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TRANSDUCERS AND TRANSMITTERS1

Rolf C. Strahm
EG&G Idaho, Inc.

Idaho National Engineering Laboratory

ABSTRACT

People in the nuclear industries face some unique problems when handling, testing, or
examining transducers and transmitters that have been radioactively contaminated.
Although many people and organizations, including EG&G Idaho, have performed such
work for many years, there are no set, structured approaches or procedures. This paper
discusses a disciplined laboratory approach to contaminated transducer testing and
evaluation, utilizing equipment and facilities developed specifically for this type of work.

INTRODUCTION

As a prime contractor, EG&G Idaho operates several experimental nuclear reactors at
Idaho National Engineering Laboratory (INEL) approximately 50 miles west of Idaho
Falls, Idaho. Among the nuclear facilities are Loss of Fluid Test (LOFT), Power Burst
Facility (PBF) and Advanced Test Reactor (ATR). EG&G Idaho is also involved in a
program to remove certain selected instruments and other electrical devices from the
TMI-2 reactor building for testing and examination at INEL.

Many transducers and transmitters are utilized in and around nuclear plants. In addition to
the control and process monitoring transducers and transmitters normally used in nuclear
plants, many specialized transducers may be found in the experimental reactors at INEL.

These devices frequently become radioactively contaminated in service. Contamination
may be internal, external, or both. This does not alleviate the necessity to periodically
retest or calibrate these transducers, or to evaluate and/or examine them for cause of
degradation or failure. Most transducer test laboratories are not licensed or equipped to
handle radioactive material, and therefore the users must solve the testing problems
themselves.



Contamination is removable radioactive dust-like particles, which can be ingested or
inhaled. Contamination ranges from that which is easily removable to that which is very
tenacious and locked into pores or crevices of a device. Some contamination may be
extremely difficult to remove, yet still be capable of contaminating equipment or
personnel. The types of radiation typically encountered are alpha, beta, and gamma.

CONSIDERATIONS

Some of the areas that must be considered when testing and handling radioactively
contaminated transducers are:

1. Personnel and Public Safety—Radioactively contaminated material is potentially
hazardous. Medical and radiological monitoring is necessary to protect personnel and
requires specialized instruments, personal dosimetry and documentation. EG&G
Idaho subscribes to the ALARA (as low as reasonably achievable) philosophy, so that
jobs are planned carefully to reduce personnel exposure to levels below DOE
guidelines.

All personnel who work with radioactive materials at EG&G Idaho must take special
training and become qualified Radiation Workers.

All materials and equipment contaminated during testing and examination must be
controlled, cleaned up, or disposed of properly and safely, to protect personnel and
preclude the spread of contamination to the general public.

2. Special Handling—All radioactive materials require special controls and must be
handled and shipped in accordance with government regulations. Special paper work
is required and at EG&G Idaho, only trained and qualified personnel may handle or
ship radioactive materials. All actions connected with handling are monitored by
personnel trained in health physics. Typically, each job involving any radioactive
material requires a “Safe Work Permit” so Safety and/or Health Physics personnel
can review the job and assure adequate safeguards to protect personnel and to prevent
the spread of contamination.

3. Protection of Test Equipment and Facilities—Unless the test equipment and facilities
being utilized to test the contaminated components are dedicated solely to working
with such articles, they must be either protected against contamination, cleaned up
after this use, or disposed of when the job is complete. Generally, calibration and test
equipment is too expensive to dedicate only to testing contaminated components, and
attempts are made to use the same equipment on nonradioactive tests as well. This 



may be risky because once a piece of equipment is contaminated, it may be extremely
difficult or impossible to clean and therefore no longer useful on non-contaminated
items.

TEST OPTIONS

Several options are available in testing and evaluating radioactive transducers and
transmitters:

1. Discard and Replace. The cost of handling and testing the device may be greater than
that of simply discarding it and replacing it with another. This is commonly done,
especially with highly radioactive devices. However, aside from the fact that it costs
even to discard or store radioactive material, there are several reasons for testing a
radioactive transducer or transmitter.

• The most obvious is to enable its reuse. While transducers and transmitters
normally last years, periodic calibration tests are necessary to assure continued
accuracy of the unit. Radiation contamination, itself, does not constitute failure.

• Validate Data Already Obtained. The device may have provided data during an
experiment that subjected it to potentially damaging radiation (or other
phenomenon), and requires testing to assure that the device still functions
properly.

• Determine survivability or cause of failure or degradation. When failure or
degradation does occur, it is useful to know the cause in order to improve future
designs or applications, as in the case of the TMI-2 transmitters.

• Radiation Effects Testing. Some experiments are designed specifically for testing
radiation effects on devices or materials, in which case testing is required to
evaluate such effects.

2. Clean Up and Test. Sometimes devices may be cleaned up so they can be handled as
nonradioactive items. This approach generally works only on items mildly
contaminated with loose particles. It is not uncommon to have to resort to harsh
cleaning techniques such as scrubbing, pressurized steam, acid etching, etc., and even
these techniques are not always successful.

Cleaning operations may damage or affect device performance in such a manner as to
question its performance in a previous experiment or operation. For example, if water
used in a cleaning operation were allowed to enter a sensitive area of a transducer or



transmitter, and it subsequently did not work properly, its prior performance would
remain in question.

3. Test in Place. Frequently, transducers and transmitters may be tested in place. Process
and control pressure transducers and transmitters for example, are often configured so
they may be tested with a portable pressure calibrator, but this approach has its
limitations. The logistics are sometimes cumbersome, testing may be compromised,
and often results are not as good as a laboratory calibration. In the case of failure or
degradation, detailed troubleshooting and repairing in the field is generally not
practical; it is simpler to physically replace the device and not delay the operation of a
costly facility.

4. Test Device in Contaminated State. It is often desirable to test the device in the
contaminated state because: 1) The device may not be cleanable, 2) cleaning may
damage it or affect the test results as previously indicated, or 3) it may be most
efficient and economical if equipment and facilities are readily available. Conversely,
it may be very expensive if special facilities and/or equipment must be separately
provided for each task.

Special “Hot Cells” are available at INEL. These are enclosed and sealed areas that
have been designed and constructed to handle highly radioactive materials, and are
equipped with remote control manipulators. They are generally very expensive and
awkward to utilize, and are too restrictive for handling and testing mildly
contaminated transducers.

TEST FACILITIES

At the INEL, in spite of the fact that we have been handling radioactive materials for
years, it still seemed that when it was required to test or calibrate a radioactively
contaminated transducer or transmitter, it was necessary to set aside a special area or
facility, and set up calibration and test equipment on a temporary basis. The tests were
usually set up in a remote area that was designed to handle radioactive material, but not
conducive to good instrumentation practices. With an expected influx of transducers and
transmitters from LOFT and TMI, and recognizing that there must be a better way, a
laboratory designated Contaminated Components Test Facility (CCTF) was set up for the
primary purpose of testing and evaluating radioactively contaminated instruments. The
laboratory is located in an area where nonradioactive transducers have been tested for
years. Most of the necessary equipment was on hand and experienced personnel were
already available to staff the facility.



The general philosophy was to provide a facility at minimum costs that could utilize as
much existing equipment and personnel as possible. Further, it was desired to be able to
handle and test devices in a “as received” contaminated state to avoid compromising data
by any clean-up operation.

Figure 1 is a layout of the CCTF, which is located in a metal frame building at ARA-III at
the INEL. The principle features are the tent, the fume hood, and a glove box, in which
contaminated articles are tested and examined. Also in this facility is radiation monitoring
equipment consisting of a constant air monitor, radiation area monitor, a smear counter,
personnel monitor, and several portable instruments.

The tent was fabricated to our requirements and is made of Herculite, a fiberglass-
reinforced plastic. See Figure 2. The material is strong, washable and easily cleaned. Four
separate rooms and a “step-off area” are provided, so separate experiments may be set up
and left in place. A blower system maintains a negative air pressure on the tent. Blower
system air intake and exhaust is forced through high efficiency particulate air (HEPA)
filters. It is designed so any airborne contamination is drawn into the filters and trapped.
The fume hood, Figure 3, is also exhausted through a HEPA filter.

The glove box, Figure 4, is an option for handling and disassembling devices.

Provisions for collecting liquid, solid, and compactable radioactive waste are incorporated
in the facility.

Mildly contaminated articles may be evaluated in either the fume hood or the tent. Articles
that have higher levels of loose contamination are evaluated in the tent. Such items may
require that personnel be more fully protected, so an air purification system is provided to
allow personnel to work in the tent with hood respiratory protection. See Figure 5.

The tent is provided with a zippered door in its ceiling, and a rail-mounted chain hoist is
available so that heavy articles, such as instrumented piping, may be lowered into a back
room for testing.

Figure 6 shows radiation monitoring equipment, including a “smear” counter. Smear
counters are used to measure contamination levels by wiping (smearing) the questionable
article with a cotton or a paper swab, and then placing the swab in the lead lined detector
housing. The radiation events (disintegrations), are then counted, and the results provide an
indication of the level of contamination. The detection systems are capable of
discriminating between the types of radiation, i.e., alpha, beta, or gamma.



Figure 7 shows a computer-based control and data acquisition system which is located in a
separate building several yards from the CCTF. There are several computer-controlled
RUSKA pneumatic pressure calibration instruments mounted in the racks. The control and
data acquisition system is used to test pressure transducers and to control and acquire data
from a variety of experiments in the area. It was a relatively simple matter to connect the
CCTF into this system with pressure tubing and cabling. Of great concern is that the
pressure test system not be contaminated by the radioactive transducers and transmitters.
This concern was resolved by placing filters in pressure lines as shown in Figure 1. A
number of tests were performed to assure that contamination did not pass the filters. Two
filters are used for redundant protection.

An alternate method of protecting pressure test equipment is to pressurize from the test
equipment, but exhaust or bleed-off into the contaminated area. This technique has been
used with pneumatic and water test systems. It is still recommended that a filter be placed
in the pressurizing line, in case of leakage or errors in operation.

The limits of radiation levels that may be accommodated in the CCTF are based on
allowable personnel exposure. Such measures as shielding, maintaining distance, and
minimizing time of exposure are taken to reduce personnel exposures to within the EG&G
Idaho ALARA guidelines. Contaminated articles must be enclosed in sealed containers for
shipping and handling, and may be exposed only in a controlled area such as the tent or
fume hood.

Each device to be tested must be evaluated by Health Physics and test personnel to
determine the best handling and test techniques to maintain low personnel exposure. In
general, articles with up to 2 or 3 roentgens per hr (R/hr), as measured by an ion chamber
instrument, or smearable contamination of several hundred thousand disintegrations per
minute (dpm) can be readily accommodated. Higher levels may require special controls
and procedures, with additional shielding required.

TEST AND EVALUATION EXPERIENCE

The CCTF was set up primarily to repair and recalibrate LOFT pressure transducers and to
test and examine TMI-2 pressure transmitters. Other devices have also been tested and
examined in the facility.

Loss of Fluid Test (LOFT) - The LOFT reactor uses approximately 50 experimental
absolute and high-line, low-differential pressure transducers on and around the primary
coolant system. These transducers become contaminated internally and externally, and
require periodic calibration and repair. In the past, it was very difficult to obtain good “as
received” calibrations because of inadequate facilities, and the areas in which it was



necessary to repair them was not of instrument handling quality. The transducers are now
tested in the CCTF in a “as received” contaminated condition, with the precision pressure
test system. This allows validation of prior supplied data. The transducers are then cleaned
up and repaired as necessary (new “O” rings, fittings, etc.). They are then recalibrated and
returned to service with a minimum of turn-around time.

The radiation and contamination levels of these transducers is fairly low, ranging about
0.05 to 0.5 R/hr and smearable contamination of 500 to 5000 dpm.

Three Mile Island (TMI) - A number of TMI transmitters were to have been tested by this
time, but removal has been delayed at TMI due to the high priority of the fuel examination
program. Two pressure transmitters and one flow indicating transmitter have been tested/
examined, along with pressure switches and valve actuator solenoids. A Foxboro EllGM
series pressure transmitter was tested and appeared to have suffered no degradation, while
a Bailey Model BY8231 did not function at all due to severe internal corrosion (1). See
Figures 8 and 9. The corrosion in the Bailey unit was caused by leakage of water into it,
apparently by way of its cable conduit.

A Brooks flowmeter indicator also did not function at all. The failure was found to be
severe corrosion at solder terminals in the transformer sensing coils. The corrosion is not
attributed to leakage, as with the Bailey unit. A report will be issued on the Brooks unit at
the end of the fiscal year.

These TMI transmitters exhibit radiation levels of up to 1.5 R/hr, with smearable
contamination levels of up to 100,000 dpm. The Bailey unit was also heavily contaminated
internally.

When actually working on a unit, as in a disassembly or troubleshooting operation, it has
generally been found most convenient to work in the fume hood, as shown in Figure 3.
One technician, dressed in anti-contamination clothing, actually handles the test articles in
the controlled area while the other operates meters and test equipment and maintains a log,
and transcribes data.

For long term tests, or calibration tests where the transducers are to be left unattended, it
has been found most convenient to set up the experiment in the tent, and test the articles
remotely.

Other Examples - Flow: Flow testing of contaminated turbine and similar flow transducers
and transmitters is limited because of the problems in contaminating expensive flow loops
and the large number of flow ranges required. Dedicating a flow calibrator to testing
contaminated devices has been cost prohibitive to date. EG&G Idaho has a Ballistic Flow



Calibrator which is in full time use in calibrating nonradioactive flow transducers.
Therefore, the approach in testing turbine type transducers has been to completely clean up
the turbine. Internal parts such as bearings and turbine blades are replaced and the body is
acid etched, if necessary, to completely remove surface and loose contamination. The
device is then tested as a nonradioactive unit.

Temperature: There has been little demand to test contaminated temperature devices such
as thermocouples and resistance temperature detectors (RTDs). Testing of these devices
would be fairly straight forward in this facility for mid-range devices. Present plans are to
commit a fluidized bed and appropriate reference RTDs to the facility. The control and
data acquisition system will be used to control the fluidized bed temperature and acquire
data.

CONCLUSIONS

The CCTF has proven to be a cost effective facility in which to test radioactively
contaminated transducers and transmitters. Its location near an existing transducer test
laboratory is an efficient utilization of equipment and personnel. Although the emphasis to
date has been the testing of pressure transducers and transmitters, the facility lends itself to
a variety of instrumentation tasks and devices, and it is expected that its role will be
expanded in the future.

Testing of devices in their “as received” contaminated state has proven practical, and
removes an element of uncertainty that may be caused by a cleaning operation.

Testing of LOFT and TMI-2 transducers and transmitters will continue. Removal and
testing of several more TMI-2 pressure transmitters is expected to be completed in the next
few months.
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Figure 1 Layout of Contaminated Components Test Facility (CCTF)


















