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PERF Overview

The Petroleum Environmental Research Forum (PERF) is a research and development joint venture,
formed to provide a stimulus to and forum for the collection, exchange, and analysis of research
information relating to the development of technology for health, environment & safety, waste reduction
and system security in the petroleum industry. PERF is a non-profit organization of Members which are
corporations engaged in the petroleum industry that recognize the importance of a clean, healthy
environment and are committed to support cooperative research and development. PERF does not itself
participate in research projects but provides a forum for Members to collect, exchange, and research
information relating to practical and theoretical science and technology concerning the petroleum industry
and a mechanism to establish joint research projects in the field.

91" PERF Meeting Attendees, Brest, France, March 31% 2015

Announcing the 92" PERF Meeting

Save the dates !

On October 6™ and 7" 2015, the Energy and Environmental Research Center (EERC) and BP will host
the next biannual PERF Meeting in Grand Forks, North Dakota (USA). The general theme of the meeting
will be “Environmental issues associated with unconventional oil and gas activities”.

The meeting agenda is available as well as hotel and travel information and registration form.

Announcing the PERF Life Cycle Analysis (LCA) Workshop

On the 17th and 18th of November 2015, Total will host with CIRAIG (International Reference Center
for the Life Cycle of Products, Processes and Services), a Life Cycle Analysis workshop in Montreal.
The objective is to understand the potential environmental benefits of this global approach applied to the
Oil & Gas industry.
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Highlights from the 91°' PERF Meeting:

“Marine Environmental Issues”

The 91st PERF meeting was held March 31/April 1 at the Oceanopolis facility in Brest, France. The
meeting was hosted by the Center for Research and Experimentation on Accidental Oil pollution
(CEDRE) and Total. The meeting theme was Marine Environmental Issues. Tours of Ifremer
(French Research Institute for Exploitation of the Seas) and CEDRE were provided. CEDRE is
unique in developing R&D programs around oil and chemical spills, characterization of the
spilllemulsion, and clean-up efficacies. A total of 45 registrants from oil and gas companies, oil spill
response companies, research institutes and universities participated in the meeting.

On Tuesday, March 31, a session on chronic discharges was held. Presentations covering a wide
variety of discharge issues related to water were given, such as microplastics, remote sensing for
ecosystem services, water use and emissions trends in EU refineries, CONCAWE water, soil and
wastes and whole effluent assays as applied to assessing hydrocarbon ecotoxicity, and pollution
detection from space-borne systems. The two sessions on accidental spills covered diverse areas
such as the assessment of spill impact, characterization and clean-up of spills, how pressure impacts
certain species, and the impacts on fish population health.

The session on global issues contained discussions on ocean-atmosphere exchange of particles and
gases, collaborative possibilities between oil & gas industry and other ocean industries, and a study
on blue mussels from a chronically contaminated area.

A brainstorming session on the last day led to a total of 5 ideas in the areas of toxicity, spill response,
remote sensing and chronic releases.

The meeting agenda and presentations are posted to the PERF website at
http://www.perf.org/membersarea.html, accessible to PERF member company staff.

Update on the Upstream Water Discussion Group

The Upstream Water Discussion Group continues to meet quarterly to discuss and advance
upstream water projects. The Discussion Group is currently working on project proposals with the
identified opportunity to lower the cost of produced water management while managing risks of reuse
and/or disposal to environment. These proposals are part of a Produced Water Program shaping plan
that identifies four project themes around understanding produced water, potential impact / risk
assessment, treatment technology and communication. Though the opportunity is not new, the intent
of the program is to consolidate current and future work and planning. Specific proposals currently
advancing to projects include:

Produced Water Reuse for Irrigation, led by Total.
Analytical Method Development for Produced Water Organics, led by ConocoPhillips.

Establishing Alternative Lab Techniques for Toxicology Assessments More Appropriate for
Sparingly Soluble / Insoluble Components , led by BP.

Oil companies represented in the Discussion Group include Aramco, BP, Chevron, ConocoPhillips,
ExxonMobil, Hess, Petrobras, Shell and Total. For more information on the Upstream Water
Discussion Group, or if you would like to participate in ongoing discussions to develop upstream
water projects, please contact Lily Baldwin at lilysbaldwin@chevron.com.
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Highlights from the PERF Remote Sensing Workshop

PERF organized a workshop to discuss advancements in remote sensing for downstream applications
at the BP Naperville facility on May 28, 2015. Approximately 33 attendees were present, comprising
16 representatives from seven different oil & gas companies and 17 from technology suppliers,
universities, and other organizations. The workshop agenda had a variety of speakers grouped in
several thematic areas, such as: gas cloud imaging, pipeline leak detection, and flare combustion
efficiency.

Optical imaging can be useful in detection of gas leaks and can have applications in refineries as well
as gas processing locations. These techniques can potentially be used in finding gas leaks during
turnarounds, monitoring during normal operations, and for LDAR (Leak Detection and Repair)
applications. Multiple vendors are developing imaging based tools that can be used in monitoring
flares. PERF is considering a project to evaluate their performance.

Gas cloud imaging techniques rely on infrared spectral imaging technology which affords sensitive
detection of hydrocarbon gas clouds. Given the fast response of IR imaging, this technique affords
real-time detection of gas clouds and can be useful in finding a gas leak from a tank, pipeline, or a
unit. The technology has been optimized to reduce false alarms due to possible interference from
people, vehicles, and steam.

The IR spectra of different alkanes have strong but overlapping features in the mid-wave (3-5 p)
region of the infrared, and weak but distinct features in the long-wave (8-14 p) region. As a result,
imaging in the mid-wave region affords better sensitivity but no speciation, while imaging at the long-
wave range offers lower sensitivity but speciation. The imaging devices have a regular visible camera
along with the IR imaging device and the output consists of an IR image of a gas cloud overlaid on a
regular view.

Optical imaging can also be used to monitor flares and evaluate flare combustion efficiency. Unlike
monitoring to detect a gas cloud, flare monitoring is more challenging and an established technology
is yet to be found. However, there have been some promising advances in this field, and the afternoon
session was devoted to technologies that have the potential for this purpose.

There was good interaction between attendees and discussion of potential future PERF project
areas. For more information on this workshop please contact Dave Fashimpaur
(dave.fashimpaur@bp.com).

Page 3


http://www.perf.org/
mailto:dave.fashimpaur@bp.com

i g

PETROLEUM ENVIRONMENTAL RESEARCH FORUM July 2015

Completed Projects

w+ Refinery Wastewater Online Monitoring Ref. 2011-02
Project type Sharing + funded Starting date January 2014
Company leading Chevron Duration 12 months
Company participating ExxonMobil Final report December 2014
ggﬂlé?i?afsmco For more information, Bhavana Karnik
please contact BhavanaKarnik@chevron.com

Brief Description: The overall goal of this project was to increase effluent treatment plant reliability and operability by understanding the
state-of-the art of online monitoring of refinery wastewater. During the course of the project, participants completed a survey sharing
experience and documenting respective online monitoring capabilities, equipment and operational and maintenance practices. Consultant
coordinated a meeting with the refinery wastewater treatment experts and equipment vendors to discuss online instrumentation and improve
understanding of state-of-the-art technologies. The final report documents survey findings and provide guideline / criteria for selecting online
monitoring equipment based on technology and performance.

Focus: Downstream

+ Comparison of Dispersion Models for Offshore Exploration and Production Activities Ref. 2011-05
Project type Sharing + funded Starting date March 2013
Company leading Chevron Duration 22 months
Company participating BP Final report January 2015
ExxonMobil For more information, Maggie Monahan
Total please contact Maggie.Monahan@chevron.com

Brief Description: The objective of this project is to conduct a comparison among the dispersion models currently used by E&P companies
by examining modeling results that arise from a common set of input data applied to different models and by comparing those to the
validation test studies derived from the literature. The project originated due to the complexity of numerical modeling of produced water and
drilling muds and cuttings discharges, and a shared interest amongst E&P companies to better understand the results of marine dispersion
models. As regulations become more stringent globally and the demand for risk management for marine discharges grows, reliable model
results and an understanding of the variability in modeled results are needed.

Focus: Upstream

w+ Understand and Improve Cooling Tower PM Emission Measurement and Estimation Ref. 2011-06
Methods
Project type Funded Starting date January 2014
Company leading BP Duration 12 to 18 months
Company participating Chevron Final report June 2014
ExxonMobil For more information, Dave Fashimpaur
gﬂgllllps 66 please contact Dave.fashimpaur@bp.com
Total

Brief Description: The objective of this project is to develop emission factor guidance for cooling tower PM and PM2.5 emissions. An
industry-led approach to improve emission factors will be useful in regulatory discussions and reporting by member companies. An
improved knowledge base for cooling tower emissions and analytical methods will improve the accuracy and consistency of emissions
reporting. Phase 1 was completed in July 2014 to assess new technology capable of CT PM2.5 measurement. The report and findings
were discussed with TAC members. Project objectives were reviewed on the last TAC call for completeness. The Project Steering
Committee obtained a cost estimate from the contractor for the recommended method development work that would include laboratory and
field tests. Method development work is beyond the scope of work that was funded for this project. Additional work for method
development and validation was proposed to API for support. The desired result is stakeholder involvement with EPA to validate an EPA-
approved test method for PM and PM2.5.

Focus: Downstream
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w Stranded Wastes and Recyclables in Developing Countries Ref. 2012-02
Project type Sharing + funded Starting date May 2013
Company leading Chevron Duration 20 months
Company participating BP Final report January 2015
Hess
Repsol For more information, Lucy Webb
SheII_ please contact Lucy.Webb@chevron.com
Saudi Aramco
ExxonMobil
Total

Brief Description: The purpose of the PERF Stranded Wastes project is to share and develop ideas and methods for waste minimization,
treatment, reuse, and recycling for international locations where issues, such as the lack of infrastructure or technology, are barriers to many
traditional methods. Other issues included in the scope of the Stranded Wastes proposal include: remote location, limitations from
government or regulations, lack of customers/suppliers/end users for materials, no or poor quality third-party waste management or recycling
facilities, or lack of advanced technical/operational skills. Together we are working to develop strategies and methods to help overcome
stranded waste challenges. The phase 1 “sharing” is completed. The phase 2 “joint funded” for a consultant began in March 2014.

Focus: Upstream

Active Projects

w Flare Destruction Efficiency Estimation and Operating Practices Ref. 2011-07
Project type Sharing + funded Starting date February 2014
Company leading ExxonMobil Duration 12 months
Company participating BP Final report expected in October 2014 for Phase 1,
Chevron August 2015 for Phase 2..
_IS_un(ior Energy For more information, Duane R. McGregor
ota please contact Duane.R.McGregor@ExxonMobil.com

Brief Description: The objective of this project is to evaluate existing flare configuration, operating, and efficiency data, and from that data,
develop options for estimating flare combustion/ destruction efficiency from known operating parameters. The project has two Phases. Phase
1 surveyed industry on flare types, flare operations, and flare efficiency data to develop a database that can be used to assess possible gaps
in flare configuration and efficiency data. The second phase analyzed existing efficiency data to understand if flare efficiency varies with flare
type/operation and to develop methodologies for estimating flare efficiency for lightly to fully instrumented flares.

Focus: Upstream + Downstream

w Cost Effective Reverse Osmosis Concentrate/Brine Management Ref. 2012-04
Project type Sharing + funded Starting date February 2014
Company leading ConocoPhillips Duration 15 months
Company participating BP Final report expected in  August 2015
Chev_ron For more information, Samer Adham
Saudi Aramco -
Total please contact samer.adham @conocophillips.com

Brief Description: The overall goal of this project is to identify technically, economically and environmentally viable methods for managing
the concentrated brine produced by reverse osmosis units used in oil & gas operations. Technologies will be ranked based on technical
suitability, cost-effectiveness and their environmental impact in various applications. For those technologies deemed most promising, life
cycle cost analyses will be developed.

Focus: Upstream + Downstream
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w+ Refinery Stream Speciation Update Ref. 2013-07
Project type Sharing + funded Starting Date December 2014 for Phase 1
Company leading ExxonMobil Duration 12 months +
Company participating BP Final report expected in 3Q2015 for Phase 1
ggﬁéir?ramco For more information, Yun Yang _
Shell please contact yun.yang@ ExxonMobil.com

Brief Description: The PERF Stream Speciation database, developed over 15 years ago, may be used to estimate air toxics emissions from
tanks, fugitives, loading, and other emission sources. The objective of the program is to verify whether changes in refinery feeds, operating
conditions and product slates warrant updating the existing PERF report, and revise the speciation data, if necessary, using a combination of
currently available company data and jointly-funded collection of new data. The project is planned in two phases. Phase 1 assesses
incentives/data availability, and Phase 2 will update the PERF stream speciation (if progressed based on outcome of Phase 1).

Focus: Downstream

w Pressure Relief Valve (PRV) Stability Research Program Ref. 2013-10
Project type Sharing + funded Starting Date November 2014
Company leading ExxonMobil Duration 12 months
Company participating  Bayer MaterialScience Phillips 66 Final report expected in  1Q 2016
Eﬁevron gir(]e?:ens Energy For more information, Clark Shepard
| d. il.
EMRE Smith & Burgess please contact clark.d.shepard@exxonmobil.com
Flint Hills Resources Dow Chemical
LyondellBasell Valero Energy

Marathon Petroleum

Brief Description: The objective of this project is to determine the engineering factors that lead to stable Pressure Relief Device Operation
to provide more solid engineering and scientific basis for the guidance in APl STD 520 Part Il, and to provide guidance to the refining and
petrochemical industry on the installation of pressure relief devices to prevent chatter that could lead to a loss of containment. This study is a
continuation of a previous PERF Study (99-05) which was extended several times with additional funding for more scope and completed in
2011.

Focus: Downstream

w+ DNA Based Technologies for Environmental Monitoring Ref. 2013-01
Project type Sharing + funded Starting Date January 2015
Company leading ExxonMobil Duration 36 months
Company participating Shell Final report expected in
For more information, Lucie N'Guessan
please contact lucie.nguessan@exxonmobil.com

Brief Description: The goal of this project is to develop a user-friendly software that would allow more effective data processing and
interpretation of next-generation DNA sequence data and therefore assist with timely decision-making and early response to environmental
changes. When completed, this software would be accessible to private and public entities for DNA sequence data analysis.

Focus: Upstream
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Project Proposals

w+ Improvement in Pressure Equipment Integrity / Corrosion Under Insulation Ref. 2013-09
Company leading ExxonMobil For more information, Joe Krynicki
Project type Funded please contact joseph.w.krynicki@exxonmobil.com

Brief Description: On-stream, reliable, and cost effective inspection technologies are valuable for a variety of reasons. The Pressure
Equipment Integrity project is focused on continuously improving and optimizing safety, reliability and integrity of pressure equipment in
refinery and petrochemical facilities.

The goal of the proposed project on Corrosion Under Insulation (CUI) is to identify and develop improved screening technologies which
minimize the need for scaffolding and/or provide more gquantitative results compared to existing technologies.

Focus: Downstream

w+ Analytical Method Development for Characterization of Produced Water Organics Ref. 2014-03
Company leading ConocoPhillips For more information, Samer Adham & Samir Gharfeh
Project type Sharing + funded please contact samer.adham @conocophillips.com

Brief Description: Wastewaters generated from conventional oil/gas operations (upstream and downstream) are typically disposed
overboard (offshore), discharged to a surface water body, injected in salt water disposal wells, or re-injected back to maintain reservoir
pressure (upstream). Due to environmental regulations and limited water resources, the wastewater from the oil/gas industry is being treated,
when feasible, by advanced technologies (e.g., microfiltration, reverse osmosis, evaporators), which are traditionally embraced by municipal
water sectors to facilitate water recycling and/or reuse. These water technologies are prone to organic fouling, which can lead to operational
challenges. The organic moieties in O&G wastewaters are currently poorly understood and not well characterized due to their complex
interactions with formation water, harsh reservoir conditions and the potential presence of field chemicals. The overall objective of this project
is to compile the available analytical methodologies/guidelines from municipal water industry and evaluate the feasibility of their transfer to
the O&G industry in order to ultimately develop analytical protocols for better characterization of the organic moieties in the O&G wastewaters
streams.

Focus: Upstream + Downstream

w+ Assessment of Commercial Airborne Methane Remote Sensing Capabilities Ref. 2014-06
Company leading Chevron For more information, Doug Jones
Project type Funded please contact doug.jones@chevron.com

Brief Description: There are Health, Environmental, and Safety (HES) and cost implications of fugitive methane emissions from oil and gas
(O&G) industry activities. Estimates of fugitive methane emissions from the natural gas supply chain have ranged from 2-9% of produced
volume. Various members of the O&G industry have invested Research and Development (R&D) effort focused on methane identification
and quantification using remote sensing with research-grade instrumentation. However, there is a gap in knowledge concerning capabilities of
currently available commercial airborne instruments designed specifically for leak detection. The goal of this project is to perform a review
and assessment of the capabilities of currently available commercial airborne remote sensing systems for fugitive methane emissions
detection and mapping.

Focus: Upstream
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w The use of Remote Sensing for Ecosystem Services Assessment Ref. 2014-07
Company Ieading BP For more information, Peter Collinson
Project type Sharing + funded please contact peter.collinson@uk.bp.com

Brief Description: The objective is to develop a standardized approach for the O&G sector to use remote sensing technology to assess
ecosystem services in a consistent and repeatable manner; and share common practice among the PERF members to increase awareness
and understanding.

There is an increasing use of space borne remote sensing adopted within the O&G sector, and is now applicable to the ‘environmental’ and
‘social’ realm. ‘New access’ regions are often difficult to access (e.g., Arctic and DR Congo) and remote sensing could provide a rapid solution to
environmental assessments at the early stages of major projects (or operations). Emerging regulations may focus on ‘ecosystem services’ which
will most likely impact the O&G sector. However, the O&G sector is not fully aligned on what ‘ecosystem services’ is, or how to assess it.

Focus: Upstream

w Explore and Evaluate Potential Produced Water Reuse for Irrigation Ref. 2014-09
Company leading Total For more information Monica Burgos-Egido
Project type Sharing + funded please contact ' monica.burgos@total.com

Brief Description: Produced water, if managed as a resource rather than a waste for disposal, has the potential to be used beneficially.
Reuse for irrigation is a suitable alternative especially in water-scarce regions, with limited freshwater resources. The objective of this project
is to understand the barriers for beneficial reuse (social, regulatory, water quality treatment objectives), to draw lessons from past
experiences and to identify what solutions can be implemented.

Values of this project are to 1) propose alternative water resources at a minimal cost, 2) grow plants or trees as a new resource for the
region, 3) minimize the cost of reinjection.

A Phase 1: Sharing company experiences on what has been done in the field of produced water reuse for irrigation.

A Phase 2: If opportunities are identified, collaborative research or joint funding for a consultant or research organization.

Focus: Upstream

w Direct Monitoring of Flare Combustion Efficiency Ref. 2014-10
Company leading ExxonMobil = ere Mae e Naveen Chennubhotla
Project type Funded please contact naveen.chennubhotla@exxonmobil.com

Brief Description: The objective of this project is to evaluate technologies that can directly and remotely measure flare combustion efficiency.
The project would conduct field tests of remote monitoring technologies that are capable of direct and continuous measurement in real-time,
comparing the results to extractive ground truth data. The goal is to improve the accuracy and cost of monitoring of flare performance and
emissions using direct real-time methods over existing indirect approaches. The impact of the program is expected to be global as
requirements for flare monitoring are considered outside the U.S.

Focus: Upstream + Downstream

w Impacts of Processing Tight Oils on Refinery WWTP Operations Ref. 2014-12
Company leading ExxonMobil For more information, Ronald Vaughan
Project type Sharing+Funded please contact ronald.l.vaughan@exxonmobil.com

Brief Description: With opportunities to bring in tight oils as refinery feedstock, there is a need to better understand the impacts on refining
WWTP operations. Potential issues could arise in both primary treatment (emulsion formation) and secondary treatment (damaging for
biomass, increased conventional pollutant loading). The objective of this project is to study experiences and issues observed with WWTP
operations that were associated with processing tight oils. Minimizing upsets and disruptions to the WWTP will lead to improved WWTP
operations and compliance.

Focus: Upstream + Downstream
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+ Critical Evaluation of NSZD Rate Variability Ref. 2014-13
Company leading ExxonMobil For more information, Harley Hopkins
PrOject type Sharing+FUnded p|ease contact harley.hopkins@exxonmobil.com

Brief Description: Natural Source Zone Depletion (NSZD) describes the contaminant mass loss and transformation from subsurface LNAPL
source areas, under ambient conditions. Quantifications of NSZD provides a basis to : 1) Understand the current contribution towards site
cleanup by unassisted biological and physical losses, 2) Estimate long term natural attenuation cleanup times and 3) assess the incremental
value of any engineered remedial options under consideration at a site.

The objectives of this project are to identify the sources of variability within and between the available NSZD datasets that may account for
the differences provided y different NSZD measurement techniques (e.g., CO2 traps, flux chambers, gradient based, thermal flux) and to
leverage the findings to improve NSZD measurement technologies, SOPs and field data collection strategies.

Focus: Upstream + Downstream
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