Initiative

LADWP upgrades energy control
system and 179 substations

to iImprove data flow and usage
across the enterprise.

by Jack Waizenegger, Los Angeles Department of Water and Power; and
Joe Sottnik, Lee Melville and Gene Grace, Enspiria Solutions Inc.

THE LOS ANGELES DEPARTMENT OF WATER AND
POWER (LADWP) is undertaking an ambitious substation
automation (SA) project in 179 substations, as part of its
larger Energy Control System Upgrade (ECSU) program. In
mid-2004, LADWP (Los Angeles, California, U.S.) completed
the comprehensive SA pilot phase validated by three system

performance tests. The SA project has been “T-__ .
in production for two years and will continue =~ ™
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into 2007. .
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A COMPREHENSIVE SOLUTION 'n

As is the case at many utilities, LADWP had | e ooe -

a supervisory control and data acquisition/
remote terminal unit (SCADA/RTU) system
A newly installed bank of |IED panels at an LADWP
station contains overcurrent protection, differen-
tial protection and ground-detection devices. The
flat design of these panels allows simplified instal-
lation and reduced cutover time.

Norman Cahill, from the LADWP Substation Opera-
tions department, operates substation equipment
via the dual-screen HMI. The left screen displays all
substation one lines and real-time data, while the
right screen is reserved for computer-based logging
of substation operations and maintenance work,
triggered from one-line interaction.
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Install 10,000 wireless micro-RTUs
Automate reactive power control
Enterprise Information System access to Energy Control system
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Energy Control System Upgrade (ECSU) program overview
captures the key elements including substation automation
and installation of a systemwide WAN.

that was showing its age. Rapid detection and location
of electric trouble was becoming more of a challenge.
The original vendor of the system no longer supported
the technology. In addition, some equipment was at
the end of its service life, and legacy communication
protocols were unable to extract needed information
from modern intelligent electronic devices (IEDs).
The relatively low bandwidth of those systems could
not provide data throughput for modern applications.
And, existing technology did not provide adequate
reactive power control capability, a single factor carry-
ing significant financial impact.

Likewise, data acquisition systems were not all
compatible, so LADWP was not able to effectively manage its
integrated resources. While there were information islands,
each of which had value in and of themselves, the informa-
tion could not be effectively shared. Furthermore, due to the
system evolution, the islands also lacked a standard look and
feel. LADWP ardently felt the need for improvements.

Faced with these system conditions, LADWP embarked
on the ECSU program to develop a comprehensive solution
that would remedy its immediate system shortcomings, as well

A typical recelving station transformer at a LADWP substation.

as position it for the future. The ECSU program involves sev-
eral elements of upgrade to the data-retrieval infrastructure,
including replacement of the Energy Control Center (ECC)
and automation of 179 substations.

INCENTIVES

The ECSU program, of which the SA systems are an inte-
gral part, brings several important benefits to LADWP, in-
cluding improved system integrity and reliability, improved




EQUIPMENT AND SYSTEMS

o Intelligent electronic devices (IEDs) — LADWP’s system includes IED models by ABB, AREVA, JemStar Meter and SEL.

e Programmable logic controllers (PLCs) — The PLC at the core of this SA system architecture is the Allen Bradley SLC 5/04 series.
Corresponding analog, status and control, and pulse accumulator modules are also from the Allen Bradley SLC 5 family of products.
e Human machine interfaces (HMIs) — The HMI was developed by Tasnet specifically for electric substation operations and has been
customized for the LADWP project. Among other functions, the HMI includes all station one lines, current alarms, alarm history,
annunciation screens and an operator’s logging function replacing the previous paper-logging system. The HMI provides a single
point for local operations of the station.

e Time stamping — Time-stamp synchronization allowing resolution to 1 msec is achieved through the use of Arbiter 1084B

clocks. Time stamping of discrete 1/O is achieved through the use of control technology international (CTI) modules, which then
communicate to network interface modules.

e Network interface modules (NIM) — IED communication is through NIM designed for Allen Bradley SLC 5 format and fit into the
PLC chassis like any I/0 module. Tasnet-developed drivers are loaded into the NIMs with code specific to the particular IED’s native
communication protocol along with drivers providing DNP communication. A dual path is used to each IED (DNP primary and native
secondary) allowing all data retrieved from a mix of [EDs to be made available to the PLC for automation applications, to the local
infoserver (driving the HMI and providing local interface) as well as to SCADA.

e Infoserver — The local Infoserver is a 3-GHz Pentium 4 machine with 512-MB RAM and dual 40-GB hard drives built to meet the
system performance as well as the environmental and surge withstand requirements of LADWP.

e Local communications equipment — Local communications equipment functions through LADWP’s fiber-optic SONET ring. This

includes local GE JIMUX and Cisco Ethernet Switches.

environmental quality and the establishment of a founda-
tion layer for delivering critical data to the utility knowledge
infrastructure. These benefits improve LADWP’s service
performance, organizational efficiency and financial per-
formance.

When completed, LADWP anticipates bringing SCADA
availability to 99.95%. ECSU also positions the SCADA to
keep pace with system load growth and relieves the concern of
a single SCADA master’s susceptibility to outage due to natu-
ral disaster, accident or sabotage. Improved access to critical
system parameters along with time stamping within 1 msec
of important alarms is expected to yield a reduction in LAD-
WP’s customer average interruption duration index (CAIDI)
by 10 minutes on monitored circuits. The ECSU program also
provides expansion capacity, as well as capacity for increased
monitor/control demands.

ECSU is leading to improved maintenance of critical sys-
tem components with improved real-time data flow and im-
proved data history. This significant impact is being enabled
by providing an environment for on-time maintenance, as op-
posed to less-responsive periodic maintenance.

ECSU reactive power control capability will improve system
efficiency through accurate capacitive control, thus requiring
less generation to serve the same load. Reduced generation
results in reduced emissions, which will further improve air
quality in the Los Angeles basin.

ECSU also establishes a foundation layer for delivering crit-
ical datato LADWP’s knowledge infrastructure and facilitates
enterprisewide data sharing. The newly networked system will
provide ready access to critical system data for engineering
analysis and system-planning efforts, as well as provide an in-
formation bridge to the corporate enterprise.

AUTOMATION PROJECT SCOPE

The SA portion of ECSU includes replacing legacy REDAC
RTUs with PLC/PC-based SA systems, replacing electro-
mechanical relays with IEDs and replacing 1200-baud mo-
dems with OC-12 fiber-optic ring communication. A new fiber-
optic communication ring now provides a wide-area net-
work (WAN) retrieving data from all LADWP stations in this
project. This WAN also allows remote loop-through access to
all IEDs, reducing the need to send personnel to the stations.

The SA project includes the installation of human machine
interfaces (HMIs), which incorporates items such as alarms,
annunciator panels, control functions and station one lines
into one display that is accessed by the operators in the stations.
This reduces the need for panel space and provides one-stop
shopping for most of the station functionality.

Other features of the SA project include the ability to au-
tomate selected control functions (at LADWP’s discretion);
to implement automation algorithms in the local PLC; to im-
prove data acquisition, including oscillography and sequence
of events (SOE); and to improve remote diagnostics. Updated
communications with the stations through the newly installed
fiber-optic WAN and the addition of loop-through provide
communication with IEDs and the local station infoserver as
though the engineer is in the station plugged into the IEDS’
diagnostic ports. As of this writing, LADWP has ordered 120
systems (of the 179 stations in the entire project) and taken
delivery of 82.

RIGHT TEAM, RIGHT PROCESSES

Teamwork makes this LADWP SA project work. LADWP
hasadedicated owner/contractor team with the required skills
and a local presence. From the beginning, the team makeup




These photos show the bus and switchgear that are typical

in LADWP 34.5-kV receiving stations.

has been driven by project needs. Selecting the right
contractor was accomplished through a rigorous quali-
fication, proposal and evaluation process. This team
consists of Enspiria Solutions Inc. (Greenwood Village, Colo-
rado, U.S.) as the prime contractor and several subcontractors
including Electrical Systems Ltd. (Corona, California, U.S.),
Plan B Solutions (Halifax, Nova Scotia, Canada), Crown Elec-
trical Systems (Los Angeles, California), Berg/ORSA (West
Covina, California), PowerCon (Baltimore, Maryland, U.S.)
and ConfigureData (La Jolla, California). In addition, LAD-
WP assembled an in-house team with members from a variety
of disciplines throughout the utility, including construction,
system test, operations, maintenance, protective relaying and
project management.

Project responsibilities are shared. The contractor builds
and delivers complete systems, and LADWP is respon-
sible for installation and site testing. To accomplish this,
the contractor team provides integration management,
proprietary equipment and software, factory testing, and
detailed construction work packages to furnish and de-
liver complete factory-built systems along with system train-
ing. In addition to installation, site testing and startup,
LADWP provides overall project management, source docu-
ments and standards, and operation and maintenance.

Considerable time was spent defining the roles of each
team component and identifying hand-off points. Develop-
ing task assignments was a comprehensive effort by all parties.
While arduous, it has proven well worth the effort. The roles
of the various team members were further honed through the
development of comprehensive project processes and stan-
dards. LADWP practices continual improvement of these proj-
ect mechanics.

The RTU Points List Process is a good example and a
critical path item. It is an essential element in developing the
proper architecture for a specific station’s SA system. The con-
tractor initially developed the Points List for a given system
with limited LADWP input. Early on, delays in the review pro-
cess and last-minute changes resulted in significant produc-

SubstationAUTOMATION

tion delays. This process was refined through team meetings
and working groups. Process improvements included building
LADWP input into the Points List early in the design process
and thorough, timely review steps. What was once a signifi-
cant challenge is now a streamlined and reliable process.

PILOT PHASE: TECHNICAL CHALLENGE

A rigorous pilot phase, conducted in 2002 and 2003, fo-
cused on refining the build-up and testing of seven SA systems
prototypical of those expected to be seen in the balance of the
project. This also involved the delivery of two test systems to
provide an off-line environment as a proving ground to iden-
tify any desired changes in system parameters.

A comprehensive performance test was required of each of
the three system types: receiving stations, industrial stations
and distribution stations. These tests required all system com-
ponents, including the associated relay racks, to be assembled
in one area for a defined, structured test and then an unstruc-
tured test. Parameters of the structured testing were specified
early in the pilot. The unstructured test provided the oppor-
tunity to push system operational limits.

The buildup, testing and initial deliveries of the pilot
systems were particularly challenging from a technical
standpoint: issues related to meeting specified technical
requirements and issues from changing technical require-
ments as LADWP gained more familiarity with the sys-
tems. A prime example of meeting specs was system per-
formance, as measured by CPU usage in the Infoserver.
One of their largest systems with the maximum amount of
IEDs and hardwired points was targeted for performance
testing. When brought together for testing, this system
had a higher CPU usage than specified. However, through
a rigorous structured and unstructured testing process,
CPU usage was improved and the system was ultimately
approved and shipped.
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PRODUCTION PHASE: LOGISTICS CHALLENGE

The production phase brought another lesson. Previously, the
team was focused on overcoming technical challenges to ensure
asuccessful pilot system build and delivery. That focus precluded
consideration of what would be required for production. As it
turned out, a whole new set of challenges was encountered.

As LADWP began to receive, install and site acceptance
test (SAT) production systems, it uncovered a number of is-
sues. Since the substations were built over several years, each
station represents a different level of uniqueness that impacts
successful implementation. This necessitates preconstruction
and pre-SAT meetings where the representatives of the appro-
priate vendors and LADWP personnel walk through the sta-
tion and note the specific peculiarities or challenges.

The staffing level required to construct, test and commis-
sion this number of stations at a pace that allows for project
completion in a five-year period was not fully realized in the
beginning of the project. It wasn’t until units were being
delivered at a regular pace that LADWP realized it had to
refine the staffing commitment and construction processes
needed to meet completion schedules.

With such widespread involvement from both the team of
vendors and various LADWP departments, suggestions for
changes seemed to come from every direction. Ultimately,
a Change Control Board was implemented that meets twice
a month and provides a forum for structured submittal for
change requests. There, issues such as cost of change, tech-
nical impact, resource impact and scheduling impact are
discussed and, from these discussions, project changes are
approved or denied in a transparent process that allows all
parties to stay abreast of change.

LESSONS LEARNED

Develop strong owner/contractor working relationships. It
is imperative that all embrace the same goal: successful proj-
ect delivery. Once that is firmly established, identify the right
people from each participating group and involve them in
regular and frequent project meetings.

Dedicated teamwork has provided the SA project with asuc-
cessful style of project delivery and was essential to the smooth
transition from the pilot to production phases. In this SA proj-
ect the pilot and production phases had significantly differ-
ent challenges, in that one case was technical and the other
logistical.

A close working team is essential to addressing these chal-
lenges successfully. This is accomplished primarily through
regular project meetings. An Enspiria/LADWP project team
meeting is held weekly to discuss current issues. A larger-scale
meeting including all vendors and involved LADWP depart-

ment representatives is held monthly to present project status
as well as to discuss any open technical or logistical issues.

Finally, develop comprehensive project processes. Process
development cannot be done in one session. The right people
are not always available or even aware of the need. In addi-
tion, processes evolve as tasks are better understood. Revisit
process development until it’s right — it will pay off hand-
somely as the project proceeds.
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