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Abstract

Strategic Power Systems (SPS) was contracted by Sandia National Laboratories to assess the
feasibility of adapting their ORAP (Operational Reliability Analysis Program) tool for
deployment to the wind industry. ORAP for Wind is proposed for use as the primary data source
for the CREW (Continuous Reliability Enhancement for Wind) database which will be
maintained by Sandia to enable reliability analysis of US wind fleet operations. The report
primarily addresses the functional requirements of the wind-based system. The SPS ORAP
reliability monitoring system has been used successfully for over twenty years to collect RAM
(Reliability, Availability, Maintainability) and operations data for benchmarking and analysis of
gas and steam turbine performance. This report documents the requirements to adapt the ORAP
system for the wind industry. It specifies which existing ORAP design features should be
retained, as well as key new requirements for wind. The latter includes alignment with existing
and emerging wind industry standards (IEEE 762, ISO 3977 and IEC 61400). There is also a
comprehensive list of thirty critical-to-quality (CTQ) functional requirements which must be
considered and addressed to establish the optimum design for wind.
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BACKGROUND

An assessment of the wind turbine industry today shows a gap exists between the growth in the
installed base of wind turbines and the availability of current, factual, and detailed “reliability”
performance metrics that can be used to characterize the operational performance of these assets.
While owner/operators and Original Equipment Manufacturers (OEM’s) have access to their
own operational, maintenance, and outage experience data at some level of detail, which is
required for in-warranty administration, product service and support, and asset management, the
market has limited or no access to current and relevant reliability performance information on the
installed base. A data-poor environment can contribute to a sense of uncertainty as to the
reliability of the equipment that has been installed. This leaves the market and the public in a
position to question the technology, and perhaps to set inaccurate or false product performance
expectations. It is clear that the market will insist on “best in class” performance, while the
public interest will expect the lowest possible cost of power with the highest levels of product
reliability.

The power generation industry fully appreciates the need for meaningful and current reliability
performance metrics. For successful conventional thermal power stations, the rigor and value
associated with collecting, analyzing, and reporting operational, failure, and maintenance data is
ingrained in their business culture and operating practice. The data provides a basis for
developing the key performance indicators (KPI’s) that are essential for profitably managing the
plant(s). Today, various data capture and reporting systems are implemented to ensure that
“critical to quality” (CTQ) data is available for assessment and action, plant improvement,
effective communication with the OEM, required reporting to various industry or governmental
organizations, as well as information sharing among product specific user groups. From
Computerized Maintenance Management System(s) (CMMS) to remote monitoring (typically
with the OEM), there is an emphasis on effective asset management and product improvement
through information gathering and sharing, condition monitoring, and knowledge creation.

These power generation industry best practices must be extended to and implemented in the wind
industry. Improved information sharing and knowledge is required to characterize the
availability and reliability of these operating assets. The vast number of newly installed wind
turbines and the associated increase in system capacity that they represent has no energy parallel.
For the industry to sustain its continued growth, developers, owner/operators, insurers, banks,
and others providing risk capital are requiring more meaningful data and information to establish
realistic “pay-back” expectations. These financial pay-back requirements have placed a
premium on effective asset management strategies to achieve operational excellence, to ensure
that an accurate and meaningful pro forma is developed based on realistic equipment
performance, to drive toward an acceptable return on equity, and to ensure a sustained level of
profitability over the life cycle of the plant.

Each reliability issue that significantly impacts plant performance cannot be completely
addressed within the operating environment. The equipment that is placed in the field must have
the capability of high reliability operations designed into the system and specified at a
component level. Component enhancement efforts need to be guided and prioritized by the



information that comes from the operating plant. While turbine manufacturers and component
suppliers may get quality feedback during the warranty period, information on the performance
of their equipment even after the warranty is over will enable them to make the design and
specification changes that continuously improve the reliability of their products. Reliability
issues that are uncovered across the entire industry may warrant dedication of public resources to
work with the industry to resolve those issues. An example of this is the Gearbox Reliability
Collaborative project sponsored by the Department of Energy (DOE) Wind Program. It is also
the purpose of this data gathering effort to inform these initiatives, both public and private, for
the benefit of the industry as a whole.



A FOCUS ON RELIABILITY

The “20% Wind Energy by 2030: Overcoming the Challenges” report from the DOE identified
six technical challenges that must be overcome to improve the likelihood that wind technology
can be seen as a high penetration energy option. One challenge calls for performance
improvement and reduced operating and maintenance cost, “through improved reliability.”
Reliability is recognized as a KPI that requires improvement, and continuous reliability
enhancement is a program goal. Success will be determined by how effectively and
transparently any gap in reliability is understood, verified, documented, and corrected.

In today’s energy market, expectations for acceptable, sustainable, and reliable product
performance are established on a pro forma basis, regardless of technology. For wind
technology to effectively compete as a viable energy alternative, irrespective of the value of
production tax credits or incentives, the reliability performance of manufactured components and
full systems must improve. To achieve a substantial increase in total generating capacity, from
approximately 2% in 2010 to 20% by 2030, the reliability issue must be addressed. It is
important to recognize that the critical criteria for successfully executing this growth objective is
determined by how reliably and cost effectively wind turbines actually perform.

To understand the performance of wind turbines in the United States, DOE has initiated a
Reliability Collaboration and System Analysis activity to be executed and managed by Sandia
National Laboratories (SNL). A major element of this program is the creation of a Continuous
Reliability Enhancement for Wind (CREW) database that has on-going access to field data. One
objective is to use the data to develop a factual assessment of the reliability of wind turbines at a
plant, turbine, system, and component level, as well as across the several OEM’s. Another DOE
objective is to drive down operating and maintenance (O&M) costs by 35% by 2030. To achieve
these objectives, reliability improvement must take place. Openness and information sharing
should stimulate a competitive market, as it does in other related industries, driving down costs
through manufacturing improvements, as well as implementing on-going process and
performance improvements at the operating plants.

SNL and Strategic Power Systems, Inc. (SPS®) are engaged in an effort to create a capability to
gather operating data from a variety of sources and merge it into a database that fills the above
needs. The specific purpose of this document is to summarize the value this capability will
provide and to outline the functional requirements for developing and implementing this
capability. This collaborative effort will result in a reliability tracking database large enough to
characterize and benchmark the operation and maintenance experience of the US fleet;
transforming plant data into Reliability, Availability, and Maintainability (RAM) metrics.

To achieve this objective, the project will leverage SPS’ Operational Reliability Analysis
Program (ORAP). ORAP is a reliability monitoring system, which collects RAM and operations
data for benchmarking and analysis. ORAP is recognized as an independent and unbiased data
collection, analysis, and reporting system for conventional gas and steam turbine technologies.
A similar system, ORAP for Wind, will be deployed for the wind industry (see Figure 1). SPS’
unbiased market presence ensures a repeatable process that is accurate, auditable, and verifiable.
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Figure 1: ORAP Data Collection & Reporting Process for Wind

To achieve this objective, the specific project plan will address the following seven (7) critical to
quality (CTQ) requirements:

1.

Leverage SPS’s existing ORAP as the foundation for a wind plant database and
information architecture, which can be a primary data source for CREW.

Build on the results of the North American Electric Reliability Corporation (NERC)
Wind Turbine Working Group (WTWG) to ensure consistency and compatibility with
appropriate reliability metrics deployed through the NERC GADS (Generating
Availability Data System), while providing a more granular level of wind turbine
operating data. This means that ORAP will be focused on each wind turbine in the plant
to develop a perspective of each power producing element as well as the total plant.

Develop and implement an optimized data capturing process with maximum automation
and minimum human (operator and maintenance staff) intervention to obtain the required
operating, maintenance, and failure history at the right level of detail and with a high
degree of accuracy and efficiency.

Provide value to plant operators by automating reporting requirements for various
regulatory and business interests, including NERC GADS and specific ISO (Independent
System Operator) reporting requirements.



5. Establish an effective, on-going, long-term data exchange at the right level of detail to
meet the reporting requirements for the analytical assessments and reliability
benchmarking goals of SNL, SPS, and other industry stakeholders.

6. Define the necessary data categories and elements required from each participating plant;
pedigree data (plant configuration data — essential for establishing “peer groups™),
operational data, outage event data, maintenance work order data, site ambient data, and
met tower data.

7. Provide key stakeholders “real time” access to data and analysis to improve asset
management and operations.



LEVERAGING ORAP® FOR WIND

SPS has the unique benefit of being able to look back over twenty-two (22) years of reliability
engineering experience, with specific focus on electrical generation. SPS provides products and
services that are focused on capturing plant operational and maintenance data, and transforming
that data into standard industry performance metrics and benchmarks for use by some of the
most recognized organizations in the global energy market today: EPRI (Electric Power
Research Institute), ALSTOM, Chevron, Rolls-Royce, Iberdrola, GE, Direct Energy, E.on, BP,
Mitsubishi... as well as hundreds of gas and steam turbine-driven plants all over the world.

SPS’ industry recognition is based on reliability engineering and information technology
strengths that are executed through the ORAP system. Fundamentally, ORAP provides a strong
information infrastructure that has been developed and improved over time. The evolution of the
ORAP infrastructure is based on three (3) criteria: first, the value of data gathering; second,
implementing productivity processes to minimize manual input and time; and third, transforming
the data into meaningful, unbiased information for reliability engineering assessment and action.
SPS’ brand and value is directly associated with how our customers see and use ORAP to their
maximum benefit.

SPS’ core competence and added value are based on:

= Collecting and analyzing operating, failure, and maintenance data from power plants all
over the U.S and the world...

= Ensuring data completeness, accuracy, validity, and timeliness...
= Providing meaningful RAM benchmarks and identifying “best in class” performance...

ORAP is all about transforming data into actionable reliability information and knowledge.
ORAP provides an understanding of RAM characteristics or KPI’s that represent the
performance of today’s mature and advanced gas and steam turbine technologies. These KPI’s
provide reliability and availability trends, the sources of and the reasons for plant downtime at
the component level, as well as relevant industry benchmarks. As such, ORAP provides up-to-
date KPI’s for each participating customer, especially owner/operators and OEM’s. For the
owner/operator, how the equipment performs on a service hour per start basis impacts
maintenance schedules and outage durations, influences parts’ lives and spare part requirements,
and ultimately determines whether pro forma profitability goals are achievable. For the OEM,
availability and reliability performance are a reflection of both product and service quality.
Consequently, the owner/operators and equipment manufacturers have a shared objective: to
ensure that the actual availability and reliability performance of the operating asset is measured,
is acceptable, and is sustainable. SPS, through ORAP, provides an understanding of what is
required to attain “best in class” performance.

The critical issue is to determine what is required to adapt the ORAP system for wind. The issue
relates to whether the foundational building blocks for developing time and energy based
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measures can be easily determined and retrieved from operating wind turbines. These
foundational building blocks include: equipment taxonomy, pedigree data, operating data,
outage data, and counter data (or aging characteristics). And industry standards, like IEEE
(Institute of Electrical and Electronic Engineers) 762 (IEEE Standard Definitions for Use in
Reporting Electric Generating Unit Reliability, Awvailability, and Productivity) and 1SO
(International Organization for Standardization) 3977 (Part 11 — Reliability, Availability,
Maintainability and Safety) must be considered as well. They provide important guidance and
insight for addressing any operational or performance differences between thermal and wind
turbine plants. Any gap in the data that is required to track and develop meaningful time and
energy based RAM metrics must be identified, addressed, and closed. Ultimately, the feasibility
of developing, implementing, and deploying ORAP for wind will be determined by how
effectively and productively the data collection, validation, analysis, and benchmark reporting
can be defined and executed.
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BUILDING BLOCKS FOR VALUE

Availability and reliability metrics as key power plant performance metrics rely on an accurate
understanding of four fundamental informational elements: time, capacity (production or
energy), events, and pedigree (configuration detail including taxonomy). It is absolutely
essential that any proposed system initiated for capturing and reporting the reliability
performance of wind turbines across a variety of designs, manufacturers, Megawatt (MW) sizes,
O&M practices, or any other important technology characteristics, explicitly address these four
elements. From this perspective, the ORAP system provides a sophisticated architecture that
captures each of these CTQ elements and establishes a process that is uniform and consistent.
Moreover, ORAP follows existing industry standards (IEEE 762 and 1SO 3977) to ensure that
both the collection of data and the reporting of reliability metrics follow these industry standards
and are meaningful, accurate, verifiable, and repeatable. And while the ORAP system has been
designed and implemented for the conventional gas and steam turbine power plants, the
extension to wind technology should be relatively straight forward and deployable to the market
for validation and full implementation. It should be noted that reviewing and being compliant
with IEC (International Electrotechnical Committee) standards for wind turbines isa CTQ
requirement as well. It is expected that the IEC will issue standards relating to both reliability
metrics (time and energy based) as well as standardizing data points/tags. As ORAP is
consistent with industry standards (IEEE 762 and 1SO 3977), using the IEC standard will have a
positive influence on establishing ORAP for wind.

It is important to point out that the electric power industry recognizes NERC as the de facto
standard for monitoring and reporting the reliability of electric generating assets in the United
States. The NERC reporting standards and guidelines are based on IEEE 762, providing the
industry with uniform reliability metrics and formulae for application across the various
generating technologies available in the market. NERC’s processes and database architecture
GADS adequately address the four fundamental elements of time, capacity, events, and pedigree.
With the support of the Independent System Operators (ISO’s) at the state level, NERC provides
a valuable resource for understanding the reliability performance of the various generating
options, providing meaningful comparisons of the different technologies on a consistent basis,
and ensuring a uniform process for capturing the required reliability performance data from
participating plants. NERC is currently in the process of addressing the addition of wind turbine
technology to the generating mix, and understanding what the implications are from a data
capturing and reporting perspective. With the advice and technical direction of their WTWG (a
group of industry owner/operators, 1SO’s, and other industry stakeholders) NERC has made
significant progress in defining additional reliability metrics specific to the wind industry. This
includes identifying specific additional data that is required from participating plants to calculate
these RAM metrics. However, it is important to note that with guidance from the WTWG,
NERC has focused data collection and reporting efforts at the revenue meter level, not at the
individual turbine level. This means that NERC will have very limited granularity. This will not
provide sufficient information to determine system and component issues, and their impact on
individual turbine capability and performance. This is counter to the approach that will be taken
with ORAP. ORAP will be focused on each wind turbine in the plant, and will utilize data down
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to the component level, to develop a perspective of each power producing element as well as the
total plant.

It should be noted that SPS and NERC have a long standing relationship based on data exchange
and information sharing. The primary distinction between NERC GADS and ORAP is the level
of reporting granularity. A key requirement of ORAP is to provide system and component
outage experience detail (whether forced outages or scheduled maintenance) to support
improvement in component reliability. Since improvement in system and component reliability
can be achieved through reduction in forced outages (on both a frequency and duration basis) or
by verifying that maintenance outages are performed in an optimum manner (i.e. following
manufacturer recommendations), it is important to track these events to the lowest level of detail
possible. It is an absolute requirement of this project that the ORAP system provide a basis for
capturing the wind turbine reliability data at the right level of detail (system and component
data). With ORAP capturing work order or maintenance events at the component level, the
ability to roll up the detailed outage data to the level required by NERC GADS becomes a
routine task. This will provide a productivity benefit for the wind plant, as data capture at the
component level will only be performed once with direct input to ORAP, then automated
translation for NERC GADS will create data at the higher level and for the wind plant.
Conversely however, because the NERC GADS data is not at the turbine level or at the
component level of detail, there is no opportunity to create the reporting detail required by
ORAP.

ORAP, as a reliability reporting system and database, has grown and evolved since it was first
designed, developed, and introduced by SPS for commercial use in the power generation and
industrial process markets in 1987. ORAP has a state-of-the-art relational database architecture
based on Microsoft SQL Server technology. Today, ORAP has been migrated to Microsoft’s
most current software release; MS SQL Server 2005/2008. With MS SQL Server 2005/2008 as
the backbone, ORAP is fully Web enabled through a .NET framework, with state-of-the-art
reporting and analysis services, inherent in the current release of Microsoft’s family of database
and development products. The ORAP information architecture provides a strong infrastructure
that effectively handles and supports the information flow of data from participating plants; from
data retrieval, to information processing and storage, through report generation and analysis.
Data confidentiality is required, enforced and maintained through designed-in security features.
For optimum reliability, with a secure 24/7 access capability, the ORAP database and Web based
reporting services is hosted at an off-site, fully redundant and secure data center.
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APPLYING ORAP® DESIGN FEATURES FOR WIND

The ORAP system has a robust database architecture that has evolved and expanded over time.
Technology changes that have taken place in the power industry have driven improvement and
flexibility in the design of the ORAP database. This has favorably positioned ORAP to
accommodate wind turbine and plant technology differences, when compared with existing
ORAP capability in place for thermal power plants.

Existing design and operational features of the ORAP system must be reviewed to determine any
necessary changes or additions to support wind technology. Existing ORAP design features that
are in place for thermal plants include the following: (They are the foundation for expanding to
wind).

1. The ORAP database schema (relational structure) provides a design framework for capturing
and storing operational data, outage events, counter readings, and plant configuration
(pedigree) information from participating generating plants. These data elements are fully
consistent with the industry standards: IEEE 762 and ISO 3977, (in the future, the IEC
standards). This data structure is fully consistent and goes beyond the NERC GADS
reporting requirements:

= Configuration (Pedigree) Data —

Company, Site, Plant, Unit

OEM (main equipment supplier)

Model

MW Rating (1SO Conditions) (International Organization for Standardization)
Site Conditions

Others...

Note: The configuration or pedigree data are essential for defining units of like model,
design, or operation. The configuration data tracks the engineering design to meaningful
equipment levels. This is important for defining “peer groups” for benchmark
comparison of operational performance.

= QOperating Data —

Service Hours

Reserve Standby Hours

Starts (successful, attempted, testing)
Megawatts

Site Ambient

Others...

Note: To the largest degree possible, process data from either the plant SCADA
(Supervisory Control and Data Acquisition) or a central remote monitoring facility on a
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turbine by turbine basis will be required. This will provide the optimum automated
approach for collecting data that can be transformed into time, capacity, and energy
values.

The objective is to capture the appropriate and most complete set of data tags, or process
points, and equipment faults available from the SCADA, without imposing any
requirement for additional sensors. The objective is to define and develop logical
transformations of the points into time, capacity, and energy values. These
transformations will define service hours, standby hours, megawatt hours, wind speed
and other relevant site ambient conditions, start-up and shutdown, lockouts, and other
important operational and process parameters.

Event (outage) Data —

Planned, Unplanned, and Forced outages (based on the outage classification)
Major Inspection Activity (time to perform and interval)

Concurrent Maintenance, Non-curtailing Events, and Deratings

Outage Cause, Symptoms, and Corrective Actions (narrative/description)
Others...

Note: The outage classifications will be consistent with the existing SPS structure, and
will be made compatible with the NERC GADS requirements. However, it is expected
that required changes or additions to the outage classification will be required to address
faults and automatic resets.

Data from CMMS and lock-out/tag-out systems will provide useful information
pertaining to outage events. In addition, outage descriptions may be supplemented by
various attachments (pictures, drawings, plant outage reports) for comprehensive
assessment of symptom, corrective action, and root cause of outage events.

Counter Readings —

Service Hours

Stops/Starts

Equivalent Operating Hours/Maintenance Factors
Others...

Note: Counter readings are taken to track the aging characteristics of the turbine. The
issue of age for a wind turbine and/or other key equipment will require tracking by serial
number of critical components like the gearbox. This will require parts tracking
capability to a serialized part number level.

Other Data Reporting —

Part Replacements
Major Equipment Removals
Compliance with Manufacturer Service Bulletins

15



Testing Details
Others...

2. The ORAP database contains a standard equipment coding “taxonomy”, based on EPRI’s
“Equipment Breakdown Structure” (EBS), developed and maintained by SPS. This
breakdown structure is based on a hierarchical structure: major system, system, component
group, and component. This provides the opportunity to develop an equipment taxonomy
that is modifiable and expandable based on introduction of new technology. These
equipment codes are also fully compliant with the European Kraftwerk-Kennzeichensystem
(KKS) standard and can accommodate multiple coding structures.

The fundamental design structure of the EBS allows field data to be reported at the necessary
level to characterize the cause of plant downtime; usually defined based on a symptom or
corrective action. The impact of outage events, on a frequency and duration basis, can be
easily grouped at any level based on this hierarchical structure.

These standard codes are at a significant level of detail. The codes provide an approach for
organizing and categorizing outage events (both maintenance and forced outages) for
detailed statistical and engineering analyses. Sufficient data is obtained to identify design
and/or operating and maintenance issues at a component level. This level of detail will be
essential to meet the goals of identifying reliability issues and constraints that must be
resolved through product development and improvement.

Note: The equipment taxonomy EBS must be developed to meet the overall project
objectives. Independent work already performed by SNL, NERC, and SPS will provide a
strong basis for developing a standard architecture. The various wind turbine models (based
on OEM, size, and other technical differences) will be used to develop the existing
technology matrix. This will then provide the basis for developing the standard taxonomy
(see Figure 2).
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Figure 2: Deriving Wind Plant Taxonomy — Equipment Breakdown Structure

3. ORAP data is received on a monthly basis (at minimum) for timely assessment of operational
reliability and availability at the unit level. ORAP is capable of dealing with near “real time”
control system data using patented data transformation logic developed by SPS. SPS
processes require timely, comprehensive, and accurate feedback from participating plants on
a scheduled basis.

The database has a flexible design to quickly modify or add new data fields as required and
to support anticipated differences required with wind technology without having to
significantly change the underlying design.

4. Engineering review, edit, and validation of all reported data (automated and manual) is
conducted to ensure the completeness and accuracy of reported data.

Note: Data validation is a CTQ requirement. The data validation begins at the various
operating plants, as well as being an essential process for adding data to the ORAP database.
To the largest degree possible, validation of the data must be automated, with sufficient and
comprehensive checks put in place to ensure data quality.

5. ORAP has full data input reporting capability using both local and distributed personal
computer (PC) or Internet based reporting. A specific design objective relative to the
collection of data from the operating plants is simplicity, minimum human effort, maximum
automation, and scalability. Itisa CTQ requirement that the data flow to the ORAP database
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for processing and direct flow to the SNL CREW database, and to the degree required,
NERC GADS and various ISO’s (Independent System Operators).

6. A reporting data warehouse for quarterly and on-demand statistical reporting is also part of
the ORAP system. The reporting database structure covers both individual turbine
generators and the total plant with data ready for reporting on both a “unit year” and “pooled
statistics basis”. With ORAP as the fundamental building block, SPS has developed a family
of robust, interactive decision support tools that significantly enhance the process of
capturing field data at the unit and plant level. Through an on-line Web based process called
ORAP Interactive, direct access to the ORAP database provides an effective means for
reporting and analysis of the data and transformed information (see Figure 3). SPS
developed these tools to provide owner/operators, OEM’s, and those with a vested interest in
the energy industry the ability to achieve operational excellence through effective asset
management. These same processes, procedures, and core competencies will be applied as
ORAP is expanded for wind.
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Figure 3: Reporting — Value to Stakeholders

Clearly, leveraging ORAP for wind is feasible. The infrastructure is in place to ensure a
successful design and development effort for deployment of ORAP for wind.
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CRITICAL-TO-QUALITY FUNCTIONAL REQUIREMENTS

The following specific critical to quality (CTQ) functional requirements must be considered and
fully addressed to establish the optimum design; ORAP for Wind:

1.

10.

11.

Must be at the individual turbine level (including groups and subgroups) with roll-up to
the total plant.

Must understand plant arrangement and operational issues from an engineering
perspective (influences on data capture).

Must recognize and protect the proprietary nature of specific owner/operator data.

Must be fully compliant with IEEE 762 and ISO 3977 for time and capacity/energy based
data requirements (i.e. pedigree, operational, event, counter, capacity, energy, ambient)
and measurements (i.e. metrics). Also, the design efforts made by the NERC WTWG
must also be considered to ensure that data requirements will be met.

Must consider and be compliant with the IEC reliability standard (time and energy) when
released to the industry for application.

Must obtain SCADA (and/or control system) data points/tags and faults/alarms
automatically at a desired scan rate/frequency (no manual effort (push vs. pull) —and no
invasion/intrusion on SCADA). This data must cover both the complete plant and
substation(s).

Must consider and be compliant with the IEC standard that will address standardizing
SCADA data points/tags and faults/alarms.

Must develop a scalable approach for archiving the SCADA data points/tags and
faults/alarms as required and for some acceptable period of time for future review and
reference.

Must develop and utilize transformation logic to process the data point/tags and
faults/alarms to develop accumulators of time, capacity/energy, and events.

Must obtain outage event data from available CMMS and/or lock-out/tag-out systems at a
desired rate/frequency (manual effort should be minimized). It is recognized that some
manual effort will be required. This data must cover both the complete plant and
substation(s).

Must consider streamlining a CMMS version for owner/operators not using an off-the-

shelf product. This would be required to provide manual input capability to capture
meaningful outage event details.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

Must develop a scalable approach for archiving the CMMS and/or lock-out/tag-out data
as required and for some acceptable period of time for future review and reference.

Must develop and utilize transformation logic to process the CMMS and/or lock-out/tag-
out data to determine the beginning and ending of events (outage duration), as well as the
symptom, corrective action, and the root cause of the event.

Must develop an equipment breakdown structure (taxonomy) consistent with SPS’
standard (major system, system, component group, and component). The ability to add,
edit, modify, and delete codes must be provided. It is expected that EBS codes for
specific wind turbine models will be developed to then derive a generic taxonomy. Must
include KKS translation (input and reporting).

Must consider ReliaWind project efforts and results, including taxonomy and benchmark
reporting.

Must revise current ORAP data collection process for symptom, corrective action, and
root cause. Input process should define whether the outage description provided
represents symptom, corrective action, and root cause (all can be reported). The
equipment breakdown structure code must be captured for each.

Must consider impact of capturing the symptom, corrective action, and root cause on
reporting.

Must assess and determine the value of capturing and/or making changes to the Outage
Mechanism Code (OMC). The OMC code is used in the existing ORAP system in a
limited manner. The OMC is used specifically for sorting data and reporting specific
failure modes. Additional OMC codes and possibly other uses will be required for wind.

Must develop (unite) data on a turbine/plant month basis (at a maximum — hourly/
daily/weekly also available) to develop/roll-up unit year data.

Must develop automated and manual data validation routines to identify issues, data
errors, and ensure data quality.

Must provide ability to add, delete, and modify data to ensure validity of all types/classes
of transformed data.

Must ensure full security of data transfer and database access.

Must ensure strong internet based communications for high speed and secure data
transfers from plant/central monitoring center and SPS.

Must minimize the need for additional hardware (servers) at the plant or at a central
monitoring center.
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25.

26.

217.

28.

29.

30.

Must develop the process for aggregating data for meaningful reporting (at the right level
of detail and metrics), including benchmark reports for owner/operators. This must
support “data partners” with information consistent with their specific level of data
provided.

Must develop the approach for access to reports through ORAP Interactive (internet
based). This must support “data partners” with information consistent with their specific
level of data provided.

Must develop the data transfer requirements for the SNL CREW database. It is expected
that this will include, but not be limited to: performance history of each turbine, power
output, wind speed, wind direction, wind conditions and a complete set of downtime
events, including associated symptoms, root cause and corrective actions.

Must consider the NERC WTWG efforts to ensure capability of providing required data
to NERC and to various 1SO’s (Independent System Operators).

Must consider off-shore issues and logistical concerns.

Must consider the unavailability types to be consistent with the existing SPS structure,
and with the NERC GADS requirements. It is expected that required changes or
additions to the outage classification will be required to address faults and automatic
resets specific to wind plants.

These critical to quality functional requirements must be executed in an efficient manner to
provide value and to ensure scalability. The specific requirements will be organized into the
following major categories so that the specification and the work performed can be further
developed in an efficient manner (see Table 1).

Table 1: Functional Requirements — Major Categories

Topic Specific Issue Number

Taxonomy Definition 14,15

Review All Standard(s) - RAM Metrics | 4,5, 7, 22, 23, 30

Automated Data Collection (ADC) & 1,2,3,6,8,9,6 10,12, 13,19, 22, 23, 24, 29
Transformation Logic

Modification to ORAP Data Entry 11, 16, 18, 30

Tools

NERC Export 22,23, 26, 28

CREW Export 22,23, 26, 28

Data Validation & Populating 20, 21, 23, 24

Reporting Database

Reporting 15,17, 19,22, 23, 25, 26

Documentation Plan User & System Doc. Begins in Detailed Design
Hardware & Security 22,23, 24
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