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ABSTRACT

A research program was Inltiated to study the effects of normal aging on the dynamic
performance of safety-related pressure transmitters In nuclear power plants The project began
with an experimental assessment of the conventional and new testing methods for
measurement of response time of pressure transmitiers. This was followed by developing a
laboratory set up and performing initial tests to study the aging characteristics of representative
transmitters of the type used In nuclear power plants.

The project also included a search of the LER data base for pressure sensing system
problems and a review of the Regulatory Guide 1.118 and the Industry standards on
performance testing of pressure transmitters. The following conclusions have been reached:

* Five reasonably effective methods are avallable for response time testing of
pressure transmitters in nuclear power plants. These methods are referred to as
step test, ramp test, frequency test, nolse analysis, and power interrupt test. Two
of the five methods (noise analysis and power Interrupt test) have the advantage
of providing on-line measurement capability at normal operating conditions

* The consequences of aging at simulated plant conditions were calibration shifts
and response time degradation, with the former being the more pronounced
problem.

¢ The LER data base contains 1,325 cases of reported problems with pressure
sensing systems over & nine year period. Potential age-related cases account
for 38 percent of the reported problems In this period. A notable number of LERs
reported problems with sensing lines. These problems include sensing line
blockages, freezing, and void.

* Regulatory Guide 1 118, IEEE Standard 338, and ISA Standard 67.06 can benefit
from minor revislons to account for recent advances in performance testing
technologles and from new Information that has become avallable since these
documents were prepared.

The work reported hereln was & feasibllity study performed over a six-month period. As
such, the results and concluslons presented herein are preliminary
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This report presents the results of a preliminary study of the dynamic performance of
pressure transmitters. The focus of the project has been on pressure, level, and fiow
transmitters (hereafter referred to as pressure transmitiers) that are used for ‘safety-related
measurements in nuclear power plants. The words pressure transmitter and pressure sensor

1. INTRODUCTION

are used In this report interchangeably.

A six-month study has béen'cqmpleted covering the following areas

Assessment of Response Time Testing Methods. ‘Five methods are avallable for
response time testing of pressure transmitters. These are called ramp test, step

- test, frequency test, noise analysis and power interrupt (Pl) test  An experimental

assessment of these methods was performed The assessment involved
laboratory testing of more than twenty pressure transmitters with all five methods.
The work concluded that the methods are equally effective, but vary widely In the
degree of difficulty in implementation in nuclear power plants Two of the five
methods (noise analysis and power interrupt test) can be performed remotely on
installed transmiiters while the plant is at normal operating conditions

Aging Study. Laboratory research was initiated and preliminary aging results
were obtained. The work involved response time testing and calibration checks
of a number of transmitters after exposure to heat, humldity, vibration, pressure
cycling, and overpressurization conditions. The effect of these conditions was
response time degradation and calibration shifts, with the latter being the more
pronounced problem.

Review of Historical Data. The Ucenses Event Report (LER) data base was
searched for pressure transmitier problems. The search covered the period
beginning In 1980 until October 1988. The search revealed 1,325 reports of
fallure or degradation of pressure sensing systems, 498 cases of which were
considered as potential age-related problems. The number of reported problems
with pressure transmitiers dropped by a factor of about two after 1884, when the
LER reporting requirements were changed.

Review of Requlatory Guide and ‘Indust[y Standards. The provisions of Regulatory

Guide 1.118 as related to performance testing of safety system sensors were
reviewed along with IEEE Standard 338 and ISA Standard 67.06. This review
concluded that the Regulatory Guide and both standards should be revised to
reflect the current practices.



» Review of Related Studies, All of the related experimental work on aging of
pressure transmitters has concentrated on the effects of aging on: static
performance of transmitters as opposed to the dynamic performance reported
herein. The related studies have concluded that aging affects the performance
of pressure transmitters and that temperature Is the dominant stressor. Most of
the studles on performance of nuclear plant pressure transmitters have been
sponsored by the U.S. Nuclear Regulatory Commission (NRC). The only other
major work is that of manufacturers performed for environmental and selsmic
qualification of transmitters. However, the transmitter qualification data are not
sufficlent to address normal aging.

The aging studies reported herein used accelerated aging to accommodate the short
duration of the project. Since accelerated aging does not necessarily simulate normal aging,
the aging results In this report must be viewed as preliminary. Furthermore, we shall point out
that this study was concerned with the performance of the portlon of the pressure sensing
system and electronics that are located in the harsh environments of the plant. That Is, the
power supply and other components of the pressure sensing channel that are located in the
control room, cable spreading room, or other mild environments were not studied.

The word aging Is used In this report to refer to normal operaﬁonal aglng which occurs
with long term exposure to normal plant conditions.



2. PROJECT OBJECTIVES

~ The goal of this pro]ect is to provide the foundation for a study of the consequences of
normal aging on the dynamic perlcrmanoe of safety system pressure transmitters In nuclear
power plants. This is needed to ensure that the current testing methods. regulatory
requirements, and Industry standards and practices are adequate to track age-related
degradation. The project examined the validity of the avallable methods for response time
testing of pressure transmitters and reviewed the hlstorleal data for evidence of performance
degradatlon problems or trends.

Cument response time teetmg and calibration Intervals for pressure transmitters are based
on refueling schedules apparently for two reasons: :

* A method s not avallable for on-ine calibration of pressure transmitters, and
until recently. response time testing could not be performed on-ine.

A reliable data base of degradation rates and trends s not avaflable to ]ustily
* testing on periods Ionger than once every reluellng outage.

Whlle testing based on ,refueling Intervals may be adequate. there Is concemn that the rate
of performance degradation of pressure transmitters may increase as the current generation
of plants becomes older. Furthermore, on-line testing methods based on new technologies
are becoming avallable to permit more frequent testing of transmitters and to predict incipient
fallures. These considerations have motivated research such as that reported hereln to ensure
that practical test methods and objective test schedules are used to verify proper and timely
performance of safety-system pressure transmitters in nuclear power plants.



3. BACKGROUND

Pressure transmitters provide a majority of important signals that are used for control and
monitoring of the safety In nuclear power plants. Depending on the plant, there are about 50
to 200 pressure transmitters in the safely systems of each plant, with the newer plants
generally having the larger number of transmitters. These transmitters are tested periodically
to identify and resolve any performance problems. The perlodic tests are performed at each
refueling outage which occurs about every 14 to 22 months depending on the plant. On-
line surveillance tests and instrument channel checks which exclude the sensors are performed
more frequently while the plant is operating. The tests at refueling outages include calibration
of transmitters which i3 performed in all plants and response time testing which is performed
in about 50 percent of the plants in the United States. The response timo tests cover about
30 to 60 pressure transmitters, depending on the plant, and calibration includes a larger
number of transmitters. A listing of pressure transmitters that are usuauy tested for response
time is given in Table 3 1. '

The Interest in response time testing of pressure transmitters In nuclear power plants
began when the first draft of Regulatory Guide 1.118 was issued by the NRC in the mid-
1970's™, In response to this regulatory guide, the Electric Power Research Instituts (EPRI)
launched two projects to develop practical methods for response time testing of pressure
transmitters. One project was performed by the Nuclear Services Corporation and another by
Babcock and Wilcox Company (B&W). The work at Nuclear Services Corporation provided the
equipment to perform the "substitute process varlable® or ramp test®. The equipment produces
a ramp pressure signal that results from controlled leakage of air from a high pressura cylinder
to a low pressure cylinder. The equipment is referred to as the "Hydraullc Ramp Generator”
and Is used in many nuclear power plants to peiform the required tests.

The work at B&W concentrated on the applicability of nolse analysis for sensor response
timo testing™. This project and work performed by others in the late 1970’s concluded that
noise analysis was more suited for response time degradation monitoring than for quantitative
response time testing. Recent research, however, has concluded that quantitative response
time measurements can be performed using the noise analysls method.

In other related developments, a method was developed in the mid-1980's for on-line
testing ot response time ot force-balance pressure transmitters. The method Is called the
power interrupt (Pi) test®. Like nolse analysis, the Pl test Is a passive method that can be
performed on force-balance transmitters at anytime while the plant Is at normal operating
conditions.



JABLE g,j

Examples of Pressure Transmltters Tested
for Response Time in Nuclear Power Plants

1.
2

OCONOO LD

oOhop

- Pressurized Water Reactors
(PWRs)

Contalnment Pressure

Pressurizer Level

Pressurizer Pressure

Reactor Coolant Flow

Refueling Water Storage Tank (FIWST) Level
Steam Flow . :

Steam Generator l.evel

Steam Pressure -
. Turbine Impuise Pressure

Bolling Water Reactors
{BWRS)

Drywel Pressure
“Main Steam Flow

Reactor Vessel Pressure
Reactor Vessel Water Level
Reactor Water Clean Up (RWCU) Flow




4. TEST EXPERIENCE IN NUCLEAR POWER PLANTS

Response time testing of pressure transmitters has been performed in nuclear power
plants for over ten years. The tests have resulted In response time values in the range of
about 0.05 to 2.5 seconds compared to response time requirements in the range of 0.5 to 2.0
seconds. Most of the tests completed to date In nuclear power plants have used the ramp
test method. Although this method can produce accurate results if performed properly,
inherent difficulties in implementing the tests can render the results invalid For exampls, if the
test signal is oscillatory or if the transmitter is underdamped, the test output will oscillate and
cause the responso time results to depend on the time at which the response time Is
measured This and other problems have caused some of the historical response time resuits
to be unreliable and not useful for trending purposes [n addition, the effects of sensing line
delays on the overall system response time are not addressed by the conventional methods.
In fact, the sensing lines in most plants are not tested except In the process of trouble
shooting calibration problems

An Informal review of limited historical results has indicated that there are not good
correlations between a transmitter's response time and its manufacturer, service, or age of the
plant in which it is used. In some plants, identical transmitters used for identical service have
had response times that were different by as much as a factor of five It is not known if the
differences in response times of identical transmitters are due to degradation, manufacturing
tolerances, calibration or test methods. The only correlation that could be found Is one
between response time and pressure range It appears that high pressure transmitters have
a faster responsa time than low pressure transmitters.

In a group of seven plants with Identical transmitters, two plants were found to have
average response times which were consistently larger than the other plants by a factor of
about two. These two plants are older than the other plants, and it is not known if the age
of the plants can account for the larger response times. This observation will have to be
confirmed when more data becomes avallable.



5. CHARACTERISTICS OF PRESSURE TRANSMITTERS

Nuclear plant pressure transmitters are complex electro-mechanical systems designed for
measurements of pressures from & few inches of water to about 3000 pounds per square inch
(psh) A pressure transmliter may be viewed as a combination of two systems. a mechanical
system and an electronic system.” The mechanical system of a pressure transmitter contains
an elastic sensing element (diaphragm, beliows, Bourdon tube) which flexes with pressure
' The movement of this sensing element Is detected and converted into an electncal signal
proporuonal to the applied pressure

“Two types of pressure transmitters are used in most safety-related pressure measurements
in nuclear power plants  These are referred to as motion-balance and force-balance,
, dependmg on how the movements of the sensing element are converted into an electrical
signal

In motion-balance transmitters, the displacement of the sensing element is measured with

& strain gage or a ccapacitive detector ‘and Is converted into an electrical signal theat is

proportional to pressure An example of this type of transmiltter is one that consists of an oit

filled cavity with a capacitance plate as the pressure senslng element As differential pressure

~ changes, the differential capacitance of the sensing element will change. This capacitance

change Is measured, amplified, and linearized by an electronic circult into an electrical cument

‘which is the output of the transmitter. This output signal is transmitted by the same wires that

~ provide power to operate the transmitter (i. e., the instrument Is a two wire pressure transmitter)

The output of this and most other nuclear-type transmltters is @ DC current in the range 4 to
20 or 10 1o 60 mﬂlsamperes

In force-balance transmitters, & position-detection device is used to detect the displacement
of a diaphragm, and a force motor is used to null the displacement &s It develops. A
feedback contro! system uses the displacement signal to control the force-motor operation.
The force-motor current provides an electrical signal that is related to pressure

" The transmitter electronics consists of circultry to provide signal condltionlng. temperature
compensation, and linearity adjustments to the output signal. The circult has various active
" and passive components. The transmitier's power supply is usually located in a remote
location such as the control room or cable spreading room. As such, the power supply is not
usually Included in performance aging studies as it is not sublect to a harsh environment as
are the other components of the transmttter



The transmitter electronics for low and high pressure applications are typlcally the same
while the sensing element is different. For example, one manufacturer uses three different
elastic elements to accommodate several pressure ranges from 0 to a maximum of 3000 psi
using the same transmitter housing design. Some transmitters are equipped with a damping
potentlometer to reduce output nolse as desired. The response times of these transmitters are
thus dependent on the damping adjustment Depending on the selected damping, typlcal
response times of these transmitters are in the range of 0.2 to 2.0 seconds

Four manufacturers provide most of the pressure transmitters that are used In the safoly
systems of nuclear power plants. These are Barton, Foxboro, Rosemount, and Tobar (formerly
called Westinghouse or Veritrak). A listing of transmitter models that are tested for response
time In nuclear power plants is given in Table 5.1. Note that there are a few transmitters that
do not have environmental qualifications, even though they are used for safety-related
applications and are response time tested. These are safety-related transmitters that are
located In the areas of the plant which are not subject to the consequences of a Loss of
Coolant Accident (LOCA).

The manufacturer's specifications for response time of most of these transmitters are given
in Table 5.2. These response time specifications are belleved to be general estimates of
nominal response times of the transmitters at laboratory conditions. The in-service response
time of identical transmitters may be significantly different. The response time information in
Table 5.2 was obtained from general manufacturer's literature or by discussions with
manufacturers® technical representatives. Note that these response time specifications have
different definitions depending on the manufacturer. For example, Barton uses the time for
10% to S0% of step, and Rosemount uses time constant {ime required for the sensor output
to reach 63.2% of its final value after a step chango In pressure). The response time
specification for Foxhoro transmitters is based on frequency response data. For Tobar
transmitters, the response Is defined by the manufacturer as the time to reach 50% of
calibrated range upon application of a step change In input pressura. These diffsrent
definitions result in different and often unequal indicies for expressing the reference response
time of pressure transmitters.

A photograph and a simplified schematic of a typical nuclear-type pressure transmitter from
each manufacturer Is shown in Figures 5.1 through 5.4. (Pemmission to publish the
photographs of these transmitters has been give to AMS by the respective transmitter
manufacturers) The Foxboro transmitters are force-balance, Rosemount transmitters are
differential capacitance type, and Barton and Tobar are strain gage transmitters. The nuclear-
type transmitters from the same manufacturer usually have the same physlical appearance for
different ranges and different levels of output currents.



ABLE 6.

Examples of Transmitter Models
Tested for Response Time in Nuciear Power Plants

Environmental

Manufacturer Model Number Qualification
Foxboro e Eft | No
' * E13 No
¢ NEt1 Yes
¢« NE18 : Yes
Barton . 782 | No
s 763 | ~ Yes
s 764 \ ‘Yes
Rosemount e 1182 Yes
* 1163 Yes
¢« 1164 - Yes
Tobar ¢ 32 DP1 Yes
e 32 DP2 : Yes
s 32 PAt ' Yes
s 32 PA2 Yes
Veritrak + 76 DP1 Yes
¢ 76 DP2 Yes
s 76 PAt Yes
¢ 76 PA2 Yes

Note: Tobar Models 82 DP1, 82 DP2, 82 PA1, and 82 PA2 corespond and are
identical to Veritrak Models 76 DF2, 768 DP1, 76 PA2, and T8 PA1
respectively. Nota that 32 DP} comesponds to 76 DFg and so on



BLE 5.

Manufacturer’s Specifications for Response
Time of Some Nuclear Plant Pressure Transmitters

Response Time

Manufacturer Model Range (sec)
Barton 763 All <0.18
764 Al <0.18

Foxboro EH1 Al <0.30
E13 Al <0.30

NE11 Al <0.30

NE13 All <0.30

Rosemount 1152 3 0.31
4 0.13

5 0.09

68 0.08

1183 3 20

4 05

5-9 02

1154 4 0.5

All Others 02
Tobar 32 DP1 0-600" 0.08-0.15
Veritrak 78 DP2 0-600" 0.08-0.15

Notas: 1 Above rasults are general estimates of nominal response times of the transmitters at laboratory
conditions The In-service response times of Identical transmitters may be significantly different
than the values given In this table

2  The above response Ume data from differant manufacturers are not based on the same dellnition
Therefore, these values should not be used for comparison of sensors from different manufacturers

-10-



Photograph of a Barton Transmitter
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Figure 5.1, Photograph and Schematic Diagram of a Barton
Pressure Transmitter,
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Figure 5.2. Photograph and Schematic Diagram of a Foxboro
Pressure Transmitter.
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Photograph of a Rosemount Transmitter °
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Figure 5.3. Photograph andVSChe'matic Diagram of a Rosemount
Pressure Transmitter.
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Photograph of a Tobar Transmitter
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DIAPHRAGM

Figure 5.4. Photograph and Schematic Diagram of a Tobar
Pressure Transmitter.
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6. CHARACTERISTICS OF SENSING LINES

- Sensing lines, also referred to as impulse lines or Instrument lines, are used to connect
the process medium to the transmiltter (Figure 6.1). At norma! operation, there is no fiow
through the sensing lines. The transmitier is located away from the process to minimize
temperature, vibration, and other effects and to facilitate physical access to the transmitter
Temperature effects are especially imporiant and must be kept at & suitable level to preserve
the qualification of the transmitters for nuclear service. |

Temperature effects are also important in such measurements as containment pressure
where appropriate steps must be taken to prevent temperature variations In the reference leg
of the transmitier from affecting the output For this reason, in some plants, containment
pressure transmitters are located outside the containment to guard egainst the eﬁects of
temperature on pressure measurements

~ Sensing lines are usually made of 1/2-t0 3/8-inch stainless steel tubing. They are designed
to allow for therma! expansion and vibration without deformation, to ensure drainage by gravity,
- and to provide for self venting. For fluld filled sensing lines which are the subject of interest
in this study, self venting is accomplished by sloping the sensing line downward to allow any
gas or alr in the line to vent to the process. The slope for sensing lines Is typically about one
inch per fool. When this Is not possible, the sensing line is sloped as much as possible but
usually not less than about 1/8 inch per foot.

Depending on the plant's physical layout, sensing lines are about 20 to 200 feet long with
most less than 100 feet long. The length of the sensing line Is usually kept to a minimum
for optimum response time. Sensing lines that are free of obstructions or voids do not add
& noticeable delay to the overall system response time. However, numerous cases of
blockages and volds in sensing lines that can cause significant transient delays have been
reported In nuclear power plants

For non-safety-related applications, multiple transmitters sometimes share a common
sensing line, but for safety system measurements, only one transmitter Is usually installed on
a sensing line to avold common mode problems such as sensing line blockages, root valve
fallures, etc. Another practice on non-safety-related sensing lines which Is not used on
safety-related sensing lines Is the use of snubbers or pulsation dampers to reduce process
" nolse to obtain good contro!l or indication. A disadvantage of these dampers s that they
increase the effective response time of the pressure sensing system.
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7. CAUSES AND MECHANISMS OF DEGRADATION

Pressure sensing systems in nuclear power plants are exposed to conditions that can
cause performance degradation over a long period of exposure. The conditions include

« Environmental conditions such as temperature. humidity, vibration, radiation, and
fluctuations in transmitier power supply voltages.

¢ Stresses due to changes in normal operating conditions and plant trlps that
result in temperature and pressure cycling

. Degradation induced during calibration, testing or maintenance such as over-
pressurization, Injection of test signals to the wrong side of the transmitter, etc.

Table 7.1 provides a listing of general stress factors that can cause degradation in
pressure transmitters. This is followed by Table 7.2 with a listing of fallure mechanisms®
Descriptions of the stress factors and thelr effects on performance of pressure sensing systems
are discussed in the following sections. -

7.4 STRESS FACTORS AND THEIR EFFECTS

At normal operating conditions, pressure sensing systems are exposed to a variety of
conditions that can cause performance degradation over a long period of time. Some of these
factors are described below:

« Temperature. Temperature is the dominant stressor and it predominantly affects
the transmiiter's electronics. The amblent temperature in the reactor
containment Is about 120°F + 20°F during normal operating conditions. Long
term exposure to such temperatures Is detrimental to the life of the transmitter.
Temperature also affects other stressors. For example, detrimental effects of
humidity are increased at higher temperatures because of higher diffusion rates
at elovated temperatures. Figure 7.1 presents an example of the qualified life
of a transmitter as a function of amblent temperature.

* Pressure. Pressure transmitters are continuously exposed to small pressure
fluctuations during normal operation and large pressure surges during reactor
trips and other events. Water hammer, for example, Is a well-known
phenomenon in nuclear power plants which can degrade the performance of
pressure fransmitters. Other pressure induced degradations may occur
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JABLE 7.1
Examples of Potentlal Stress Factors

Temperature

* high amblent temperatures

= amblent temparatura transients and cycling

» temperature changes inside the transmitter due to self heating
Pressure

» high process pressure
* process pressure cycling

Humidity

* high and low amblent humidity
* high and low internal humidity

Vibration

* mechanical vibration during normal operation
» vibration during plant trips

Maintenance

* ropalr and maintenance ot circult board
s calibration and response time testing

* vent/drain valve cycling

Transmitter Power Supply

* voltage fluctuations
» high output voltage

Other

» radiation
» chemical composition of ambient atmosphere
» dirt and deposits In sensing lines
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JABLE 7.2
Examplos of Fallure Mechanisms In Pressure Sensing Systems

.1. '_rnermal_ expanslon'

2. Oxdation

3. Metal stralﬁ. corroslon, and tatigue |
Plastic deformation

Radi-aﬂon»energy absorptlon
Polymerization anddepo‘!ymerizaﬁbn‘ |
bmgasélng |

Fallure of semi-conductors

® ® N o o a

Wear

10. Obstruction or clogging of sensing lines
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during calibration and malntenance when transmiiters are Inadvertently
pressurized or cyded with pressures that are above or below their normal
range

. 'ﬂmj_m ' Humldity aﬂects the operation of a transm!tter‘s electronlcs.
Molsture sources and sinks exist within the transmitter and are therefore
unavoldable. The humldity levels Inside reactor containment are in the range
of 10 to 100 percent. Some humidity will leak into the sensor because the
organic polymer seals cannot provide hermeticity under long-term exposure
to the temperatures that exist around pressure transmitters®. A significant
degrading effect of humidity is short circults in the transmitter electronics. -

¢ Vibration. Vibration generated by nearby machlnery during plant operation
Is transmitted to pressure sensors through the bullding structure. The
vibration of concemn In this aging project is not that of selsmic events
addressed during the qualification of pressure transm!tters

L Maim_g_n_alcg Malntenanoe ls one of the lmportam causes of degradatron ln .
- many components of nuclear power plants. In the case of pressure
- transmitters, calibration Is performed on almost &ll pressure transmitiers during
~ refueling outages.” Since calibration often drifts between outages, the “zero®
~ and "span" potentiometers are adjusted frequently. This will cause the
- components to eventually wear out. Another example of a maintenance
induced problem occurs when test pressures are applied to the wrong side
of the transmitter or when Isolation and equalizing valves are not manipulated
In the correct sequence to prevent exposure of the transmitier to sudden'
changes In pressure.

72 EFFECT OF STRESS ON DYNAMIC PERFORMANCE

The stress experienced by a pressure transmitter durlng normal plant operation can cause
performance degradation In the mechanlical system and/or the transmitter electronics as
discussed below. Some examples are:

¢ Permanent deformation of sensing elements or the mechanical linkages due
to pressure surges during reactor trips and maintenance f

¢  Fallure of the bellows. Bellows can rupture and cause leaks, false pressure
indications, and sluggish response.

* Degradation or leakage of fill fluld. The fill fluld (usually oll) in pressure
transmitters can suffer degradation or leak out. If the degradation involves
changes In fluid properties, changes In response time may result. Any
_leakage of the fill fluid may be accompanied by degradation of response time
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and calibration. Recent incidents of loss of fill fluld in safely system pressure
transmitters have been encountered In several nuclear power plants.

» Fallure of diaphragm due to work hardening. Work hardening may cause
cracks or fatigue tn the dlaphtagm and change its stifiness.

* Friction In mechanical linkages causes responsa timoe degradation (it may or
may not have any effect on calibration).

» Failure of seals. Seals can harden, crack, or take a set, allowihg molsture to
lsak into the transmitters.

* Loosening of mechanical components in forco balance transmitters due to
pressure fluctuations, surges, and mechanical vibration.

The electronic components of pressure transmitters include numerous resistors, capacitors,
diodes, and integrated circuits that are used for signal conversion, signal conditioning, and
linearization of the transmitter's output. In some transmitters, 10 to 20 resistors are used to
maintain the linearity of the sensor output In addition to resistors and capacitors to set the
transmittor "zero™ and "span®., Almost all these components are strongly affected by long term
exposure to temperature and humidity. To a lesser degree, they are affected by radiation and
fluctuations or step changes in the power supply voltage. Any change in the valus of
electronic components such as the resistors or capacitors can cause calibration shifts and
response time changes and also affect the linearity of the sensor output signal.

A summary of potential degradation effects on pressure transmitters that can cause
response time problems is given In Table 7.3.

7.3 PERFORMANCE DEGRADATION OF SENSING LINES

Sensing lines are not as susceptible to aging degradation as pressure transmitters.
However, there are situations that can lead to increased response times resulting from
problems in sensing lines. Examples of sensing line problems that can result in sluggish
response times of a pressure sensing system are:

* Blockages due to sludge, boron, or depaosits

* Alr or gas entrapped in the sensing line

* Freezing of sensing lines due to problems with heat trace on the lines
s Improper line-up or seating of isolation and equalizing valves

* Leakage in sensing lines due to valve problems

-9



s Exampleé of Effects That Can Cause

BLE 7.3

Effect

Changes In stifiness
of sensing element

Response Time Degradation in Pressure Transmitters
Pegradation Cause
Deformation of Pressure fluctuations .
diaphragm pressure surges and mechanical
‘ vibration
‘Wear and friction Pressure fluctuations

of mechanical linkages

Partial or total
loss of fill fiuid

Degradation of

- fill fluid

Fallure of seals
Leakage of process
fluid Into cell fluld
Changes in values of
electronic component

Hysteresis

Setpoint drift

and surges,
corrasion and oxidation

Manufacturing flaws
Improper handling

Chemical changes of oll

due to radiation and/or heat
Embrittlement and cracking

Cracking of diaphragm

Heat, radiation, humidity,
voltage stresses, and
maintenance

‘Pressure fluctuations
and surges and mechanicat

vibration
Calibration shifts

Changes In
system restoration
abllity

Significant capacitance
changes

Nonlinear output
Viscosity Changes
Moisture on
electronics

Capacttance
changes

Changes in dynamic
response and linearity
of electronics

Distorted output

Increased time to
reach setpoint




Any combination of the above problems can increase the response time of a pressure
sensing system. A number of LERS have revealed significant problems in nuclear power plants
due to sluggish transmitter responses caused by sensing line blockages, volds, and similar
phenomena. The presence of alr in the sensing line can cause not only increases in response
time but also can cause resonances which produce pressure variations and false pressure
indications. Although at high pressures, air may dissolve in the fiuld, there are a number of
cases whero entrapped alr remains undissolved. In addition to causing translent response
problems, air in the sensing line can affect the accuracy of pressure Indications.
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8. RESPONSE TIME FUNDAMENTALS

The response time of a pressure transmiiter is tested using a test signal such as a step,
a ramp, or a sinusoidal function. The test signal is usually selected based on what may
happen in the process. In nuclear power plants, ramp signals are more often used for
pressure transmitters than step signals. The response to step or ramp input signals Is called
step response and ramp response respectively. Assoclated with step response Is a unique
index called time constant, and with ramp response an index called ramp time delay. Time
constant ks defined as the time required for the sensor output to reach 63.2 percent of its final
value following a sudden change in applied pressure (Figure 8.1). The ramp response, on the
other hand, Is the asymptotic delay between the applied pressure and the Indication of the
sensor (Figure 8.2).

“The terms time constant and ramp time delay are two different Indices for quantifying the
response time of a pressure transmitter. If the transmitter can be approximated as a first order

dynamic system, the ramp time delay and time constant would be numerically the same. This
relationship Is shown below starting with the transfer function, G(s), for a first order system:

Y4

8.1
G(s) = s+ 1 1)

where r Is the transmitter's time constant and s Is the Laplace transform variable. The
response y(t) for a step Input can be obtalned from Eq. 8.1:

we=1-e""" ,A | ©62)
Note that for time (1) = r, Eq. 8.2 will have the foliowing value which defines the time constant:

y(1) = 0632 S (8.3)
Using the transfer function of Eq. 8.1, the response R() to a ramp pressure input with ramp
rate £ may be wiitien as:

 R@) =k{t-1 + retv) o | (8.9)
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At 1> >+ wo can write:

Rt) =k(t- 1) (8.5)

That is, the ramp time delay Is equal to r when enough time Is elapsed for the exponential
portion of response to decay (Figure 8.2).

In the frequency domaln, it can ba shown that the reciprocal of the break frequency (F.)
in the frequency response plot of a pressure sensor Is also equal to r for a first order system
(Figure 8.3). Starting with Eq. 8.1 and substituting j» for s, we can write

1 LY
jo+p

G (jw) = (8.6)

where p = /s i3 referred to as the system pole and:

j =41 :
w = angular velocity in radians per second.

The gain of this transfer function is then:

1 w=40
6] = { P e ©2)

(0.707) (1p) Qu=p

Therefore:
IGI awp = 0'707 IG| LY (8'8)

Eq. 8.8 shows that the pole %" can be found from the gain plot (Figure 8.3) at the
frequency whers the gain is 0.707 below the low frequency gain.
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Wo must point out, however, that pressure sensors are not generally first order.
Nevertheless, the term time constant as defined above i3 used to describe pressure sensor
response time regardless of dynamic order. Moreover, the response time of pressure sensors
in some plants Is determined in terms of a time to reach a setpoint following a step pressure
Input to the sensor. This Is referred to as "time-to-rip®. Based on the results of laboratory
experimonts with typical pressure transmitters and certain assumptions, the values for
time-to-trip and for time constant can generally be viewed as conservative estimates of ramp
time delay except for cases of underdamped systems.

If a pressure transmitter's dynamics are to be treated properly, a general n® order response

such as the one that follows should be used to represent the output of the transmitter to a
step Input:

Y() = Ay + AT + AT +. .. + AN (8.9)

where n is the order of the system and,

A.,A',Azgco.,A. = Co’man“
modal time constants (the time constant
Jor the  term or mode in the solution).

f‘, "’ ",c.-, '.

Under certaln assumptions, the overall ime constant (r) of the system may be
approximated in terms of the modal time constants (r,’s) as,

r=nft-ha-")-ma-")-...] (8.10)

T T:

where "In" represents the natural logarithm. The ramp time delay (r,) of the system of Eq. 8.9
may be then written as:

= rntrt.. .+, ‘8-11)

Note that both the time constant (r) and ramp time delay (r,) can be obtalned from the
modal time constants for the system considered here. Thus, if wa have the step response (Eq.
8.9) of a sensor, we can identify the modal time constants (r) and use them In Eq. 8.11 to
calculate the ramp time delay. -



9. RELATION OF RESPONSE TIME WITH CALIBRATION

The effective response time of & pressure transmitter may be viewed as the sum of two
separate components: an Intrinsic response time (r) and a setpoint delay (r,) These are
lustrated in Figure 8.1. The transient on the top of Figure 8.1 lilustrates the efiective response
time of a transmitter that is in perfect calibration, and the transient on the bottom lllustrates
the effective response time when & positive *zero® or gain shift has occurred in the transmitter's
-calibration. Note that the amount of delay caused by the setpoint drift depends on the ramp
rate. It Is apparent that If the setpoint shift Is negative, the effective response time will be less
than the Intrinsic response time. :

The intrinsic response time Is the parameter that we measure during a response time test
of the pressure transmitter. This parameter depends on electro-mechanical operation of the
transmitter and can change with changes in mechanica! or electrical characteristics of
transmitter’s components. These changes may or may not affect the calibration of the
transmitter. However, a clear relationship between the intrinsic response time of a transmitter
and its calibration cannot be readily envisioned. Experlence has shown that only gross
malfunctions may manifest themselves in both calibration and response time and that changes
such as a few soconds In response time may not be accompanled by corresponding
calibration shifts and vice versa.
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10. RESPONSE TIME TESTING METHODS

The response time testing methods for pressure transmitters may be divided into two
groups of tests: on-line methods which are based on new technologies developed in the last
five years and the conventional methods which have been used since testing began about
ten years ago. There are three tests (ramp, step, and frequency) which we refer to as
conventional methods and two tests (power interrupt test and noise analysis) which are
referred to as new methods or on-line methods. All five methods were evaluated in this project
for general effectiveness In providing reliable dynamic performance information. A description
of the conventional methods and the on-ine methods follows.

101 CONVENTIONAL METHODS

The conventional tests depend on a pressure test signal which Is applied to the transmitter
under test, and lts delay s measured with respect to a fast-tesponse reference transmitter.
While the conventional tests do not require, removal of the transmitters from the plant, local
access to the transmiltter is required for testing. Therefore, these tests can be performed only
during cold shutdown. Besides the obvious disadvantage of radiation exposure to test
personnel and impact on shutdown schedules, the disadvantage of conventional methods is
that the effects of operating conditions such as static pressure and temperature are not
included In the test results. Furthermore, In conventiona! tests, the sensing lines are valved
off and thelr effects are therefore not taken into account.

‘Depending on the cholce of the pressure test eignal, three methods are avallable as
described below:

« Ramp Test. This test involves applying a pressure ramp signal to the transmitter
under test and simultaneously to a high-speed reference transmitter (Figure 10.1).
The delay between the output of the two transmitters when they reach a
predetermined setpoint is measured as the response time of the transmitter under
test. The method Is called "substitute process variable* or ramp test. The
equipment used for this test Is called the "Hydraulic Ramp Generator* which was
developed in the late 1970°s by the Nuclear Services Corporation under a contract
with the Electric Power Research Institute®, A simplified schematic of the
equipment Is shown In Figure 102. Most of the current tests in nuclear power
plants are performed using this or similar equipment.
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A ramp signal Is usually used for describing the response time of pressure
transmitters because design basis accldents in nuclear power plants assume
pressure transients that approximate @ ramp. The ramp test is tho most widely
used and accepted method for response time testing of pressure transmitters in
nuclear power plants. Therefore, we used the ramp method as the reference
method for assessment of the other conventional methods as well as the new
methods. Any method that can provide the same results as the ramp method is
therefore considered an acceptable alternative to the ramp test.

Step Test, This test is similar to the ramp test except that it Involves using a step
pressure signal rather than a ramp pressure signal. It can be performed with the
same Instrument used for ramp tests or with a simpler instrument involving a
pressure source and a fast-acting solenold valve. The response time obtalned
from a step test I3 equal to the time required for the sensor output to reach 63.2
percent of its final steady state value after a step change In input. This i3 usually
a conservative estimate of the asymptotic ramp time delay. The step test Is used
In a few nuclear power plants using equipment that is setup by utility personnel.
The interpretation of step test results performed by utilities is usually different than
those of laboratory tests where the response time is described in terms of the
time to reach 63.2 percent of steady state output. The utility tests measure a
quantity called "time-to-tiip* which Is equal to the time difference between the
initiation of a step input and the time when output reaches a pre-determined
setpoint at the end of the Instrument channel. The advantage of this test Is that
it accounts for all components of the channel in a single test.

Frequency Test, This test employs a pressure waveform generator to provide a
sinusoldal shaped pressure signal. The signal is applied to a reference
transmitter as well as to the transmitter under test. The outputs of the two
transmitters are then used to generate a Bode plot (ratio of output to input versus
frequency) from which the response time of the sensor can be estimated (Figure
10.3). The frequancy test involves two different types of equipment depending
on the operating range of the sensor under test. The low pressure test
equipment i3 shown In Figure 10.4 and the high pressure equipment in Figure
10.5. For low pressure testing, this equipment provides a time varying periodic
signal similar to a sinewave by driving a piston In and out of a cylinder that
moves above a fluld stream. The test instrument is equipped with a transmission
system to permit changing of the signal frequency. The high pressure instrument
uses a current to pressure (/P) converter to generate a time varying test signal
that Is amplifled with a pressure amplifier. The frequency test equipment and
procedures are used mostly In laboratory research and not In nuclear power
plants. The high presswe frequency test equipment used hers is limited In
frequency response and Is mainly useful for such applications as linearity testing
of transmitters where a high pressure waveform may be used.
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Figure 10.4. Photograph of Frequency Test Equipment
for Low Pressure Testing.
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10.2 ON-LINE TESTS

Two methods are available for remote testing of installed pressure sensors while the plant
Is operating. They are referred to as the "nolse analysis® method and the power interrupt or
Pl test. These methods are new In that they were recently validated for quantitative
measurements in nuclear power plants. These methods account for any effect of operating
conditions such as the static or working pressure, temperature, etc. Therefore they measure
the actual in-service response time of the transmitters. The power Interrupt test Is applicable
to only one class of pressure transmitters while noise analysis can be used for response time
testing of any pressure transmitter.

» Noise Analysis Method, Noise analysis Is based on monitoring the natural
fluctuations that axist at the output of pressure transmitters while the process is
operating. These fluctuations (nolse) are usually due to turbulence Induced by
the flow of water In the system, random heat transfer in the core, or other
naturally occurring phenomena. The noise is extracted from the sensor output
by removing the DC component of the signal and amplilying the remaining
components (Figure 10.6). This signal can be analyzed to provide the response
time of the pressure sensing system.

Flgure 10.7 shows a sensor which exhibits a time varying output o, for a time
varying input &f. The sensor is represented by its transfer function (G). These
aro related to one another as:

%0
G=—7 o 0 =Gd (10.1)

There ara three components involved here: the input, the output, and the transfer
function of the sensor whose dynamic characteristics are to be determined. If any
two of these three components are known, the third one can be Identified. n
nolse analysis, we can measure the output and make an assumption about the
input. The Input is a random variable and cannot therefore ba characterized
deterministically. Thus, we will characterize it statistically. Eq. (10.1) may be
written In terms of the power spectral densily (PSD) of the Input and output
signals:

2
(PSD), = |G| (PSD), | (10.2)
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if the process pressure Is stationary and random, it would be called a white noise
signal whose PSD Is constant. In this case, the PSD of the output will be
proportional to sensor transfer function.

The above discussions show that the PSD of the sensor output fluctuations
contains the dynamic Information needed for determining the sensor response
time. The procedure Is illustrated in Figure 10.8 for a frequency domain enalysis.
This analysls involves performing a Fast Fourier Transform (FFT) on the sensor
output signal to obtain its PSD. A function Is then fit to the PSD end the
parameters of the function ere identified and used to calculate the sensor
response time. Noise analysis has been recently validated for quantitative
response time testing of pressure transmitters in nuclear power plants.

An important advantage of noise analysis is that its results include the effect of
sensing line delays and thereby gives the overall response time of the pressure
sensing system. _

« Power Interrupt Test. The power Interrupt (Pl) test Is applicable to one class of
pressure transmitters, that Is, the force balance pressure transmitters. The Pl test
is based on a momentary interruption of the normal electric supply to the
transmitter. The test Is performed by turning the power to the transmitter OFF
for a few seconds, and then ON. When the power is turned ON, the transmitter
provides an output that can be analyzed to glve the transmitter's response time.
The test setup Is Hlustrated in Figure 10.9. The method has been validated for
testing of Foxboro pressure transmitters. Foxboro transmitiers are the only
force-balance type pressure transmitters that are used for safety-related
applications in nuclear power plants and are subject to response time testing.

A thorough evaluation of the operation of a Foxboro force-balance pressure
transmitter has shown that the essential dynamics of the power-up operation in
& Pi test duplicate the transmitter's response to an exiernal pressure step.
Thus, an appropriate analysls of this response provides the essential dynamic
information for determining the response time of the transmiliter.

Both noise analysis and Pl tests require computer analysis. The analysis yields the
dynamic parameters that are used to obtain the step response, ramp response, or any other
dynamic parameter of interest. Both nolse analysis and Pi tests have been successfully
Implemented In @ number of nuclear power plants. These tests do not interfere with plant
operations. The noise analysis have to be performed when the plant Is at or near normal
operating conditions, but the Pl test can be performed remotely at anytime as long as the
transmitiers are under pressure.
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11. ACCELERATED TESTING

it is well established that the conventional accelerated aging based on Arrhenlus and other
theorles does not simulate real time normal aging of a complex system such as a pressure
transmitter. However, accelerated testing for the purpose of determining dominant degradation
modes and for comparative evaluation of such systems as pressure transmitters Is useful.
Accelerated testing refers to testing of a system at higher-than-normal stress levels for a short
timoe to estimate systam performance following long term exposure to nommal stress levels

Previous studies have shown that temperature generally contributes more to the
degradation of pressure transmitters than other stressors. Therefore, the tests In this project
were performed at elevated temperatures to induce aging in a short peried of time to
accommodate the project duration while allowing a preliminary aging study. The Arrhenius
equation was used to calculate the approximate age of the transmitters using an activation
energy of 0.78 slectron volts (8V) which Is common for nuclear plant pressure transmitters
made by Barton, Foxboro, Rosemount and Tobar. This is the activation energy of the weakest
link in the transmitters. The weakest link Is In the sensor slectronics.

In addition to thermal aging, the transmitters in this project were exposed to larger-than-
normal levels of humidity, vibration, pressure cycling, and overpressurization which were
applied separately or synergistically when possible. Since the stress factors are oiten inter-
dependent, it Is highly desirable to apply all aging environments at once. However, this Is
often difficult to accomplish In practice.



12. DESCRIPTION OF EXPERIMENTAL SETUP

The experiments reported herein were performed at AMS' laboratory using twenty-two
nuclear type pressure transmitters. A listing of these transmitters and their pressure ranges is
given in Table 12.1. Note that an Identification (1.D.) number, as shown In the last column of
Teble 12.1, was assigned to each transmiltter to facllitate the reporting of the experimental
results. The list in Table 12.1 consists of at least four transmitters from each of the common
manufacturers of nuclear plant pressure transmitters. The transmitters were obtained from Oak
Ridge National Laboratory, Sandia National Laboratories, Arkansas Power and Light Company,
- and Tobar Incorporated, and a few were purchased for this project. All these transmitters are
of the type used In nuclear pawer plants. ‘

Almost all the equipment and software used in this project were already avallable from
previous projects or related current work except for the aging chambers. Two chambers were
-used during the project. One was provided by the Mechanical Engineering Department of the
University of Tennessee with which AMS has a working agreement and another (a farger
chamber) was used through a subcontract with a local company In Knoxville, Tennessee. A
picture of one of the environmenta! chambers Is ehown in Figure 12.1.

The data acquisition system used in this project consisted of Instrumentation amplifiers,
electronic filters, strip chart recorders, and microcomputers with bulltin enalog-to-digital
converters for data analysis. A typical data acquisition set up is shown in Figure 12.2. This
Is followed by a picture and schematic diagram of the laboratory test loop used for performing
the nolse tests (Figure 12.8). The loop Is made of copper tubing and Is equipped with a pump
to circulate room temperature water at amblent pressure. The loop is designed to provide flow
fluctuations for the nolse tests. It has a test section with various valves which can be
manipulated to simulate sensing line problems and to Inject alr into the sensing line for testing
purposes. '

The test equipment for implementing the conventional methods and for & linearity check
of the transmiltters are found In Section 8. Additional equipment used In this project includes
a test unit for performing the power interrupt (Pl) test. For the assessment of response time
methods, two high-speed reference transmitters made by the Validyne Company were used.
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TABLE 12,1

Listing of Pressure Transmitters Used

In This Project
Pressure Sensor
Htem Manutacture Model Range LD,
1 Barton 752 0-450 Inch PS 19
2 Barton 763 0-1200 psi PS 18
3 Barton 764 135-44 inch PS 20
4 Barton 764 0-100 inch PS 23
5 Foxboro E11GM/E - 0-300 psi PS 11
6 Foxboro E11DM/B 0-50 psli PS1L
7 Foxboro E11DM/B 0-70 psi PS1M
8 Foxboro E11DM/B 0-20 psi PS2L
9 Foxboro E11DM/B 0-70 psi PS2M
10 Foxboro E11DM/B 0-120 psl PS2H
11 Foxboro E11DM/B 0-20 psi PS 3
12 Foxboro E11DM/B ~4-20 psli PS 4
13 Foxboro E11GM/E 0-300 psi PS8
14 Foxboro E13DM/H 0-400 inch PSOM
15 Foxboro E13DM/H 0-550 inch PS9H
16 Foxboro E13DM/M 0-100 inch PS 6
17 Foxboro E13DM/M 0-4442inch PS5
18 Rosemount 1152GP 0-20 psi PS 7
19 Rosemount 1153DB 0-550 inch PS 21
20 Rosemount 1153GD 0-1200 psi PS 14
21 Rosemount 1154DP 2000inch  PS12
22 Tobar 76DP2 0-135 inch PS 17
23 Tobar 76DP2 0-550 inch PS 16
24 Tobar 32PA1 17002500 psi PS 15
25 Tobar 32PA2 0-2000 psi PS 24
26 Tobar 32DP2 0-250 inch PS 25
Inch = Inches of water column

psl = pounds pear square Inch



Figure 12.1. Photograph of Environmental Chamber
With Pressure Transmitters for Aging
: Studies.
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Amplifiers Filters Oscilloscope Data Acquisition
Computer with A/D

Figure 12.2. Arangement of the Data Acquisition System.
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Figure 12.3. ‘Photograph of Flow Loop and Equipment
: for Testing of Pressure Transmitters and
~ Sensing Lines.
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13. ASSESSMENT OF RESPONSE TIME TESTING METHODS

This section presents the results of the experiments performed to evaluate the response
timo testing methods. The results presented here include a comparison of response time
values obtained with each method, repeatability testing of each method, and a discussion of
the effect of nonlinear behavior of transmitters on response time.

13.1 COMPARISON OF RESPONSE TIME RESULTS :

An experimental assessment of response time testing methods was performed by
laboratory testing of all pressure transmitters available. Each transmitter was tested using ramp
and step signals, low and high pressure sinusoldal signals, nolse analysis, and power interrupt
tests as applicable. The resuits are given in Table 13.1. The ramp test results are used as
the reference for evaluating the methods. This Is because the ramp test Is the most widely
used method, and it Is important to determine if the other four tests can duplicate the ramp
test results. Several points about the results In Table 13.1 are noteworthy:

* Power Interrupt (Pl) results are given only for force-balance pressure transmitters
because the Pl method is applicable only to fptce-balance transmitters

* Nolse analysis results ara not given for high pressure transmitters because high
pressure noise testing was beyond the scope of this project.

* The ramp, noise, and Pl test data were analyzed to provide the ramp time delay
(ro) of the transmitters, and the step test data were analyzed to give the time
constant. The frequency test data were plotted in the form of a Bode diagram.
This was used to obtain an approximate response time value comresponding to
the reclprocal of the break frequency in the Bode dlagram. The fast response
transmitters could not be tested by the frequency method because of the dynamic
limitation of the frequency test with equipment used in this project.

* The results glven for ramp and stop tests are based on Input signals which
increase with time (l.e., positive step signals and Increasing ramp signals were
used).

The results of the four methods other than the ramp test are within better than about 0.10
seconds of the ramp test resuits except for a few cases of step and frequency test resuits.
This information and previous experlence with these methods indicate that the five methods
can be viewed as reasonably close and generally adequate with the step and frequency tests
having the lowest agreement with the ramp method. Table 13.2 presents a qualitative
evaluation of the five methods. This table includes an overall ranking of the five methods.
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BLE 13.1

Comparison of Response Time Results

Sensor Response Time (sec)
L.D. Bamp Step Bode |Noise _PI

- PStL 013 012 - 015 016 0.14
PST M ‘021 030 032 019 03t
PS2 L - 011 011 043 0146 0.3
PS2 M 1 0.16 020 ° 016 0.18 0.23
PS2 H 0.09 0.24 0.12 0.14 0.16
PS3 0.12 0.12 0.16 0.13 0.15

PS4 - 0.16 0.10 0.09 013 017
PSS + 0.29 0.50 0.42 030 033
PS6 - 025 060 023 017 03t
PS7 - 0.05 0.05 0.05 0.05 N/A
PSS M 028 0.31 013, 024 025
PS9 H 0.16 023 017 . 0.14 0.17
PS12 0.32 038 - 070 - 03t N/A

PS14 <001 002 NA NA  NA
PS15 <001 008 NA NA NA
PS16 008 009 010 009 NA

PS17 - 0.16 022 0.35 0.25 N/A
PS18 <0.0f <0.01 N/A N/A N/A
PS19 0.05 0.05 0.03 0.11 N/A
PS20 0.17 0.23 0.19 0.18 N/A
PS21 - 0.07 0.05 0.05 0.09 N/A
PS23 0.17 0.29 0.19 0.22 N/A
PS24 - 0.08 0.08 N/A N/A N/A

PS25 033 043 047 035 NA

-

Nots: 1 Ramp, nolse and Pl results correspond to ramp ime delay, step resulis correspond
to overall ime constan!, end Bode resufts comespond to reciprocal of break
frequency . ‘

2. Above results sre nominal rosponse tima values obtalned from laboratory testing of
each transmitter &and do not include the comrections to account for test uncertaintios
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TJABLE 132

Qualitative Comparison of Pressure Transmitter

Bepeatability

Moderate
Low
Low
Moderate
High

Response Time Testing Methods
ALARA
Data Analysis Problems
Straight Forward Yes
Straight Forward Yes
Straight Forward Yes
Requues Computer No
Analysls
Requres Computer No

Analysis

Applicabili
All Transmitters

Non-Oscillatory
T .

Slow Transmitters
All Transmitters

Transmitters

Overall

High
Modium

High

High




The ranking accounts for all advantages and disadvantages of each method in arriving at
an appropriate relative rank. Also Included in Table 13.2 is a column to speclly ALARA
problems with each model. (ALARA stands for As Low As Reasonably Achievable. This
is a concept promoted In the nuclear industry to keep the personnel radiation exposure to a
minimum.) The tests which require working in the reactor contalnment may involve exposure
to the test personnel and are therefore considered in Table 13.2 as having ALARA problems.

132 PRESENTATION OF RAW DATA FOR EACH METHOD

For each of the five methods, a typlical raw data transient is shown in Figure 13.1 to 13.5.
The traces for the ramp and step tests each contain two palrs of sirip chart traces showing
both normal end osclilatory tests = When the output traces are free of oscillations, the
calculation of ramp time delay or time constant is stralght forward because the traces can be
used directly to kdentify the response time. With the ramp test, for example, the delay between
the output of the transmitter under test and the high speed reference transmiltter Is identified
as the response time of the transmitter being tested. For the step tests, the time to reach 63.2
percent of final value of the output Is identified as the transmitter time constant.

When the output traces are osclllatory, direct calculation of the ramp time delay or time
constant Is difficult and depends on the magnitude of the oscillations. When oscillations are
encountered, one must first verify that the oscillations are not due to improper equipment
operation or test setup. If the osclillations -are unavoidable, the tests have to be done in a
manner to allow response time calculation after the osclllations have died out or by performing
transfer function analysis. Practical considerations can sometimes make it very difficult to
completed a tost and calculate a reliable response time in the presence of oscillations.

The frequency test results are equal to the reciprocal of the break frequency in the Bode
plots as Hlustrated in Figure 13.3. This calculation assumes that the transmitter is a first order
system and therefore the resutts of the Bode plots are approxlmate values unless the Bode plot
Is mathematnmﬂy fitted to an appropriate tuncuon

For noise analysls and Pl tests, the data were sampled with a digital data acquisition
system and then analyzed with appropriate software. A typlcal PSD plot from nolse analysis
for one of the transmitters is shown in Figure 13.6.

There are cases where the Pl or noise tests can be complicated. For example, the Pl data
can contain an overshoot as shown in Figure 13.7. The overshoot is not unique to a particular
transmitter mode! but tends to occur more often with low pressure transmitters.

’
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a) Normal Case

b) Oscillatory Case

Figure 13.1. Ramp Test Transients for a Normal
Test (a) and a Test Where Oscillations
were Encountered (b).
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a) Oscillatory Case

Figure 13.2.

b) Normal .Case

Step Response Traces for an
Oscillatory Pressure Transmitter
(a) and a Normal Pressure
Transmitter (b).
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Figure 13.3. Bode Plot from the Frequency Test
of a Pressure Transmitter.
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13.3  REPEATABILITY OF RESPONSE TIME TESTING METHODS

The repeatabillity of the five test methods was examined by performing repeated tests on
& number of pressure transmitters  The results are discussed below.

Repeatabllity of Ramp Test. The repeatability of ramp test can be affected by pressure
measurement tolerances due to hysteresis and other effects in pressure transmitters

The significance of this problem was Investigated by testing of representative pressure

_ transmitters with various ramp rates. The results are given In Table 133. These
results demonstrate that there Is not a significant dependence between response time
and ramp rate as long as reasonable ramp rates are used In testing the transmitters.
Table 13.4 shows the representative results of repeated ramp tests using nominal ramp
rates for each sensor. 1 is apparent that the repeatabllity of the ramp test results Is
generally good The maximum difference In the results of the repeated ramp tests (as
shown In the right-hand column of Table 13.4) is less than 0.10 seconds except fOl'
one case.

Repeatabllity of Step Test. The repeatabllity of step tests was investigated by
performing repeated tests with various step sizes. The resuits are tabulated in Table
13.6. The repeatability of the step test results for a few of the transmiltters depends
on the magnitude of the step, but in most cases the repeatabllity Is reasonable. The
comparison between the step test and ramp test results shows close agreement for
- amajority of the transmitters. Table 13.6 compares nominal ramp and step test results
for a selected number of transmitters. These results indicate that, the step test results
are often slightly higher than ramp test resulis. -This conclusion Is supported by
. equation 8.10 and 8.11 that show that time constant Is generally larger than ramp time
delay. The step response results given here are equal to the time required for the
sensor output to reach 63.2 percent of its fina! value following a step change in input
pressure.

Hepeatability of Freguehc_:y Test. The repeétabmty of frequency test results are not as
good as the repeatabliity of the ramp or step test results. This conclusion Is based

on repeated frequency testing of four pressure transmitters. The resulis are not
tabulated here.

epeatabliity of Noise Is. Nolse analysis repeated on several transmitters over
a six month period showed good repeatabllity in the results. Table 13.7 presents the
results of repeated response time tests of sixteen transmiiters. The difference between
maximum and minimum results of repeated tests are given in the right-hand column.
The resulis are repeatable to better than 0.10 seconds In most cases. This is
comparable with the repeatabliity of the ramp test.

Repeatability of Pl Test. The repeatability of Pl test was Investigated by repeated
testing of several Foxboro pressure transmliters. The results are shown in Table 13.8.
The difference between the maximum and minimum results of repeated tests is also
shown. The resulis are repeatable to better than 0.10 seconds.
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Sensor

LD,

PS1L
PS1M
PS2L
PS2M
PS2H
PS3
PS5*
PS7

PS8

PS9M
PS9H

PS 11

PS 12

TABLE 13.3

Response Time Versus Ramp Rate Results

Ramp Rate
!‘QS![SGC'

8, 10, 14, 7

5, 11, 19

25, 5, 8, 10

10, 14, 18

8, 16, 27, 37
2,4,7,8

0.7, 8, 10

1,2, 4, 11, 25, 30

20, 33, 63, 100
115, 136, 150, 180

25
8, 9, 11

30, 33, 60, 63,
83, 100, 115, 138

1,2,5,6

Response Time t
(sec)

0.13, 0.13, 0.14,0.13

0.23, 0.21, 0.20

0.10, 0.13, 0.11, 0.10
0.14,018,0.17

0.08, d.oa. 0.09, 0.09

0.13, 0.12, 0.12, 0.12

0.28, 0.30, 0.30

0.04, 0.04, o.os. 0.05, 0.04, 0.04

0.14, 0.21, 0.21, 0.18
0.18, 0.21, 0.17, 0.18

028, 0.23
0.15, 0.15, 0.14

0.17, 0.19, 0.19, 0.20,
0.19, 0.19, 0.20, 0.20

0.32, 0.30, 0.30, 0.30

Difference
500

0.01
0.03
0.03
0.04
0.01
0.01
002
0.01

0.07

0.05
0.01

0.03

0.02

Continued on next pago
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BLE 13.8 {continue

Sensor Ramp Rate ? Response Time t Difference

1D, {psifsec) - ‘ (sec) (sec)
PS 14 62,130, 160,250 <001, <001, <001, <001 0.0
PS15 140, 400, 520 <0.01, <0.01, <0.01 0.00
PS 16 620,258 . 040007007007 0.03
PS 17 " 8,6,7,6,10 " 020, 0.16, 0.16, 0.13, 0.12 0.08
PS 18 250, 700, 900, 238 <0.01, <0.01, <0.01, <0.01 0.00
666,833 <001, <0.01
PS 19 4 004005 . oo
PS 20 1,2 | 017,047 o 0.00 °
PS 21 2,7, 10, 11. © 005, 007,008,008 - 008
PS 23 1,84 020,047,047 003
PS24 165,807,317 0.7, 0.07, 0.07 oo
455, 571 0.08, 0.08
PS25 1,266 0.39, 0.39, 0.27, 0.27  oa2

*  Ramp Rates for this sansor are In terms of knches of water per sscond

t ‘hm ramp rates and response times listed i each row corraspond o one another respectively, e g, ramp rates of 5, 10,
14, and 17 in the first row of this table correspond fo the response times 0 13, 013, 0.14 and 0 13 respectively.

Note: The response time results in this table &re for Increasing ramp -Ignéls.



Sensor

1D,

PSt L

PST M

PS2 L

PS2 M
PS2 H.
PS3

PS4
PS5
PSe
PS?7

PS8

PS9 M
PS9 H

Date
of Test

11/08/88
12/13/88
12/15/88
11/08/88
12/16/88
12/27/88
10/17/88
12/07/88
12/08/88
03/13/89
03/13/89
10/18/88
11/22/88
12/01/88
12/02/88
10/06/88
10/19/88
10/25/88
10/06/88
12/08/88
12/09/68

01/20/89
02/09/89

10/06/88
03/13/89

Repeatability of Ramp Test Results

Tost
Engineer

MH
REF
REF
MH
REF
REF
MH
REF
REF
REF
REF
MH
REF
REF
REF
MH
MH
MH
MH

REF
REF

REF
REF

MH
REF

BLE 13

Responsa Time (sec)

0.15, 0.18
0.13, 0.13, 0.13, 0.13
0.14, 0.12, 0.15, 0.13

0.23, 0.22
0.23, 0.21, 0.20, 0.20
0.19, 0.19,-0.19, 0.19

0.18, 0.18, 0.16
0.10, 0.13, 0.11, 0.10
0.12, 0.12, 0.13, 0.11

0.14, 0.18, 0.17

0.08, 0.08, 0.09, 0.09"

0.16, 0.16, 0.16
0.12, 0.14, 0.14, 0.12
0.14, 0.12, 0.12, 0.12
0.13, 0.12, 0.12
0.16, 0.16, 0.16
0.28, 0.28, 0.30, 0.30
0.24, 0.28, 0.24

0.04, 0.04, 0.04

0.05, 0.05, 0.04, 0.04

0.05, 0.05, 0.04, 0.04

021, 0.21, 0.21, 0.21
0.14, 0.18, 0.17, 0.18

0.28, 0.28, 0.28, 0.23
0.15, 0.15, 0.14

Difference

(sec)
0.04

0.04

0.08

0.04
0.01
0.04

0.00
0.02
0.02
0.01

0.07

0.05
0.01

Continued on next page
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TABLE 13.4 (continued)

Sensor Date Test
1.D, of Test Engineer - Response Time (sec)
PS11 01/19/89 REF 0.18, 0.20, 0.20, 0.20
02/09/89 REF 0.17, 0.19, 0.19, 0.10
. psi2 10/07/88 MH 0.32, 0.32, 0.32
02/14/89 REF 029, 0.30, 0.32
02/15/89 REF 0.29, 0.30, 0.31
PS14 12/02/88 REF <0.01, <0.01, <0.01
12/01/88 REF <0.01, <0.01, <0.01
PS15 02/13/89 REF <0.01, <001, <0.01
PS16 01/20/89 REF 0.10, 0.07, 0.07, 0.07
02/09/89 REF 010, 0.08, 0.08. 0.07
PS17 12/06/68 REF - 0.20, 0.16, 0.15, 0.13, 0.12
02/09/89 REF 0.18, 0.18, 0.13, 0.11
PS18 02/09/69 REF <0.01, <0.01, <0.01
02/09/89 - REF . <0.01, <0.01, <0.01
PS19 02/01/89 REF 0.04, 0.03, 0.04, 0.05, 0.05,
02/02/89 REF 0.05, 0.04, 0.05
PS20 02/01/89  REF 0.17, 0.16, 0.17, 0.18, 0.8,
0.18, 0.17, 0.18
02/02/69  REF 0.16, 0.16, 0.17, 0.16
Ps21 01/31/89 REF 006, 0.07, 0.08, 0,08
02/02/89 REF =~ 0.5, 0.06, 0.07, 0.07
PS23 03/04/89 REF 017, 0.17, 0.17, 0.20
| ' 0.17, 0.16, 0.17, 0.21
PS24  04/07/89 = REF 0.07, 0.07, 0.07, 0.07
| 008,008,008, 0.08
PS25 - 04/07/89 REF 0.39, 0.40, 0.38, 0.39

0.27, 0.32, 027, 0.29

Difference
(sec)
0.03
003
N/A »
N/A
0.03
0.08

‘N/A
0.02

0.03

0.03
0.05
0.01

0.13

Note: 1 The results in this table gre from tests with nrominal ramp rates
2 MH and REF ere the Inltials of test personnel who performed the repeatabllity tests
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Sensor

1D
PS1 low
PS1 med

PS2 low

PS2 med
PS2 high
PS3
PS4
PS5
PS8
PS7

PS8

PS9 med

PS9 high
PS11

PS12
PS14

TABLE 135
Repeatability of Step Test Results

Applied Step (psi)
1,2, 5 8
10, 20, 35, 70

05, 1,15, 2
25,3

10, 20, 50, 70

20, 50, 80, 120
1,152, 25
1,234
03,05,07, 1,15
05,1,15,2

2: ‘40 6: 8'
10, 12

40, 80, 120, 150
200, 250

2,4,6 10
125, 15

5, 10, 15, 20

40, 80, 120, 150
200, 250

1,15,2,3,5
100, 400, 700, 900

espons me {sec
0.14, 0.13, 0.10, 0.09
0.28, 0.32, 0.38, 0.61

0.13, 0.12, 0.11, 0.11
0.10, 0.09

0.17, 0.20, 0.35, 0.50
0.24, 0.22, 0.26, 0.45
0.18, 0.12, 0.12, 0.12
0.11, 0.10, 0.09, 0.08

0.39, 0.50, 0.62, 0.71, 0.91

0.64, 0.80, 0.94, 1.23

0.05, 0.05, 0.05, 0.04
0.04, 0.05,

0.24, 0.56, 0.72, 0.78
0.78, 0.86

0.28, 0.30, 0.31, 0.39
045, 0.45

0.18, 0.23, 0.32, 0.44

035, 0.50, 0.81, 0.68
0.67, 0.72

0.40, 0.31, 0.40, 0.39, 0.38

0.02, 0.02, 0.02, 0.02

continued on next page
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JABLE 13.5 {continued)

Sensor
).D, Applied Step (psi)
PS15 500, 1000, 1600
PS16 2, 4,8, 10
12, 16
PS17 05, 1, 1.5, 2
25,8, 85,4
456
PS18 . 200, 400, 600, 800
1000, 1200
PS19 1,26, 10, 16
PS20 - 025,050,1,28
PS21 | 1, 8, 5, 10, 15, 20
PS23 - 05, 1, 1.5, 2, 8, 4
PS24 | 600, 1000, 1600
PS25 1,8,5,8

Sponse ©_{sec) -

0.07, 0.08, 0.0

0.11, 0.10, 0.09, 0.08
0.08, 0.09

022, 022, 0.27, 0.30
0.30, 0.82, 0.82, 0.32
0.84, 0.32

<0.01, <0.01, <0.01, <0.01
<0.01, <0.01

0.05, 0.05, 0.05, 0.05, 0.05

024, 023, 0.23, 0.24, 0.23

0.06, 0.03, 0.02, 0.05, 0.06, 0.07
028, 0.30, 0.29, 0.29, 0.29, 0.29
0.07, 0.08, 0.08

0.45, 0.44, 0.40, 0.42

The epplied atop signals are Increasing eteps.



TABLE 13.6

Comparison of Response Time Results
From Ramp Test and Step Test

Sensor Response Time (sec)  Response Time
1D, Ramp Step Difference (sec)
PS 1 0.21 0.30 0.09
PS 2 0.11 0.1 0.00
PS 3 0.12 0.12 0.00
PS 4 0.16 0.10 -0.06
PS7 0.05 0.05 000
PS9 0.28 0.31 0.03
- PS 12 0.32 0.38 0.06
PS 16 0.08 0.09 0.01
PS 17 0.15 0.22 0.07
PS 19 0.05 0.05 0.00
PS 20 0.17 0.23 0.08
PS 21 0.07 0.05 -0.02
PS 23 0.17 0.29 0.12
PS 24 0.08 0.08 0.00
PS 25 0.33 0.43 0.10

The rasults are from tests with Increasing ramp and positive step signals with
nominal ramp rates and step sizes
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Sensor

L.D.

PS1 low

PS1 med

PS2 low
PS2 med
PS3

PSS

PS7
PS8

PSS med

Repeatabllity of Noise Analysis Results

Date
of Jest

01/07/63
01/28/89
01/29/89
01/31/89

01/07/89
01/28/89
01/29/89
01/31/89

01/04/89
01/28/89

03/25/89
01/04/89

01/07/89
01/26/89

01/07/89

01/28/89
02/09/89

12/08/88
09/30/88
01/29/89
01/31/88

01/07/69
01/28/89

BLE 13.7

Measured

esponse jime {sec

011, 0.12
0.16, 0.16
0.17, 0.16
017, 0.17

0.16, 0.16
021, 023
0.16, 0.16
0.17, 0.17

0.16
0.14, 0.14, 0.17, 0.14

013, 0.13

0.13, 0.13
0.13, 0.13
0.14, 0.12, 0.12, 0.14, 0.14

0.32, 0.27, 0.28, 0.28 0.28
0.23, 0.34, 0.33
024

.0.05, 0.05, 0.06
0.03, 0.04, 0.06, 0.04

0.07
0.07, 0.08, 0.07

0.21, 0.19, 0.21, 0.21
022, 0.22, 0.24, 024

Difference
s6C

0.06

0.07

0.02

0.00

0.02

0.10

0.03

0.01

0.05

continued on next page
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JABLE 13.7 (continued)

Sensor Date Measured Difference
1.0, of Test Response Time (sec) (sec)
PS11 01/29/89 0.09 0.02
01/31/89 0.07
PS17 01/0389 026 0.06
01/06/89 0.20, 0.25
01/28/89 0.28, 0.25, 0.28
PS19 02/11/89 0.10, 0.11, 0.12, 0.11 0.02
PS20 02/11/89 0.17, 0.17, 0.18, 0.18 0.01
PS21 02/11/89 0.09, 0.09, 0.10, 0.08, 0.08, 0.10 0.02
PS23 04/04/89 0.23, 0.22, 0.22, 0.22 0.01
PS25 05/05/89 0.33, 0.35, 0.38, 0.38 0.05




BLE 13.8

Repeatabliity of Pl Test Results
Sensor Date , Difference
- JD. ofJest . - Response Time (sec) - : {sec)
PStlow 10/24/88  016,015015016 006
- 12/13/88 012, 018, 010, 0.14 - |
P 0.16, 0.16
PS1 med  10/24/88 ©0.26, 0.27, 0.30, 0.28 007
12H6/88 0.3, 0.31, 028, 0.30 »
PS2 low  10/24/88 0.11, 0,09, 0.10, 0.14 0.06
12/07/88 0.11, 0.09, 0.08, 0.11 | :
v 042,018, 0.18, 0.14
0.14, 0.14, 0.14
PS2med  03/13/89 030, 024, 023,022, 021 0.09
'PS2high  03/13/89 ~  0.16, 0.15, 0.15, 0.15 0.01
PS3 10/24/68 0.13, 0.11, 0.13, 0.16 005
Y 012, 0.11, 0.11, 0.15
0.16, 0.16, 0.16, 0.16
PS4 10/24/88 0.17, 0.17, 0.16, 0.16 0.01
PS5 10/2568 0.33,0.32 035, 033 o003
PS6 10/25/88 0.31, 0.82, 0.31, 0.32 00t
PSO med 10/25/88 024, 0.27, 026, 0.25 | 0.03
PSO high  03/13/89 0.19, 0.17, 0.17, 0.17, 047 0.02




13.4 EFFECT OF LINEARITY ON RESPONSE TIME

Tho response time result with any of the five methods is strongly affected by the linearity
of the pressure transmitter belng tested. Therefore, the linearity characteristics of the
transmitter used In this project were qualitatively examined. The examination involved using
the pressure waveform generator shown earller in Section 10 to provide test signals with
varying amplitudes and frequencles The signals were simuitaneously applied to the transmitter
under test and to a reference transmitter. The output of both transmitters was recorded for
qualitative evidence ol nonlinearities. These tests revealed two pressure transmitters with
nonlinear behavior. These transmitters were kept in the project and tested along with the other
fransmitters. In almost all tests, the results for these two transmitters were in notable
disagreement with all other test results.

Figuro 13.8 shows linearity test traces for a normal and a nonlinear transmitter. The signal
palr on the top Is from the reference transmitter and a linear transmitter. The signal pair on
the bottom Is from the reference transmitter and a nonlinear transmitter. Note that the
nonlinearity of the transmitter Is manifested as an asymmetrical sinewave output as seen in the
last trace on the boitom of Figure 13.8.

Further investigation of nonlinearity of the two transmiiters involved ramp testing with
Increasing and decreasing ramp signals. So far In this report, all results reported for ramp
tests have been based on increasing ramps. [f transmitters are linear, the results will not be
affected significantly by the direction ot the applied test signal. Therefore, increasing ramp
signals are usually used for practical reasons. Table 13.9 shows the results of the ramp tests
for the two nonlinear transmitters in comparison with four linear transmitters. Results are given
for both increasing and decreasing ramp signals. Note that the response times of the
nonlinear transmitters are significantly dependent on the direction of the test signal while the
results from the linear transmitters are essentially the same regardless of the characteristics of
the Input test signal.

The cause of the nonlinearity of these two transmitters I3 not known. These two

transmitters are from a manufacturer whose other transmitters have no linearity problem.
These nonlinear transmitters are gage pressure transmitters.
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TABLE 139

Effect of Ramp Direction on' Linear.
Versus Nonlinear Pressure Transmiiters

Sensor Response Time (sec)
Linearity Up Ramp ODown Ram
Nonlinear 0.21 0.03
Nonlinear 020 - 0.03
Linear 0.13 0.14
Linear 0.16 012
Uinear 0.05 0.05
Unear 0.17 0.22
Linear 0.07 0.06

The above ramp test results are from Incressing (up) and decreasing
{down) test signals with nominal ramp rates.
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14. RESPONSE TIME VERSUS CALIBRATION RESULTS

tt was discussed in Section 9 that changes in response time of pressure transmitters will
not necessarlly be accompanled by changes In thelr calibration and vice versa. This was
demonstrated experimentally using a Rosemount Mode! 1162 pressure transmitter which has
a damping potentiometer. The transmitter was calibrated and its response time was first
measured with the damping potentiometer set at lts minimum (zero damping). The damping
potentiometer was then tumed about 1/3 of the way toward its maximum setting (about 33%
damping), and the calibration and response time tests were repeated. The results indicated
negligible changes in calibration, but the response time increased by about an order of
magnitude (Table 14.1). In Table 14.2 we have shown the results of an experiment where the
zero and span (i.e., calibration) was changed to detormine its effect on response time. The
results indicate no change In response time In splte of signlficant changes In calibration.

The response time results in Table 14.1 are given for both ramp and step tests with
different ramp rates and step slzes. K Is clear that changes in response time by as much as
a factor of ten can occur without & eignificant change in calibration. Opposite situations can
be envisloned where large callbration shifts can occur without affecting the Intrinslc response
time of the transmitter. For example, zero shifts can occur with no effect on response time.

The Rosemount Model 1162 transmitter was also tested with the nolse method. Figure
14.1 shows the raw data with and without damping. Note that the effect of damping is
manifested by a large decrease in the amplitude of the transmitter's output fluctuations.



JABLE 14,1

Response Time Changes
as a Function of Damping

Bamp Test
Ramp Rate Response Tima (sec) . ,
{psl/sec) No Dampling 33% Damping
5 0.04 040
7 0.05 . 034
15 ‘ 0.04 0.29
Step Tes

Size of Step Response Time (sec)

(psi) No Damping 33% Damping
5 0.05 0.56
10 0.05 0.58
15 0.04 0.58
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JABLE 142

Effect of Calibration Changes on Response Time
of a Pressure Transmitter

- Zero Résponse Timé '

~ Changes Span Changes {sec)
-10% 0 0.10
-20% 0 0.11

{10% 0 0.11
+7% 1% 0.11
+30% 6% 0.11
-33% 4% 0.11

- -
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Figure 14.1. Output Fluctuations of a Pressure
Transmitter With and Without Damping.
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16. EXPERIMENTS WITH SENSING LINES

To demonstrate the effect of sensing line blockages and volds, a few experiments were
conducted in the laboratory both using nolse analysis and the ramp test These experiments
involved injecting air and simulating blockages in laboratory sensing lines using hand operated
valves. Figure 15.1 shows the test section of the laboratory loop illustrating the valves that can
be manipulated to simulate sensing line problems. The nolse method was first used to study
sensing line problems. Figure 16.2 shows the nolse test results. Pressure fluctuations are
shown in this figure for a Rosemount flow transmitter with and without an alr bubble in its
housing. It Is apparent that air has acted as a filter to remove some of the high frequency
components of the noise signal The air bubble also caused the sensor/sensing line system
to have a larger response time. Figure 16.3 compares the PSDs of the transmitier with and
without air. Note that the PSD rolis off at a notably smaller frequency for the case when alr
exists In the system That Is, the response time s larger with air In the system.

in addition to causing an increase in response time, this alr in the system caused a
resonance which is apparent in Figure 16.3 in the PSD of the signal for the transmitter with alr.
The resonance peak is located at a frequency of about 8 Hz. Monitoring of resonance peaks
on PSD plots due to air or blockage In the sensing lines Is an effective tool for detecting of
sensing line problems in nuclear power plants. The resonance peaks due to air usually move
to lower frequencies as the size of the air bubble Increases. In the case of the b!ockages.
wldth of the resonance increases as the b!ockage Is lncreased

Another experiment with sensing line effects performed In this project involved a test in
which nolse data were obtained with the low side of the sensing line blocked in one case and
the high side blocked in another case. The raw data are shown In Figure 15.4 for a Tobar
difierential pressure transmitter used for this experiment. The figure consists of three plots as
follows: '

 Both sides of the transmitter open to main flow line. This corresponds to a
normal case.

* The high-side of the transmmer Is closed and the Iow-slde is open to the main
flow line.

« The low-side of the transmitter Is closed, but the high-side is open to the main
flow line.
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Figure 15.1. Photograph of Test Section of the
Laboratory Flow Loop.
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Normotized Sensor Output

Normalized Sensor Output

10
0% -
08 -
67 -
06 -
0%

3
03

2
01

00
-01
-02

~-03
-04 -
-08 -
-06 -
-0 7 ~
-08 -
-09 S

nI\I\/\ /\’\An/\f\
JU \IVU

e

-10

co .

10 : 20 30 40 50
Time (Seconds)

Alr in Sensing Une

Figure 15.2.

No Alr"'ﬁ'n géﬁ’é‘lﬁg Line

Typlcal Pressure Transmitter Nolse Data
With end Without Alr in the Sensing Line.



PSRO1B3 CHANNEL » 2

107

LORE 1T TTTi T T rrrrn $a'-‘7m
NBLOCKS = 1097
=] ’T_- 2. Gt

L, t P = .
— ] N
18-t = W\“ T
7] 3
T \9\
X .
S'lﬁ‘z La
ut =
Q 3
118 N
(I -
n
v e - =
> =
[ ] ]
* n
a .

194 —3

[ 1 L1 1 0 11) 1 [ RN 1 .1 411

et 129 1at

FREQUENCY (H2)
. PSRB182 CHANNEL » 2

109 T LR LA LR R L) onvm}
NPOINTS = 1024
] P e *
1SKIP = 1

e
am—2 =
t
¥
~
]
Z40-2
(]
(8
19
[
'
‘e
b
=]
[1]
(1N
1a~4 -
1a-%

e Lo L L ALNY [ .- 1
naT—L—— 4 uta

FREQUENC v (112)

Figure 15.3. PSDs of a Transmitter Without (top)
and With (bottom) Alr in the System.

-84-



.SB.

Both Veives Opan

s
4
P
3 24
1 -
A V/\ A
-2
L -3
-4 o
-3
000 035 0% 07 160 123 13 198 200 225
Time (Soconds)
s tigh Site Volve Closed . Low Side Veive Cloved
. e
% s 3 4
j | /\ /\“\
| LA )
1 - 9 - .
; o o 3 o ) A_
-t - -y =
-2 4 -2+ ] '
-3 -S-J o ‘
-l -4 - .
-5 -3 " " "
000 623 080 Q75 100 125 150 w78 200 238 000 0325 020 075 100 125 150 W75 200 218
Tiwe (Seconds) Time (Seconds)

Figure 154  Noise Output of a Tobar Differential Pressure Sensor With Sensing Llnes Open (top),
High Side Blocked (left), and Low Side Blocked (right).




Note that in one case (high side valve closed), the amplitude of the fluctuations decreased
significantly with the blockage. A comparison of the plot on top with the two plots on the
bottom of Figure 15.4 shows that the dynamic characteristics of the fluctuations are different
with a blockage In either sensing line. This information i3 useful in determining blockages or
leaks in sensing llines.

The effect of alr in the sensing line was also studled using the ramp method. This work
involved testing of a Foxboro pressure transmitter with the hydraulic ramp generator. Tests
were performed with various volumes of alr in the line between the ramp generator and the
transmitter. The results are given In Table 15.1.



TABLE 15.1

Response Time as a Function of
Alr In Sensing Line

. Length of Bubble : Response Time
@inch) . . | —fsec)
0 0.12
8 A A N
20 o 0.16

s . 0.19
60 0.39

1 Above tssts were performed with a 25-oot, 14-inch O.D Nyfon Tublng
between the test unit and the Sransmitter under test o

2 The bubble lengths given ebove are approximate values -



16. RESULTS OF AGING RESEARCH

An experimental aging study was initlated and preliminary aging results were obtained for
several transmitters after exposwre to heat, humidity, vibration, pressure cycling, and
overprassurization. These conditions were applied individually or combined when possible.
In all casss, higherthan-normal levels of stress were applled to accommodate accelerated
testing.

Both the response time and calibration of the transmitters were identifled before and after
aging. A data acquisition system was developed and used to monitor the output of the
transmitter during the aging process to Identify any gross malfunction or failure, if encountered.
The resuits are discussed below.

Thermal Aging and Pressure Cyeling, A number of transmitters were installed In
environmental chambers where they were exposed to temperatures of 165 to 195°F

combined with pressure cycling. The cycling involved pressure step signals with
pressure amplitudes coiresponding to the calibrated range of the transmitters. The
pressure cycling was Induced using a signal generator to activate a solenold valves
to apply and vent pressure every few seconds. The results are given In Table 16.1
in terms of the percentage change in calibration and response time of the transmitters

- after aging. The number of pressure cycles and the estimated age of the transmitters
aro listed for each transmitter. Note that the estimated thermal age and the number
of pressure cycles are not the same for all transmitters because they were aged at
different rates.

Assuming that pressure transmitters In nuclear power plants are normally exposed to
a temperature of 120°F, the equivalent age of the transmitters at the chamber
temperatures was estimated using the Arrthenlus equation. An activation energy of 0.78
eV was used In estimating the accelerated thermal age of the transmitters.

The results as shown in Table 18.1 indicate some zero shifts and span changes for
most of the transmitters. For four cases, the zero shiits are large even though they
are not accompanled by large span changes. In the case of response time, although
minor degradations are shown by the results, a definite conclusion cannot be made
on whether or not measurable degradations occurred during this aging process. Note
that the changes of less than 1% for calibration or less than 10% for responsa time
are considered negligible.



JABLE 16.1
Thermal Aging and Pressure Cycling Results

- Induced Adin Performance Changes

: ; |
Sensor ILD.  Thermal {years) # _Cycles Zero Span Response Time
PSH . 22 130,000 20%  16%  15%
PS2 30 170,000 180%  <1%  18%
PS3 025 26,000 <% <i%  <10%
PS4 : 22 o 127,000 69% 14% . 20%
PS7 17 61,000 2% 2% <10%
pss 06. CONA 2% <1% 4%
PSY - 22 127000 0 16% - <1% 4%
PSl2 06 2,200 7% 2% 18%
PS14 06 N/A 8% 5% <10%
PS16 06 2,200 1% <1%  25%
PSi8 06 N/A 181%  19% <10%
PS19 06 2,200 12% 8% = <10%
PS20 0.6 2,200 <1% <1% - <10%
PS21 19 110000 000 <% 8% 16%
PS23 06 . 2200 - @ 84% 6%  <i0%
PS24 0.6 CONA O B% <1% 0 <10%

Ps2s 06 - 2200  <i%  <i%  15%
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Heat and Humidity. Humidity was introduced in a number of transmitters by molsturizing
the Inside wall of the housing caps that cover the electronics. The transmitters were then
Installed In an environmental chamber at 195°F for a few days to Induce an equivalent of
three months of thermal aging. The results are given in Table 18.2 in terms of percentage
change In calibration and response time due to this aging environment. The output of
the transmitters was monitored by a data acquisition system while the transmitters were
In the environmental chamber. One transmitter failed after a few days In the chamber.
This transmitter was kept in the chamber along with the others and was examined at the
end of the aging process. This examination revealed that the span potentiometer of the
transmitter had failed. However, the response time of the transmitter could be tested after -
recalibration to a different pressure range and was found to have experienced liitle
degradation. The remaining transmitters showed negligible changes In calibration and
response time, but the potentiometers in several of these transmitters had erratic behavior
after this aging process.

Vibration and Cycling Results. A simple shaker table was built for this project (Figure
18.1) and used for vibration testing. The vibration of interest in this project was that of
normal operational vibration as opposed to seismic vibration. Several transmitters were
tested for performance degradation due to combined effacts of vibration and pressure
cycling. The combination of vibration and pressure cycling was selected because this
was simple to accommodate. The results of vibration aging experiments are given in
Table 16.3 In terms of percent changes In calibration and response time characteristics.
The vibration intervals and the number of imposed cycles are also listed in the table. The
cycling was performed by Imposing step pressure signals in the calibrated range of the
transmitter every few seconds. The results showed minor changes In performance for all
transmitters.,

Overpressurization,  Pressure transmitters experience overpressurizations during
maintenance, calibration and reactor trips. This condition was simulated In the laboratosy
using numerous overpressurization cycles. The effects of overpressurization on calibration
and response time are shown in Table 16.4. The number of pressure step signals and
their magnitudes are also listed along with the normal calibration range of the transmitters.
Tho offect of overpressurization produced minor changes In calibration and response time,
with the latter being the more pronounced degradation.



BLE 16.2
Results of Humidity Tests

Performance Changes

Sensor 1.D. Zero Span Response Time
PS3 , <1% <1% <10%
PS7 4% <1% <10%
PS9  <1% <1% 21%
PS12 % 2% <10%
PS19 <i%  <i% <10%
PS16 4% <1% <10%
PS23 . . T
PS25 | <% <1% 1%

* Sensor could not be callbrated due to fallure of potentiometer early in the eging process.
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Figure 16.1.

Vibration Aging Setup.
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Sensor ).D.
PS21

PS4
PS1
PS16
PS7
PS25
PS19
PS3
PS23
PSS
Psi2
PS20
PS17

Vibration and Pressure Cycling Results

Jime et 0.3C
26 Hrs.

24 Hrs.
7 Hrs.
10 Hrs.
8 Hrs.
7 Hrs.
6 Hrs,
8 Hrs.
24 Hrs.
16 Hrs.
25 Hrs.
25 Hrs.
26 Hrs.

BLE 16.3

# Cycles -
6500
5400
1300
1600
2000
1700

__Performance Changes

Zero  Span
<i% <%
8% <1%
<t% <1%
- 4% <1%
<i% <1%
<% <1%
4% 2%
<1% <1%
<i% <1%.
2% <1%
<i% <1%
<i% <1%
<i% <1%

Response Time
17%
- <10%

<10%
11%
<10%
10%
<10%
<10%
<10%
<10%
<10%
10%
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TABLE 1684

Results Of Overpressurization Tests
Sensor  Calibration | Step Performance Changes
AD,_ Range # Cycles  (psi) Zero Span Response Tima
PS25 0-250'we 1600 80 3% 4% 22%
PS12 200-0'we 1600 80 11% 2% <10%
PS17 0-135'we 1600 80 7% 2% 2%
PS23 0-100"'we 1600 80 <1% <1% 17%
PS9 0-400"we 2200 80 2% <1% 1%
PS4 -4-20psl 2200 80 6% <1% <10%
PS21 0-550"we 2200 80 4% 2% 20%
PS19 0-450'we 2200 80 3% 3% 20%
PS3 0-20psi 4500 80 <1% 2% <10%
PS7 0-20psi 4500 80 <1% <1% <10%
PS18 0-550'we 4500 8o <1% 3% 12%
PS20 135-44'we 4500 80 <1% <1% <10%




17. ASSESSMENT OF TYPICAL PLANT PROCEDURES

A majority of commerclal nuclear power plants use the ramp method for response time
testing of pressure transmitters. A simplified drawing of the test equipment (called hydraulic
ramp generator) for performing the ramp test is shown In Figure 17.1. To perform the test, the
pressures in the two accumulators are adjusted so that the pressure in one accumulator is
above the setpoint at which the response fime Is to be measured and the pressure in the other
accumulator Is below the setpoint. When the *Signal Initiate Solenold Vaive" Is opened, the
pressures in the two accumulators equalize. This equalization pressure translent Is applied to
the process transmitter and to a reference transmitter and the outputs are recorded. The
response time of the process transmitter is then identified by measuring the time delay between
the two transmitters at a particular setpoint pressure. Because of inherent emplrical difficulties
in performing these tests, it Is important that the test procedures be accurate. In order to
study the accuracy of typical plant procedures, we reviewed four plant procedures used by
different utilities. We determined that these plant procedures are basically adequate and made
the following observations or feoommendations for better tosts.

Process Transmitter Venting. Ramp tests are typlcally performed at the process
transmitter location. The transmitter is first isolated from the process and the hydraulic

ramp generator is connected to the transmitter. Although venting or bleeding of a
transmitter Is very important in preparation to perform the tests, several of the response
time procedures we reviewed did not specifically address venting or bleeding. After
the hydraulic ramp generator is connected to the process transmitter, the system
should be properly vented under pressure to ensure that no alr remains trapped inside
the process transmitter or the tubing connecting it to the hydraulic ramp generator

Even a small amount of alr can have an effect on the measured response time.

instructions and precautions for proper venting should be included in all plant
procedures. :

Identification of Set Point Pressure. One or more pressure set-points are kdentified for
each transmitter to be tested. The setpoints usually correspond to the safety system
trip setpoints. Two methods are used during the actual ramp test to Identify the
setpoint at which the response time of the transmitter Is measured. In the first method,
a calibrated gage connected to the hydraulic ramp generator ks used to adjust the
output pressure to the setpoint. Then the output signals from both the process
transmitter and the reference transmitter are recorded on a strip chart recorder. These
traces are then labeled on the chart as the setpoints (Figure 17.2). The time response
Is then measured as the difference between the times at which transmitters pass
through thelr respective setpoint lines after the ramp signal has been applied. Since
the setpoints are referenced to a single common measurement {the calibrated pressure
gage), any effects of the calibrations of the reference or the process transmitter are
eliminated. This provides the process transmitter’s "intrinsic response time".
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Figure 17.1. [llustration of the Hydraulic Ramp Generator.
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The second method for setpoint identification is based on the calibrations of the
process and reference transmitters. The desired setpoint pressure i3 converted to
equivalent electrical outputs from the transmitters. The calculated slectrical values of
the setpolnts are then identified on the strip chart trace either by supplying the signal
with a power supply or based on the strip chart recorder’s calibration. These signals
are then used to Identily the points in time at which the reference and process
transmitters indicate the setpoint. With this method, errors in the calibrations of the
process or the reference transmitter may result in errors In the measured response
time. These errors may result In conservative or non-conservative response time
measurements.

Ramp Rate Selection, The pressure measurement tolerance due to hysteresis and
other effects in pressure transmitters can contiibute to errors in measured response
time. Figure 17.3 shows that the response time eror caused by pressure
measurement tolerance: s related to the ramp rate by:

Response Time Tolerance (+) =  Reproducibility Tolerance (¥ % of span)
Ramp Rate (% of span/sec.)

For typical manufacturer’s specifications of ropeatability, accuracy, and hysteresis, the
response time uncertainty may be high if low ramp rates are used for performing the
tests. The remedy Is to use fast ramp signals, if this Is allowed. Tests performed in
this project, however, have not identifled any significant dependence of response time
on ramp rate as long as reasonable ramp rates are used.

Jotal Channel Response Time. Figure 17.4 shows a simplified block diagram of a
typlcal safety channel in a nuclear power plant. All components of the safety channel
are periodically tested for time response. There are, however, variations {from plant to
plant with respect to which of these components are tested together. In some plants,
the individual components (l.0., transmitter, electronics, actuation), are tested separately
and the individual response times are summed for a total channel response time. This
1s usually preferred because it allows identification of the process transmitter’s
response time.

Filtering of Signals, In one procedure, the use of a 5§ Hz low-pass filter on the signals
was suggested. Somsetimes, the measured response times for the pressure
transmitters are in the 50 to 100 millisecond range. A 5 Hz low-pass filter has a time
constant of about 30 milliseconds and could therefore have an impact on the test
results. The usa of filtters on the output signals during pressure transmitter response
time testing should be avoided

Oscillatory Signals. Oscillatory test outputs are sometimes encountered during the

rosponsed timo tests. These outputs can result from the transmitter under test, the
reference transmitter, or the test signal. When these oscillations are observed, the first
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step should be to verify that there is no alr in the system because alr can cause
oscillations. I there Is no alr in the system and the osclllations are not due to
problems in the test equipment or set up, the test results must be interpreted carefully
to yleld reliable results. This is done by making response time calculations from the
portion of the output after the oscillations have died out. However, practical
considerations sometimes prevent the test personnel from being able to observe the
oscillations. In fact, these problems have caused some plants to record apparent
negative response times that are encountered If the osclllations are large enough to
overshoot the input (Figure 17.6). The cumrent plant procedures do not have a
reference to this potential problem.

Acceptance Criteria. Plant procedures often lack a clear acceptance criteria and
unambliguous instructions as what steps should be taken If a transmitter falls response
time testing. Such procedures could benefit from a statement of the range of
acceptable response times and what constitutes an acceptable result. In addition, the
accuracy of the test method and the uncertainty of the test results should be
accounted for In specifying test methods or acceptance criteria,
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18. SEARCH OF LER DATA BASE

A formal search of the LER data base on reported problemé with pressure sensing systems
in nuclear power plants was completed In this project. The results are documented in a
separate report given in Appendix A. The key points are discussed below.

The search of the LER data base covered the period beginning with 1880 through October
1988. There are about 30,000 LERS In the data base for this period. Pressure transmitter
problems In this period were found in 1,825 LERs. This amounts to about 4.4% of all LER
(Figure 18.1). The LERs on pressure transmitters are categorized in three groups: personne!
related, potential age-related, and others or unknown as shown iIn Figure 18.1. The
percentages in Figure 18.1 add up to 104% because a few LERs are common among the
three groups. Figure 18.2 lllustrates each of the three groups and gives the total of all groups.
Note in Figure 18.2 that there is a notable change in the number of LERs after 1884 when the
reporting requirements changed.

Potential age-related problems accounted for 38% of the reported problems, a majority of
which effected the calibration of the transmitters. A listing of fallures or degradation which
were categorized here as potential age-related Is given in Appendix A.

Sensing line problems were mentioned in 401 LERs (Figure 18.3). About 27% of the
sensing line problems are considered as potential ageselated problems. This Is second to
personnel related problems which consumed 60% of the LERs associated with sensing lines.

Typlcal LER abstracts describing pressure transmitter response time problems are given ’
in Teble 18.1. This Is followed by Table 18.2 with typical ebstracts of problems involing -
sensing lines. ‘ o

A search of other data bases such as the NPRDS and NPE was also consldered. The
search of the NPRDS data base was not possible in time to be presented here. The NPE data
base was studied for pressure transmitter problems and was determined to contain essentially
the same Information as the LER data base.
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JABLE 18.1

SAMPLE LER ABSTRACTS REPORTING
TRANSMITTER RESPONSE TIME PROBLEMS

t***t********t***t*****tt*****t**t*t*****t***&*****t************tt**t***tt***t*t****

DOCKEI' YEAR LER NUMBER REWSION PLANT NAME  UNIT EVENT DATE
260 83 063 ' BROWNS FERRY 2  10/07/83

*****t***t****t**t*tti*t*tt***********t**t******i*tt*l**ti*****tt********t**t***t****

ON 10/13/83. DURING ROUTINE ANALYSIS OF THE 10/07/83 UNIT 2 SCRAM IT WAS DISCOVERED

THAT 21T-8545A (WEST SIDE SCRAM DISCHARGE INSTRUMENT VOLUME (SDIV) LEVEL
TRANSMITTER)} DID NOT INITIATE A TRIP WHEN THE SDIV LEVEL EXCEEDED THE SO-GALLON_

SETPOINT (TECH SPEC TABLE 8.1.A). ON 10/14 NG REVEALED SLOW AND ERRA

RESPONSE TO THE MEASURED VARIABLE. REDUNDANT LEVEL SWITCH (LS-85-45C) WAS
 OPERABLE. 'SCRAM CHANNEL °*A" WAS MANUALLY TRIPPED AT 1405 ON 10/48/83. THE
ROSEMOUNT 1153DBN000S TRANSMITTER (LT-85-45A) WAS REPLACED. SMALL PUNCTURE HOLES
WERE_FOUND IN THE TRANSMITTER'S MODULE DIAPHRAGM WHICH CAUSED THE SLOW
 BESPONSE TO MEASURED VARIABLE. THE REPLACEMENT TRANSMITTER WAS CALIBRATED,
TESTED, AND PLACED IN SERVICE, PER S 4.1.A-8. SCRAM CHANNEL °A® WAS THEN RESEI’ '

i***************t***********i****Q*tt****tt******ttli*t****t**t*tit****tt*tt******tt*

DOCKET YEAR LER NUMBER REVISION PLANT NAME  UNIT EVENT DATE

325 83 058 0 BRUNSWICK 1 1110/83
RERRIRRARARRARARARRRRAIRARAER R AR AR R IERRARRRARERRAERAAERAARRERRRAR IR REEEARRR AR RARK
DURING UNIT SHWDOWNAOPERATIONS, PERFORMANCE CTO! GH PRESSURE THI

BESPONSE TIME TEST, PT-A26.2, REVEALED THAT REACTOR VESSEL STEAM DOME PRESSURE
IGH INSTRUMENT, B21-PT-N023D, ACTUATED OUT OF SPECIFICATIONS (0.69 SECONDS Us

E_TECH SPEC_REQUIREMENT OF LESS N_OR EQUAL TO 0.55 SECONDS), DUE TO AN
INCORRECT INSTRUMENT DAMPING ADJUSTMENT. THIS INSTRUMENT, WHICH IS RESPONSE TIME
TESTED EVERY 72 MONTHS, WAS PLACED IN SERVICE ON JUN 27, 1981. TECH SPECS 8.3.1,
6.8.1.8A. THE INCORRECT INSTRUMENT DAMPING ADJUSTMENT IS BEUEVED TO HAVE BEEN
MADE BY THE INSTRUMENT MANUFACTURER.  THE DAMPING ADJUSTMENT SETTING WAS
READJUSTED AND THE N023D, MODEL NO. 11562, TESTED SATISFACTORILY. THE RESPECTIVE
INSTRUMENT DAMPING ADJUSTMENTS OF .75 UNIT NO. 1, 62 UNIT NO. 2, AND 44 IN PLANT STOCK
(MODEL NO. 11562) INSTRUMENTS WERE CHECKED. ONE OF THESE INSTRUMENTS,
2-B21-LT-N042D, WAS FOUND TO HAVE IMPROPERLY POSITIONED DAMPENING ADJUSTMENTS.

continued on next page
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ABLE 18 tinue

RARRERRKERAARRERARARERRRERBRARRERAXNRRARARAARARRERARRRRERRRNRRRRAARRRNRARARARREARRENARRALXR

DOCKET YEAR LER NUMBER REVISION PLANT NAME  UNIT EVENT DATE
308 86 002 0 PRAIRIE ISLAND 2 05/20/88

AERRRERNRARRRAARRRARRRANRRRARRRERRRRRERANRRARARRRRARRRRRRBERRRRERRARAERRRRRRARARRRRANNNARNRN

POWER LEVEL - 019%. ON MAY 20, 1988, UNIT 2 WAS BEING RESTARTED FROM THE TRIP OF MAY
19, 1986 THE UNIT WAS SYNCHRONIZED WITH THE GRID AT 0258 AND FEEDWATER CONTROL
WAS TRANSFERRED FROM THE BYPASS VALVES TO THE MAIN REGULATING VALVES. THE
CONTROLLERS FOR BOTH MAIN FEEDWATER REGULATING VALVES WERE PLACED IN AUTOMATIC
WITHOUT INCIDENT AND WERE CLOSELY MONITORED BECAUSE OF PREVIOUS INSTANCES OF
ERRATIC OPERATION AT LOW POWER LEVELS. IT WAS NOTED THAT NO. 12 STEAM GENERATOR
WAS BEING OVERFED, AND THE FEEDWATER CONTROL SYSTEM WAS TRANSFERRED BACK TO
MANUAL, BUT AT 0319 THE UNIT TRIPPED ON HIGH STEAM GENERATOR LEVEL. PRIMARY CAUSE
OF THE EVENT IS FAILURE OF THE FEEDWATER CONTROL SYSTEM TO ADEQUATELY CONTROL
STEAM GENERATOR LEVEL AT LOW POWER LEVEL. A CONTRIBUTING CAUSE TO THIS EVENT
WAS THE SLUGGISH RESPONSE OF STEAM GENERATOR LEVEL TRANSMITTERS, HARDWARE HAS
BEEN PURCHASED THAT WILL PROVIDE BETTER FEEDWATER FLOW INDICATION AT LOW POWER.
INSTALLATION I3 PLANNED AT THE NEXT REFUELING. THE STEAM GENERATOR LEVEL
TRANSMITTER VARIABLE AND REFERENCE LEGS WILL BE BLOWN DOWN MORE FREQUENTLY.
DIFFICULTY CONTROLLING STEAM GENERATOR LEVEL AT LOW POWER LEVEL HAS RESULTED IN
SEVERAL REACTOR TRIPS ON BOTH UNITS. SIMILAR EVENTS ARE DESCRIBED IN UNIT 1 LER'S
88-003, 84-011, 84-008 AND 84-001.

RRRRRRARNRRNARARRRRANRRBDRRARRRRRRREANRARARARARRRRNARARRRERRRRARARARRRARRRRERARRARRRARRRARAR

DOCKET YEAR LER NUMBER REVISION PLANT NAME UNIT EVENT DATE
306 83 022 0 PRAIRIE ISLAND 2 - 09/09/83
RARRAANRARARRRRNARAREAARRERRARRRRARRRRRARSRRRARARRRARNRARRRREARERERRARARRAARRNRRRRRARARS
DURING SURVERLANCE TEST, ONE STEAM FLOW TRANSMITTER WAS FOUND OUT OF
CALIBRATION LOW BY 1%. TRANSMITTER RESPONSE WAS ALSO SLUGGISH, REDUNDANT
EQUIPMENT WAS OPERABLE. TECH SPEC TABLES 3.5-2 AND 3.54 APPLY. CAUSE NOT KNOWN
AT THIS TIME; FAILED TRANSMITTER WILL BE RETURNED TO THE VENDOR FOR ANALYSIS, THE
ROSEMOUNT MODEL 1153HA8 DIFFERENTIAL PRESSURE TRANSMITTER HAS BEEN REPLACED.
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BLE 18.2

SAMPLE LER ABSTRACTS REPORTING
'~ SENSING LINE PROBLEMS

KRRRARAA KA RRRR AT RRE AR AR AR AR ATRERR AR KRN RERRARR R AR A RA IR KAARRERA R R AR ARARA AR RN RR A

- DOCKET YEAR LER NUMBER REVISION PPLANT NAME UNIT EVENT DATE
244 88 002 ‘0 GINNA- ~ 03/08/88

ﬁ*t*****t*tit*t**t*****tii*t*t*****t**t*i*t****t***t**t**t*******tt***t*t****t**t***‘

' POWER LEVEL - 000%. ON MARCH 8, 1988 AT 0135 EST WITH THE REACTOR COOLANT SYSTEM
TEMPERATURE AND PRESSURE AT S40F AND 850 PSIG RESPECTIVELY, THE CONTROL ROOM
OPERATORS OBSERVED THAT THE LEVEL OF THE ONE OPERABLE BORIC ACID STORAGE TANK |
WAS INDICATING LESS THAN THE TECH SPEC REQUIREMENT FOR ONE OPERABLE BORIC ACID
STORAGE LEVEL TANK AND CONSTITUTED A PLANT CONDITION PROHIBITED BY TECH SPECS. THE
CONTROL ROOM OPERATORS TOOK IMMEDIATE CORRECTIVE ACTION AND RESTORED THE

' OPERABLE BORIC ACID STORAGE TANK LEVEL TO MEET THE TECH SPEC REQUIREMENTS WITHIN
APPROXIMATELY 30 MINUTES. THE IMMEDIATE CAUSE OF THE EVENT WAS LEVEL INDICATION
INACCURACIES DUE TO PARTIAL PLUGGING OF THE LEVEL SENSING LINES. THE CAUSE OF THIS

- PARTIAL PLUGGING IS POSSIBLY DUE TO THREE ROOT CAUSES. (1) NOT CLEANING THE SENSING
UINES PRIOR TO DECLARING THE TANK OPERABLE, (2) TYPE OF LEVEL INSTRUMENTATION AND,
(3) TOO LOW A TEMPERATURE NITROGEN GAS. CORRECTIVE ACTION TAKEN OR PLANNED TO
PREVENT RECURRENCE IS TO REQUIRE CLEANING SENSING LINES PRIOR TO DECLARING TANK
OPERABLE AND TO REVIEW THE APPLICATION OF THE EXISTING LEVEL INSTRUMENTATION AND
THE NITROGEN GAS TEMPERATURE AND MAKE REOOMMENDA‘I‘IONS AS NECESSARY -

‘continued on next page
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TABLE 18.2 (continue

RANRENARERRERRRARRERARRARARRARRANRRERNRERIANREARRREERARNERERARRRANEABARERNRRERR RN RN A L

DOCKET YEAR LER NUMBER REVISION PLANT NAME  UNIT EVENT DATE
325 83 063 1 BRUNSWICK 1 12/03/83

RANBARARRRNRRERRARNRRARAERRRRARNANERRRRRRRERRRRARRRRRARRREAARRRNRARRRRKARARARARA AR S RARN

SURVEILLANCE DURING UNIT POWER OPERATION REVEALED REACTOR WATER CLEANUP SYSTEM
(RWCS) DIFFERENTIAL FLOW INDICATOR, 1-G31-R615, WAS SHOWING AN ERRONECUS INDICATION
OF RWCS DIFFERENTIAL FLOW, DURING SUBSEQUENT UNIT POWER OPERATION ON DECEMBER
7, 1983, SPURIOUS RWCS "LEAK HI-HPF ALARM ANNUNCIATIONS OCCURRED. THE EVENTS

OCCURRED DUE TO ENTRAPPED AIR IN THE SENSING LINES OF THE RWCS LEAK DETECTION
SYSTEM. _THIS RESULTED FROM A PROCEDURAL INADEQUACY IN THE RWCS HIGH FLOW
RESPONSE TIME TEST, PT-45.2.18, WHICH WAS PERFORMED RESPECTIVELY ON DECEMBER 3 AND
8, 1983, THE ENTRAPPED AIR WAS REMOVED AND THE RWCS LEAK DETECTION SYSTEM WAS
RETURNED TO SERVICE. APPROPRIATE REVISIONS TO PT-45.2.16 WERE IMPLEMENTED TO HELP
PREVENT FUTURE SIMLAR OCCURRENCES.

t***ti*?***t*i*fi***i*t**tt****t********ti*!t*****t**Oi*******t*****t********t**i*t****

DOCKET YEAR LER NUMBER REVISION PLANT NAME .= UNIT EVENT DATE
261 85 015 0 ROBINSON 2  Q7/05/85

*******ii.tt*ii***ti*ﬁt***tiiit***t"*ﬁ'***..***tt*tt***i***li*******’**i*t*t****t**

POWER LEVEL - 012%. A REACTOR TRIP OCCURRED ON 7-5-83, AT 1135 HRS. THE PLANT WAS
AT 12% POWER REDUCING LOAD TO REPAIRR 'A’' FEEDWATER REGULATING VALVE. A STEAM
FLOW GREATER THAN FEED FLOW (SF > FF) SIGNAL WAS GENERATED BY A STEAM FLOW SPIKE
CAUSED BY REMOVING THE MOISTURE SEPARATOR REHEATERS FROM SERVICE AND A
MALFUNCTION IN A MSR SHUTOFF VALVE. CONCURRENTLY, A 'C’ SQ LOW LEVEL SIGNAL WAS
RECEIVED DUE TO PARTIAL BLOCKAGE OF THE REFERENCE LEG FOR SQ LEVEL TRANSMITTER
494 AND THE SQ PRESSURE DECREASE WHICH OCCURRED WHEN STEAM FLOW INCREASED.
THE LOW SQ LEVEL SIGNAL COINCIDENT WITH THE SF > FF SIGNAL RESULTED IN THE REACTOR
TRIP. THE CONTROL VOLTAGE TRANSFORMER FOR THE 1B MSR SHUTOFF VALVE WAS
REPLACED. LT-494 WAS REPAIRED BY BLOWING DOWN (TS SENSING LINES, A REV TO GP-008,
'NORMAL PLANT SHUTDOWN FROM POWER OPERATION TO HOT SHUTDOWN,’ TO IMPROVE THE
STEPS INVOLVED WITH REMOVING THE MSR'S FROM SERVICE WILL, BE MADE BY 10-4-85. THE
PLANT WAS RETURNED ON LINE AT 0345 HRS ON 7-8-85.
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19. REVIEW OF REGULATORY GUIDES AND STANDARDS

The latest draft of the documents whlch relate o sensor response time test:ng In nuclear
power plants are: :

1. Regulatory Guide 1.118 entitled, "Perlodic Testing of Electric Power and Protection
Systems", Rev. 2, published by the U. S. Nuclear Regulatory Commission in 1878.

2.A IEEE Standard 338 - 1887 entitled, *Standard Criteria for the Perlodic Survelilance
Testing of Nuclear Power Generating Station Safety Systems®. This Is a revision of IEEE
Standard 338 1977 published by the lnsutute of Electrical and Electronics Englneers

3 IsA Standard §67.06 entitled, "Response Time Testing of Nuclear Safety-Related
Instrument Channels in Nuclear Power Plants", Issued in final form in 1984 by the
" Instrument Soclety of Amerlca. : ‘ , o

The original drafts of these documents were writien about ten years ago, and there have
been no new revisions except for the IEEE Standard which was revised In 1987, However, in
relation with sensor response time measurements in nuclear power plants, the new version of
the IEEE Standard Is not significantly different than the 1977 version.

The ISA Standard §67.06 which was Issued in 1984, was actually written several years
earlier and Is based predominantly on information that was avallable in the late 1970's and
early 1880's. Furthermore, although this standard®ontalns several specific criteria, a few
sections of It are written in & manner than can be subject to a wide variety of interpretations.

The standards mentioned above and the Regulatory Guide 1.118 do not reflect the
state-of-the-art in sensor performance testing, nor do they address new problems and concerns
such as sensing line clogging problems and aging concerns which have come to light since
these documents were prepared. An example of a specific and important problem in all three
documents is related to pressure sensing lines in nuclear power plants. The IEEE Standard
338 states, In Section 6.3.4 paragraph (€), that response time testing of the process to sensor
coupling Is not required. This is In direct conflict with ISA Standard 67.06 which specifies in
Section § that the sensing lines should be tested. With regard to this point, Regulatory Guide
1.118 questions the IEEE Standard and specifies in Section C.8 of the Regulatory Guide that
the NRC will study-the IEEE provision and will provide the results in a future draft of Regulatory
Guide 1.118. However, a new draft of the Regulatory Guide 1.118 has not been written to
clarify the NRC’s concern about sensing line delays.
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The |IEEE and ISA Standards and the regulatory gulde mentioned above need to be revised
in light of new testing technologies which are now available, For example, the power Interrupt
method has been developed and validated for on-line response time testing of force-balance
pressure transmitters, Although this method has been recognized since the early 1980's, there
is no mention of it in the ISA Standard. Also lacking In the ISA Standard I3 an effective
discussion of test uncertainties, and there is also no mention of a need to document the data
reduction methods and procedures.

For acceptance criteria, there are general statements in these documents that the response
time results must satisly technical specification requirements. However, many plants and
especlally older plants, do not have clear provisions in their technical specifications as how to
address sensor response time. Sensor response time testing technologles did not exist when
the original dratft of technical specifications of many plants were written. The standards or the
Regulatory Guide should address the adequacy of current technical specifications and provide
guldelines with respect to response time testing of safety system sensors. This i3 important
because a sensor I3 a vulnerable component of an instrument channel which is susceptible to
aging degradation, especially since it Is usually located in a harsh environment.
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20. REVIEW OF RELATED RESEARCH

- There has been a number of studies on aging effects on performance of nuclear plant
pressure transmitters, most of which concentrated on static performance (i.e., calibration drift).
Sandia National Laboratories has performed several aging studies on nuclear safety-related
equipment. This Includes an experimental study with five Barton Model 763 pressure
transmitters™. These transmitters were testod to determine the fallure and degradation modes
in separate and simultaneous environmental exposures. This study shows that temperature Is
the primary environmental stressor affecting the static performance of the-Barton transmiitters
tested. Also performed et Sandia was work on soveral Barton and Foxboro pressure
transmmers which were removed from Beznau Nuclear Power Station in Switzerland.and sent
to Sandia for testing™. These transmitters had aged naturally in the plant for eight to twelve
years. This experimental work showed that some degradation had occurred, but concluded
that the performance of the transmltters remalned satnsfactomy

Idaho National Engineering l.aboratory has also reviewed the partormance of nuclear plant
pressure transmitters. In a report on the evaluation of operatlng experiences of nuclear power
plants pubﬂshad in January 1688, Leroy Meyer of EG&G concluded (from a review of Nuclear
Power Plant Experience (NPE) data base for Reactor Trip Systems) that components
associated with pressure measuremants experience the htghest number of fallure events®, An
important polnt in this report (which relates to this project) Is that pressure transmitter response
time testing should be performed in Light Water Reactors (LWRs) and that the response time
of the sensing lines should be included. It also states that when adequate research Is
completed to determine optimum test frequencies, Regulatory Guide 1.118 should be revised.
This work was done as & part of the Nuclear Plant Aging Research (NPAR) program sponsored
by the NRC™, Also performed under NPAR program is & study by Gary Toman of Franklin
Research Center (FRC), which involved an evaluation of the stresses that cause degradation
in nuclear plant pressure transmitters®. The report on this work also describes a means of
detecting and evaluating the degradation of pressure transmitters. Gary Toman's study
conciuded that the major consequences of the stresses on pressure transmitters are calibration
shifts. Both the EG&G and the FRC's work were predominantly review studies.

A fow studies have been done on dynamic performance of pressure transmitters. This
includes work at Oak Ridge Nationa! Laboratory (ORNL) by Mullens and Thie, who performed
a general study of nuclear reactor pressure nolse. This work involved theoretical and
experimental research, as well as a literature review, to determine the potential of pressure
fluctuations for on-line monitoring of reactor behavior including the response time behavior of
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pressure transmitters and the assoclated sensing lines™, In this study, which was published
in 1985, Mullens and Thie conducted a search of the LER data base and found that sensing
lines have contributed significantly to dynamic failures of pressure sensing systems In nuclear
power plants. in other experimental research at ORNL, Mike Buchanan and others performed
an evaluation of the methods for measurement of response time and detection of degradation
in pressure sensor and sensing line systems®. The methods studied were nolse analysls and
power interrupt (Pl) tests, which were discussed earlier In this repoit. The ORNL team
concluded that both the noise analysis and the Pl tests are suitable for response time testing
of pressure transmitters in nuclear power plants.

Tennessee Valley Authority (TVA) has also performed studies on pressure sensor
dynamics. In a paper published in November 1987, Gerald Schohl of TVA has reported the
results of an experimental study on the effects of sensing line alr on pressure measurements
In nuclear power plants. He has shown that alr in sensing lines can affect pressure sensing
system response tima™. Work on sensing line problems has also been performed at EGXQ
Idaho. In a paper by R. P. Evans and Q. G. Neff, EG&G repoited that the effects caused by
unequal sensing line lengths In differential pressure transmitters can cause error in pressure
measurements and (during rapld pressure transients) could cause the transmitter to fail*4, This
paper reported on experimental work involving the Loss-of-Fluld Test (LOFT) facllity. The same
authors have wiitten another paper entitled "Lino Pressure Effects on Differentlal Pressuro
Measurements®. This work reports on another experimental study which was concerned with
static pressure effects on sensor calibration®™.

Work on pressure sensors sponsored by others includes recent studies on the problem
called "oll leak"” syndrome in Rosemount transmitters, which Is described in an NRC information
notice given In Appendix B. This problem is helng Investigated by two utilities (Northeast
Utilitles and Public Service Electric and Gas Company of New Jersey), the transmitter
manufacturer, and AMS. These studies have involved laboratory and fisld measurements with
Rosemount Model 11583 and 1154 transmitters.
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21. CONCLUSIONS

An experimental assessment of the methods avallable for response time testing of nuclear
plant pressure transmitters was successfully performed. The assessment concluded that the
five methods that are avallable are equally effective If used properly. The normal accuracy of
these methods Is estimated to be about 100 milliseconds. This accounts for the uncertainties
in performing the tests and the uncertainties assoclated with the repeatability characteristics
of pressure transmitters. The five test methods are referred to as ramp test, step test,
frequency test, noise analysis and power Interrupt test. Two of these methods (noise analysis
and power Interrupt test) have the advantage of providing on-ine measurement capabﬂity at
normal operating conditions.

A laboratory study of normal aging effects on performance of nucleartype pressure
transmitters was initiated in this project and preliminary results were obtained. The study
involved exposure of several pressure transmitters to heat, humidity, vibration, pressure cycling,
and overpressurization conditions. The results showed calibration shifts and response time
degradations with the former being the more pronounced problem. Thermal aging was found -
as one of the more important causes of performance degradation in pressure transmitters, with
the transmitier’s electronics being more susoeptlble to thermal aging than ﬁs other
components.

A search of the NRC's Sequence Coding and Search System LER database for pressure
sensing system problems was performed. The search revealed 1,325 cases of reporied
problems with pressure sensing systems over a nine-year period beginning with 1980.
Potential age-related cases accounted for 88 percent of the reported problems in this period.
A notable number of the LERs were related to sensing line problems such as blockages,
freezing, and void in the line. - ' -

Another aspect of this project was a preliminary review of the Regulatory Guide 1.118,
[EEE Standard 338, and ISA Standard 67.06. The review indicated that both the Regutatory
Gulde and the two Standards should be revised to 'account for recent advances in performance
testing technologles and other lnformation that have become ava!lab!e slnoe these documents
were written about ten years ago. ' ‘
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SUMMARY

A review of 1325 LERs reporting fallures of pressure instrumentation over the 1980 through October
1688 time period was made. The review Identified 498 of these 1325 LERs as having age-related
fallures.

The predominate age-related effects were setpoint drift or calibration problems (reported in about
45% of the LERS); water spray, condensation, flow blockages, or freezing (reported in about 88% of the
LERs); and worn, bent, broken, or damaged subcomponents {reported in about 15% of tha LERs).
Corroslon, erosion, vibration, and fatigue made up the remaining few peroent

The review also Identified 540 LERs where the pressure hstrumantaﬂon problems were due to
personne! errors and 342 LERs which occurred for other, or unknown reasons.

Component vendor codes associated with age-related fallures were examined. Barton, Fischer,
Rosemount, and Foxboro were the most frequently occurring vendor codes (about 10 to 15% each).
No vendor code was given in about 20% of the cases and about 16% of the failures were attributed
to an "other* category consisting of about 20 vendors. A

Waestinghouse and Babcock and Wilcox NSSS plants reported a higher number of pressure, level,
or flow instrumentation problems per plant than did Combustion Engineering or General Electric plants.

Sensing line problems contributed to about 400 LERs reporting pressura Instrumentation problems,
with about 60% due to personnel actions. Age-related problems (mostly freezing, oondensatnon. or crud
buildup) contributed to about 27% of the LERs.
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1. INTRODUCTION

This repart presents the results of a review of licensee event reports (LERs) which reported problems
with pressure, level, or flow Instrumentation, with particular emphasis given to age-related fallures.  Age-
related fallures are defined to be those fallures attributable to effects of time. Time effects are particufarly

when components are operated in environments where cyclic pressures or temperatures,
_ hu;'ddlty. vibration, or corrosive or erosive conditions and many others may serve to degrade oomponent
performance. , ,

Pressure, level, and ﬁow Instruments are defined as those eomponents raqulred to measure or sense

penlnant changes In process system variables. These components inciude sensing fines and assoclated

root or Isolation valves, sensor primary elements, transmitters, switches, cablas, amplifiers and other signal

. conditioning components, controllers, and indicators. The collection of these components required to

. communicate process conditions will be referred to hereafter as a pressure, level, or flow Instrumantation

systems, or pressure instruments for short, since pressure, level, and flow instrumentation frequently
depend upon pressure signals inftially and use many of the same signal conditioning components.

" LERSs reporting pressure instrumentation problems were identified and categorized using the Sequence
Coding and Search System (SCSS) LER data base operated and maintained by the Nuclear Operations
Analysis Center (NOAC) at the Oak Ridge National Laboratory (ORNL). As of mid-January, the 8CSS
data base contained LERs with evert dates from 1980 approximately through October 1888,

The SCSS database was usedto Identify events where (1) pressure, level, or flow Instrumentation problems
required repair replacement, calibration, or other action to restore function, (2) sensing line problems
affected pressure, level, or flow instrumentation, or (3) Isolation or root valve problems affected pressure,
level, or flow Instrumentation. Section 2 of this report describes the development of the SCSS searches.

Section 3 discusses the applicabllity of LER information to pressure Instrumentation problems. The
effects of the change In LER reporting requirements which took place in 1884 are also discussed.

Section 4 presents the results of the review. First, the numbers of LERs reporting pressure
instrumentation problems related to personnel, age, or other factors are presented and briefly discussed.
Additional characterizations for pressure instrumentation problems In (1) the reactor protection system
(RPS), engineered safety features (ESF) actuation system, or primary coolant system leakage detection
systems and (2) other systems were made In order to determine whether problems effecting pressure
Instrumentation were system dependent.

Problems affecting the instrumentation were then characterized by the type of condition contributing
the problems: personnel errors, age-telated effects, or unknown (or other) problems. The most frequently
occuning types of potential agerelated effects were examined. Age-elated fallures of pressure instruments
were also categorized by NSSS vendor to identify whether some vendors appear to be more susceptible
to these failures than others. A Est of component vendors was complled from LERs which reported
~ pressure lnstrumem fallures to compléte the descﬂpﬁve information. ,

Pressure instrumentation problems caused by sensing tine effects were examined naxt. The
examination included & breakdown by personnel related, ageelated, or unknown (or other) causs factors.
The problems were further characterized to determine the most frequently occurring age-elated effects.

Instrumentation problems resulting from instrument soot or Isolation valves fallures or improper
configurations were also gpecifically raviewed for errors related to personnel acuons. age, or wﬂmawn
{or other) reasons.



2. REVIEW METHODOLOGY

Description of SCSS Data Ba

The Sequence Coding and Search System (SCSS) data base of LER information formed the basls
for the categorization of pressure instrumentation fallure data. This data base was developed by the
NRC Office for Analysis and Evaluation of Operational Data (AEOD). The SCSS data base i3 operated
for AEOD by the Nuclear Operations Analysis Canter (NOAC) of the Oak Ridge National Laboratory (ORNL),

The SCSS data base contained data from LERs with event dates from 1980 appraximately through the
end of October 1988 (about 30,000 LERS) as of the middle of January 1989.

- The SCSS data base was dsveloped in order to allow information reported in the LER and
accompanying descriptive text to be encoded such that detalled, comprehensive information regarding
componeant and system failures, personnel errors, and unit effects and their interactions could be retrieved.
The structure of the data base permits the identification of events where personnel actions affect certain
systems or components, Thess, in tum, may have thelr own effacts on other components or systems,
Uttimately, they may even cause reactor trips or ESF actuations. Several features of the data base which
have particular relevance to this subiect include:

(1) The function of the instrumentation system (pra&eura. flow, level, radiation, etc.)
~ and the type of component (primary elements, indicators, controllers, etc.) are
encoded when specified.

@ Mwsedcompmemfanwesmspecmedwmcodeaamenablamwenﬁyhg
potential age-related failures.

(9  The particular instrument system (RPS. feedwater contro), etc.) Is spscified,

(8)  Thetiming of component failures is specified (Le., pre-existing fallure, immediate
falture, atc)).

(5 Tho need for component repair action is stated.
(6 The component vendor is specified when so stated by the licensee In the LER.

() Relationships between the sensor fallures and prior component failures or
personnel errors are noted.

These features of the data base made it's use attractive to evaluate pressure instrumentation failures.
Tho intent of the review was to focus only on the sensor or sensing lines. However, due to different
levels of specificty used by utilities in preparing LER information, the review was kept at relatively
broad Instrumentation functional areas (flow, level, etc.) rather than initially focus only on sensors or
sensing lines.

2.2 Description of SCSS Data Base Searches

Search strategles covering three areas were developed 0 encompass the types of instrument
appropriate for this review. These strategles covered the following areas:



(1)  Pressure, level, and flow element fallures which required some form of repalr
or corrective action (replace, adjust, clean) to fix.

(@ Pressure, lovel, and flow element fallures which linked to previous problems
with sensing or impulse lina

3  Pressurs, level, and flow alament tanuras whlch nnked to prevlous problems
with Instrument root or isolation valves. :

The LERs which were ratrleved using search strategies for the three dategorias vabovavwler'é then
evaluated for effects related to personnel, age, or some other factor, These evaluations were made using
selections of cause, effect, and Iinkage codes avallable through £CSS data base oommands ‘

: gz1 Agmlg_t_ed fallures. Potemlal age-ralated problems aﬁaetmg pressure lnstnmematnon
were retrieved baseduponﬂwoccunenceofcausaoreﬂecteodescwaﬂngthefoﬂowhgsub]ect areas:

- ~Wom, bent, damagad or broken components;

- Vibration, mechanical fatigus, or thermal fatigue; '

. - Boron precipitation, froezing conditions, flow blockages, orwater
spray or condensation;

- Drift or calibration problems;

- Corroslon or erosion.

LERs exhibmng pressura lnstrwnemaﬂon problems related to any of the abova wtegorias were notad
as potamiany age-re!ated. :

: 222 Eersgm @lated. LERs whera the pressure hstrumamation problems were connacted
to personnel errors were noted as personnel related. It is possible for LERs to contain both age-
related and personnel related causes. LERs reporting both potential age-velated and personne! related
fallures were uttimately categorized as personnel errors.

223 Other. LERs which reported pressure Instrumentation fallures where there were no
connections to age or personnal related causes were categorized as *Other®, which lndudes unknown
or unstated causes.



3. APPLICABILITY OF LER DATA

L] e i 9

LERs have been required of the nuclear industry since the early 19703 to report certain types of
operational problems affecting commercial nuclear power plants. From that time through 1983, the
information repoited in LERs and the format in which it was transmitted to the NRC remained relatively
constant. The reportability requirements during this ime depended on federal regulations and plant
technical specifications or provislons in their license.

The NRC Issued revised reporting criteria effective January 1, 1984. This had a significant effect
on LER information. This rule resulted in an approximately 50% decrease in the number of LERS repoited
In 1984 from those reported in 1983, The Intent of the ravised LER reporting requirements was to have
more comprehensive information provided on significant types of events and reduce the requirements
to report less significant avents. More Information was reported on ESF actuations and certain other
types of events. LERs were no longer required for problams affecting only single componsnts or
Instruments. The NRC justifled this action In part bacause of the voluntary reporting of component fallures
to the Nuclear Plant Rellabilty Data System (NPRDS) operated by the Insmuta ot Nuclear Power
Operations (INPO).

Single component fallures, espacially those In systems which provided RPS or ESF actuations, were
frequently required to ba reported prior to the revised LER reporting requirements in 1984 because they
were technical specification violations. LERs were frequently required when even a single Instrument
was found to be out of calibration. These types of events were no longer repostable as LERs unless
the problems axisted in multiple safety system instrumentation channels or unless they renderad a whole
system inoperable. Thus, fewer LERs were submittad solsly to report problems with a small number
of instruments.

3. ficab: D

Even though the change in LER reporsting requirements significantly reduced the number of LERs
reporting Instrumentation problems, widespread or pervasive problems noted by plant staff, whose effects
crossed multiple system boundarles, were still reportable. Also reportable were those failures which were
Identified during, or contributing to, an event which did meet the requirements for an LER, It is presumed
that while the number of varlous types of causes of instrument fallures is reduced, the types of instrument
failures exhibited in reportable events since 1984 are representative of those experlenced under the

previous reporting requirements, although in varying numbers and proportions.



4. RESULTE OF EVALUATION

The searches of the SCSS LER database identified 1325 LERs over the 1880 through October 1988
time period which reported pressure Iinstrumentation problems. Age-reldted instrumentation problems
were reported In 498 LERs. Personne! related instrumentation problems were reported in 540 LERs.
instrumentation fallures in the "Other*, or unknown category were reported in 842 LERs. (The LERs add
to more than 1825 because LERs may report multiple instrumentation problems. Each of the problems
is treated Independently; muttiple categories may be present in some LERs.) At the time these gearches
were performed, there were about 80,000 LERs on the LER data base. A non-trivial fraction of these
LERs (1,825/30,000 = ~4%) report pressure instrumentation problems. About 40% ofthese are potentially
agevelated. The numbers of events merkt additiona! investigation. :

' msaamhresuhswemﬁmneimwwadfbrmaneedmiusualcowusmmndsbaseduponme

type of system effected, the distribution of cause codes, the vendor of the components experiencing
fallures, and the NSSS vendors. The resutts of these additional breakdowns ere discussed in the sections
which follow.

-wmm

~ Flgure 1 shows yearly totals of LERs reporting pressure instrumentation fallures over the 1680 to
October 1988 time periods. (The data for 1888 Is normalized over the whole year to facilitate yearly
‘comparisons.) The effect of the 1984 LER rule Is readily epparent. An analysis of the pre-1884 data
indicates an upward trend In LER numbers which Is partially due to Increased numbers of *Other*, or
unknown faflures and an increased number of age-related fallures In 1883. The number of personnel
errors which contributed to the Instrumentation problems remained nearly constant over this period.
Age-related fallures made up approximately 40 to 50 percent of the total during this period. Approximately
25% of these age-related fallures were setpoint drift.

The 1984 and newer data Hlustrates several interesting points. The most obvious Is the factor of
8 to 4 drop in the number of LERs reporting pressure instrumentation problems from 1983 to 1984,
The pronounced Increase from 1984 to 1885 may be an adjustment period, or leaming period, by
licensees as thay began to learn and report to the new requirements.

Another observation Is the sharp and suslained reduction in age-related lnstrumemanon fallures,
about a factor of 4 drop. The fraction of setpoint drift causes within this reduced group also decreased
to about 10%. This reduction Is almost certainly duse to the change in reporting requirements for 1884
data. That is, many single Instrument failures were no longer required to be reported as LERs in 1684.

Another Interesting observation about the 1984 and newer data Is the increase in the number of
instrumentation fallures contributed to, at least in pant, by personnel errors. Part of this Increase may
be due to more detalled and descriptive event descriptions provided by the licensee as a result of the
change in reporting requirements. A higher fraction of the events reportable as LERs were more complex
or significant. These more complex or significant events more frequently report personnel emors.

4.2 Fallures of Instrumentation In Important Actuation Instrumentatio o1

Figure 2 and Figure 8 show yearly totals of pressure instrumentation fallures. Figure 2 shows yearly
totals for pressure instrumentation in RPS actuation, ESF actuation, or primary coolant leakage detection

- A<B
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systoms. Figure 8 shows yearly totals for pressure instrumentation in other systems. A brief examination
of the two figures shows that instrumentation fallures were reported about twice as frequently in the RPS
actuation system, ESF actuation system, or primary coolant leakage detection system &s In the other

systems.

mmomlmponammsawaﬁonstobemadeeboutﬁguraﬂ a.endSarematmeyanshowslnﬂlar
behavior. That Is, the figures show similar proportions of personnel, age, and other, or unknown, causes
and that they show simllar trends across the years. These observations are Important because they
indicate that pressure Instrument problems are relatively independert of their system. This means that
it will not be necessary to track muRiple system breakdowns through the rest of the characterization.

43 Personne! Related | ontation Fellures

mu:;emwo?m‘:mm losied 1o 540 prossura Table 1. Personnel Activities which Contrbuted to

necessarily the root cause of the events, buta instrument Failures
personne! error of some type preceded the instru- : o
montation fallure. Table 1 shows a breakdown of Personnel ¢
personne! activities which contributed to the Activity . lEBs %
personnel erors. Administrative 20 4
Construction 0 2
’ Design - 146 27
Design, maintenance, and testing or surveil- .
tance ectivhies accounted for 70% of the pelsonnel Fabrication 2 4
related LERs, - nstalition 87 7
_ R ~ Maintenance 114 21
o ' Operations 89 7
: Testing/
44 e-Related Inst ntatnon allures . Survell 122 22
6 .

Age-rolated fallures of pressure Instruments Otherfinknown 27
were ldentified based upon the occurrence of '
certain cause or effect codes used in the §CSS
data base. One or more of these codes were
present In 498 LERs. The categories for these codes were previously listed in Section 22.1. Table 2
shows the relative frequency of occurrence of the categories listed in Section 2.2.1. The codes used
are not necessarlly the root cause of the event. but they do indicate that conditions related to these
codes contributed to the problems.

Problems related to setpoint drift and out of calibration accounted for about 45% of the aga-felated
codes. The codes for water spray, condensation, freezing conditions, or flow blockages accounted for
aebout 38%. The codes for wom, bent, broken, or damaged componems accounted for about 14%.
Other codes accounted for about 3%.

The age-related causes may effect instrument ﬁmcuon in several areas. Obviously. an instrument
thatis out of calibration will be sending an erronsous signal to various controllers or indicators. Instruments
suffering from almost any of the age-related categories may degrade instrument performance in this way.
In addition, Instrument performance may be degraded in a less visible manner. Each of the categories
may result in degraded pressure instrumentation system response time to changes in process parameters.
The time constant of individual components may understandably be affected by broken, damaged, or
coroded mechanical components. Just as importantly; however, are degradations In the pressure
instrumentation system. For example, a plugged or frozen gensing line would prevent pressure changes
from even being apparent to pressure instrumentation. Thus, the response time to pressure perturbations

A-9



could be exceeded even though the component response time of transmitters or signal conditioners
are acceptable. Age-related effects must be considered as applying to the entire pressure instrumentation
system as well as to the individual components.

The numbers shown in Table 2 are not specific
LER counts, but relative frequencies of the cause

-
categories. They take into account that a single Table 2 Fraquency of Age-Related Categorles
LER may report more than one cause code. It is ‘ :

not uncommon to see more than one cause code Category - Erequency
used to describe pressure instrumentation fallures  Drift or calibration problem 45%
within an LER. Water spray, condensation, flow
blockage, or freezing 38
The characterization of potential age-related Worn, bent, broken, or damaged 14
pressure instrumentation failures Is not meant to  Vibration or fatigue 1
Indicate exact percentages or numbers of fallures, Corrosion or erosion 2

especlally since the changes in LER repoiting

requirements in 1984 reduced tho NUMbEr Of R
reportable events. It does indicate, however, that

age-related presswre Instrument problems are not uncommon,

4.5 Analysis by Component Vendor

LERs which reported age-related pressurs instrumentation failures were examined for component
vendor codes assoclated with thase components. Figure 4 shows the vendor codas listed with these
fallures. Vendors were assigned to the falled instruments by the licensee in the LER.

- As shown by the figure, vendor codes were specified by the licensee approximately 79% of the time.
The most frequently occurting vendor codes were for Baiton, Fischer, Rosemount, and Faxboro.
Approximately 20 vendors accounted for the 16% shown as "Other.*

4.8 Evaluation ot Age-Related Fallures by NSSS

Figure 5 shows the number of age-related failures of pressure instruments by NSSS. The left column
of each pair shows the absolute number of age-telated fallures totaled by NSSS. The right column of
each palr shows the total divided by the number of plants of that NSSS vendor. The figure shows that,
on average, Westinghouse and Babcock and Wilcox plants repoit somewhat higher counts by NSSS
than do Combustion Engineering or General Electric plants.

4.7 Faillures Resulting from Sensing Line Problems

The age-related failures of the pressure, level, and flow instruments discussed to this point included
fallures of the sensors, transmitters, cables, controllers, Indicators, and various subcomponents. They
also include age-related effects on sensing lines and instrument isolation valves. Part of the reason for
Including the various groups of components s that frequently the licensees’ problem evaluations were
reported at a relatively high level. That Is, the specific subcomponents repaired or replaced were not
specified. The 1984 and newer LERs have improved event descriptions which lessen this problam.

Sensing line problems leading to pressure instrument problems were reported in 401 LERS. Per-
sonnel emrors accounted for about 60% of the sensing line problems, Age-related problems accounted

A-10



NOT STATED 106
21% F'T

| OTHER 82 A
- 16% /

| BAILEY 15 Y
: 8%

BARTON 76
16%

J
7
—

WESTINGHOUSE 22
4%
ROSEMOUNT 62
12%

GE 21
4%

FOXBORO 48

10%

FISCHER 73
o 14%

Figure &

A-1




NO. AGE-RELATED LERS NO. LERS /7 PLANT

400 8
350 e« o - - o o commamn sar S0 wam [, -e - * oese e e - - - - 7
300— P “ s e » - ¢ e ees e se B W  oum Mt b cem wes s + a *  evem rfrr 8
280—- W60 s ctwe cees @ N6 wONGS  SIUEORISES § SWGRISSEINONIE o Svecscens FOONONM 8 SGNS se Mmeme oees 8
200 |- _71.."_..... s o st st o s ¢ ot 4
A E
% % , '

100 - - 7/"‘“"" % , - 2
. .........____,,/ // : ?h' 1

0

CE
NSSS VENDOR

E@ TOTAL NO. LERS LERS/PLANTS

Figure 5
A-12




for about 27% of the sensing line problems. The
most commonly occurring age-related problems
are shown In Table 8. Problems with conden-

sation, freezing, and crud bulldup occurred most

frequently. They accounted for approximately
three-fourths of the age-related problems. Some
of the less frequently occurring codes are probably
do to problems related to efther the pressure
Instrumentsthemselves orto problems with miscel-
laneous types of subcomponents. Examples of
these types of problems might include loose fit-
tings, broken couplings, instrument calibration
problems, etc.

R R R
Table 8 Causes of Age Related Sanslng Line
Problems

Category
Water spray, condensation, flow

blockage, or freezing 216
Wom, bent, broken, or damaged 85
Drift of callbration problem b4
Vibration or fatigue 4
Corrosion or erosion 6

The effects of possibly undstected root vaive manipulations or poskioning have the potentlalto cause
problem with pressure, level, or flow instrumentation, While age-related problems of root valves were
included In oounts of age-related Instrumentation problems, they were not specmcally called out.

~ The number of oot valve problams Is relatlvaly emall. Root valve problams were memlonad in 67
.LERs. As might be expected, most of these problems were due to personnel errors - almost 70% of
them. Age-elated problems were reported In about 10%. Other, or unknown types of problems ware
mentioned in about 20% of the LERs. Binding or sticking problems were the most frequently occurring
age-related problems in this small number of LERs. These codes were used four times.



8. CONCLUSIONS

A roview of 1325 LERs reporting failures of pressure instrumentation over the 1980 through October
1988 time period was made. The purpose of the review was to Identily age-related fajlures of these
instruments. Age-related faillures are defined as those failures which are due to effects of time,
temperature, radiation, or other environment related effects. The results of the review identified 498 LERs
repoiting age-related failures. Pressura instrumentation problems were reported in about 4% of the total
number of LERS written during this time period. Age-related effects were present in about 40% of these.

The review also ldentifled 540 LERS whera the pressure, level, or flow instrumentation problems were
due to personnel errors. About 70% of the personnel errors occurred as design, maintenance, or testing
problems.

Additionally, the study Identified 342 LERS reporting prassurs, lave, or flow instrumentation problems
which occurred for other, or unknown reasons. A specific cause of failure was not identified by the
licensea in the majority of these events, nor could age-related causes of failures ba reasonably determined
based upon information in the LER.

LER information is a reasonable source of data to Identify the types of pressure, level, or flow
Instrumentation problems apparent in the industry. LER data s not sufficient to determine exact numbers
of pressure Instrumentation problems because of plant dependent reporting requirements prior to 1984
and because of the change in LER reporting requirements in 1984 which reduced the number of LERs
repoiting these instrumentation problems. LER data Is sufficient to characterize the major age-related
problems affecting the instrumentation.

Age-related effects contributed to pressure instrumentation problems in 498 LERS. The most commonly
reported ago-velated effects concemed drift or calibration problems (about 45% of the LERS); followed
by water spray, condensation, flow blockage, or freezing (about 38% of the LERS); and womn, bent,
broken, or damaged components {(about 14% of the LERS).

Vendor codes associated with age-related failures were examined. Barton, Fischer, Rosamount,
and Foxboro wera the most frequently occuning vendor codes {about 10 to 15% each). No vendor code
was given in about 20% of the cases. About 16% of the failures were attributed to an *other® category
consisting of about 20 vendors.

Wastinghouse and Babcock and Wilcox NSSS plants reported a higher number of pressure, level,
or flow Instrumentation problems per plant than did Combustion Engineeting or General Elactric plants.
Westinghouse plants reported over twice the number as CE plants (which reported the fewest). Bahcock
and Wilcox plants reported about twice the number as CE plants. GE plants reported about ons-third
more than CE plants. :

Sensing line problems contributed to about 400 LERS reposting pressure instrumantation problems,
with about 60% due to perscnnet actions. Age-related problems (mostly freezing, condensation, or crud
buildup) contributed to about 27% of the LERs.

Root valve problems assoclated with the pressure, level, or flow instrumentation were reported in
a small number (67) LERs. Most of these were due to personnel emrors.
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
OFFICE OF RUCLEAR REACTOR REGULATION
WASHINGTON, D.C. 20555

: Apri] 21, 1989

HRC INFORMATION NOTICE NO. 89-42: FAILURE OF ROSEMOUNT MODELS 1153 AND 1154
| " TRANSMITTERS |

Addressees:

A1l holders of operating licenses or construction permits for nuclear power
reactors. . ’ ‘

Purpose:

This {nformation notice 1s being provided tc alert addressees about recent
failures of Rosemount models 1153 and 1154 pressure and differentfal pressure
transmitters. It fs expected that recipfents will review the information for
applicability to their factlities and consider actions, as aﬁpropriate,_to .
avoid similar problems. However, suggestions contained in this information
notice do not constitute NRC requirements; therefore, no specific action or
written response 1s requived. ST : -

Description of Circumstances:

During 1986 and 1987, five Rosemount model 1153 HD5PC differential pressure
transmitters malfunctioned at Northeast Utilities' (NU) Millstone Nuclear

Power Station, tinft 3, During power operation, the Killstone operators noted
that the signals from the Rosemount 1153 trensmitters were deviating from
redundant channel signals and that the transmitters were indicating reduced
Tevels of process noise. The transmitters were declared out of service by

NU personnel, and the affected channels were placed in the trippe¢ condition.
After attemﬁts to calibrate the transmitters failed, KU returned the trans-
mitters to Rosemount and informed them that the malfunctions had occurred

with transmitters of the same model and related serial numbers., Destructive
testing performed by Rosemount determined that the feilures were caused by the
loss of 011 from the transmitter's sealed sensing module. However, Rosemount
indicated that the faflures appeared to be random and not related to any generic
problem with Rosemount 1153 pressure transmitters., HNU submitted a 10 CFR Part 21
notification to the NRC on this issue on March 25, 1988, and provided adcitional
information ot the faflures via 8 letter dated April 13, 1989,

Discussion: - .y
After additional eveluations by KU and Rosemount, Rosemount fssued & letter

to its customers on December 12, 1988, regardirg the potential malfunction
of models 1153 and 11% pressure and differentiel pressure transmitters. The

£9041L0193
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Rasemcunt letter was supplemented with a letter dated February 7, 1989, to
customers who had purchased transmitters from specific lots that were identi-
fied by Rosemount as being potentially defective. Rosemount 1ssued a separate
letter dated February 16, 1989, to customers who had purchased model 1152 and
1.54 transmitters from lots that were not considered suspect. Rosemount indi-
cated that transmitters from the suspect lots were susceptible to a loss of
silicone oil1 from the transmitter sealed sensing module and tc possible fail-
ure. According to Rosemount, as the oil leaks out of the sensin? module the
transmitter's performance gradually deteriorates and may eventually lead to

a detectable failure. '

Some of the symptoms that have been observed during operaticn and before
failure include slow drift in either direction of about 1/4 percent or more
per month, lack of response over the transmitter's full range, increase in
the transmitter's time response, deviation from the normal signal fluctuations,
decrease {n the detectable noise level, deviation of signals from one channel
compared with redundant channels, "one sided® signal noise, and slow response
to a transient or inability to follow a transient. Some of the symptoms
observed by NU personnel during calibration include the inabilfty to respond
over the transmitter's entire range, slow response to either increasing or
decreasing hydraulic test pressure, and drift of greater than 1% from the
previous calibration. _

Although some of the defective transmitters have shown certain symptoms before
thetir failure, it has been reported that in some cases the failure of a trans-
mitter may not be detectable during operation. In addition, Rosemount now
indicates that the gotential for malfunction may not be limited to the speci-
fied manufacturing lots previously identified in the February 1989 letter.

It is important for addressees to determine whether any Rosemount models 1153
and 1154 pressure and differential pressure transmitters, regardless of their
marufacturing date, are installed in their facilities and to take whatever
actions are deemed necessary to ensure that any potential failures of these
transmitters ara identified. Although it may not be possible to detect the
onset of failure in all instances, some transmitters have exhibited some of
the aforementioned symptoms before failure. It is important for potential
failure modes to be fdentified and that operators be prepared for handling
potential malfunctions. In addition, careful examination of plant data,
calibration records, and operating experience may yield clues that {identify
potentially defective transmitters. Addressees may wish to contact Rosemount
for assistance in determining appropriate corrective actions whenever any of
the aforementioned symptoms are observed or if failures are identified.

On April 13, 1989, the NRC staff met and discussed this matter with kosemount
and several industry groups. Rosemount has launched a program to identify the
root cause of the loss of oil from the sensing module and to determine recom-
mendations for its customers to address potentially defective transmitters.
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No specific actfon or written response 1s requived by his taformation notice.
If you have any questions regarding this matter, pleass centact one of the
technical contacts Visted below or the Regfonal Administrater of the appro-

Divisfon of Operatienal Events Assessment
0ffice of Nuclear Reactor Regulation

Technical Contacts: Kamal Nafdu, NRR
‘ (301) 492-0980

Jaime Guillen, NRR
(301) 492-1170

Attachment: List of Recently Issued NRC Informatfon Sotices
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