeen in 142 metres of water. 
The Scott Field reservoir exhibits elements of both stratigraphical and structural 
trapping. The field structure, effectively a large southward tilted fault block, is 
compartmentalised into a series of four main pressure isolated fault blocks by mid 
to late Jurassic faulting. Current modelling is aimed at targeting bypassed oil to 
increase ultimate recovery.

CNOOC Petroleum Europe Limited, a wholly-owned subsidiary of CNOOC Limited, is 
the operating partner of Scott (41.89%), with Dana Petroleum E&P Limited (20.64%), 
Edison E&P UK Ltd. (10.47%), NEO Energy Production UK Limited (5.16%) and MOL 
Operations UK Limited (21.84%).

BACKGROUND

Introduction

>1,000% + 
ROI*

>25,000
barrel incremental

4% 
drop in water cut

< 1 week
payback

* Incremental revenue 
over pilot cost
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Scott Field North Sea Pilot

Organic Oil RecoveryPlanning & Execution

Well sampling and 
laboratory analysis

Pilot injection applicationInitial field screening

The application of the OOR Process® generally consists of the following steps: 

OOR APPROACH

The application of the OOR pilot process for the Scott field consisted of the following steps:

Step 1 –  Field Screening of Reservoir Characteristics and Well Specific Data - Completed

Step 2  – Target Well Sampling & Laboratory Analysis - Completed

Step 3 – Single Well Pilot Test (In-Situ Microbial Response Analysis - ISMRA®) - Completed July 2020

The In-Situ Microbial Response Analysis (ISMRA®) or Pilot Test is designed specifically to replicate the laboratory results in the reservoir. Produced water 
samples were taken pre OOR nutrient injection and just after Well flow back. A significant production response is often observed; however, the most 
important aspect to this step is the microbial response observed in the laboratory from samples taken upon return to production.

Step 4 – Targeted Water Flood Implementation

Progression to step 4 – Targeted water flood implementation – will be confirmed once the microbiology and the production impact has been assessed

Step 5 – Full Field Implementation

Identify an alternative, cost-effective EOR technology to increase oil production and recoverable reserves

Implement EOR technology with zero CAPEX outlay

Implement EOR technology with a minimal offshore footprint

CUSTOMER CHALLENGE

• 2,400 barrels of injection quality seawater and nutrient mix (>99% water, <1% nutrient) injected at 4 barrels/min directly at the wellhead
• Over-displacement of approxmately 400 barrels of injection quality seawater at 4 barrels/min
• Shut in Well for 7 days (Incubation period)
•  Second over-displacement of approxmately 1000 barrels of injection quality seawater at 4 barrels/min to push newly formed near 

well-bore ecology further into reservoir
• Shut in Well for a further incubation period of 3 days
• Return to Production

PILOT INJECTION PROCEDURE
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Scott Field North Sea Pilot

Organic Oil RecoveryResults

OBSERVATIONS
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WHAT OUR CUSTOMERS SAY

"For us, it was a basic pumping operation. Very similar to 
a scale squeeze, although smaller volumes and therefore 
slightly more straightforward."

– Nigel Wallace,  Altus Intervention

“Promising results from an elegant EOR technology that 
can be implemented without a large offshore footprint”

– Andy Bostock, CNOOC International

• Significant Incremental Oil gain
• Lowest water cut since May 2016
• No change to oil quality
• No change to separation efficacy (same oil-in-water content)
• Observed reduction in H2S in oil and gas phase
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1 Organic Oil Recovery

Petrogas Rima 
South Oman 
Pilot
February 2021

Introduction

• Operator – Petrogas Rima
• Field – Jalmud (Rima Small Fields)
• Location – South Oman Onshore
• Trap Type – Haima Pods/Turtle-back 
• Formation Age – Permian (Gharif, part of the Haushi Group)
• Depth – 2,750 to 3,500ft
• Permeability – 200 to 700mD
• BHT – 60°C (140°F)
• Well – JM-08

Fig 1 – Well Site Operation

Fig 2 – Regional Map

BACKGROUND

Jalmoud “JM” Field is a sub-field located within Rima Satellite Small Field. The first 
production from the field was in November 1986 from JM-02.  The main producing reservoirs 
in the field are Gharif and Al Khalata.

Anticline traps are turtle-back structures or called Haima Pods (four way dip closure mainly) 
that are sealed by Khuff shale and the intraformational shale within Gharif sand packages. 
The Gharif Formation can be divided into three units; the Lower, Middle and Upper Gharif. 
The depositional environment comprises proximal channels and sheet floods in the Upper 
and Middle Gharif (1/2), estuarine/tidal in Middle Gharif (3) and fluvial & wave dominated 
deltas in the Lower Gharif.

The field production mechanism is driven by using initial pressure along with the artificial 
lifting techniques and secondly by utilising the Waterflooding mechanism in Middle-Gharif 1 
and Middle-Gharif 2.

To date 32 wells have been drilled in the Jalmud Field, 24 vertical wells and 8 wells drilled 
as deviated (S-shape). Currently 25 wells are active (2 as water injectors, 1 is considered 
as water source well, 22 wells are Oil Producers with total net production of approximately 
250m3/day (1,570bbl/day).

Identify an alternative, cost-effective EOR technology to increase oil production and recoverable reserves

Implement EOR technology with zero CAPEX outlay

Implement EOR technology with minimal logistical and operational considerations

CUSTOMER CHALLENGE
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Petrogas Rima, South Oman Pilot

Organic Oil RecoveryResults

• 410 barrels of injection quality produced water and nutrient mix (>99% water, <1% nutrient) injected at 2 barrels/min directly at the 
wellhead

• Over-displacement of approximately 390 barrels of injection quality produced water at 2 barrels/min
• Well shut-in for 7 days (incubation period)
• Second over-displacement of approximately 260 barrels of injection quality produced water at 2 barrels/min to push newly formed 

near well-bore ecology further into reservoir
• Well shut-in for a further incubation period of 3 days
• Return to production

PILOT INJECTION PROCEDURE

RESULTS/INCREMENTAL OIL PRODUCTION

WHAT OUR CUSTOMERS HAD TO SAY

“Cost effective technology which is easily deployed with no hoist entry or workover 
required, as Petrogas Rima, we have shared in OOR’s excitement about the trial in 
Jalmud Field which is the first of its kind in Oman. The post treatment production 
and lab results in the oil producers have shown an excellent response, and targeted 
microbial activation and growth which gives us the confidence to move to next step of 
treating water injectors. We are keen to move ahead at the soonest.”

– Nabil Al Harthy, Petrogas Rima
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1 Organic Oil Recovery

MOL HUNGARY 
PILOT SUCCESS
May 2022

Introduction

• Operator – MOL Hungary
• Field – Algyő
• Location – Onshore Hungary
• Trap Type – Structural Four-Way Dip-closure Trap 
• Formation Age – Miocene to Pliocene (Pannonian s.l.)
• Depth – 6,400ft
• Permeability – 200 to 700mD
• BHT – 98°C (208°F)
• Well – A-290

BACKGROUND

Algyő field is Hungary’s largest oil and gas accumulation located SE of the 
country close to the Serbian border. The field was discovered in 1965 and is a 
multi-reservoir field with three main reservoirs including Algyő-2 with the OOR 
pilot well A-290. 

Algyő-2 reservoir is a structural four-way dip-closure type of trap. The formation 
environment is delta interdistributary bay-fill and delta front and delta slope. 
The facies are distributary channels, mouth bar complex and delta front bars. 
The reservoir rocks are dominantly sandstone and aleurolite. The driving 
mechanisms are gas cap and natural water inflow. In the past the reservoir 
was exploited by 146 oil and gas wells although the current number of active 
producer wells are considerably less. Most of the wells produce with gas lift 
with water cut averaging higher than 95%. From 1969 till the end of the nineties 
water injection was applied to enhance the production and the recovery. Other 
small scale EOR technologies were also applied on a small area of the reservoir. 
The current recovery factor of the reservoir is around 47%.

>700% + 
ROI*

>2,600
barrel incremental

< 3 week
payback

* Incremental revenue over pilot cost
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MOL HUNGARY, PILOT SUCCESS

Organic Oil RecoveryResults

A- 290 OIL PRODUCTION AFTER REOPENING

WHAT OUR CUSTOMERS HAD TO SAY

Using Hunting’s guidelines, the preparation for the implementation is simple and easy. No need 
for expensive preparatory works and CAPEX. Implementation of the technology on the field 
(well treatment) is also simple, it needs only a mixing technology and a pumping unit. The pilot 
(ISMRA) on our Algyő well A-290 can be considered successful. The water analysis in the OOR 
lab showed good microbial response after the treatment with multiple growth of the original 
microbe count. The growth of microbes resulted in a decrease in water cut which increased  
net oil production.
– János Szelényi, MOL Plc.

Oil production (accounted) Oil production (tested) Base production (tested)



1 Organic Oil Recovery

Bahrain Rubble Pilot
August 2020

Introduction

• Operator – Tatweer Petroleum
• Reservoir – Rubble
• Location – Bahrain Field Onshore
• Formation Age – Late Cretaceous
• Rock Type – Carbonate (Limestone)
• Depth – 2,750 to 3,500 ft
• Permeability – 3.5 mD
• Oil Gravity – 18 °API
• BHT – 48°C (120°F)
• Well – A

BACKGROUND

In the Mishrif formation (locally know as Rubble) underlying the 
Aruma, the oil properties vary laterally across the structure. It is 
estimated that only 10% of Original Oil in Place (OOIP) to be light oil 
(20 to 30 API) mainly concentrated in the east and northeast flank 
of the reservoir, whereas the remaining 90% is classified as heavy 
oil (below 18 API). The gravity significantly decreases heading south 
until it reaches 12 API with viscosities reaching 400 cP. The current 
average reservoir pressure is estimated around 300 psia (initially 
600 – 700 psia) and temperature is ~120° F. The initial solution GOR 
is 28 scf/bbl and bubble point pressure is 316 psia. Water salinity is 
around 80,000 to 100,000 ppm NaCl.

Identify an alternative, cost-effective EOR technology to increase oil production and recoverable reserves in a 
heavy oil carbonate reservoir
Implement EOR technology with zero CAPEX outlay
Implement EOR technology with minimal logistical and operational considerations

CUSTOMER CHALLENGE

In Bahrain the late Cretaceous Mishrif formation is known as the 
(Rubble) limestone. Its name reflects its abuse by extensive erosion, 
karsting, faulting and fracturing. Two dominant fault sets exist, both 
associated with Late Cretaceous regional compressional events. 
NNE-SSW relaying faults dominant the axis of the anticline, whereas 
later NW-SE trending strike-slip wrench faults cut across the field, 
but most prominent on the structural flanks. Both fault sets extend 
below the Rubble, passing through the underlying LS2 and Ostracod 
formations. 

Fractures are associated with both faults sets. However, the NNE-SSW 
fractures include regional joints and thus form the overwhelming 
majority. Based on core and wellbore image logs, most joints are 
bed bound, however larger fault associated fracture swarms appear 
to locally breach the basal thin shale and argillaceous beds that 
separate Rubble from the underlying Ostracod formation. Faults 
and fractures were generated during uplift. Erosion and karsting of 
Rubble formation due to percolating meteoric water the fault and 
fractures walls are etched and irregular while their apertures are 
widened. Furthermore, due to the strike-slip stress regime and 
current Zagros regional compression, many Rubble fractures and 
some bedding planes are critically stressed and propped open.

•  410 barrels of injection quality produced water and nutrient mix (>%99 water, <%1 nutrient) injected at 2 barrels/min directly at the 
wellhead

•  Over-displacement of approximately 390 barrels of injection quality seawater at 2 barrels/min
•  Shut in Well for 7 days (Incubation period)
•  Second over-displacement of approximately 260 barrels of injection quality produced water at 2 barrels/min to push newly formed near 

well-bore ecology further into reservoir
•  Shut in Well for a further incubation period of 3 days
•  Return to Production

PILOT INJECTION PROCEDURE
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Petrogas Rima South Oman Pilot

Organic Oil RecoveryResults

RESULTS/INCREMENTAL OIL PRODUCTION

WHAT OUR CUSTOMERS HAD TO SAY

“OOR has proven to release additional trapped oil 
with a relatively small contact area in heavy oil.”

– Ammar Shaban, Tatweer Petroleum
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1 Organic Oil Recovery

Sockeye Field
Platform Gail
Offshore CA

• Operator – Veneco
• Asset – Sockeye Platform
• Location – Offshore CA, USA
• Trap Type – Structural
• Pay Zone – Lower Topanga Sand
• Formation Age – Middle Miocene
• Depth – XX,XXXft
• Permeability – 0.1 to 6,500mD
• BHT – 71°C (160°F)

Field was discovered in 1983, sanctioned in 1990, and produced first oil in 1993.

Sockeye Field is located in the Santa Barbara Channel, Offshore California . The
Sockeye Field reservoir is a broad NW-SE trending double-plunging anticline. It
produces from five reservoirs; Middle and Upper Sespe Sands, Lower and Upper
Topanga Sands and the Monterey formation. The field was discovered in 1970
with Platform Gail set in 739-ft of water in 1987. The Upper Topanga contains 
sour oil while the Lower Topanga contains light, sweet oil.

The Lower Topanga is 5’ to 50’ in thickness and is a poorly consolidated, high
permeability sandstone with continuity across the field being fairly good.

BACKGROUND

Introduction

>1,000% + 
ROI*

>25,000
barrel incremental

4% 
drop in water cut

< 1 week
payback

* Incremental revenue 
over pilot cost

By Ken Lund - Flickr: Oil Platform in the 
Santa Barbara Channel, California
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Offshore California

Organic Oil RecoveryPlanning & Execution

Well sampling and 
laboratory analysis

Pilot injection applicationInitial field screening

The application of the OOR Process® generally consists of the following steps: 

OOR APPROACH

The application of the OOR pilot process for the Scott field consisted of the following steps:

Step 1 – Field Screening of Reservoir Characteristics and Well Specific Data - Completed

Step 2 – Target Well Sampling & Laboratory Analysis - Completed

Step 3 – Precautionary small treatments to assess impact of nitrate injections

The In-Situ Microbial Response Analysis (ISMRA®) or Pilot Test is designed specifically to replicate the laboratory results in the reservoir. Produced water
samples were taken pre OOR nutrient injection and just after Well flow back. A significant production response is often observed; however, the most 
important aspect to this step is the microbial response observed in the laboratory from samples taken upon return to production.

Step 4 – Treatment with fully formulated Titan nutrient package

Step 5 – Follow-up treatments in five Upper Topanga in offset wells

Identify an alternative, cost-effective EOR technology to increase oil production and recoverable reserves

Implement EOR technology with zero CAPEX outlay

Implement EOR technology with a minimal offshore footprint

CUSTOMER CHALLENGE

• 108 bbl treatment using 100 barrels injection water and 8 barrels of Titan nutrients
• Displace into formation with 120 barrels injection water (200% displacement volume)
• Shut in Well for 7 days (Incubation period)
• Collect flowback samples as per OOR sampling guidelines and collection daily cuts and well tests

PILOT INJECTION PROCEDURE
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Offshore California

Organic Oil RecoveryResults

OBSERVATIONS

WHAT OUR CUSTOMERS SAY

"For us, it was a basic pumping operation. Very similar to 
a scale squeeze, although smaller volumes and therefore 
slightly more straightforward."

– Nigel Wallace,  Altus Intervention

“Promising results from an elegant EOR technology that 
can be implemented without a large offshore footprint”

– Andy Bostock, CNOOC International

• Significant Incremental Oil gain
• Lowered water cut following treatment
• No change to oil quality
• No change to separation efficacy (same oil-in-water content)

ER19 - Production History
Sockeye Field, Offshore CA
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Organic Oil Recovery - Resident Microbial Enhanced 

Production Pilot in the Scott Field (UKCS) 

R. Findlay1, A. Bostock2, C. Hill3, C. Venske1, M. Carroll3 

1 Hunting Energy Services; 2 CNOOC Petroleum Europe Ltd; 3 Titan Oil Recovery Inc 

 

 

Summary 
 
Introduction: 

CNOOC has been involved in a pilot study to determine the efficacy of Organic Oil Recovery (OOR, a unique 

form of microbial enhanced oil recovery) as a means of maximising oil recovery from its Scott field. CNOOC’s 

operated Scott asset came on stream in 1993 and produces crude oil and natural gas from the Scott, Telford and 

Rochelle fields. Scott is located approximately 188 kilometers northeast of Aberdeen in 142 meters of water.  

 

Methods, Procedures & Process: 

Organic Oil Recovery harnesses microbial life already present in an oil-bearing reservoir to improve oil recovery 
through changes in interfacial tension increasing the oil’s mobility and improving recovery rates and reservoir 

wettability.   These changes could increase recoverable reserves and extend field life through improved oil 

recovery with negligible topsides modifications. The pilot injection is implemented by injecting a specific nutrient 

blend directly at the wellhead with ordinary pumping equipment. The well is then shut-in for an incubation period 

and thereafter returned to production. 

 

Results, Observations & Conclusions: 

During initial laboratory testing of two Scott target wells the reservoir showed a diverse and abundant resident 

ecology which has been proven capable of undergoing the necessary characteristic changes to facilitate enhanced 

production. A pilot test was completed on well J17 in July 2020 and due to this application, both an ecology and 

production response has been proven. In addition to this response a drop in H₂S in both the Oil and Gas phase has 
been observed. The full method of implementation of the pilot test will also be discussed in detail and will include 

any challenges and/or successes in this area. The initial starting ecology of the wells will be demonstrated and 

compared to the ecology post-pilot. Additionally, a comparison of production and H₂S figures prior to and post 

the pilot implementation will be detailed. A correlation will be demonstrated between changes in ecology and an 

increase in production and a reduction in H₂S. 

 

 



 

 

IOR 2021  – 21st European Symposium on Improved Oil Recovery 

19-22 April 2021, Online Event 

Introduction 
 

Organic Oil Recovery (OOR) is a unique, tertiary enhanced oil recovery process. The fundamentals of 

the technology are based on the activation of microbial life resident in oil reservoirs with the purpose 

of increasing oil production. The technology can dramatically improve the mobility of oil trapped in 

tight pore spaces or on the oil-bearing rock to improve ultimate oil recovery.  

Through batch treating with carefully defined volumes of supplemental nutrients, the process 

significantly increases a specific microbial population. As part of their life cycle, those targeted 

microbes change in state from being Hydrophilic to being Hydrophobic through a process known as 

nutrient limitation. This change of state results in microbes moving to the oil/water interface, 

temporarily reducing surface tension, releasing and mobilising significant quantities of trapped and 

residual oil.  

Another important feature of the technology is its ability to tackle the root cause of H₂S formation by 

targeting specific species of microbes to outcompete Sulphate Reducing Bacteria (SRBs) which are a 

primary cause of this gas’s formation. 

 

Reservoir & Well Summary 

CNOOC Europe’s operated Scott asset came on stream in 1993 and produces crude oil and natural gas 

from the Scott and Telford fields. The Scott field is located approximately 188 kilometres northeast of 

Aberdeen in 142 metres of water. CNOOC Europe is the operating partner of Scott (41.89 %), with co-

venturers MOL Operations UK Limited (21.84 %) with Dana Petroleum E&P Limited (20.64 %), 

Edison E&P (10.47 %) and NEO Energy Ltd (5.16 %). 

The Scott field, located in the Outer Moray firth of the UK Central North Sea, is a structurally trapped 

Upper Jurassic reservoir. The field was discovered in 1983, sanctioned in 1990, and achieved first oil 

production and water injection in 1993. The Scott oil field is developed in the highly productive Upper 

Jurassic Humber Group sandstones of Oxfordian to Kimmeridgian age.  

 

The Scott field is structurally complex having been separated into four main pressure isolated fault 

compartments by two predominant fault trends. A NE-SW trend created by the Theta graben of block 

15/21, and an E-W trend created by N-S extension of the Witch ground graben.  

 

The reservoir permeability of the Scott field is generally excellent and has been favourable for a water 

flooded development. The permeability ranges from 0.1 – 6,500 mD, though a typical well has a 

permeability of 100 – 1000 mD. The average porosity is 15 % and the average initial water saturation 

is 10 %. 

 

The Scott oil field is at a depth of 10,500 – 13,500 fttvdss and was over pressured by 3,000 psi with an 

initial pressure of 8,500 psi.  The Scott oil is light (API 34º) and undersaturated, with a producing GOR 

of 800 scf/stb. The original reservoir temperature was 121ºC.  

 

Over the duration of the Scott oil field development there have been > 50 production wells and > 20 

water injection wells. After more than 25 years of production the oil field is in a mature stage of 

development with an average water cut of 90 %. There are now > 20 operating production wells, and a 

similar number of active injection wells.  

 

Treated seawater is supplied to the water injection wells at a temperature of 7 – 15 ºC. The bottom hole 

flowing temperature of the production wells is 120ºC, while the flowing tubing head temperature varies 

between 20 and 110 ºC. The variation of the flowing tubing head temperature reflects the liquid flow 

rate and the water cut of the individual wells rather than the reservoir temperature.  

 

The two wells chosen for initial sampling and microbial screening were J17 and J23. J17 is a production 

well towards the crest of Block 1b, close to the shallowest part of the Scott field. J17 is supported by 

subsea injection from the East manifold and has a liquid rate of > 10,000 bpd and an average water cut 
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of 90 %. J23 is a production well in Block 4. J23 is also supported by injection from the East manifold 

and has a liquid rate of <2,000 bpd and a water cut of 92 %. See Figure 1 for an outline of where both 

wells are located within the field. 

 

Following laboratory analysis J17 was selected for the production well Pilot of the Organic Oil 

Recovery (OOR) technology. The production history of J17 is shown in Figure 2.  

 

Prior to the Pilot implementation offshore the J17 short term production forecast was defined by 

CNOOC Europe. This forecast was important to ensure that a clear conclusion could be drawn on the 

production impact of the OOR Pilot. Ideally the well should be producing in a stable manner prior to 

the OOR pilot. 

 

In the three months prior to the OOR Pilot, J17 had been supported by improved water injection, with 

the well production improving substantially from May 2020 to July 2020. Further changes to the J17 

well performance included the water cut declining from 94 % in March 2019 to 90 % in June 2020, 

which when coupled with improved water injection made for the Pilot well being less stable than 
desired.   

 

Flush production following shut ins is also evident in the behaviour of J17. The extent of flush 

production is hard to predict, though a recent example from August 2019, following a 75 day shut in, 

allocated the initial flush rate to be 2,200 bopd, declining to 1,200 bopd over the following two months.  

Figure 3 outlines the J17 short-term forecast (not accounting for flush production) prior to Pilot 

implementation.  

 

 
 

Figure 1 – Scott field map showing the location of the J17 and J23 wells. This map was created by 

interpreting seismic data including areas of the TGS MF10-11 survey. We would like to thank TGS for 

giving their permission to share this image.” 
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Figure 2 – J17 Production History. 

 

 
Figure 3 – J17 short term forecast without an OOR Pilot treatment (without flush production impact). 

 

Field Screening & Initial Laboratory Work  
 

Initial OOR technology screening of CNOOC’s Scott field was completed in early 2018. Reservoir and 

well technical details were reviewed against OOR’s defined technical criteria to determine the 

suitability of the reservoir for OOR technology application. Parameters such as oil gravity, reservoir 

temperature, water salinity, water pH and reservoir permeability were closely considered. A summary 

of the main parameters aligned to the OOR guidance criteria is detailed below in Table 1. 
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Screening criteria Scott Field  OOR technical criteria  

Oil Gravity (API) 35 12 – 42  

Produced Water pH 6.7 6 - 8 

Reservoir Temperature (ºC) 121* <105 

Produced Water Salinity (TDS) 134,000 <215,000 

Reservoir Permeability (mD) 500 > 1 
 

Table 1 - Summary of Scott screening criteria. *Due to water injection history reservoir temperature was 

thought to have cooled sufficiently to support suitable microbial ecology. 

Following positive field screening results produced water samples were collected from the well heads 

of J17 and J23 on the 25th and 29th August 2018. For each well, 2 litres were required to be collected 

and sealed in four (4) 500 ml bottles. These were then taken onshore by helicopter and then sent via 

DHL Express to the Titan laboratory in Monrovia, California for analysis and growth studies.  

 
Figure 4 - J17 Scott sample bottles. 
 

Upon arrival at the Titan laboratory two (2) bottles of each well sample were sent to a separate genomics 

laboratory for DNA and RNA sequencing analysis to identify the microbial ecology present. 

Within the Titan laboratory spin and stains were completed on samples from the remaining two (2) 

bottles to assess whether living microbes were present. After the spin and stain the remaining fluid was 

taken through a thermal reactivation process by raising the temperature from 35 ˚C measured on arrival 

gradually over time for 3 to 4 days until the sample reached the minimum reservoir temperature of 74 

˚C. One bottle was carefully agitated in case any microbes had settled out and then individual samples 

were taken from this fluid to fill 10 tubes. Each of these tubes contained different OOR Process nutrient 

combinations and concentrations as well as 1 tube containing only sampled produced water as a control.  

The top of each tube was flushed with 100 % nitrogen to exclude as much oxygen as possible. These 

tubes were then incubated at 65 and 75 ˚C in a dry and dark incubator. Every 3 to 4 days the tubes were 

examined for any growth (usually seen as a gradual increase in turbidity or opacity). A little growth was 

observed after 3 weeks in the samples at 75 ˚C and a little more after 4 weeks of incubation. At this 

point samples were taken from the tubes which exhibited this growth, smeared on slides, fixed and then 

stained by the Grams differential method with slight variations due to the expected types of microbes. 

After staining and drying the slides were then examined under a high-power digital imaging microscope 

for abundance, type and morphology of microbes present and thereafter representative images were 

taken for documentation and later use for comparison post any Pilot Test (In-Situ Microbial Response 

Analysis (ISMRA)). In Table 2 laboratory results are shown from well J17 which demonstrate the 

microbial ecology present, and which was needed to support progression of the Pilot test in the field. 

 

Clear 
Slightly 

Hazy 

Lightly 

Hazy 
Hazy 

Slightly 

Cloudy 

Lightly 

Cloudy 

Moderately 

Cloudy 
Cloudy 

Very 

Cloudy 

Field Name: Scott 

Well Number: J17 

Incubation Details: Incubated at 75 °C 

Notes on Entire Set: 
(Smells, Sediments, 
Colors) 

Tubes had a slight amount of preciptate at the beginning, very little 

color and almost no oil 
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Tube Contents 
Tube Observations 

        October 1st, 2018 October 22nd, 2018 

1 No Nutrients Clear Clear 

2 1ml control 

Bacteria 

N/A - 

3 1X Nutrients Clear Very lightly cloudy 

4 0.1X Nutrients Clear Clear 

5 2X Nutrients Clear Lightly cloudy 

6 No Alpha Clear Very lightly cloudy 

7 No Beta and Alpha Clear Clear 

8 No Zeta and Alpha Clear Clear 

9 No Zeta Clear Clear 

10 No Beta Clear Clear 

The designations in Greek letters in the above table stand for various components of the nutrient 

recipe that are excluded in that test tube. 

 Staining performed on 23-10-2018 

Slide Slide Observations 

+  few 

++ more than a few 

+++ some to many 

 

1 + 

2 N/A 

3 + to ++ 

4 + 

5 + to ++ 

6 + to ++ 

7 + 

8 + 

9 + 

10 + 

Table 2 - Growth observation in full work up tubes. 

Imaging Studies J17 

In addition to the number of microbes, the type and the morphology are also reviewed. In the partial 

image in Figure 5 below an image of the microbes found in the produced water sample is shown that 

was labelled Tube 1 – Control, no nutrient supplementation. 
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Figure 5. High resolution image of Tube 1 control sample (partial image) shows very few microbes 

present of both rod and cocci (circular) type and mostly gram positive. Arrows point to examples of the 

microbes. 
 

Of the other tubes some growth was observed as shown within the partial image in Figure 6 below. 

 

Figure 6. Stained sample from a Tube containing a low level of a typical OOR nutrient combination 

(partial image). There has been an increase in microbe number with some exhibiting morphological 

changes associated with the activation that denotes a possible positive result. The arrow indicates rods 

now in groups known as “chains”. Both rods and cocci increased. 

The increase in microbe concentration in some tubes are typical of a positive response and indicate 

there were living extremophiles present in the samples collected that grew at 75 ˚C and have been 

activated and stimulated to grow in the laboratory study. 
 

Genetic Analysis for Sample J17 

 

• Two liquid samples were received on 15th Sept 2018 

• 16S quantification was performed by 16S qPCR 

• Archaeal and Bacterial populations of all samples were analysed in parallel by 16s 

metagenomic sequencing, using MiSeq platform 

• This approach robustly detects both bacteria and archaea 

There was a diverse presence of microbes including some that grow at surface temperatures between 

25 ˚C and 40 ˚C and are not considered extremophiles. These were likely to be contamination from the 

upper well bore piping or near the spigot where the sample was taken from. However, as shown in the 

pie chart in Figure 7 below approximately 75 % of the microbes were anaerobic which can grow at 

higher temperatures. However, the microbes present included many Sulphate-reducing bacteria (SRB) 

and Nitrite reducing sulfide oxidizing bacteria (NRSOB) species. There was one species of Archaea 

that is known to be a hyperthermophile capable of growing in temperatures in excess of 100 ˚C. There 

are some species present that will respond to the OOR Process. Most of these, grow between 65 ˚C and 

85 ˚C. Finding microbes that grow in a variety of extremophile temperature ranges indicates that due to 

the many years of water flood with low temperature water (approximately 7-15 ˚C)  there are areas in 

the reservoir that have temperatures below the temperature originally observed. 
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Figure 7 - Chart of relative abundance of each taxonomic type (based on percent presence) for well 

J17. 

No details of the laboratory analysis for well J23 is included within this paper however it was similar 

to the J17 study. For a number of technical and operational reasons J17 was chosen to progress the Pilot. 

Field Application  

Following successful laboratory analysis and microbial evidence which showed that resident 

microbiology within both wells J17 & J23 could be activated by OOR nutrient a Pilot test was initiated 

within well J17 in June 2020. The Pilot is typically applied in a single producing well to test a relatively 

small volume of the nutrient formulation created from the initial laboratory work described in the 

previous section.  

Rigging Up, Treatment Preparation & Mixing 

A closed line hard piping system was constructed offshore on Scott to allow for a surface water injection 

line to be suitably connected to well J17.  This system ensured that both water injection and the dosed 

nutrient could be safely and compliantly introduced to the producing well. A suitable system was 

already designed and in place for a Scale Squeeze campaign on Scott and this system needed only small 

modifications to make it suitable to be used for the OOR Pilot (see Figure 8). 

 

Figure 8 – Scott J17 OOR Pilot hard piping system. 
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3,480 litres of concentrated nutrient and 1,000 litres of de-ionised water was supplied offshore in five 

(5) partially filled 1 m3 Intermediate Bulk Containers (IBCs). All applicable chemical treatments 

which were being applied to either the producing well, the water injection line or water injection fluid, 

such as oxygen scavenger and corrosion inhibitor, were suspended for the duration of the pumping 

and shut in period.  

 

A pre-injection produced water sample was collected from the J17 wellhead prior to the well being 

shut-in before treatment. The nutrient and the de-ionised water were then closed line circulated 

together for 15 minutes to ensure the overall fluid volume of 4,480 litres was thoroughly mixed and 

evenly divided between each of the five (5) IBCs. 

 

To ensure that there was no contamination from any residual chemicals or other fluids or particulates, 

prior to any mixing or pumping all flow lines were flushed with injection quality seawater.  

 

Treatment Pumping  
 

At 10:26 am on the 28th June 2020 the 4,480 litres of diluted nutrient were dosed/spiked across 2,435 

barrels (387,100 litres) of injection quality water which was free from scale inhibitor and biocide using 

a pressure pump. The average rate of this dosing for the full 13 hours of nutrient injection was 4 

litres/minute. The injection rate into well J17 was initially set to 0.99 barrels per minute (bpm) until the 

tubing was full at a volume of 241 barrels after approximately 4 hours of pumping. At this point the 

injection rate was increased to 3.96 bpm for the remaining 9 hours of injection. During the entire 

duration of pumping the main treatment pressure within the well did not exceed 1800 psi. This was 

below the maximum stated treatment pressure on the well of 4,265 psi set by CNOOC Europe. (See 

Figure 9 for an outline of the Pilot equipment and positioning.) 

 

 
Figure 9 – Scott J17 OOR Pilot treatment equipment lay-down area. 

 

First Displacement – Post Treatment 
 

To ensure that the nutrients injected were pushed out into the formation the first of two over 

displacements of injection quality seawater was applied. This injection consisted of 411 barrels (67,400 

litres) pumped at a rate of 4 bpm. This injection equated to 150 % of the tubing volume and took 

approximately 1 and 3/4 hours to complete with the maximum pressure within the well not exceeding 

1800 psi. After the injection was complete all lines were bled down, and the well was shut-in for a 

period of 7 days at 02:00 on the 29th June 2020. 
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Second Displacement - Post Treatment 
 

To allow for the increased and activated population of resident microbiology to be pushed further out 

from the wellbore, a second over displacement of injection quality seawater was initiated at 02:00 on 

the 6th July. This injection consisted of 1,000 barrels (164,000 litres) pumped at a rate of 4 bpm. The 

pressure within the well during the second displacement initially reached 2,300 psi however over time 

and at the end of the pumping period this pressure had gradually dropped to 950 psi. After the injection 

was complete all lines were bled down and J17 was shut-in for a period of 3 further days at 06:50 on 

the 6th July 2020. 

 
Well Restart 
 

After the three-day shut-in period was completed the well was brought back onto production on the 9th 

July at 06:00. To help minimise the expected effect to the resident downhole ecology of bringing such 

a large well back into full service quickly, flow was brought back gradually through production choking. 

The production choking schedule completed offshore is outlined within Table 3.  

 

Date 
Production 

Choke 

9th July 2020 25% 

10th July 2020 50% 

11th July 2020 50% 

12th July 2020 50% 

13th July 2020 100% 

 
Table 3 - Return well to production choking schedule. 

 
Post Pilot Microbial/Production Response  

To understand the microbial response from the Pilot, water samples were taken daily, weekly and then 

monthly thereafter. The sampling schedule completed on Scott is outlined within Table 4 with each 

‘sample’ consisting of four (4) x 500ml bottles of J17 produced water.  

Date Sample # & Day from Injection 

28th June 2020 Pre-treatment sample 

9th July  Sample #1 – 3 hours after restart  

9th July Sample #2 – 7.5 hours after restart  

9th July  Sample #3 – 12 hours after restart  

10th July Sample #4  

13th July Sample #5  

15th July Sample #6  

23rd July Sample #7  

30th July Sample #8  

6th Aug Sample #9  

13th Aug Sample #10 

20th Aug Sample #11  

8th Sept Sample #12A  

20th Sept Sample #12B 

1st Oct Sample #13 

Table 4 – Post Pilot produced water sampling schedule. 
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Each sample was analysed in the Titan laboratory where the microbe content was assessed both for 

abundance and evidence of activation using a staining and imaging technique and a limited growth 

analysis to be sure the microbes were living. Figure 10 shows an example of an image from Sample #2 

(7.5 hours after well restart).  

 

Figure 10 - Image from Sample #2 staining showing activated microbes. The arrow points to a short 

chain of rod-shaped microbes. 

The laboratory image outlined in Figure 10 indicates that there were numerous microbes present, 

numbering approximately 3.2 million per ml. The pre-treatment sample had approximately 930,000 

microbes per ml indicating a significant increase in the microbial population resulting from the 

treatment process.  

In Table 5, an estimate of the microbes per ml in each sample is given to provide an overview of how 

the OOR Process has worked over-time post Pilot injection. The microbial populations from each post 

Pilot sample were calculated by using the microns per pixel of the laboratory microscope images 

extrapolated from the known volume of liquid placed on the slide aligned to the area over which the 

fluid is spread. The resulting number is accurate as regards the slide but may vary by up to a magnitude 

in the actual sample due to the small volume taken. The sample itself taken from the well is also small 

in comparison to the total water produced from the well each day. Nevertheless, if microbes in the 

millions are found post OOR treatment, it is a strong indication that the OOR Process has taken effect. 
 

Sample # 
Microbe 

count in field  

Microbe 

count/ml  
Notes / Observations 

2018 sample 

25-10-2018 
12 750,000 

Very, very few gram-positive rods and very few gram-positive 

cocci 

2020 sample 

26-04-2020 
16 1,000,000 Very few gram-positive rods and very few gram-positive cocci. 

Pre-

treatment 15 930,000 
Very, very few gram-positive rods and very few gram-positive 

cocci 

1 26 1,625,000 
Very few gram-positive rods and very few to a few gram-positive 

cocci, with very few in chains present 

2 52 3,250,000 
A few to more than a few gram-positive rods and a few gram-

positive cocci, with very few to a few in short chains present 

3 187 11,684,500 
Very few to a few gram-positive rods and some to many gram-

positive cocci, with very few to a few in short chains present 

4 25 1,562,500 
Very few to a few gram-positive rods and very few to a few gram-

positive cocci, with very few in chains present 

5 119 7,437,500 
Very few gram-positive rods and some gram-positive cocci, with 

very few in chains present          

6 114 7,125,000 
Very few gram-positive rods and some gram-positive cocci, with 

very few in short chains present 
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7 48 3,000,000 
Very few gram-positive rods and more than a few to some gram-

positive cocci, with very few in chains present 

8 33 2,062,500 
Very few gram-positive rods and more than a few gram-positive 

cocci, with very few in chains present 

9 37 23,125,000 
Very few gram-positive rods and more than a few gram-positive 

cocci, with very few in chains present 

10 48 3,000,000 
Few gram-positive rods and few gram-positive cocci, with a few 

short chains 

11 47 2,937,000 
Few gram-positive rods and more than a few gram-positive cocci, 

with a few in chains 

12A 187 11,687,500 
Few to more than a few gram-positive rods and more than a few 

gram-positive cocci, few in short chains 

12B 22 1,375,000 
Very few gram-positive rods and very few gram-positive cocci, a 

few in chains 

13 53 3,312,000 
Few gram-positive rods and few gram-positive cocci, few in short 

chains 
 

Table 5– Post Pilot produced water microbial populations (from slide counts). 

The pre-treatment sample taken had approximately 930,000 microbes per ml. This population was 
similar to the numbers measured within the original produced water samples taken in October 2018 and 

April 2020 to determine if this well was suitable for the OOR Process (see the first three entries of Table 
5 on the previous page). 

 
All the samples taken after the Pilot Test treatment and shut-in period had more microbes per ml than 

the pre-treatment sample. The presence of microbes increased with time for the first few samples and 
then began to drop off for a few days followed by a further increase in microbes towards the end of the 

sample period being reviewed. This is very typical of the OOR response as there is a first bloom of 
microbes followed by a die off as the nutrients move away from the well-bore, followed by a new wave 

of microbe growth and subsequent further die off. The nature of the sampling process provides a 
moment in time of the reservoir ecology and thus should be seen as indicative.  

 

In addition to the population increase there was also a clear increase in microbes which indicated a 
response to the OOR Process, where the nature or the microbe changes from being Hydrophilic to being 

Hydrophobic through nutrient limitation. The maximum number of microbes seen in this series was 
more than 20-fold higher than the pre-treatment sample. 

 
Within the sampling timeline, due to operational requirements water injection was turned off. The 

corresponding water samples showed a sharp drop in microbes per ml. Once water injection re-start had 
been completed microbial numbers had recovered to a certain extent. This may indicate that temperature 

changes in the oil-bearing structure due to the changes in injection water flow (injected water ranges 
from between 7 to 15 °C) have direct effects on the microbial ecology.   

 

Following well J17’s production re-start on the 9th July, a program of well testing was completed. Well 

tests on Scott are completed through connecting each individual well to the assets test separator. Seven 

(7) individual well tests of varying lengths were completed at planned intervals and the results are 

shown in Table 6. The first well test took place on the 14th July, 5 days after the well was re-started. 

This first test date was planned to both allow for the well’s production choke to be fully open at 100 % 

and to also allow shut-in flush production to have mostly diminished. Through analysis of all the past 

production shut-ins of J17 it was calculated that 1,000 barrels of the oil produced by J17 following the 

OOR treatment should be described as flush production due to the shut-in process. 
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Test date 
Duration 

Water 

Cut 
Oil Water 

Liq. 

Rate 

Injection 

volume - 

average rate 

for previous 

week 

H2S Oil 

 

H2S Gas 

(Hr) (%) (bpd)   (bpd)   (bpd)   (bpd)  ppmw    ppmv  

31-Jan-20 14 90.6 740 7,160 7,900 12,434 6.57  212.88 

11-Feb-20 24 90.7 758 7,348 8,106 11,530 9.32  266 

18-May-20 13 90.1 1,014 9,269 10,283 42,175 13.32  149.23 

24-May-20 11 89.9 1,102 9,835 10,937 46,697 13.83  146.84 

13-Jun-20 13 89.6 1,513 13,020 14,533 0 6.05  163.86 

25-Jun-20 24 90.1 1,171 10,695 11,866 3,444 5.42  151.89 

28-Jun-20  Pilot Nutrient Injection  

09-July-20  Well re-start 

14-Jul-20 17 86.8 2,358 15,505 17,863 39,714 5.06  171.15 

21-Jul-20 18 87.9 1,915 13,944 15,859 39,211 4.81  162.6 

02-Aug-20 14 88.8 1,712 13,594 15,306 37,349 4.85  94.25 

10-Aug-20 13 89.2 1,690 13,929 15,619 36,909 3.3  103.45 

19-Aug-20 16 89.9 1,561 13,883 15,444 0 4.91  87.91 

24-Sep-20 12 90.5 1,158 10,990 12,148 10,419 3.23  103.45 

29-Sep-20 14 90.2 1,075 9,933 11,008 9,077 3.81  93.41 

Table 6 – J17 Well Tests pre and post treatment. 

The first well test completed on the 14th July measured on average oil production rate of 2,358 barrels 

per day (bpd) with a total liquid rate of 17,863 bpd. The oil production rate was the highest tested rate 

for five years. Water cut within the first well test was measured at an average of 86.9 % which again 

was the lowest tested within a period of 5 years. Subsequent well test measurements also show that the 

H₂S concentrations in both the Oil and Gas phase had significantly reduced.   

The reduction in H2S concentration was not evident in the first two well tests following the trial, 

however the reduction has been seen in all subsequent tests and has been sustained up to the date of 

writing of this paper. The OOR Process is designed to encourage growth of microbes that do not form 

H₂S. This has the effect of out competing the Sulphur reducing microbes present (SRBs) as they 

normally use Sulphur as an energy source. It takes SRBs sometime to switch to another energy source, 

if they can do it all. It is this difference in metabolism that gives the competitive edge to the desired 

microbes. The large growth of microbes which do not form H₂S essentially use up the limiting nutrients 
before the SRBs can proliferate. The result of this process is often a decline in SRB population. 

However, since these microbes are the source of the H₂S, there is often already H₂S dissolved in the 

water and oil which will take some time for that to be produced at the well head. The effect will begin 
to be seen when the lack of replenishment from the declining SRBs causes a gradual decline in produced 

H₂S that can fall as much as 50 % and remain at that level for an extended period of time.   

Analysing the post treatment well test numbers against the pre-treatment forecast, as seen in Figure 11, 

it can be cautiously interpreted as showing a response in the production. This response persisted for 

more than a month from well re-start. Similarly, the well test water cut of the fluid showed significant 

change following OOR treatment, shown in Figure 12 on the following page. When these numbers are 

considered against the laboratory results, particularly the microbial population outlined within Table 4, 

they point to a potential correlation between the production and microbial response.   
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Figure 11 – Comparison of OOR Pilot treatment results against the pre-treatment forecast. 

 

          
 
Figure 12 – J17 well test water cut. 

 

Conclusions 
 

During the initial laboratory testing of well J17 the reservoir showed a diverse and abundant resident 

ecology which has been assessed, through the application of an OOR Pilot test, of being capable of 
undergoing the necessary characteristic changes to facilitate enhanced production. The Pilot test results 

demonstrated a strong microbial and encouraging production response, which potentially demonstrates 
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that Organic Oil Recovery technology may be successfully applied to large offshore producing wells. 

The proof of this application may only arrive following an injector producer field trial. A correlation 

between the microbial and production responses has been implied through the mapping of microbial 

population growth and microbial nutrient limitation against the predicted production response. 

 

In addition to this response, a drop in the concentration of H₂S in both the Oil and Gas phase was 

observed. Due to the volumes involved in the Pilot Test phase it was thought unlikely that a significant 

drop in both phases would be seen, however this effect continued for some months post injection. There 

is also evidence in the form of well test measurements supported by laboratory analysis which suggests 

that this effect continues to persist. Further studies and nutrient formulations will be considered for 

wider application of the technology on Scott to assess its ability to manage H₂S production at source. 

 

Due to the results of the pilot test a wider technology application on Scott targeting water injection and 

supported wells is being considered. The ability of the injected nutrient to affect as large a part of the 

reservoir as possible, and thus the resultant resident ecology, increases the chance of a larger and more 

sustained production response. 
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Abstract 
A Microbial Enhanced Oil Recovery (MEOR) application in the Big Wells Field located in Dimmit County, Texas has shown 
a significant improvement in production—both oil rate and water cut performance.  As a result of a specific nutrient injection 
designed in the laboratory to stimulate in situ, naturally occurring microbes, for this San Miguel sandstone reservoir and its 
microbial ecology, a marked improvement was seen in the two producing wells to which the treatment was applied.  The 
water cut in one well improved from fifty per cent to fifteen percent.  The water cut in a second well improved from fifty-five 
to thirty-five percent.   
 
Although previous field applications of this MEOR process had shown increases in oil production and decreases in water 
production, water production in this application was completely stopped for a brief time as a result of the treatment.  This 
paper reviews the Big Wells producing well treatments and their results.  A specific look at the oil release mechanism of this 
MEOR process offers an explanation as to how the oil released by these treatments impacts the relative permeability of fluids 
in the reservoir near the treated wellbores as demonstrated in the field producing well treatments.  Similar benefits are seen 
during the treatment of water injection wells related to performance in adjacent producing wells.  
 
The significance of this application is that field evidence supports that production improvements result from the release of oil 
in sufficient quantities to change the near wellbore relative permeability to both oil and water. Also, it demonstrates that this 
MEOR technology can be successfully applied to reservoirs in this geographical area and extends the lower threshold for 
formation permeability suitable for treatment.  Having been successfully applied in other parts of North America, this is an 
important application of this MEOR technology in Texas.  

 
Introduction 
Between July 2007 and the end of 2011, there have been 183 applications of MEOR to enhance recovery of North American 
waterfloods in a programmatic approach of organic oil recovery.  Organic oil recovery results from the management of the 
indigenous microbial ecology to facilitate the release of oil in the reservoir.  The application of this process typically consists 
of five steps:  1) initial field screening, 2) well sampling and laboratory analysis, 3) application of the nutrient formula 
developed in the laboratory to a single producing well to assure the microbial response under actual field conditions 
replicates lab results, 4) pilot testing (if applicable) in a representative portion of the waterflood and 5) full-field application.  
Forty-four treatments have been applied to forty-one producing wells and one hundred and twenty-three treatments have been 
applied to forty-one injection wells.  From the results available to date, on average the wells and their adjacent producers 
have seen an oil production increase eighty-eight per cent of the time.  On average, these applications have resulted in a 
102% increase from pre-treatment rates to post-treatment maximum rates.  Table 1 shows the results available as of January 
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1, 2012.  The two treated producers were in the Big Wells field and were considered as step #3 in the above five-step 
approach to field treatment. 
  
Table 1. Over one hundred and eighty applications were performed in 98 wells through 2011. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Field Background 
The Big Wells Field is located in south Texas about 149 miles (240 km) southwest of San Antonio. The field was discovered 
in 1969 and waterflood operations were initiated in 1971 on an inverted five spot pattern.  In 1974 infill drilling was started 
because of very poor waterflood response on 80 acre (32.4 ha) well spacing. 
 
The main producing zone of the Big Wells Field is the San Miguel/Olmos formation.  This formation is a very silty and 
shaley (calcareous) sandstone with very fine grain sand and mica. This reservoir is 5,500 feet (1,676 meters) deep. Gross pay 
is estimated to average 200’ with net pay of 50’.  The porosity is 20% and the permeability 40 md. Bottom hole temperature 
is 178oF (81oC).  The oil gravity is 33oAPI and the oil viscosity is 2.5 cp at reservoir temperature. 
 
Produced water has total dissolved solids (TDS) of 34,000 ppm with sodium, calcium and magnesium the dominant cations. 
The dominant anion is chloride at 23,400 ppm. The water composition would tend towards a positive scaling potential.  From 
a microbial perspective, the San Miguel formation is moderate to high in temperature and low to moderate in TDS. 
 
Current production is 90 BOPD, 96 BWPD and 26 MCFPD from the Atinum properties.  Prior to treatment, oil production 
was noted to create an emulsion, which occurs during production and is somewhat difficult to break. On the Atinum leases 
there are 14 producing wells, 68 idle wells and 1 water disposal well.  The waterflood has been inactive for twenty years, 
although the operator is considering the reactivation of the waterflood.  Cumulative production is 5 million BO, 1.4 million 
BW and 4 BCF of gas from the Atinum properties. In 1986 cumulative production from the entire field was reported to be 6 
million BO.  With 31.5 million barrels OOIP, 19% of the OOIP had been recovered from the Big Wells Field when well 
spacing was on 80 acres. (Reviere, R. H.  1986).    

 
Oil Release Mechanism   
Unlike many previous attempts at MEOR, this organic oil recovery process does not attempt to introduce microbes into the 
oil-producing reservoir (Sheehy, A. 1990).  Instead, indigenous microbes are stimulated to grow and reproduce due to the 
introduction of a reservoir-specific mixture of environmentally benign nutrients.  The approach needs to be customized to 
accommodate the different microbial ecologies in each reservoir. In the ideal application, the water injection system becomes 
the transport medium for the nutrients, distributing the nutrients throughout the reservoir. By activating certain species of 
microbes, changes in the flow characteristics of the oil are affected and induce the reservoir system to release additional oil to 
the active flow channels (Town, K. 2010). Stimulated microbes act at the interface of reservoir oil and water altering the flow 

Summary

Number of 

Wells

Number of 

Treatments

Number of 

Increases

Success 

Rate

% Oil 

Increase

PRODUCERS 41 44 32 78% 186%

Pending 1 1

INJECTORS 41 123 40 98% 35%

Pending 15 15

ALL WELLS

Wells Treated- 

Confirmed Results 82 167 72 88% 102%

Wells Treated - Pending 16 16
TOTAL 98 183

* Pending: waiting results.
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potential in the producing formation.  In the higher permeability portions of the reservoir, newly released oil, water and 
microbes may interact to form a transient (temporary) micro-emulsion that may alter the sweep efficiency of the injected 
water as it moves through the reservoir but this is not seen in all cases based on surface indicators. Based on laboratory data, 
it is believed that in a waterflood, this process can recover up to an additional 10% of the original-oil-in-place. (Davis C. P. 
2009) 

 
Reservoir Screening and Lab Work 
The application of this organic oil process typically consists of five steps:  1) Initial field screening, 2) Well sampling and 
laboratory analysis, 3) Apply the nutrient formula developed in the lab to a producing well to determine the microbial 
response is maximized, 4) Pilot testing (if applicable) and 5) Full-field application.  Because the waterflood has been inactive 
for a number of years, the normal five steps could not be followed.  For Step 3, Atinum planned to treat two producers after 
the completion of the lab work to check the field response to the laboratory-developed nutrient mixture.  
 
Although most of the parameters of the Big Wells Field were well within the range of past successful application, some 
specific characteristics of the Big Wells Field placed the field at the margins for successful treatment. There were two 
primary concerns.  One concern was the ability of an organic oil recovery process to work in reservoirs of permeability of 
less than 50 md, previously believed to be the lower limit of MEOR applications.  A second concern was the low energy level 
of the reservoir.  Even if the process worked, would the reservoir have enough energy to move the released oil to the 
producing wellbore? Reservoir temperature was also on the high-end of normal treatment parameters.  
 
In January 2010, produced fluid samples from both wells A-8 and B-17 were taken and shipped to the laboratory for detailed 
analysis.  Based on the lab work, it was determined that the targeted microbes were present and that they responded well to 
nutrient stimulation.  See Table 2 for an example of the increase in number of microbes and the number of oil interactive 
forms.   
Table 2.  Targeted Microbes Respond Well to Nutrients. 
 

Well Number of 
microbes* 

Microbial 
biodiversity* 

Oil-interative 
microbes* 

B-17 
January 21, 2010  
Low nutrient levels 

Greatly 
Increased 

Increased Greatly 
Increased 

B-17 
January 21, 2010  
High nutrient levels 

Greatly 
Increased 

Increased Greatly 
Increased 

 *Comparison to untreated produced fluids 
 

Producer Treatment Summary 
Preliminary screening of the field and microbial assessment of produced fluid samples led to the injection of nutrients into 
Big Wells A-8 and B-17 on November 3, 2010.  Produced water was stored in temporary tanks near the wellheads prior to 
treating the wells. A chemical tote of specially blended nutrients developed from the lab work was delivered to each of the 
wells to be treated. The nutrients in each tote were blended with 100 barrels of produced water and displaced with produced 
water into the producing formation.  The treatments were injected down the casing-tubing annulus and no rig was required to 
pull either the rods or the tubing.  The nutrient treatments were injected at very low pressure and there was no difficulty in 
pumping the treatments in spite of the reservoir’s low permeability.  See Table 3 for injection rates and pressures. 
 
 
 
 
 
 
 
 
 
Table 3. Treatment and Displacement Parameters 
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It is unknown why the injection pressure increased during displacement.  Annular volume is about sixty barrels so it is not fill 
up.  There are several possibilities of why pressure might increase including fines and particulates.  Injection fluids were not 
filtered.  So, it is likely to be particulates in the tank, where produced water was accumulated and stored for the treatment. 
After pumping Titan nutrients into the reservoir, the wells were shut-in for nine days to allow the microbial stimulation 
processes to proceed. The wells were returned to production on November 10, 2010. 

 
Microbial Response 
Wellhead samples were collected from November 10, 2010 once the wells were put back on production. Samples were taken 
over four weeks of production.  As production recommenced, reservoir and annulus fluids, nutrients and microbes move and 
mix. Early samples are representative of microbial activity in the wellbore, tubing and casing.  Later samples are increasingly 
representative of the microbial interaction effects further from the wellbore.   Overall, the number of microbes grown was 
greater than expected as the numbers exceeded those experienced in the lab. From a microbial perspective, the treatments 
were very successful. Duplication of lab results is the ultimate goal of this step in the process but precise replication is rarely 
obtained because conditions are far from ideal in the reservoir.  Given the technical difficulty involved, the microbial 
response in these wells was outstanding.  However, there remained the concern as to whether significant amounts of nutrients 
were able to penetrate the formation. There was also a concern in that there may not have been enough energy in the reservoir 
to move oil released by microbial stimulation caused by the injection of the nutrient mixture. 

 
Production Results   
During the month prior to treating, Well A-8 produced an average of 7 BOPD + 8 BWPD, 53% water cut. Following the 
treatment, Well A-8 started to exhibit changing water cut performance in early January 2010.  On January 9, it produced 7 
BOPD + 5 BWPD, 42% water cut.  Production slowly improved to 9 BOPD and 4 BWPD, 31% water cut in July.  See Figure 
1 for A-8 production.  Because of this production response at A-8 additional produced fluid samples were requested from 
both wells.  This is when the field reported that well B-17 was not making any water and a water sample could not be taken.    
Figure 1.  A-8 Production  
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Well

A-8

B-17

Treatment Displacement

Volume 

(Barrels)

Average 

Rate

Maximum 

pressure

Volume 

(Barrels)

Average 

Rate

Maximum 

pressure

105 1.7 BPM 30 psi 125 1.6 BPM 480 psi

111 1.8 BPM 30 psi 120 0.8 BPM 170 psi
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Prior to treatment, Well B-17 was producing 11 BOPD and 11 BWPD, 50% water cut.  Two days after being returned to 
production, Well B-17 showed a quick production peak of 21 BOPD + 18 BWPD, 46% water cut on November 15, 2010.  
This was a little surprising since a two-day shut in during January 2010 did not show any production increase.  Within a week 
production settled down at 11 BOPD + 11 BWPD, 50% water cut until March when it was verbally reported not to be making 
any water.  On March 11, 2011, B-17 was making 13 BOPD + 2 BWPD, 13% water cut.  Its water cut has slowly risen since 
then.   
 
Figure 2.  B-17 Production 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Discussion 
Typically in a mature waterflood, oil occurs as isolated trapped immovable droplets that have little or no relative permeability 
to oil due to high in situ water saturation.  Residue hydrocarbons tend to bond and coat the reservoir grains and act as pore-
filling material.  In a very mature waterflood, generally only water can flow toward the well bore (Schowalter 1999). The 
little bits of oil that are produced tend to be dragged to the producers as water moves through the pore channels. 
 
As previously discussed, this organic oil recovery process releases oil that would normally be trapped within the reservoir.  
Although water cut changes have been reported previously in applications in California (Zahner 2010) and Saskatchewan 

(Town 2009), water cut in this application dropped to zero, albeit briefly.  Despite the relatively low rate of production in this 
field (both oil and water), the authors believe that substantial oil was released near wellbore as a result of the nutrient 
treatment and this release of oil resaturated the producing channels in the reservoir rock.  This resaturation of the reservoir 
changed the relative permeability of both the oil and water and resulted in lower water flow and improved oil flow.  To 
increase the relative permeability to oil and decrease the relative permeability to water, the oil saturation would have to 
increase and the water saturation would have to decrease.  See Figure 3, Relative Permeability Curve.   To increase the 
relative permeability to oil enough to eliminate all water flow, the oil saturation would have to increase significantly.  The 
very low reservoir energy prevented a more dramatic increase in oil production in this instance despite the apparent saturation 
changes. However, the oil release and change in relative permeability is significant in terms of the observed flow character as 
it might occur in other, higher-energy fields. 
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Figure 3.  Typical Relative Permeability Curve6 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Conclusion 
The nutrient application targeting specific microbes was proven for this field in the successful application in two producing 
wells.  These producer treatments confirmed the effectiveness of using nutrients in creating an effective biological response. 
The addition of nutrients was effective in creating long-term growth of desired microbial species and the creation of large 
numbers of hydrocarbon interacting forms of microbes.  There is no doubt that the production response was a direct result of 
the nutrient stimulation even though the absolute volume of production was low.  This is the first successful application of 
MEOR or organic oil recovery in a reservoir with permeability as low as 40 md.   
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MEOR Success in Southern Saskatchewan
K. Town, Husky Energy, and A.J. Sheehy and B.R. Govreau, Titan Oil Recovery, Inc.

Summary
A microbial enhanced-oil-recovery (MEOR) process was success-
fully applied in a mature waterflooded reservoir in Saskatchewan, 
Canada. A nutrient solution, which was designed specifically for 
this reservoir to stimulate indigenous microbes to grow, multi-
ply, and help to release oil, was tested and piloted. A significant 
decrease in water cut and increase in oil production have been 
realized through the selective stimulation of bacteria using nutri-
ent injection.

The field is a mature waterflood averaging more than 95% 
water cut. To combat the increasing water-cut issue, an in-situ 
microbial response analysis (ISMRA) was performed on a typical 
high-water-cut producer in the area. The test well was treated with 
a nutrient solution and then was shut in for a number of days to 
allow indigenous microbes to grow and multiply. Upon return to 
production, the well produced at an average of 200% more oil with 
a 10% decrease in water cut for a year. Pretreatment rates averaged 
1.2 m3/d of oil (8 BOPD) and post-ISMRA treatment daily produc-
tion peaked at 4.1 m3/d of oil (26 BOPD). The ISMRA provides 
a direct support of laboratory studies and frequently increases oil 
production.

As a result of the successful ISMRA, a pilot project was initi-
ated and the nutrients were applied in three batch treatments on 
an injector with three offset production wells. Three weeks after 
the first batch treatment, a water-cut decrease was seen at one of 
the offset producers. This well’s oil production gradually increased 
from 1.4 to more than 8 m3/d (9 to 50 B/D). Oil production in 
another producer doubled from 1.5 to more than 3.0 m3/d (9 to 19 
B/D). Subsequent treatments were tried on marginally economic 
wells and on a reactivated idle producer. The average decrease in 
water cut in these wells was more than 10%. On the idle well, oil 
production increased from 0.5 m3/d (3 B/D) pretreatment to an 
average of 3.0 m3/d (19 B/D) post-treatment.

Throughout the world, there remains a huge target for enhanced-
oil-recovery (EOR) processes to target (Bryant 1991). This suc-
cessful MEOR application will have a tremendous impact on 
ultimate recovery in many of these reservoirs not only through an 
increase in production, but a decrease in operating costs through 
associated reduction in lifting costs with less water production.

Introduction
Trial Field. The trial fi eld is located in the southwest corner of 
the province of Saskatchewan, Canada, southwest of Swift Cur-
rent. The trial fi eld produces from the Upper Shaunavon sand. The 
fi eld was discovered in 1952, and the waterfl ood was started in 
approximately 1967, initially set up as an inverted-fi ve-spot pattern 
on 80-acre spacing.

The Upper Shaunavon sits on a structural high and has three 
members. The upper member is very high quality sand and an 
excellent reservoir. The middle member, a poorer quality sand 
than the upper member, is isolated from the upper member. The 
lower member is a tight mixture of sands and shales. The average 
porosity ranges from 21.5% in the upper member to 15.2% in the 
lower member. The average permeability ranges from 567 md in 
the upper member to 53 md in the lower member. The average net 
pay is 2.6 m (8.5 ft) in the upper member, 1.8 m (5.9 ft) in the 

middle member, and 1.4 m (4.6 ft) in the lower member. Reservoir 
temperature is 47°C (117°F). Reservoir depth is 1200 m (3,927 ft). 
Total dissolved solids of the produced water are 10025 mg/L.

Cumulative oil production is 3.3 million m3 (21 million bbl), 
with average recovery of approximately 29% of the original oil 
in place. Like most waterflooded reservoirs, low recovery makes 
the Upper Shaunavon an ideal EOR candidate. Oil gravity is 
22–24°API. Current oil production is 62 m3/d (391 B/D), with 
1300 m3/d of water (8,190 BWPD) and 4250 m3/d of gas. Current 
injection is 1700 m3/d (10,700 BWPD).

The MEOR Process. MEOR is a group of processes based on 
increasing oil recovery by use of bacteria. In general, the mecha-
nisms can be grouped into those which alter oil, water, reservoir, 
or interfacial properties, usually through mimicry of chemical EOR 
processes and those that use the biological mass (biomass) for fl ow 
diversion (Gao 2009). MEOR traditionally has involved the injec-
tion of particulate bacteria and the food they need to generate the 
EOR chemical or biomass. 

There are very few documented applications of successful 
MEOR projects in waterfloods. Most successful MEOR applica-
tions are single-well treatments that would be better described as 
wellbore cleanup. Although the first evaluation of this process was 
on a production well in the Alton field in Australia (Sheehy 1990), 
this process targets mature oil fields currently using conventional 
water-injection (waterflood) operations as a means of secondary 
recovery. Unlike previous attempts at MEOR, this process does 
not attempt to introduce microbes into the oil-producing reservoir. 
Instead, through a sophisticated analysis of field-specific crude oil 
and water, microbes that are naturally indigenous to the oil res-
ervoir are identified and quantified (Davis 2009). On the basis of 
laboratory techniques, analysis, and specific field-test procedures, 
a “designer mixture” of naturally occurring nutrients is formulated 
and released into the reservoir by means of the water-injection 
system. Although the nutrient additives are proprietary, the nutrient 
mixture is made up of a solution of salts, ammonium nitrate, and 
organic compounds. The water-injection system becomes the trans-
port medium for the designed nutrient formulations. The reservoir 
is treated with a targeted and unique nutrient formula. The process 
is designed for crude-oil production and is not currently suitable for 
either natural-gas or condensate fields, nor is poorly mobile oil cur-
rently a target of this process. Certain species of resident microbes 
have a cellular change resulting in an affinity for oil instead of 
water. Attracted to oil, these resident microbes move to and insert 
themselves into the oil/water interface around any trapped oil in 
the reservoir. The flow characteristics of the trapped oil are affected 
by the presence of microbes at the oil/water interface. The changes 
in the oil/water/rock/bacteria interfaces result in the deforming of 
the residual oil, allowing small droplets to form and be released 
into the active flow channels of the reservoir. Fig. 1 shows how 
microbes work at the oil/water interface to help release oil. In very 
highly permeable portions of the reservoir (“thief zones”), newly 
released oil, water, and microbes can interact to form a transient 
(temporary) microemulsion, which effectively alters the sweep 
efficiency of the injected water as it moves through the reservoir 
to improve current production and ultimate recovery.

Reservoir Screening and Laboratory Work
The reservoir parameters were reviewed to determine if this reser-
voir is a good candidate for MEOR. There are two main criteria for 
a good candidate reservoir: mobile oil and the presence of specific 
species of microbes. In spite of relatively low oil gravity in the 
target field, the reservoir had good waterflood response, indicating 
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that the oil is mobile. With the reservoir’s moderate temperature 
of 47°C (117°F) and with produced water with only 9500 mg/L of 
chlorides, it was very likely that microbes were present in the res-
ervoir. Laboratory analyses of bacterial growth were conducted on 
the samples of produced water. Incubations were established with 
a range of nutrients and concentration of nutrients. The samples 
were examined by microscopy for evidence of cellular changes. 
Bacterial-growth patterns and replication rates consistent with the 
nutrients used as supplements were observed. Equally important, 
the nutrient manipulation resulted in the growth of a subpopula-
tion of bacteria capable of interaction with the oil/water interface. 
Specific nutrient combinations resulted in optimal potential for oil 
recovery and were recommended for use in this reservoir.

Field Application
The application of MEOR to the field has been performed in 
stages. First, the nutrients developed in the laboratory were used 
in treating a producing well. When the appropriate microbial 
response was observed, the second step was to treat an injection 
well. Since these were both successful, additional applications are 
being administered in both producers and injectors. A description 
of each step and the result of each step follow.

ISMRA. Once laboratory work is complete, the formula devised 
specifi cally for this reservoir is applied to a producing well in a 
cyclic treatment. This is called ISMRA and is done mainly to 
confi rm that the appropriate microbes are stimulated. Table 1 
gives details of the number of bacteria, bacterial biodiversity, and 
the proportion of hydrophobic bacteria present. Results are semi-
quantitative for presentation purposes.

Pretreatment samples showed a low number but diverse range 
of resident bacteria. Very few of these were hydrophobic oil-inter-
active forms. After nutrient treatment, the number of bacteria and 
number of oil-interactive forms increased dramatically. However, 
the biodiversity decreased because of the selective nature of the 
nutrients used.

The post-treatment samples showed the emergence in the field 
of hydrophobic oil-interactive forms. There was a substantial 
similarity between the bacterial-growth patterns observed in the 
laboratory and from post-ISMRA produced-water samples. Over-
all, post-treatment samples may produce different population sizes 

compared to the laboratory, but the ratio of hydrophobic to total 
bacteria remains constant.

Often this treatment also results in an increase oil production. 
On 6 December 2007, ISMRA was performed on Well A in Trial. A 
1.3-m3 (8-bbl) tote of chemical nutrients solution was mixed with 
13 m3 (82 bbl) of injection water. The nutrient solution was injected 
into Well A through the tubing-casing annulus and displaced with 
27 m3 (170 B) of injection water. Well A was then shut-in for 7 
days to allow specific indigenous microbes to grow and multiply as 
a result of the nutrient stimulation. On 13 December, Well A was 
returned to production. Results were encouraging. The targeted 
species of microbes grew and reproduced exceptionally well.  Also, 
oil production increased, with an associated decrease in water cut. 
Pretreatment daily production average for Well A was 1.2 m3 of 
oil (8 BOPD) and 20.8 m3 of water (131 BWPD), a 94% water 
cut. Post-ISMRA-treatment daily production peaked at 4.1 m3 oil 
(26 BOPD) and 19.0 m3 of water (120 BWPD), an 80% water cut. 
Well A is still seeing incremental production with current daily 
production of 2.2 m3 oil (14 BBL) and 21.0 m3 water (132 BWPD), 
a 91% water cut. There was no change in the character of the pro-
duced fluid reported, and no treating problems were noted. This 
single-producing-well application result exceeded expectations by 
delivering approximately 500 m3 (3,150 bbl) of incremental oil. 
The water cut, percent water produced,) also decreased signifi-
cantly, which was another positive result of the treatment from an 
operating perspective. See the production graph in Fig. 2.

Pilot. Now that the nutrients had been proved to be appropriate for 
this reservoir, a pilot project was initiated. Injection Well B was 
chosen for the pilot. It has three offset producers, Wells C, D, and 
E. The pilot area is depicted in Fig. 3. The intent of this pilot test 
is to document the production response from the application of 
the MEOR process. In addition to a production increase, a micro-
emulsion may form in the reservoir, which will manifest itself at 
surface with lower injectivity in the pilot injector. The injection rate 
has been maintained on Injector B, and there has been no change 
in injectivity, which implies that no emulsion has formed. Also, 
there has been no indication of a microemulsion forming in the 
produced fl uids (Fig. 4).

The injector was batch treated with the nutrient solution, which 
was pumped down the injector and displaced into the reservoir 

Flow 30 cm/d

Oil

Brine

Oil Microdroplet Formation
Pore throat

Hydrophobic ultramicrobacteria
intact and lysed cells

Fig. 1—Oil-release process: Microbes migrate to the oil/water interface to help break up the oil.

TABLE 1—WELL A COMPARISON OF BACTERIA RESULTS 

Well
Number of 
Bacteria 

Bacterial 
Biodiversity 

Hydrophobic 
Bacteria 

 Pre-ISMRA no nutrients + ++ to +++ +/–
 Pre-ISMRA with nutrients ++++ ++ ++++ 
 Post-ISMRA 30 minutes ++++ + ++++ 
 Post-ISMRA 3 days ++ to +++ ++ +++ 
 Post-ISMRA 5 days ++ to +++ +++ +++ 

+/– Sparse; + few; ++ moderate; +++ many; and ++++ numerous.
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with an additional 200% of the tubing volume of injection water. 
On 24 April 2008, Injector B was treated with a 1.3-m3 (8-bbl) 
tote of chemical-nutrient solution, which was mixed with 16 m3 
of injection water. After being injected, the nutrient solution was 
displaced with 32 m3 (200 bbl) of water. Allowing the microbes 
time to incubate and populate, injection into Well B was limited 
for the next 8 days. Injected volumes were 10, 20, 50, and 75% 
of normal injection across the 8-day period.

After the nutrient injection, wellhead samples from the first 
offset production wells of the treated injector were taken and 
analyzed in the laboratory. Samples were tested by culturing and 
analyzing to determine changes in microbial composition and 
growth. The producers were monitored continually for rates, fluid 
levels, and produced-water chemistry. From this information, the 
coordination and scheduling of additional treatments were deter-
mined. Subsequent batch treatments were conducted on 29 July 
and 3 December 2008.

On 10 May Well C increased from daily production of 1.5 m3 
of oil (9 BOPD) and 50.2 m3 of water (316 BWPD), a 97% water 
cut, to 4.6 m3 of oil (29 BOPD) and 51.8 m3 of water (326 BWPD), 
a 92% water cut. Production continued to improve and the well 
peaked at 10.0 m3/d of oil (63 bbl) and 68.0 m3 water (428 BWPD), 
an 87% water cut. First response was expected in Well C because 
it is the nearest adjacent producer and it produces the most fluid. 
Current production shows a 350% increase in oil production and 
an 8% decrease in average water cut. Laboratory analysis shows 
that the targeted species of microbes grew and reproduced excep-
tionally well in Well C. Many microbes were in their hydrophobic 
state, in which they move to the oil/water interface and help to 
release additional oil (Fig. 5).

Gradually, positive response has been seen in the E offset pro-
ducer. Starting at daily production of 1.5 m3 oil (9 BOPD) and 25 
m3 of water (158 BWPD), a 94% water cut, daily production peaked 
at 3.0 m3 of oil (19 BOPD) and 38.3 m3 of water (241 BWPD), a 
93% water cut. Current production is 1.9 m3/d of oil (12 BWPD) 
and 36.8 m3 water (232 BWPD), a 93% water cut (Fig. 6).
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Fig. 2—Producing Well A responds to cyclic treatment of nutrients.

Trial Field  

     Key Injector  

     Key Producer  

Pilot 
Area

Well G 

Well A

Well F 

Well K 

Well E 

Injector B 

Well C 

Well H 

Well D 

Well L 

Injector I 

Well J 

Fig. 3—Partial field map.
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Fig. 6—Producing Well E responds to treatments in offset Injector B.

To date, no response has been seen in the other offset well, 
Producer D. This is not a surprise because transit time from 
Injector B is very likely to be longer, on the basis of well loca-
tion, reservoir volume, and injection conformance. Well D daily 
oil production remains at 0.5 m3/d of oil (3 BOPD) and 1.5 m3/d 
of water (9 BWPD). Laboratory analysis of produced fluids from 
Well D indicates that only a small number of microbes are present. 
The low microbe concentrations in Well D indicate that the nutrient 
effect has not yet reached this producing well.

Additional Producer Applications. As a result of the magnitude of 
oil response seen in the ISMRA treatment on Well A, subsequent 
producer treatments were performed. On 25 April 2008 MEOR 
treatments were performed on Wells F and G. Well F had been idle 
since 2005 and was reactivated to see what effect a nutrient treat-
ment would have on a reactivated well. Because the microbes did 
not respond with the fi rst treatment, Well F was retreated on 27 July. 
Then on 4 December 2008, a treatment was performed on Well H. 
In each case, a 1.3-m3 (8-bbl) tote of chemical-nutrient solution was 
mixed with 13 m3 (82 bbl) of injection water through the tubing/cas-
ing annulus and displaced with injection water. The test well was 
then shut in for 7 to 10 days to allow specifi c indigenous microbes 
to grow and multiply as a result of the nutrient stimulation.

Of the three production wells treated, Wells F and G have 
shown exceptional response. Well F increased from 0.6 m3/d of oil 
(4 BOPD) and 3.2 m3/d of water (20 BWPD), an 84% water cut to 
4.1 m3/d of oil (26 BOPD) and 4.6 m3/d of water (29 BWPD), a 
53% water cut. Well G averaged 0.5 m3/d of oil (3 BOPD) and 30 
m3/d of water (189 BWPD), a 98% water cut, before the second 
treatment, which was very similar to the 0.5 m3/d of oil (3 BOPD) 
and 25 m3/d of water (158 BWPD), a 95% water cut that it was 
yielding in July 2005 when it last produced. After the second treat-
ment, the well peaked at 3.0 m3/d of oil (19 BOPD) and 20.8 m3/d 
of water (131 BWPD), an 87% water cut. 

Even though initial oil production was disappointing, there 
was an excellent microbial response in Well H. It is believed that 

the lack of increased oil production is a result of other reservoir 
conditions. See Figs. 7 through 9 for production curves of all three 
production wells, respectively.

Expanding the Pilot. After seeing the response in the pilot area, 
it was decided to apply the MEOR process to a second injector. 
A batch treatment was pumped into Injector I on 4 Decem-
ber 2008. As in the pilot, an oil-production increase was seen 
approximately 3 weeks after the fi rst injection of nutrients. The 
three offset producers, Wells J, K, and L, responded. In total, they 
have increased production from 10.2 m3/d of oil (64 BOPD) and 
157 m3/d of water (989 BWPD), a 94% water cut to a peak of 
16.7 m3/d of oil (105 bbl) and 151 m3/d of water (951 BWPD), 
a 90% water cut. See Figs. 10 through 12 for the individual 
production curves.

Discussion
The trial field is experiencing several economic improvements. 
Not only is there an increase in oil production, but also there is 
an increase in oil recovery. With the increasing oil production and 
decreasing water cut, lifting costs are reduced. All these factors 
contribute to extending the life of the field. As in this application, 
a reduction in water production is often seen with these nutrient 
treatments. For instance, on ISMRA Well A, water production 
dropped from 20.8 m3/d (131 BWPD) to 19 m3/d (120 BWPD). It 
is believed that the changes to the oil/water/bacteria interface in 
the wellbore region change the relative permeability of water and 
oil. Because the MEOR nutrients stimulate microbes that compete 
with sulfate-reducing bacteria, a reduction of sulfide may be expe-
rienced. Some governments have programs in place to encourage 
EOR projects. This project is benefiting from provincial-govern-
ment support to apply a new process. 

There are several advantages of this process over other EOR 
processes, and even over other MEOR processes. It is low cost 
to implement. Average incremental cost per barrel in the trial 
MEOR application has been USD 6.00 (USD 37.73/m3). There is 
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Fig. 7—Producing Well H responds to cyclic treatment.
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Fig. 9—Producer G is treated with nutrients.
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no capital outlay required to implement a project. Since the nutri-
ents are batch treated even in injectors, permanent equipment is 
not required. There is little cost required to test the concept. Costs 
to conduct laboratory testing and to test nutrients in the field are 
minimal. Also, with batch treatments, the impact on field personnel 
is minimal. Another advantage is that it is low risk to implement. 
No microbes are injected, which minimizes the potential to cause 
reservoir plugging. The nutrient solutions that are injected are 
environmentally benign. 

Future Plans
It is planned to expand the MEOR application throughout the 
entire field. Both injectors and producers can be treated to cap-
ture commercial quantities of oil. On the basis of response, the 
frequency of treatments will vary. For producers, frequency could 
be anywhere from 6 months to 2 years. For injectors, it could be 
as often as every 4 weeks or as widely spaced as every 4 months, 
depending on field performance. It is recognized that microbial 
response will likely vary from location to location throughout 
the field and that the response time to the treatment will also 
vary as water transit times change with varying water-injection 
conformance.
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Abstract 
A Microbial Enhanced Oil Recovery (MEOR) process was successfully applied to a mature waterflood 
in Southern California, using indigenous microbes that normally remain dormant during the producing 
life of the field.  Certain indigenous microbial species can be activated in waterflood reservoirs by 
introducing the correct blend of nutrients. Once activated, the microbes multiply when the nutrients 
deplete, then migrate to immobile oil in search of a food source.  The microbes break up this residual oil 
saturation into smaller micro-droplets that can flow through pore throats and be swept to producers, 
yielding an increase in oil recovery.   The application on a producing well led to an increase in well tests 
from 20 to over 80 BOPD.   Following this encouraging test, the nutrients were applied in three batch 
treatments on each of the waterflood injectors. At peak response a thirty percent oil rate increase was 
seen in the offset producers.  Because this process uses indigenous microbes, there are no compatibility 
issues with reservoir fluids or concerns about survival in a foreign environment. The results from this 
field application demonstrate that managing a reservoir’s indigenous microbes can yield significant 
incremental oil production in a mature waterflood with a minimal investment.   
 
Introduction 
The Beverly Hills field has two major producing horizons, the Hauser and the Ogden. The Hauser has 
been waterflooded since the mid-1980’s, although producers in the field are commingled in both the 
Hauser and the Ogden formations. All water injection is into down-dip Hauser completions on the 
northeastern flank of the reservoir in the proximity of the original oil water contact.  Oil gravity averages 
22.5° and ranges from 22 to 26° API.  The field has fourteen active producers and three active injectors 
with well spacing of approximately 10 acres.  Field production is currently about 400 BOPD, 2,000 
BWPD and 300 MCFD (Figure 1). All produced water is reinjected into Hauser (Figure 2).  
 
The results reported in this paper are based on well tests.  Allocation of metered oil from the lease by 
well test is usually within 10% of the well tests.  As in many fields, water cut data is limited as there is 
no provision for continuous sampling during well tests.  Water cuts are based on wellhead samples taken 
by hand while the wells are being tested.   
 
Oil Release Mechanism 
Unlike many previous attempts at MEOR, this process does not attempt to introduce microbes into the 
oil-producing reservoir (Sheehy, A. 1990).  Instead, through a sophisticated analysis of field oil and 
water, microbes that are naturally indigenous to the oil reservoir are identified and quantified.  Based on 
laboratory analysis, a reservoir-specific mixture of environmentally benign nutrients is formulated and 
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released into the reservoir via water injection.  The water injection becomes the transport medium for 
the designed nutrient formulations. The reservoir is treated with a targeted and unique nutrient formula.  
By activating certain species of microbes, changes in the flow characteristics of the oil are affected and 
induce the reservoir system to release additional oil to the active flow channels (Town, K. 2009). In 
higher permeable portions of the reservoir, newly released oil, water and microbes may interact to form 
a transient (temporary) micro-emulsion which effectively alters the sweep efficiency of the injected 
water as it moves through the reservoir to improve current production and ultimate recovery. In a 
waterflood, this process can recover up to an additional 10% of the original oil in place. (Davis C. P. 
2009) 
 
Steps in the MEOR Process 
The Beverly Hills Field MEOR treatment program began in 2007. The application of this process 
typically consists of five steps:  1) Initial field screening, 2) Well sampling and laboratory analysis, 3) 
In-situ Microbial Response Analysis (ISMRA), where the nutrient formula developed in the lab is 
applied to a producing well to determine the microbial response is maximized, 4) Pilot testing (if 
applicable) and 5) Full-field application. In this case the ISMRA, a single nutrient application in the 
producing well, was performed on well OS-1. Because this field only has three injectors, the pilot was 
skipped and full-field application immediately followed the successful ISMRA.  The application was 
expanded to the full-field by performing nine water injection well treatments in the three active injection 
wells, OS-9, OS-10 and OS-14 and two additional producing well treatments, OS-8 and BH-15. See 
Field Diagram, Figure 3 
 
ISMRA Treatment Specifics   
With a nutrient solution designed from the laboratory analysis of the field produced fluid samples, the 
ISMRA was conducted on producer OS-1 on July 2, 2007.  A small volume (less than 8 barrels) of 
nutrients was injected into the well to check the reaction and behavior of in-situ microbes in the 
reservoir.  The nutrient concentrate was mixed with 100 barrels of produced water and displaced with 
350 barrels of injection water.  The well was then shut-in for three days to allow targeted indigenous 
microbes to grow and multiply as a result of nutrient stimulation. 
 
Pretreatment production from OS 1 was 20 BOPD and 95 BWPD.  After peaking at 130 BOPD and 32 
BWPD, well tests average 82 BOPD and 80 BWPD for the first three months after treatment as shown 
in Table 1. 

Table 1.  OS 1 Well Test Data 

     Date    Gross     Cut    Water    Oil 
Well Tests before Treatment 
(Normal well production)   3/6/07      110        87      96         14 
     3/11/07          105        82      86         19 
     3/28/07          130        79     102        28 
                                                Average:                          115       83       95         20 
 

  Well Tests after Treatment   7/9/07            177       56       99         78 
     7/17/07          182       50       91         91 
                                                        7/24/07          162       57       92         70 
     8/6/07       162       20       32       130 
     8/14/07          156       61       95         61 
     9/4/07       158       66     104         54 
     9/26/07          134       34        44        88         

                 Average:                       162       49        80        82 
 

 
    

 



129742  3 

Over a year later, OS-1 was still producing 33 BOPD and 80 BWPD, although production was likely 
supported by treatment of offset injection wells as described in this paper. This single producing well 
application yielded over 3,000 barrels of incremental oil with a decrease in water produced (Figure 4). 
 
Injection Well Treatments 
Following the extraordinary performance of this initial application, the project was expanded to the full 
field by treating the field’s three water injection wells, OS-9, OS-10 and OS-14, with three treatment 
cycles each for a total of nine treatments over a seven-month period from November 2007 to May 2008.   
On November 29, 2007, an 8-barrel tote of highly concentrated chemical nutrient solution was mixed 
with 250 barrels of injection water, injected into well OS 9 and displaced with 250 barrels of water.  
Giving the microbes time to incubate and populate, the water injection rate into OS-9 was limited for the 
next 8 days. Each injector was given three similar treatments on the schedule listed below. 
 
 

 Well   Injector Batch Treatment Dates      
 OS-9  November 29, 2007, January 11 and March 20, 2008 
 OS-14  December 20, 2007, February 16 and April 15, 2008  
 OS-10   January 31, March 1 and May 1, 2008 

 
 
Between July and September 2008 oil production increases were seen in the five active front-line 
producers, OS-1, OS-3, OS-4, OS-12 and OS-13.  The targeted species of microbes grew and 
reproduced as nutrients migrated from injector to producer, freeing oil along the way. 
 
Produced fluid samples taken on June 12 from the front line producing wells indicated high 
concentrations of microbes were present in four of the five adjacent producers, OS-1, OS-3, OS-4 and 
OS-13.  This was consistent with improved well tests seen on these four wells. The June 12 sample 
taken from OS-12 did not show any microbe activity, which was consistent with its well tests at the 
time.  In July, OS-12 experienced a jump in oil production and another produced fluid sample was taken 
in August to determine if the oil production increase was coincident with improved microbial activity. 
Laboratory results confirmed an increase microbial response with the increased oil seen in the well tests.  
 
The front line producers made more oil as a result of these treatments.  From June through August 2008, 
the first 3 months of response, the front line producers averaged 206 BOPD and 1,480 BWPD.  These 
wells averaged 179 BOPD and 1,490 BWPD from March to May.  Also, base production estimated in 
January of 2008 for these wells was 179 BOPD.  These wells produced an average 27 BOPD over their 
base for the three months, June to August 2008 (See Figure 5).  The front line producers averaged 217 
BOPD in July.  The well tests peaked at 232 BOPD and 1,669 BWPD.  This is 53 BOPD over the base 
of 179 BOPD, a 30% increase. The front line producers accumulated about 2,500 barrels of incremental 
oil through August.  As a result of these treatments, incremental oil continued to be produced above the 
baseline.  
Based on the improved well tests and the advance seen in microbe activity in the other front line 
producers, well OS-2 was returned to production on June 18, 2008.  It had been shut in since April 2003 
when it tested 2 BOPD and 217 BWPD.  It tested no oil until November 2008 when it tested 11 BOPD 
and 142 BWPD.  Well tests eventually peaked at 46 BOPD and 243 BWPD after the well’s lift 
equipment was optimized (Table 2).  
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Table 2, OS 2 Well Tests 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Because all the completions commingle Ogden and Hauser production, it was decided to do some zone 
isolation work to determine the source of oil.  The Ogden and Hauser zones were isolated and swabbed 
separately in both OS-2 and OS-3 during routine well service jobs, with similar results. The swab tests 
indicated that most of the oil is currently produced from the Ogden formation.  This was surprising in 
that the Hauser reservoir is being waterflooded and the reservoir pressure is higher in the Hauser. With 
over two decades of water injection in the Hauser, all mobile oil around both OS-2 and OS-3 has 
apparently been swept and produced. The current oil production from the Ogden in OS-2 is probably 
related to stopping offset water injection in the Ogden in 2002, just before OS-2 was shut in. It is now 
believed that water is channeling through fractures from OS-10 to OS-2 and injected nutrients made 
their way into the Ogden, stimulating microbial growth and the oil release.  The microbial activity was 
elevated in produced fluid samples from the Ogden, but it is difficult to prove that this activity is the 
main source of the Ogden oil.      
 
Hall Plots and derivative Hall Plots of the three injectors indicate that transmissibility has changed over 
time (Ozgec, B. 2009).  See Hall Plots and Derivative Hall Plots, Figures 6 to 8.  Wells OS 10 shows a 
decrease in injectivity for a short time after the first treatment. This is a possible formation of a 
temporary emulsion.  Sometimes an emulsion forms when oil, water and microbes are present; this 
emulsion tends to plug the higher permeability paths and improve the sweep efficiency of the 
waterflood.  All three injectors show a slight increase in injectivity with the nutrient treatments.  These 
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indications of increased injection match the field’s increase in produced water from about 2,100 bwpd to 
2,500 bwpd during our project.   
 
Additional Producer Treatments 
 
Based on the results of this ISMRA, two producers, BH 15 and OS 8, were treated on April 18 and May 
5, 2008, respectively.  Each well was treated with an 8-barrel tote of chemical nutrient solution mixed 
with 100 barrels of injection water.  Displacement volume in the BH 15 was 400 barrels (200% of 
annular volume) and in the OS 8 the displacement volume was 700 barrels (150% of the annular 
volume).  Giving the microbes time to incubate and populate, both wells were shut in for 4 days (Figures 
9 and 10).  
 
OS 8  
In both cases microbe populations increase, but neither well followed the normal pattern that was seen 
after treating OS 1 and other producing well applications.  In the OS 8 well, the bacteria showed the 
normal increase in population.  However, the microbes did not move as rapidly into the starvation state 
as usual.  The first month of produced fluid samples showed that the microbes were still in the growth 
stage, because nutrients remained plentiful.  After seeing a production increase, additional samples taken 
on June 10, showed that the bacteria was moving into a starvation stage.  This is a delayed transition to 
the starvation stage as compared to OS 1. Not only did OS 8 see a delayed oil production increase it saw 
no oil for some time.   Initial well tests showed no oil.  Oil was not seen until the May 22 well test, 13 
days after the well had returned to production.  At this time the well had a cumulative production of 
about 850 barrels, which is about the treatment volume.   No oil was seen until the entire treatment 
volume was recovered.  As the microbes began to respond, the well started producing incremental oil.  
On June 9, it tested 37 BOPD and 28 BWPD, 43% water cut.  In September OS 8 tested 33 BOPD and 
30 BWPD, 48% water cut.  Since the well averaged 29 BOPD and 36 BWPD, 55% water cut before it 
was treated, it made some incremental oil. See Figure 11, OS 8 Results Summary. 
 
BH 15 
On the first day of production after being shut in for four days, the bacteria in BH 15 showed an 
extraordinary increase in population as expected.  On the second day of production bacteria decrease 
substantially and the high bacteria count did not repeat.  A similar varied oil production response was 
seen.  BH 15 saw an early increase in oil production and decrease in water cut followed by a 
disappointing decline in oil production and increase in water cut back to its base production.  See Figure 
21, BH 15 Well Test.  During the first week, three well tests were taken and BH 15 was averaging 97 
BOPD and 105 BWPD, 52% water cut.  This initial high production is probably flush production from 
the well being shut in.  Then the BH 15 dipped to 58 BOPD and 80 BWPD, 58% water cut in September 
2008.  Since the well averaged 70 BOPD and 110 BWPD, 61% water cut, the well did not appear to 
make any incremental oil for the first few months. This is not surprising since microbes were not 
significantly stimulated.  See Figure 12, BH 15 Results Summary.  

Discussion of Results 
Based on both biological indicators and production data, the field showed a positive response to nutrient 
treatments.  As of the end of August 2008, adjacent producers appear to be positively affected with a 
combined current production increase from five wells of over 30 barrels of oil per day—a production 
increase of as high as 30% over the base rate of the “front-line” of producing wells and an overall 
production increase of about 6% of total field production.    
 
In general producing well treatments had excellent microbial response, but only the OS 1 showed 
significant incremental oil response.  It appears that the large volume of displacement fluid in treating 
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OS 8 temporarily hurt production from OS 8.  The treatment may have temporarily changed the relative 
permeability near the well bore.  It took about 13 days to recover the treatment water, when first oil was 
reported on a well test.  It took another 18 days before incremental oil was seen on June 9.  This relative 
permeability problem was seen again following a tubing leak repair.  The well was down from June 22 
to July 15 due to a tubing leak.   When the well was returned to production, its first well test on July 20 
showed no oil. By August 8 the well returned to making incremental oil when it tested 37 BOPD and 41 
BWPD, 53% water cut.   
 
To get a successful MEOR treatment, the four components (oil, water, microbes and nutrients) must 
make contact.  In BH 15, since the microbes did not respond to the injection of nutrients, the nutrients 
may not have come in contact with the microbes.  One possibility is that the nutrient didn’t go in the oil 
zone.  Reviewing BH 15, it is noticed that the gas oil ratio, GOR, on this well is much higher than the 
field average.   Below is Table 3 comparing GORs among the key producing wells.  
  
TABLE 3 Gas Oil Ratios 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It is possible a secondary gas cap formed and the nutrients were injected into the gas cap.   Another 
possibility is that the nutrients were injected into one zone and the well produces predominantly from 
another.  There is no way to know where the nutrients are injected with multiple intervals open. 

 
CONCLUSIONS 
The nutrient application targeting specific microbes was proven for this field in the successful 
application at OS 1.  There is no doubt that the production response was a direct result of the nutrient 
stimulation.  Similar nutrient treatments in the three injectors proved that microbes were stimulated 
throughout the reservoir, releasing incremental oil to the front line producers.   Mixed or at least delayed 
results in the other producing wells, OS 8 and BH 15, indicate that large displacement volumes and 
secondary gas caps should be avoided.   
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Well 

GOR: 
SCF/STB 

Comment 

OS 1 550  
OS 3 760  
OS 4 655  
OS 5 1,000  
OS 7 1,700 Structurally second highest 

producer 
OS 8 857  

OS 11 915  
OS 12 400  
OS 13 160 Structurally lowest producer 
BH 15 1,700 Structurally highest producer 
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Figure 1. Beverly Hills Field Production History.  

 
Figure 2.  Beverly Hills Field Injection History. 
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Figure 3.  Field Map 
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Figure 4.  In Situ Microbial Response Analysis, OS 1 Well Test Results 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.  Well Test vs. Baseline, Front line Producers  
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Figure 7.   O
S 9 H

all Plots 
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Figure 8.   O
S 14 H

all Plots 
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Figure 9.  OS 8 Well Tests 
 

 
 
 
 
Figure 10.  BH 15 Well Tests 
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Figure 11.   

OS 8                                                                             
Results 

 
       
Well Tests before Treatment 
(Pretreatment well production)      

Date BOPD BWPD %WC 
11/28/07 24 44 65% 
12/29/07 28 32 53% 
12/30/07 28 32 53% 
1/14/08 29 43 60% 
2/15/08 29 28 49% 
2/22/08 26 35 57% 
3/11/08 28 30 52% 
3/14/08 30 30 50% 
4/11/08 40 26 39% 
4/26/08 28 29 51% 

 
                               
         Feb.–Apr. Weighted Average:                  29         36       55%    
 

  
Well Tests after Treatment  

Date BOPD BWPD %WC 
5/8/08 0 63 100% 
5/12/08 0 66 100% 
5/22/08 18 50 74% 
5/29/08 20 68 77% 
6/9/08 37 28 43% 
6/15/08 23 45 66% 

        
7/20/08 0 74 100% 
8/13/08 37 41 53% 
8/25/08 37 40 52% 
9/17/08 23 41 64% 
9/28/08 33 30 48% 

        
Weighted Avg. since leak:                   22          54         70%  
 
Weighed Avg. since 8/13:                    33      38      53%   

 

Tubing Leak 6/22 – 7/16 
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Figure 12 

BH 15     
Well Test Data 

Well Tests before Treatment 
(Pretreatment well production) 

Date BOPD BWPD %WC 
12/29/07 31 23 43% 
12/30/07 14 46 77% 
12/31/07 17 19 53% 
1/21/08 72 108 60% 
3/9/08 67 113 63% 
4/2/08 85 138 62% 
4/14/08 78 98 56% 

       Feb.-Mar. Weighted Avg:   70        110        61%   

Well Tests after Treatment 
Date BOPD BWPD %WC 

4/20/08 88 116 57% 
4/22/08 100 106 51% 
4/27/08 102 93 48% 
5/1/08 70 142 67% 
5/4/08 52 157 75% 
5/23/08 96 85 47% 
6/9/08 66 87 57% 
7/9/08 71 105 60% 
7/27/08 68 95 58% 
8/24/08 62 92 60% 
9/21/08 58 80 58% 

       May-Jul. Weighted Avg:    74        106        59% 

Cylinder change: Jan 21. 
Scale clean out: Feb. 20-25 




