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Using Commercial-Grade Digital Devices in Safety-
Related AppllcatIOM)& Claude, C. Haller, D. Herrell, T R, Paul

n nuclear power plant systems and in applications important to s
/ long-standing analog instrumentation and control (I&C) equipmen
becoming obsolete. Owners have been reluctant to upgrade to m
digital equipment because of uncertainties in the substitution process
regulatory expectations for quatiation of software in microprocessors. |
addition, many controls suppliers have discontinued their specialized qu
assurance programs for safety-related applications, and suitable equip
is often only available from commercial grade suppliers. Because of bar
such as these, progress in upgrading old 1&C equipment has been slo
MPR has been at the forefront of digital I&C system quztfon for
safety-related service in nuclear power plants for over a decade.
is the primary author of several Electric Power Research Institute (E
documents on design, evaluation, and licensing of digital upgrades
EPRI TR-102348, TR-106439, and TR-107339). As part of these eff
MPR personnel have served on EPRI/industry committees working
vendors and regulators to de approaches for quatiation and acceptance
of commercial digital equipment. In the last'years, we have also bee
increasingly involved in qualifying and dedicating digital equipment, both
owners seeking to use the equipment and also for equipment suppliers
ing to develop suitably qualéd equipmen(see announcement of the Basl
RA-70 quali“cation in the *Whats News @ MPRZ column, last page)
An important distinction is the difference between the terms Q@i g aji* cation and Commercial Grade Dedication.
tionZ and <DedicationZ. Quatiation is a process for demonstrating that amnile digital systems have unique characterietics com-
itemes design meets particular requirements (typically including temperatiteg to traditional analog control equipment, these
humidity, radiation exposure, electromagnettds, etc.). Dedication is thedifferences can be effectively addressed within the
process by which an item is accepted as meeting the sgleeitjuirements. traditional commercial grade dedication process.
An itemesdesignis quali“ed while the actuatem (i.e., an implementation
of the design) is dedicated.
To qualify digital equipment, the design of the digital system architectur
and the software that is incorporated into the device need to be evaluat
against appropriate requirements for quality and dependability. These ch
acteristics cannot be vegt through inspection and testing alone. To asses
a digital devicess quality and dependability, it is necessary to understand i
underlying design, the software development process, and the vulnerabiliti
of the device to faults and failures. MPR uses the Critical Digital Revie
(CDR) methodology, which is a proven technique for effectively performing
this assessment. The CDR focuses on:

€ the procedures, processes, and practices used to develop, review, te
and maintain the hardware and software.
€ the history of the hardware and software and experience with its use
relevant applications.
€ the design of the hardware and software, including detailed analysis
the documentation, code, and test procedures and evaluation of sys-
tem vulnerabilities.
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The (Principag offices | Earthquake Experience Data Used to
Rememoer Seismically Qualify Equipment

II
MPR and the Submarine by R. Starck 4, PE

Safety Program (SUBSAFE) arthquakes can damage equipment in power plants and industrial facilities.
: . For example, a magnitude 8 earthquake struck Guam in 1993 and produced
__ OnApril 10, 1963, while engaged a peak ground acceleration of about 0.13g at the Piti Power Plant, where a
in a deep test dive, the USS THRESH- motor control center overturned (Figure 1).
ER was lost at sea with 129 Of‘cers Extensive real world observations have been used by the EPRI-sponsored Seis-
and men on board. This tragic event mic Quali“cation Utility Group (SQUG) to develop experience-based methods for
helped to establish the Submarine verifying the seismic adequacy of safety-related equipment installed in older nuclear
Safety (SUBSAFE) Program. power plants. As Technical Coordinator for SQUG, MPR developed the Generic Im-
This year also marked a SUB- plementation Procedure (GIP) to aethe SQUG methodology. The NRC accepted
SAFE related anniversary for MPR. use of the GIP for resolution of Unresolved Safety Issue (USI) on seismic adequacy of
Our “rst work for the US Navy was a equipment at older nuclear power plants. Further, the NRC accepted use of this meth-

SUBSAFE repart submitted to the Sub- od for seismic qualitation of new and replacement equipment at these older.plants
marine Type Desk in April 1965. The MPR led a training

preparation of independent reviews for program in which more
the Type Desk was the principal fea- than 1,000 engineers

ture of the project initiated by Captain were taught how to ap-
Donald H. Kern, USN, and Mr. Robert ply the SQUG meth-

Panoff of MPR. It was also a new od. These engineers
and novel idea at the time ... a non- then used this method
shipbuilding contractor performing at more that 60 older
engineering work directly for the Type nuclear power plants in
Desk. MPR went on to develop the the United States and
prototypes for the SUBSAFE Subma- other countries to verify
rine Design Review Manual as well as the seismic adequacy of
one for non-combatant submersibles safe shutdown equip-
and another for hyperbaric chambers. ment. In each of these
This work was developmental and very plants, several hundred
interesting for our engineers. items of safe shut-
In 1968 the Submarine Type down equipment were
Desk wanted a comprehensive sta- evaluated for seismic
tus report on the implementation of adequacy. Some equip-
all the requirements of the SUBSAFE ment (~10%) was found to need additional evaluations or ratléns to ensure
Program, for a progress report to Con- its seismic adequacy. To date, all U.S. nuclear power plants that were subject to
gress after the nuclear submarine USS USI A-46 have received approval from the NRC.
SCORPION was lost in the Atlantic In the meantime, the American Society of Mechanical Engineers (ASME)
on May 22.  In response, MPR again and the Institute of Electrical and Electronic Engineers (IEEE) developed
broke new ground as a non-shipbuild- revisions to the ASME QME-1 and the |IEEE 344 standards so that earth-
ing contractor performing classi‘ed, quake experience data can be used for seismic aadign of equipment in
independent audits and reviews for all nuclear power plants. MPR supported this industry activity by serving on
the headquarters Type Desk. both the ASME and IEEE standards writing committees. These standards are
Our work under the SUBSAFE in the “nal stages of publication and are expected to be issued late in 2005.
contracts lasted for about ten years There are five steps in using earthquake experience data for seismic
and included many new and chal- quali“ cation of equipment, as detd in the QME-1 and IEEE 344 standards.
lenging assignments. Subsequently,
the SUBSAFE Program has helped 1. Reference Equipment Class The seismic performance of at least 30
to ensure safe submarine operation independent items of equipment is collected from at least four different
for decades. Recently, the incident strong ground motion earthquakes. This experience data is usedn® ale”
in which the USS SAN FRANCISCO Reference Equipment Class based on the scope and performance of equip-
survived with pressure hull intact af- ment. The Reference Equipment Class israel by a set ofnclusion
ter striking an uncharted seamount at Rules (i.e., what equipment is included) afotclusion Rules(i.e., what
"ank speed, provided MPR with a deep equipment features are susceptible to seismic malfunction and should be
sense of grati“cation. avoided). For example, as demonstrated in Figure 1, it is necessary to provide
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