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1 Waestinghouse Savannah River Company
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Alken, South Carolina 29808
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SUMMARY

An enhanced maintenance program is being established to characterize and monitor
cables, components, and process response at the Savannah River Site, Defense Waste
Processing Facility. This facility was designed and constructed to immobilize the radioactive
waste currently stored in underground storage tanks and is expected to begin operation in
1993. The plant is Initiating the program to baseline and monitor instrument and control
(1&C) and electrical equipment, remote process equipment, embedded instrument and control
cables, and in-cell jumper cables used in the facility.

This program is based on the electronic characterization and diagnostic (ECAD) system
which was modified to include process response analysis and o meet rigid Department of
Energy equipment requirements. The system consists of computer-automated, state-of-the-
art electronics. The data that are gathered are stored in a computerized database for analysis,
trending , and troubleshooting. It is anticipated that the data which are gathered and trended
will aid in life extension for the facility.

INTRODUCTION

The Savannah River Site (SRS) has been in operation since 1953. The mission of the
site is to produce nuclear materials for the Department of Energy (DOE).

Radioactive waste resulting from the production of nuclear materials at the site is
presently being stored in large double-wall, shielded underground storage tanks.
Approximately 33 million gallons of this waste are being stored.

The Defense Waste Processing Facility (DWPF) was designe- and constructed to

immobilize the radioactivity in the SRS waste. Construction of the DWPF was initiated in
1983 and is essentially complete.
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Three types of waste are % be processed at the DWPF: highly radioactive insoluble
sludge, highly radioactive precipitate, and less radioactive water-soluble salts. The waste
will be processed in two main facilities: the Vitrification Facllity (S Area), and the Saltstone
Facility (Z Area).

The Saltstone Facllity mixes decontaminated salt solution with cement, furnace slag, and
fly ash. This immobilizes any radioactive componants. The grout produced by this process is
pumped to aboveground storage vaults, where it hardens into concrete blocks. The hardened
product is referred to as saitstone. Each block will consist of about 1.35 million cubic feet of
saltstone, containing 6.0 million gallons of salt solution. The facility is designed to handle
approximately 9 milion galions of decontaminated salt solution per year. The Saltstone
Facility has been constructed, checked out, started up, and is presently processing low level
radioactive waste.

The Vitrification Facility is used to process the high level radioactive portion of the
waste. The waste is chemically neutralized, then mixed with borosilicate glass frit. The
resulting glass slurry is then melted to incorporate the components in a borosilicate glass
matrix, thus reducing the mobility of the radionuclides.

The moiten glass is poured into stainless steel canisters. The glass hardens in the
canisters and the canisters are decontaminated, welded shut, and transported to a temporary
storage facility. They will be permanently stored in the federal waste repository when it is
completed.

The DWPF vitrification equipment is presently in the final stages of checkout, to be
followed by water runs, cold chemical runs, and finally hot startup. Because of the intense
radiation involved in the vitrification process, most of the operations are conducted in closed
concrete cells, contained in a canyon shielded by thick concrete walls, and observed with
closed circuit television or through lead-glass shielding windows. (nstallation and removal of
equipment in the cells is performed remotely using overhead cranes and manipulators. All
processes conducted in these cells are designed for totally remote operation and maintenance.

Process and electrical connections in the canyon are made with remotely coupled
jumpers. The jumpers are, primarily, rigid stainless steel pipe assemblies containing the
required instrumentation and electrical conductors; however, some flexible jumpers are
being used.

DISCUSSION
Power and instrumentation signals for in-cell process equipment are routed from
service corridors external to the canyon, through circuits embedded in the shielding walls, to
removable jumpers (equipped with Hanford connectors), and then to the process equipment.
The embedded wiring, process equipmert, and jumpers have been designed for remote removal
and replacement.

One of the objectives for the DWPF is to obtain at least 75% of process design capacity.
This requires the ability to quickly identify, locate, and replace any failed cables or equipment
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and the ability to determine when a plece of equipment or a process is degrading and will need
o be monitored or replaced.

SRS operates most facllities using @ "Replace and Repair" maintenance philosophy. The
strong point of this concept is that it minimizes personnel radiation exposure and equipment
downtime. If Instituted properly, Replace and Repair aiso ensures that installable operating
spares are available for the process. The negative side of Replace and Repair Is that there is a
tendency to replace the final element, such as a motor or a resistance temperature detector
(RTD), rather than the possibly falled jumper wires or Hanford connector. Replacement of
the wrong componant wastes time, spreads contamination, and stresses equipment.

The DWPF Works Engineering Dapartment has initiated a program to minimize
misidentifying/replacing the wrong parts. Two major components provide the framework for
this innovative program; the ECAD System 1000 (ECAD Division of Pentek, Inc., Pittsburgh,
PA) and Protuner PC-1200 (Techmation, Tempe, AZ). Both of these components are used to
monitor the process or aquipment and to gather and store dynamic and stimuli/response
related information in an electronic database.

The database organizes the information and forms the basis for trending and analysis.
Periodic retesting of the equipment or process adds to existing data and enables evaluation as
to how well the systems are withstanding the environment. Aging and componant degradation
information may be used for predicting further maintenance requirements and plant life
extension. Stimuli/response data may be used to tune the process and optimize performance.

The predictive maintenance program is presently being implermented. Works
Engineering engineers and Electrical and Instrumentation mechanics have been trained on how
to acquire basseline daia and troubleshoot circuits, equipment, and processes.

The first data obtained using the diagnostic system revealed unanticipated plant
equipment problems (see CASE STUDIES article). Testing procedures were developed in the
course of the troubleshooting these problems. .

DIAGNOSTIC SYSTEM DESCRIPTION

ECAD is an acronym for electronic characterization and diagnostics, and is applied to the
testing of instrumentation, control, and power circuits. The ECAD a»proach is based on
viewing the plant circuit as an rf transmission line with a load, and analyzing the lumped and
distributed circuit elements. Typical transmission lines include parallel wires, wire over a
ground plane, and coaxial cable. Direct current and radio frequency iesting techniques can be
applied to determine and monitor those electrical characteristics necessary for circuit
functionality assessment. The direct currant or low frequency measurements provide the
lumped values of circuit loop resistance, shunt resistance, inductance, and capacitance. These
measurements provide the best indication of circuit degradation, but cannot determine where
the degradation is occurring. Using the radio frequency technique of analyzing refiected
electromagnetic pulses in the time domain, the circuit is analyzed as an rf transmission line,
consisting of a series of resistors, inductors, and capacitors. This technique, known as time-
domain reflectometry (TDR), identifies the distributed resistance, inductance, and
capacitance of the circuit, and can accurately detect the location of circuit degradation. The
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information acquired by these two testing techniques not only reveals the degree of circuit
degradation, but also the nature and location of the problem (Figure 1 and Table 1).

The ECAD System 1000 Is a completely auiomated data acquisition system consisting of
state-of-the-art electronic test equipment and a computer. The computer provides complete
contro! of the test instrumentation through the IEEE-488 Interface bus using specially
designed software. The basic measurements acquired by the system include AC/DC voltage
(noise), insulation resistar ce, DC loop resistance, | npedance, inductance, capacitance, and
time-domain reflectometry signature. These measurements, along with circult identification
information and testing history, form the ECAD portior.: of the database. The ECAD System
conducts all measurements remotely using a 2-wire connection to the circuit under test.
Presently, the system is able to monitor a circuit with the load approximately 3000 ft frem
the test point.

Figure 2 is a one-line diagram for a typical RTD circuit. To completely characterize
this RTD circuit, a total of nine tests would be performed. Time per test ranges from 1103
minutes, depending on the circuit configuration and whether or not an insulation resistance
test is required. For example, a test across an RTD element would show a low ohmic value and
would not require an insulation test resulting in a one-minute test duration. A test from the
shield to ground would indicate an open circuit at the end device and an insulation resistance
test would be automatically conducted at an operator specified voltage.

UJpon test complation a quick-look data chart is produced as shown in Figure 3. This
chart displays circuit descriptive information, lumped element data and the TDR signature. |f
previous data exists for the device under fest, the computer automatically recalls and prints
the baseline data for trend comparisons.

APPLICATION OF THE DIAGNOSTIC SYSTEM AT THE DWPF

DWPF Works Engineering has selected the following circuits or processes for initial
testing and baseline using the diagnostic system: -

e all safety circuits

¢ all embedded circuits

e all canyon jumpers and process equipment
e circuits with a history of problems

e distributed control system network cables
e closed circuit television cables

Additionally, any circuit being replaced is considered for testing.
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The baseiine program is being implemented as follows:

Known good equipment and circults are first identifiad and a computerized testing
strategy Is proposed. In cases where the vendor has made recommendations on how to test the
equipment, recommanded tests are incorporated into the strategy. in cases where no
recommended tests have baen identified, a similar circuit is built using new components.

The good circuit is then tested and the testing strategy is verified. All circuits Which
may be tested using this strategy are identified. The test strategy is duplicated into a file for
each circult. This ensures that all similar circuits are tested in the same manner.

The circuits are then tested and the data stored in the database. Once all the circuits have
been tested, the tests are grouped by test configuration and statistical analysis is performed on
the data. Circuits which deviate from the norm are identified and the test data are reviewed.

In some cases, retesting or troubleshooting of the deviate circuit is required.

This represents a different approach to traditional testing and establishing a baseline.
Because the data are stored in the database, computer analysis can easily be accomplished and
problems resulting from infant mortality, improper installation, or poor construction
practices can often be identified. Having test data on known good circuits to use for
comparison is a great aid in trouble shooting.

In case of the removal/repair and subsequent replacement of canyon equipment, the
following procedure is followed:

Prior to removal, the circuit and equipment are analyzed using the diagnostic system. If
required, the equipment is removed for repair. Following removal, the circuits embedded in
the canyon wall are analyzed. After the jumper or equipment is repaired, it is again tested
with the diagnostic system before re-installation. The installation is made and the entire
circuit Is again diagnosed. Comparing the data obtained after re-installation with the data
obtained on the embedded circuits and jumper/equipment allows a thorough evaluation of the
new instaliation.

CASE STUDES -

The most dramatic results from the use of the diagnostic system have been obtained as a
result of the baseline effort. During baseline and the subsequent troubleshooting of suspected
circuits or processes, design and installation problems were discovered.

The following problems are representative of situations identified and resolved with the
aid of the diagnostic system. Most of the equipment diagnosed was previously checked out and
tested using conventional methods such as continuity and megger testing before it was analyzed
by the diagnostic system.

in discussing these problems, some situations have necessarily been simplified since
complete information would require detail outside the scope of this paper.
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Loose Hanford Connector. in September 1988, ECAD represeniatives were at
the DWPF to fest circuits and give a demonstration of the system. Works Engineering
suggested that they look at an RTD circult that had been giving problems. After collecting data,
the problem was Identified as a poorly made (partially open) connection at a Hanford -
connector. This problem was evident in the resistance, impedance, and time-domain
reflectometry data. Investigation revealed that the Hanford connector hacl been tightened with
a knock wrench instead of an impact wrench and that there was indeed a poor connection. Re-
impacting the jumper fixed the problem.

'mproper installation of RTD's. Statistical analysis of baseline data on
numerous RTD circuits showed that a number of jumper mounted RTD’s had the reference lead
and shield switched in the jumper. The TDR identified this problem by indicating an
impedance mismatch at the jumper. Although the RTD would function, it needed to be rewired
correctly.

Improper Cabling and Installation for Flow Meters. The flow meters
being used were designed to develop a microvolt signal which is proportional to flow. Data
obtained during baseline for these circuits showed 70+ millivolts of noise on the circuits.
Investigation revealed that the wrong cable type had been installed. The proper cable was
obtained and installed. This lowered the noise level but did not eliminate it. Further testing
revealed that the remaining noise was being impressed on the circuit at a terminal strip.
Additional shielding resolved this problem.

‘Dirt and Debris in Electrical Connectors. A failed mass flow meter which

had been repaired was baselined before re-installation. After re-installation the circuit was

again tested. One of the test configurations revealed 3 ohms more resistance than predicted by
the statistcal value obtained from the accumulated baseline data for this type of circuit. The
jumper was loosened then tightened, the resistance increased. Analysis of the TDR data
determined that the change had occurred at the upper Hanford connector. The jumper was
removed and personnel were lowered by crane to the wall connector inside the cell. Visual
inspection revealed that dirt and debris had entered-the connector while the jumper was being
repaired.

Bad Coax Connectors. The canycnh processes are observed via closed circuit-
television. Cables used to operate the cameras contain 40 conductors. Conventional test
methods had bee ) used to troubleshoot a failed camera; however, the problem could not be
determined. The diagnostic system was employed and , based on the data obtained from similar
video circuits, the problem was found to be a bad coax connector.

Cold Soider Connections In Hanford Connectors Resistance greater than
expected from the statistically developed profile for a particular jumper configuration led to
the removal of a suspect jumper. Investigation revealed that there “vare poor solder
connections inside the jumper.
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CONCLUSION

To date, the use of this innovative trending and diagnostic too!l has identified many
problems which could have gone unchecked and have lad fo plant operating problems after
startup. It Is expected that continued application of the system for baselining plant circuits
and ongoing performance monitoring will provide a key function in the overall maintenance
strategy at the DWPF.
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Figure 2. One-Line Diagram Showing ECAD Testing Connection
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