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1.0 INTRODUCTION

This report discusses results from the AP600 core makeup tank (CMT) test program relevant (o
performance of the CMT level instrument.

1.1 Background

A unigue feature of the AP600 design is the use of passive safety systems to protect the reactor core
following postulated accidents. One component of the AP600 passive safety systems is the CMT.
Each of the two CMTs in the AP600 stores cold borated water at reactor coolant system (RCS)
pressure that can be gravity-injected into the RCS to provide reactivity control and core cooling.

The CMTs have a safety function in addition to adding coolant and boron to the reactor systems.
Continued draining of a CMT indicates a loss-of-coolant accident (LOCA). The CMTs provide the
indication of low RCS inventory, which actuates the automatic depressurization system (ADS). When
the tank water level reaches approximately 67 percent, level instruments in the CMT actuate the first
stage of ADS, and the plant begins a controlled blowdown through the ADS valves into the in-
containment refueling water storage tank (IRWST). The second- and third-stage ADS valves open
based on timers that are started with the opening of ADS stage 1. If the CMTs continue to drain and
the volume reaches 20 percent, the fourth-stage ADS valves open, providing a large vent path directly
to containment to further depressurize the RCS. As the RCS depressurizes, the CMTs continue to add
coolant to the RCS to maintain core cooling.

There are two modes of operation for the CMTSs: recirculation and draindown. During the initial phase
of a small-break LOCA, steam line break, or steam generator tube rupture event, the RCS inventory
remains at or near its steady-state value. During this period, flow from the CMT to the reactor vessel
is balanced by return flow from the cold leg to the top of the CMT. This is referred 10 as the
recirculation mode of CMT operation. The colder, denser CMT water drives flow into the reactor
vessel because of the density difference between the CMT water and the cold leg balance line. This
flow will decrease as the colder CMT water is replaced by hotter water from the balance line,
decreasing the thermal driving head.

During non-LOCA events (steam line break or steam generator tube rupture), the CMT will heat-up
due to recirculation of water but will not draindown and ADS will not be actuated; however, during
LOCA events, the CMT will eventually drain. As the LOCA continues to drain the RCS, the cold leg
balance line begins to void and the recirc ulation path is broken. The CMT then drains as the water
volume is replaced by steam from the cold leg, beginning the draindown m\ © of CMT operation. As
the CMT drains, the ADS will be actuated at the appropriate level setpoints

The AP600 CMT test program is part of the test program developed to support the AP600 design
certification. The test facility CMT is haif-scale in height and 1/7.77-scale in diameter. The purpose
of the test program is to simulate CMT operation over a wide range of prototypic pressures and
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temnaratues; and to obtain data to support development and verification of computer models to be
usec in safety analyses and licensing of AP600. The test is also intended to obtain data to show the
feasi »ility of the CMT level instrument.

T CMT test program is designed to obtain thermal-hydraulic data on:

« Convective condensation on cold, thick steel walls

« Transient conduction through thick steel walls

* Direct condensation on the CMT water surface

e Dynamic effects of steam injection and mixing with CMT liquid and condensate

» Thermal stratification and mixing of the warmer condensate and colder CMT water
¢ Natural circulation between the cold CMT and RCS hot legs

* Flashing effects of CMT during depressurization

The CMT test program is a series of tests designed to observe and record the effects of these thermal-
hydrauiic conditions. Cold pre-operational tests were performed to determine tank volumes and
system line resistances and to show the operability of system instrumentation, the data acquisition
system (DAS), and the control and isolation valves. Hot pre-operational tests measured pertinent
facility parameters and characterized the test facility response under hot c.ditions with measurements
of steam condensation and steam jet/CMT water interactions.

There are four series of matrix tests: 100, 300, 400, and 500. In 100-series tests, the rate at which
steam condenses on the CMT walls was measured with no water initially in the CMT. The test series
included steam addition into an evacuated (no air) CMT and tests with the CMT initially containing
some noncondensible gas. The 100-series tests provide direct measurement of the heat flow through
the CMT wall versus time and measurement of the resulting steam condensation rate versus time.
Two sets of CMT draindown tests were performed with no recirculation heat-up of the CMT water
prior to draindown initiation. The 300-series tests were draindown tests at constant pressure. The
400-series tests were draindowns performed while the steam supply pressure was decreased, similar to
the expected plant depressurization with the ADS operating. The 500-series tests simulated the
heat-up of the CMT water during recirculation, with subsequent draindown ard depr = rization.

The test facility, testing, and data collection associated with the CMT test program is described in
Reference 1. The test data obtained during the performance of the AP600 CMT ‘est is evaluated in
Reference 2. The data analysis in Reference 2 focuses on analysis of the test data to support safety
analysis computer code model development and verification. An initial evaluation vf the performance
of the CMT level instrument can be found in Section 4.5 of Reference 1.

This report completes the feasibility evaluation of the CMT level instrument performance. This report
presents data and evaluates CMT level instrument for detecting the decreased CMT water levels during
a range of CMT operating conditions.
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Performance evaluation of the CMT level instrument is limited to the test conditions established by the
test matrix, which was developed to support the computer code model development and verification
efforts and was not designed specifically for level instrument evaluation. The evaluation of the CMT
level instrument is an additional benefit of the CMT test program but was not a prinviple driver in the
design of the test facility. Test facility scaling did not consider potential effects of th: scaled CMT
geometry on the performance of the CMT level instrument. Direct application of the evel instrument
test results tc the plant configuration is not intended. The specific instrument selected for an AP600
plant will be qualified during the procurement process.

1.2 CMT Level Instrument

The CMT level instruments are used to initiate automatic depressurization of the RCS when the CMT
water level reaches predefined levels. Drawing 93-388951 in Appendix A is an illustration of the
level instrument. Each CMT level instrument consists of multiple sensing points or sensor heads,
mounted in a single probe. Each sensor head is made up of two pairs of thermowells. One
thermowell pair consists of a heater thermowell and a platinum resistance tcmperature detector (RTD)
thermowell. The other thermowell pair consists of an RTD thermowell and a dummy thermowell.
The dummy thermowell provides for mass balance between the two thermowell pairs.

The heater thermoweli contains a heater that preferentially heats its adjacent RTD, that is, the active
RTD. The other RTD (the reference RTD) measures the temperature of the surrounding fluid. A
difference between the temperatures measured by the active and reference RTDs will occur due to the
heater output. The magnitude of the difference (AT) will depend on the heat transfer rate from the
heater thermowell to the surrounding fluid.

When a sensor head is covered by the CMT water level, the heat transfer coefficient is relativelv large,
causing the temperature difference between the active RTD and the reference RTD to be small. When
the CMT water level decreases to uncover the sensor head, the heat transfer coefficient changes as a
result of the change in surrounding fluid from liquid to vapor and the temperature difference between
the active RTD and the reference RTD will increase. By detecting this increase in the temperature
difference, the water level inside the CMT can be inferred since the elevation of the sensor heads are
known.

The CMT level instrument experiences a wide range of conditions. The water temperature may vary
from S0°F to S50°F. At the higher temperature, the relative difference in the heat transfer coefficients
of the liquid and vapor is smaller. This affects the detection of the CMT water level. In addition,
heat transfer may be affected by splashing, condensation, and fluid velocity effects,. These may affect
the ability of the CMT level instrument to accurately detect CMT water level changes,

The level instrument used in the CMT test program was factory-calibrated in dry air and room
temperature water. Under these conditions, the heat transfer coefficient change is over 400 to 1. At
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higher temperatures and pressures characteristic of certain CMT operating conditions, the heat transfer
coefficient change decreases to less than 7 io 1.

The CMT test program includes a single, level instrument with four sets of RTDs (sensor heads) from
which data are obtained. The data are analyzed to assess the performance of the level instrument
under a wide range of controlied conditions and to evaluate an algorithm that can be used to detect the
change in AT associated with the uncovering of a level instrument sensor head.
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2,0 CMT LEVEL INSTRUMENT DESCRIPTION

The level instrument used in the CMT test program is manufactured by Fluid Components

International (FCT) of San Diego California. Drawing 93-388951 in Appendix A illustrates this level
instrument. The level probe has four discrete sensor heads numbered 1 through 4, with sensor head
number 1 being the highest sensed level and sensor head number 4 being the lowest sensed level. As
shown in the drawing, the level probe used in the CMT test program is inserted from the bottom of
the tank. The instrument consists of a level probe with an integral electrical junction box and a
separate remote electronics enclosure. Interconnecting cable is use ' to connect the level probe to the
remote electronics enclosure.

The remote electronics enclosure contains terminal strips and four electronic circuit boards. A separate
electronic circuit board is associated with each of the four sensor heads located in the level probe.
Each electronic circuit board outputs a constant current to the RTD heater and measures the resistance
of the active and reference KTDs. Each electronic circuit board outputs two, 4 milliamp to

20 milliamp signals. One signal is scaled 1o provide an indication of the temperature measured by the
reference RTD. The second signal is used to detect the status of the liquid level with respect to the
sensor head. If the sensor head is uncovered, the current output is low. If the sensor head is covered,
the current output is high.

The level instrument was factory-calibrated at atmospheric pressure conditions using room temperature
water, The reference tempers*=re output was calibrated so that the 4-milliamy. to 20-milliamp signal
indicates temperature from °F to 650°F. The level output was calibratec so ihai a dry air condition
corresponds to 4 milliamps while a submerged wet condition corresponds to 20 miiliamps.

During the pre-operational tests of the CMT facility .« was deermined that the measurement of the
output signals by the original remo.s »lectronics zaclosure would not provide data that would facilitate
a good evaluation of the CMT level instrument. To obtain data that would facilitate a better
svaluation of the level instrument, modifications were made to provide for the separate measurement
and recording of the temperatures measured by the active and reference RTDs at each of the four
sensor heads.

Eight Omega TX64 programmable two-wire temperature transmitters were procured. One was wired
to each of the eight (four active and four reference) RTDs of the level probe. Each of the temperature
transmitters was programmed to provide a 4-milliamp to 20-milliamp output for measured temperature
between O°F and 800°F. The current output was converted to a voltage signal by precision resistors.
The voltage signal was then input to the AP600 CMT test DAS described in Section 2.4 of

Reference 1. These eight measurement channels are identified as LT1A, LT2A, LT3A, LT4A, LTIT,
LT2T, LT3T, and LT4T in Table 2.3-1 of Reference 1. For the remainder of this report, the channels
used to measure the temperatures of the reference RTDs are referred to as LTIR, LT2R, LT3R and
LT4R instead of LTIT, LT2T, LT3T, and LT4T.
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The electronic circuit boards contained in the remote electronics enclosure supplied the constant
current power to the RTD heaters during the performance of the tests.
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3.0 TEST DATA
3.1 CMT Test Numbering

A unique seven-character identification is assigned to each of the AP600 CMT matrix tests in
accordance with the following guidelines:

» The letter C assigned to the first character designates the test as an AP600 CMT test.

. quuenﬁdcmteamnmmbuassignedtomsecondwfomhdmmsigniﬁesdn
consecutive number of CMT test runs, including repeats and/or invalid tests, so the run
aumber agrees with the number automatically assigned to data files created by the data system
during a test run,

» The matrix test number from the published test matrix is assigned to the fifth to seventh
characters, where:

The fifth character represents the matrix test type or series; | = CMT wall condensation tests
with and without noncondensible gases (series 100), 3 = CMT wall and water surface
condensation tests with CMT draindown (series 300), and so on.

The sixth and seventh characters represent the number of a test within in a specific matrix test
series. For each test series, the matrix test number corresponds to a unique set of test
conditions (steam supply pressure, drain line resistance, initial CMT level, and so on.)

The first CMT wall condensation test is identified by the matrix test number 101. The fourth CMT
test involving draindown during depressurization is identified as 504.

Example:

C045107 represents the 45th chronological test run, and matrix test number 107 is the
seventh test in test series 100 (steam supply pressure = 10 psig, CMT pressurized with air to
1.13 psia).

3.2 CMT Level Instrument Data

This section discusses the data that was recorded and analyzed to evaluate the performance of the
CMT level instrument. Data from the CMT 500-series tests are used to focus this discussion.
Figures 3-1 through 3-32 are data plots that were obtained during the performance of test numbers
C076507 and C077507. The 500-series tests simulated the heat-up of the CMT water during
recirculation, with subsequent draindown and depressurization. Data obtained during test number
C076507 were collected during the simulated recirculation mode of CMT operation. During this test,
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hot water from the simulated hot leg entered the top of the CMT while the colder CMT water exited
out the bottom. The system pressure was maintained at 1835 psig, while recirculation continued until
approximately 20 percent of the CMT depth was replaced with hot water. Data obtained during test
number C0O77507 were coliected during the simu) ... * draindown mode of CMT operation. This test
was started at the temperature and pressure conditions reached at the conclusior of recirculation mode.
The CMT was drained with the drain valve fully open to produce a target drain rate of 16 gpm.
During the draining of the CMT, the pressure remained constant during the early portion of the test
followed by a constant depressurization rate, The CMT draindown was continued until the CMT was

completely empty.

Figures 3-1 (hrough 3-8 are plots of the temperatures measured by the active and reference RTDs of
the CMT level instrument for sensor heads 1 through 4 during the recirculation heat-up test, C076507.
The plots for sensor heads 1 through 3 show a steep temperature rise as the hot CMT water reaches
each subsequent sensor head during CMT recirculation. The temperatures associated with sensor
head 4 do not show the same steep rapid temperature increase since the recirculation was terminated
before the hot water reached this sensor head.

Figures 3-9 through 3-12 are plots of the temperature obtained by thermocouples measuring CMT
water temperature at elevations corresponding to the four sensor heads during the recirculation tese,
C076507. Comparisons of the water temperature measured by the thermocouples with the water
temperature measured by the reference RTDs are provided in Figures 3-13 through 3-i6. These plots
illustrate that the temperatures are similar except for a portion of the test interval associated with
LT2R, the reference RTD temperature measured at the second sensor head. The 3°F or 4°F smear in
the data is the result of measuring the temperatures to a 1°F resolution.

The sharp reduction of the temperature measured on LT2R is observed or a number of test plots and
assumed to be anomalous. To determine the reason for this behavior, a post-test evaluation was made
on the CMT level instrument wiring and data channels at the conclusion of all CMT testing. During
this evaluation, it was noted that the input impedance of the data acquisition channel associated with
the recording of LT2R would decrease to such an extent that the resulting voltage produced across the
precision resistor would not represent a correct temperature. This was determinec by measuring the
voltage across the current loop resistor during intervals in which the anomalous channel behavior was
observed. When the DAS was disconnected from the current loop resistor, the voltage measured
across the resistor would return to the proper value. This voltage would decrease when the DAS was
again reconnected. Based on these observations and subsequent technical discussions with the
manufacturer of the DAS, it is concluded that the voltage input channel associated with the
measurement of LT2R is defective. This defect clearly results in an intermittent sharp reduction of the
temperature recorded for LT2R on many of the tests; however, the effect of this defect on the
measurement of LT2R when sharp temperature reductions are not observed cannot be determined.

Figures 3-17 through 3-20 are plots of the temperature differences measured by the active and
reference RTDs (AT) at each of the four sensor heads during the recirculation test. Under ideal
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conditions, AT measured at each of the four sensor heads should remain constant since the four sensor
heads were covered by water during all porticns of the recirculation test.

Figure 3-17 is a plot of AT for sensor head number 1, the highest sensor head. As indicated in the
figure, AT is approximately [  1*™* while the sensor head is submerged in the cold [ 1*** water.
When the hot | J**¢ water reaches this sensor head, AT decreases to approximately [  |***. This
is consistent with the operating principle of the CMT level instrument. The viscosity change
associated with heating the water produces an increase to the effective heat transfer coefficient of the
water, resulting in a lower AT. A velocity etiect of the circulating CMT water may also be partially
responsible for the observed reduction of AT.

Figure 3-18 is a similar plot for sensor head number 2. Except for the anomalous behavior discussed
previously, this figure shows little change in AT. Although sensor head 2 displayed anomalous
behavior during some tests, its data has been treated as valid in this report.

The response of sensor head 3, as illustrated in Figure 3-19, is similar to that observed for sensor
head 1. AT decreases approximately [ ]** as the hot water reaches this sensor head.

Figure 3-20 is the plot of AT for sensor head 4. This plot does not indicate any change in AT. This
is expected during this test. However, a change in AT was not observed for sensor head 4 during any
of the tests considered in this evaluation. During the post-test evaluation, it was determined that the
leve! instrument heater had failed in this sensor head. This determination was made by measuring the
current and voltage that was output from the electronic circuit boards located in the remote electronics
enclosure. These measurements are summarized in Table 3-1. The measurements are characteristics
of a burned-out heater element or an open heater circuit. Since the location of the failure is within the
level probe, 10 additional evaluation of this failure was performed. The loss of the heater for sensor
head 4 invalidates the AT measurements for this sensor head. Therefore, this report does not provide
any additional evaluation of sensor head number 4.

Figures 3-21 through 3-30 are plots made during the CMT draindown test, C077507. The initial CMT
conditions for this test are the conditions that existed at the termination of the recirculation test,
C076507.

Figures 3-21 through 3-26 are temperature plots measured by the active and reference RTDs located at
sensor heads 1, 2, and 3. The difference between the temperature measured by the active and
referenced RTD at each sensor head, AT, is plotted in Figures 3-27 through 3-29. These plots show
that for each sensor head, AT remains constant until the hotter water, associated with the water/steam
surface boundary, reaches the elevation of the sensor head. At this point, AT decreases slightly. This
decrease vccurs for the same reason that AT decreased during the recirculation phase. The viscosity of
the hotter water provides enhanced heat transfer resulting in a lower AT. This slight AT decrease is
followed by an increase in AT due to the decrease in heat transfer capability as the sensor head is
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uncovered. It is this increase in AT that is characteristic of the CMT water level reaching the
elevation of a sensor head.

Figure 3-30 is a plot of CMT pressure during the draindown test, C077507. Figures 3-31 and 3-32 are
plots of the differential pressure measurement used to determine the waier level in the CMT. These
plots show an increasing differential pressure as the CMT water level decreases due to the
configuration of the test facility. This configuration results in the differential pressure instrument
reference leg remaining filled with water as the pressure of the reference leg decreases due to the
decreasing CMT water level. The small differential pressure increase illustrated in Figure 3-31 is due
to density changes that occurred in the CMT water as it was heated during recirculation, not due to an
actual water level change.

1 \ap600\2240wnon. wpf -G8 1395 34



Measurement

| abc
Output Heater Voltage Measured at Circuit

Board

Heater Yoltage Measured at Level Probe
Leads

Measured Heaier Current

Measured Heater Resistance
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The plots on pages 3-6 through 3-21 are not included in this nonproprietary decument.
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4.0 EVALUATION

This section discusses the evaluation of the CMT level instrument data obtained during the CMT test
program.

4.1 Ticussion

The safety-related function of the CMT level instrument is to detect the CMT waier level to initiate
actuation of the ADS at the appropriate CMT levels. Each of the two CMTs in the AP600 plant has
four independent sets of level instruments, each one powered by and feeding a separate safety division.
The first stage of the ADS is initiated during CMT injection when any two of the four safety divisions
in either of the two tanks indicate that the CMT water level has decreased below a predefined level.
The fourth stage of the automatic depressurization also uses CMT water level as one of its initiating
irputs. The evaluation of the CMT level instrument is concerned with two separate performance
considerations: (1) how quickly and reliably can it be determined that the CMT water level has
decreased to a level that requires actuation of the ADS, and (2) could the CMT level instrument
indicate that the CMT level has reached the ADS setpoint when it really has not. Item (1) is related to
operation of the CMT level instrument to ensure safety-limits are achieved, while item (2) is related to
minimizing the false (spurious) operation of the ADS.

To perform an evaluation of this type, some assumptions must be made as to what type of algorithm
will be used to distinguish the uncovering of a CMT level instrument sensor head based on the
temperature measurements made by the reference and active RTDs. The most simple algorithm would
be based on the instantaneous measurement of these temperatures, a computation of AT, and a
comparison against a fixed setpoint. However, observation of the test data indicates that the normal
variations of AT, which occurs as a result of pressure and temperature changes, are difficult to
distinguish from variations of AT that occur as a result of actual level changes. If the setpoint is too
small, normal variations of AT may initiate a spurious signal. If the setpoint is too large, the potential
for delaying or not generating a required safety signal increases. While it may be possible to enhance
the performance of such an algorithm by providing a setpoini correction or bias based on AP600 plant
parameters such as pressure or temperature, the evaluation of such an algorithm, in conjunction with
the test data obtained during the performance of the CMT tests, has not been performed.

Another alternative is to develop an algorithm that is based on the change (past history) of the
measured AT, The most simple form of this algorithm would be based on the measurement of the
temperaiures detected by the active and reference RTDs, a computation of AT, and a comparison
against a setpoint that is based on an average of the AT with some additional bias. The mathematical

form of this algorithm becomes:
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where a trip occurs when this inequality is true. SFL (setpoint filter length) is the number of samples
that are used to compute the average AT. If the data sample raie is one sample per second, SFL is the
number of seconds over which the average AT is computed. For nonchanging AT samples, the
average AT will be equal to each sampled AT, and the inequality will always be false for positive bias
values. The sampled AT must increase greater than the bias amount for the inequality to be true.

This inequality can be modified slightly and rearranged into the following form:

P AT, T ar
'%FL."%'L.’W

where as in the previous equation, a trip occurs when this inequality is true. In this form, the average
AT has been moved from the right side of the inequality to the left side. In addition, a digital filtering
function has been applied to the AT samples. The filter value is given by DFL (data filter length),
which is the number of samples (number of seconds) over which the data are averaged. In this new
form of the inequality, the bias can now be considered to be a fixed setpoint value. By making SFL
larger than DFL, this algorithm can detect changes in AT that occur more rapidly than those that are
hiased out by the computation of average AT.

Figure 4-1 illustrates the effect of setpoint filtering on data obtained from recirculation test C076507.
The unfiltered data, AT, is identical to that shown in Figure 3-17, except that the horizontal (time) axis
has been expanded to focus on the fluctuation that occurs when the hot water reaches the sensor head.
This figure also shows the uafiltered data plotted after filtering using setpoint filter lengths of 200,
300, and 500 seconds.

Figure 4-2 illustrates the effect of data filtering on the same data. Plots using data filter lengths of 5,
15, 25, and 35 seconds are shown. As would be expected, the data filter reduces the sharp data
extremes ..ithout losing the information on the basic data fluctuations.

Figures 4-3 and 4-4 plot the left side of the trip algorithm inequality using the same data. Figure 4-3
uses a 15-second data filter and setpoint filters of 200, 300, and 500 seconds. Figure 4-4 is a set of
similar plots using a 35-second data filter. As illustrated in these figures, the lefi side of the trip
algorithm inequality is nominally zero. As AT fluctuates as a resuit of the hot water reaching the
elevation of the sensor head, the fluctuations are reflected in the trip algorithm. Once the large AT
fluctuations have ended and AT stabilizes at a new value, the left side of the trip algorithm inequality
returns to zero,

a:\apt00\2240w- | non-08 1 595 4.2



Figures 4-5 through 4-8 provide similar plots of data that were obtained during a CMT draindown
400-series test (C055401). Additional information and plots of other data obtained during this test are
provided in Reference 2. Figure 4-5 illustrates the effect of setpoint filtering while Figure 4-6
illustrates the effect of data filtering. Figures 4-7 and 4-8 plot the left side of the trip algorithm
inequality using the same data. Figure 4-7 uses a 15-second data filter and setpoint filters of 200, 300,
and 500 seconds. Figure 4-8 uses a 35-second data filter and setpoint filters of 200, 300, and 500
seconds. Similar to the plots illustrating performance during the recirculation test, these plots of the
left side of the trip algorithm inequality illustrate that the initial value is nominally zero. However, as
AT begins to steadily increase as a result of the water level decreasing below the elevation of the
sensor head. the left side of the trip inequality becomes positive and tends to level out at a positive
value. The left side of the trip algorithm inequality will remain positive as long as AT steadily
increases.

Using the data plotted in Figures 4-7 and 4-8 along with CMT water level data obtained by narrow
range differential pressure instruments, it is possible to generate a table that characterizes the
performance of the level instrument. The data for the test plotted in Figures 4-7 and 4-8 is included in
Table 4-12. This table shows that the actual time at which the CMT water level reached the elevation
of sensor head 1 during test CO55401 is [ ]**° seconds. This was obtained from the narrow-range
CMT water level data. The time delay associated with the detection of this CMT water level by the
level instrument is provided parametrically as a function of data filter length, setpoint filter length, and
setpoint value.

For example, looking at the time delays associated with a data filter length (DFL) of 15 seconcls, all
time delays are negauve. This means that the trip algorithm detected that the CMT level was at the
elevation of sensor head | before the actual water level had reached that elevation. This is consistent
with the plots of Figure 4-7. For all cases of setpoint filter length (SFL), the left side of the trip
algorithm inequality peaks at a value of [ |** at approximately [  ]*** seconds. By comparison,
the values listed in Table 4-12 are all positive when the DFL is increased to 35 seconds. This can be
observed by looking at the plots of Figure 4-8. For a 35-second DFL, the peak, previously observed
at [ ]*™° seconds, is reduced to a value of less than [  |**. The filtered value of AT again
increases after this peak and exceeds [ |*°° at approximately [  )* seconds. The value exceeds a
setpoint of 4°F, at approximately [  ]*"“ seconds. The actual time delay is provided in the table for
each pirametric condition. For a DFL of 25 seconds, the time delay is negative for all cases using a
1°F setpoint. If the setpoint is increased to 2°F, the time delay is negative for a SFL of 200 seconds;
however, the delay is positive when & SFL of 300 or 500 seconds is used.

4.2 Results
Tables 4-1 through 4-22 document the results of the parametric study of trip algorithm parameters.

Each table contains performance characteristics for the three operating sensor heads of the level
instrument. Time delay between the occurrence of a CMT level measured by the level instrument and
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the actual CMT level as measured by narrow-range differential pressure instruments are provided as a
function of setpoint value, digital filter length, and setpoint filter length.

Tables 4-1 through 4-11 document the results of the 300-series CMT tests. During these tests, the
CMT was drained while the CMT pressure was held constant. Table 4-23 documents the nominal
CMT pressure and draindown rate associated with each of these tests. During test CO38303

(Table 4-2), the anomalous behavior of the LT2R data acquisition channel produced results that are
clearly invalid. During this test, data acquisition channel LT2R recorded values of | 1**¢ for the
time interval between [ *™ and [ |*™ seconds.

Tabies 4-12 ard 4-13 document the results of the 400-series CMT tests. During these tests, the CMT
was drained while the CMT pressure was decreased to simulate the conditions that would occur in the
plant foi accidents. Table 4-24 documents the initial CMT pressure, draindown rate, and
depressurization rate associated with each of these tests.

Tables 4-14 through 4-17 document the results of the 500-series CMT tests during draindown. During
these tests, the CMT was first operated in the recirculation mode until the CMT water was partially
heated. The CMT was then drained while the CMT pressure was decreased. Table 4-25 documents
the initial CMT pressure, draindown rate, and depressurization rawe associated with each of these tests.

Tables 4-18 through 4-21 document the results of the 500-series CMT tests during recirculation.
During these tests, the coid water from the CMT was drained while hot water was injected to simulate
conditions that occur during CMT recirculation. Tabie 4-25 documents the CMT pressure and drain
rate associated with each of these tests. The tables for these tests appear different because the CMT
level did not significantly chang: during the recirculation tests. A biauk entry in the tabie indicates
that the trip algorithm did not indicate that a trip should occur. A timc entry in the table indicates the
time at which a trip condition was determined based on the test data and the parametric conditions.
The anomalous behavior of the LT2R data acquisition channel produced invalid results for sensor
head 2 during tests CO68503 (Table 4-19), CO64506 (Table 4-20), and C076507 (Table 4-21).
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TABLE 43

TESTS C027304 AND Co28305

LEVEL INSTRUMENT

Setpolat, F
(SFL: 300 sec)
2 3

E§ 2 o A o 9 2 i
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2 g
s |5 :
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TABLE 44
TESTS (880385 AND CU02930¢

LEVEL INSTRUMENT
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TABLE 4-5
LEVEL INSTRUMENT PERFORMANCE, TESTS (031307 AND 034398
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TABLE 4.7

TESTS C033311 AND C004315

LEVEL INSTRUMENT

(SFL: 308 sec)

(SFL: 200 sec)

DFL

35

35

3s

Sensor
Head and | (sec}

: |13

g

: |42

3878 sec

CMT Test
Number
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TABLE 4.8
LEVEL INSTRUMENT PERFORMANCE, TESTS C005316 AND (048317

Setpaint,
(SFL: 500 sec)
2

Setpoint,
(SFL: 309 sec)
2 3

Setpoint,
(SFL: 200 sec)
2 3

DFL

Sensor
Head and | (sec)

i1

E

j3

%

i3

g

i<

i3

b4

j3

g

CMT Test
Number
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TABLE 4.9
LEVEL INSTRUMENT PERFORMANCE, TESTS C049318 AND (056319

(SFL: 300 sec)

(SFL: 200 sec)
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TABLE 4-10

TESTS Co51320 AND Ce52321

LEVEL INSTRUMENT
Setisor DFL
Head and | (sec)

Setpeint,
(SFL: 500 sec)
2 3

Setpolnt,
(SFL: 300 s2¢)
2 3

Trip Time

i3

3

i1 ¢

1|3

§

i1

%

CMT Test
Number
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TABLE 411
LEVEL INSTRUNMENT PERFORMANCE, TESTS C053322 AND (654323
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TABLE 4-12
LEVEL INSTRUMENT PERFORMANCE, TESTS C055481 AND Ce56402

Setpaint.
(SFL: 300 sec)
2 3

i3

A

i1 s

1%

15 (1]

-

i1

&

055401
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TABLE 4-13
LEVEL INSTRUMENT PERFORMANCE, TESTS (057403 AND (058404
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CE, TESTS C0675¢1 AND Co69503

TABLE 4-14

LEVEL INSTRUMENT
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TABLE 4-15
LEVEL INSTRUMENT PERFORMANCE, TESTS C971565 AND C065506
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LEVEL INSTRUMENT PERFORMANCE, TESTS C077507 AND (075508

TABLE 4-16

CMT Test

Head and

Trip Time

DFL
(sec)

Setpeint, F
(SFL: 200 sec)

Setpelnt, ¥
(SFL: 366 sec)

2 3

2 3

077507

Head 1

207 sec

15

35

Head 2

28S sec

15

35

Head 3

420 sec

15

35

075508

Head 1

150 sec

15

35

Head 2

218 sec

15

35

Head 3

349 sec

15

35

abe




TABLE 417
LEVEL INSTRUMENT PERFORMANCE, TEST C07356%

DFL

Sensor
Head and | (sec)

13 |1

8

i«

CMT Test
Noamber
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TABLE 4-18
LEVEL INSTRUMENT PERFORMANCE, RECIRCULATION TESTS (066501 AND C059502
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LEVEL INSTRUMENT PERFORMANCE, RECIRCULATION TESTS C068503 AND 061504

TABLE 419

CMT Test

Seasor
Head and
Actus!
Trip Time

DFL
(sec)

Setpoint, F
(SFL: 200 sec)

Setpotot, ¥
(SFL: 360 sec)

Setpatnt, F
(SFL: 508 sec)

2

3

3

2

3

Sensor
Head 1

NO TRI¥

i5

35

Seasor
Head 2

NO TRIP

15

35

Head 3

NO TRIP

15

35

Head 1

NO TRIP

15

35

Head 2

NO TRIP

15

35

Head 3

NO TRiP

15

35
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LEVEL INSTRUMENT PERFORMANCE, RECIRCULATION TESTS C270505 AND (064506

TABLE 4-2¢

CMT Test

Sensor
Head and
Altaal
Trip Time

DFL
fsec)

Setpotnt, ¥
(SFL: 200 sec)

Setpednt, ¥
(SFL: 300 sec)

Setpuint, ¥
(SFL: 580 sec)

2 3

2 3

2

3

Sensor
Head |

NO TRIP

15

s

Head 2

NO TRIP

15

s

Head 3

NO TRIP

15

35

C064506

Head 1

NO TRIP

s

35

Head 2

NO TRIP

15

25

35

Head 3

NO TRIP

is

35




TARLE 4-21
LEVEL INSTRUMENT PERFORMANCE, RECIRCULATION TESTS (876507 AND (074508
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TABLE 4.22
LEVEL INSTRUMENT PERFORMANCE, RECIRCULATION TEST C872509
CMT Test Sensor DFL Setpoint, ¥ Setpolnt, F Setpaint, ¥
Number Head and | (sex) (SFL: 206 sec) (SFL: 300 sec) (SFL: 508 sex)
Actual
Trip Tine 2 3 4 1 2 3 2 3
Co72509 Sensor s
Head 1
25
NO TRIP
3s
Seasar 15
Head 2
25
NO TRIP 2
Sensor 15
Head 3
25

NO TRIP

35




TABLE 4.23
CMT 360-SERIES MATRIX TEST RUNS
Pressure Drain Rate
Test Run Number Test Date (psig) (gpm)
COO4315 372494 2235 6
C005316 3/25/94 2235 16
Co25302 5125194 135 6
C027304 5127194 10 1
C028305 5/31/94 135 11
C029306 6/194 1085 11
CO31307 6/32/94 10 16
C032310 6/30/94 10 Max
C033311 7/1/94 135 Max
C034308 194 135 16
C036302 11194 135 6
037301 712/94 10 6
C038303 7/13/94 1085 6
C039309 W15 1085 16
CO48317 8/5/94 45 6
C049318 8/8/94 45 1
C050319 8/9/94 45 16
C051320 8/10/94 685 6
C052321 8/12/94 685 11
C053322 8/15/94 635 16
C054323 8/17/94 685 max
C080305 9/22/94 135 11

U \ap602240w- | aca-081 595




TABLE 4.24
CMT 400-SERIES MATRIX TEST RUNS
Test Run Pressure Depressurization Rate
Mumber Test Date (psig) Drain Rate (gpm) (psi/sec)
C055401 8/19/94 1085 16 1
CO56402 8/22/94 685 16 1
C057403 8/23/94 685 16 203
CO58404 8/24/94 685 16 0.5
TABLE 4.25
CMT 500-SERIES MATRIX TEST RUNS

Test Run Pressure Depressurization Rate
Number Test Date (psig) Drain Rate (gpm) (psi/sec)
C059502 8/26/94 1085 16 N/A
C061504 8/29/94 1085 16 N/A
C064506 8/31/94 1085 16 N/A
C065506 8/731/94 1085/685 16 1.5/0.5
C066501 97294 1085 6 N/A
C067501 9/2/94 1085/685 6 1.5/0.5
C068503 9/6/94 1085 6 N/A
C069503 9/6/94 1085/685 6 1.5/0.5
C070505 9794 1085 6 N/A
CO71505 9/7/94 1085/6835 6 1.5/0.5
CO72509 9/14/94 1835 16 N/A
C073509 9/14/94 1835/685 16 1.5/0.5
C074508 9/15/94 1835 16 N/A
C075508 9/15/94 1835/685 16 1.5/0.5
C076507 9/16/94 1835 16 N/A
C077507 916594 1835/685 16 1.5/0.5
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The plots on pages 4-29 through 4-32 are not included in this nonproprietary document.
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5.0 CONCLUSIONS

Based on the analysis of data obtained during the performance of the CMT tests, the following
conclusions have been made concerning the measurement of water level in the CMT:

For the heated RTD level instrument that was tested, a simple comparison of measured
instantaneous AT against a fixed setpoint cannot be used to reliably detect the changing level
within the CMT. An algorithm that will distinguish the uncovering of a level instrument sensor
head is required for this instrument. An algorithm that is based on the change (past history) of the
measured AT was developed and evaluated against data obtained by the level instrument used in
the CMT test. This evaluation indicates reasonable responses can be obtained. The time delay
associated with this type of algorithm and level instrument is on the order of less than two
minutes. Application of such an algorithm for a specific AP600 instrument will need to be
validated for the specific instrument and have to be shown to be valid for all necessary plant
conditions.

For the CMT tests, the active and reference RTD temperatures were individually measured and
used as an input to a temperature difference calculation. The measurement resolution of the
temperatures was 1°F, resulting in a 3°F to 4°F smear of the computed AT. The measurement
resolution used in a plant application should be decreased to a value that is less than the
measurement accuracy. Since current-generation distributed control equipment would be expected
to have a measurement accuracy of 0.4 percent, the temperatures measured by the level instrument
RTDs in the AP600 would be accurate to no better than 2°F or 3°F. Therefore, to minimize the
smearing effect, a resolution less than 0.2°F should be carried through the temperature difference
calculation.

The rate of change of the water level in the CMT tests is consistent with the AP600 plant.
Therefore, the level instrument in the test is subjected to prototypic level changes. Figures 3.5-23
and 3.5-50 of Reference | are plots of the CMT draindown during matrix tests C067501 (6 gpm)
and CO73509 (16 gpm). The CMT water level decreased at a rate of approximately 0.07 in. per
second during the 6-gpm draindown and at a rate of approximately 0.22 it. per second during the
16-gpm draindown. These rates are consistent with rates that have been analyzed for the AP600
plant and documented in Reference 3. As illustrated in Figure 3.2-15 of Reference 3, a 1-in. cold
leg break produces a CMT level decrease of between 0.06 and 0.11 in. per second. A double-
endec pressure balance line break (Figure 3.2-7 of Reference 3) produces a CMT level decrease of
0.26 in. per second.

The failure of the lowest level instrument sensor head has been determined to be the result of a
failed heater circuit within the level probe. Such a failure, while only being a single data point,
should be evaluated along with other reliability considerations when selecting and qualifying a
specific instrument for use in the AP600 plant. If a similar type instrument is used, surveillance
monitoring of the heater current can be used to detect this failure in the plant.

0:\ap6O0N22 40w- | .nca-0R1 595 5-1



6.0 REFERENCES

I. Leonelli, K., Core Makeup Tank Test Data Report, WCAP-14217 (Proprietary), November 1994,

2. Haberstroh, R. C,, 1. P. Cunningham, L. E. Hochreiter, and R. F. Wright, AP600 Core Makeup
Tank Test Analysis, WCAP-14215 (Proprietary), December 1994,

3. AP600 Design Change Description Report, June 30, 1994,

WAapEON2240w- | .aca-081595 6-1



AFPENDIX A
Orawing 93-38895!

Muigi-Poini Level Systesa
Model My S9HT

0 \apb00\2240w- | .noa-08 1 595



W it

bl

R - —— D . ——— . ——

-

UARPEUCAI 24003240 1§ 17.wpf: 1b-081695

W S




" 1CAL TAG -NFOﬂNAYION
: BOMNDS | THIY 4)

CIRCIIT BOARD NO.
e TCI SLRIAL N0

.S . — SR —

F.
hrecs (40 CuRC
)

..—---...u‘--—-,-.——-..u—.-.l

I SEL “TAD NUMBERS CHAXT

Au NU““RS

SEE_SEPARATE PARTS LIST

— T
e mmn-.‘u—
oW o ) - -——— -
B B s MULTI=POINT LEVEL SYSTEM
I :
" g ] MODEL MLASHT
e N - ST 64818 93-388951 | w
050883

) O 0106-0/

Also Aval

Anart

L — - —




-t

S

- P—

{82)

(3.00)

(14.00)

(x) @'\-

g N

W\apSOINI 24N2240- 1 117 wpf: 15081693



(omm)
(UM BLOCK SNOWN ROVATID 3¢ OCW)

[e=={s) e=2oma | gusor W ¢
o (=) o Bl | Mld)

() 008
?(:) ::}m':-‘

RCSLERMIAACIER ST

OHS |
(181, Y92, 1Y)

SEE _SEPARATE PARTS LIST

MULTI=PQINT LEVEL SYSTIM,
MODEL MLBOMT

=8
L $3-380951 |«

80508310108 -—22-

A-2




WP,

10.00 Max,

STAGT 3 POTTING
STAGE 2 POTTIMG

STAGE |
POTTING

" JUNCTION 3

(3Cu

CONYER (TEMS § & 0 O LID OF [MCLOSURL.

DRILL & PRME AN 082 DIA NOLE 2PPROX WHIRL SHOWN,

PERMAMENTLY MARK BFORMATION OW TAGS WHELE MOICATED.

LEVEL DUGHENT ASSY WYDPOSTATICALLY PRCSSURE TUSTED YO 3780 PSIC MIM FOR 10 MIMUTES.
DUECTRONICS DNCLOSURE: MEMA 4, CONTINUDUS MINGE.

JAPOWER BPUT: 120 VAC £10%, S0Mz, 190 YA MAX LOAD,
MATEAL: AL WETTED ZUMFACES 316 S5T WITH MICKEL BRAZE PER AMS 4777.

i
|
'\
I 4 I
_/ SST. LD, TAG '
ANY ADDITIONAL INTERCOMMECTING (TACK WELDED 10 '
CABLE TO BE SUPPLIED 37 PURCMASIR ENCLOSURE)
0 -T
]
2.8% MAX,
WALD DWA. l
(128.50) .
* e
AD) 4-20 ma SHELD WRES 1O BE TERMINATED AT THE INSTRUMENT B l
GND POINT OMLY
11, A DPOT SWITCN POMT IS AVALABLE OM ALL CIRCUMT BOARD |
ASSEMGUIES FOR LEVEL CLEMENTS 0 THRU (4. L i

o et PO 2402240 1 1. 17.wpf: 1081695



DETAIL"
)

AL WEILDED SST, INC OSURE (EHNCLOSURE IS NOT A

PRIMARY STAL AGANST PRESSURTS TO 28500 PS5)

\- ¥«1500 LB. R.JF. FLANGE,
6L 80

TS 2,28 0.0. X .25 WAL TUBING,
316L S5T.

SEE SEPARATE PARTS UST

VIEW B-B
(3CALL: MoME)

wﬂ“““-—

MULTI-POINT LEVEL SYSTEM,

MODEL MLBOHT

T o3-388981 | |

05083 U100

PN s
i

o

-




. PARTS ST PL- 93
orawn SEAN SMITH & MFG. s
CHECKED 12 [auane ( Q.A Q‘\gj i
£, S5

MM | qry PART NUMBER PART NAME

1 1 1 !015537-01 ELEMENT ASSY

2 | 1 ]015578-01 PANEL ASSY ¥
3| 1 | 015539-01 ENCLOSURE .
4 |REF| 0017-A1C2A1/41 | TRANSMITTER [
5 | 1| 015222-01 LABEL |
65 | 1| 015223-01 LAMINATE L
7 1 1 | 705010-02 TAG .
8 |A/R| 000038-01 LOCKWIRE ?
9 |REF| 010569—-06 8 SEG. LINEARIZER | [
10 |
11 g
12 ﬂ
13 T
14 ﬂ
15 i
16 1
17 “
18 =

e NP OO 24002240+ 1 1.1 7.wpf: 1b-08 1695



i8895‘|:-01 MYNC oty 4 o 4

TLE
MULTI-POINT LEVEL SYSTEM,

MODEL MLBYHT

.SCRIPTION REF. DESIGNATOR

LTI-POINT LEVEL, MLBSHT

CHANNEL, 21" x 17"

BY, 84 x 20" x 6

CUIT BOARD MODULE

TALIZED POLYESTER

SEL

[, IDENTIFICATION

-

L RANGE SIGNAL OUTPUT [ VARIATION #1403 §

ANSTEC
APERTURE
CARD

Also Avealiable on
Aperture Card

9508310108 %

R} . . T




