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A STUDY OF TUE Ali0-1 FRESSURIZER LEVIL PRODLEM
Arkansas Pcwer & Light Company has requested thet B&Y define what reccrmended
actions should be taken to ensure that the indicated level of the pressurizer
does not drcp below zero inches on future major plant transients.

An additiocnal request was made for B&W to clarify transient pressurizer

system performance presented in the Reactor Coolant Cystem Functional Speci-

ficatiou in compericon with actual pressurizer pe'rtomance.
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Su=mary

A comparicon of scveral pressurizcr system parameters during the tvo
rcactor trips ot ANC-1 and another similar rcacter trip at ™I-1, an identical
BEW plant, shows good agrecment betwecen all the pertinent parameters cxcept
the indicated pressurizer level. Plant data from these three reactor crip
transients indicates that a change of 6 psi in the minimum stcam pressurc caused
Tave to vary by one degree F and that the minimum RC System temperature was
547 + 1F and ninicum steam pressure was 972 * 13 psig. It is our recommendation
that the final minimum unit average temperature should not decrease below 548 F
during plant ccoldown and the code steam relief valves sheculd be re-adjusted
so that the minimum steam pressure remains greater than 9€0 psig in order to
keep the pressurizer level indication always greater than zerv inches following
a reactor trip from full power.

Due to the unusually large difference infinal pressurizer level for the
two reactor trips (12/11/74 and 5/9/75) at ANO-1, it is our recemmendation
that AP&L thoroughly check the calibration and operation of the entire
prescurizer level signal processing instrumentation system.

B&W also recommends that the Operztor should no longer start the make up
purp which is cornected to the normally unused injcction nozzle whenever RC
pressure decreases below 1800 psig or pressurizer level approaches a zero
indication.

To provide additicnal mavgin for future transients, B&V also recormends
setting the pressurizer level sctpoint at 190 or 1935 inchee depending on the
norinal varistion in pressurizer level. (Neminal variation of 10 inches to %5
inches is typical.) This technique will not contradict the normal upper

opcrating limir of 200 inches for the pressurizer. .
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&V has stated previously that the temporary loss of indication of pressurizer
level is not equivalent to an unsatisfactory operating condition for the reactor
coclant system. This study docs not support chunging this posiiion. Minimum
values of RC pressure at AlO-1 were 1750 = 20 psig, well above the pressure at
which the high pressure injcction is initiated. 1In addition, automatic injectien

will protect the RCS and core if a true loss cf pressurizer inventory exists.
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Analvsis of Pressurizer Performance

The perfo—ance of the ANDO-1 pressurizer system has been com:.rad to
obscrved performance data {rom the TMI-1 and Oconee Unit #1 plauis which are
nearly identizal to ANO-1. At TNI-1 the temperature-coempensated pressurizer
level for the full 400 inch range has been recorded on reactor trips from
full pover and the data can be directly compared to the pressurizer level
indications for the 320 inch level at ANC-1. Related pressurizer system
data has been observed at Oconee Unit 1 during reactor or turbine trips and
this data has been used for comparison also.

Figure 1 compares the time rate of charge of the ANO-1 precsurizer level
(0 to 320 inch range) versus thzt for the 40O inch level range at TMI-1.

These two plants were used in the comparison since they both record the
temperature-compensated level indication. The curves show that parallel
behavior of the two pressurizer level indications existed until 42 seconds after
the reactor trip transient was started and that the chenge In level at AJNO-1 was
180-30 or 150 inches versus 246-78 or 168 inches at TMI-l.

In the next twelve saconds, however, the ANO-1 pressurizer level drepped
an additional 13 inches whercas the TMI-1 level only decreased ancther 2 inches,
(A total change of 163 inches at ANO-1 versus 170 inches at ™I-1. It was
speculated that a difference in the time rate of change of secondary side
pressure could Le the cause for the additional 13 inch decrea#e in the
A¥C-1 pressurizer level, Figure 2 exhibits the steam pressure profiles for
ANO-1 and "MI=-1, Very gond agreement exists b;tween the two secondary side
pressures at a time later than 45 seconds into the reacter trip transient. The
diffevence in the final minimum values of Tave for both plants was only 1.5 F
and the difference in pressurizer level after adjusting for the unequal ranges

vas only 7 inches. During the initizl portion of the transient, the AlD-1

-3
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stean pressure was approximately 15 psi lower than the TMI-1 steam pressure,
conscquently Tave should have decreased rore .apidly at ANO-1 than at TMT-1,
Figures 3 and 4 rcveal that the plot of the time rate of change of Tave for both
plarts agreed within £1.5 F during the entire transient and that the minimun
value of Tavc is directly related to the minimun value of steam generator
discharge pressure. Thus the sressurizer system performance for the first full
power reactor trip at ANO-1 showed very good agreement with TMI-1 values of

Tave’ level and minimum steam prcssure.

As noted by APLL personnel, the Arkansas plant pressurizer system performztce
was not constant for two nearly identical reactor trips from 100% power. Figuras 5
displays the compari-on of indicated pressurizer level for the reactor trips
which occured on December 11, 1974 and May 9, 1975. The minimum pressurizer
level on the second reactor trip nas been estimated to be - 18 inches or an
additional drop in level of approximately 35 inches corpared to the first react:r
trip from 100% power. 1In contrast, examination of other RC system parameters
as shown in Figures 6 and 7 indicates only a slight change in the minimum value
of Tuve and a small differcnce of approximately 10 psi in the steam generator
discharge pressure.

Variation in makeup flow supplied to the recactor coolant system during the
two reactor trip transients should be considered also. The current operator
response ot activating the makeup pump connected to the normally unused nozzle
shortly after a reactor trip has a significunt effect on maintaining RC pressure
and pressurizer level. If tha operator hesitatec appronimately one minute befcre
initfating the additional makeup flow minimum RC pressure and pressurizer level
valves will have already been achieved and the extra {low will only hasten the

recovery of the reactor coolant system. Investigation of operator respcnse during

the two reactor trips, (12/11/74 and 5/9/75), disclosed that the third makeu

Y .




pump was cctivated carlier in the first transient than in the sccond, hence the
pressurizer leve) prebably indicated somewhat higher during the first transient dJue
te the facter addition of makeup flow., BE&W is concernad abeut the rapid utilizatien
rate of allowable thermal cycles on the normally unused mzkeup nozzle at ANO-1
and wve feel confident that a modified operating procedure or minor adjustment
will enable the pressurizer water level to remain on scale throughout an entire
reactor trip transient,

The different values of minimum Tave for the three reactor trip transients
have 2 singifi~ant effect on the minimum value of RC pressure and Figures 8 and
9 show that a 1 degree fahrenheit deviaticn in unit average temperature is
approximately equivalent te a 30 psi decrcase in RC system pressure. A compariscn
of the three RC pressure profiles reveals that increased couling of the primery
side did occur betveen the first and second reactor trips at ANO-1 and hence
mininum pressurizer level should have been slightly leower on the second traansient
tﬁan the {irst.

Figure 10 displays a comparison of the minimum it average temperature
and stcam pressure at threc similar B&VW plants. The values of minimum steam pressure
for the two rcactor trips at ANO-1 are the lowest and the corresponding values of
Tavc are also the lowest.

Since the first bank of steam code relier vilves are set to open at a
line pressure of 1050 psig and appear to finally reseat at a line pressure of
960 psig, it is our recommendation that the blowdewn of the 1050 psig code
relicf valves be reset so that 2 minimum steam line pressure after rescating is
980 psig. Then the {inal minimum value for unit aversge tempeurature will be
greater than 548°F and the minimum value of pressurizer level will be greater

than zero inches.
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2. Analysie of Makoup Pump Operation

The BEW truiuing simulator was used to examine the change in RC pressure
and indicated pressurizer level ;s different makeup pumps were operated fellowing
a reactor trip. Figures 11 and 12 illustrate the change in RC pressure and
pressurizer level when the third makeup pump (vhich injects cold mal:eup water
through the normally u;used nozzles) is started twenty seconds after a reactor
trip. When all three makeup pumps are started shortly after the reactor is tripped,
an imprcvement of more than 100 psig in RC pressute and 50 inches in pressurizer
level above typical minimum values can be realized. lowever, due to the limited
numbar of allowable thermal cycles on the makeup nozzles, DLW does not recommend
that the third makeup pump (comnceted to the normally unused nezzle) be started
during each large cransienF in order to keep RC pressure and pressurizer level
as high as possible. Even if the operator were to select and start the second makeuy
pump (which uses the same nozzle as the first makeup pump) Figure 11 and 12 show

that negligible increace in both RC pressure and pressurizer level will be produced.



tnalvsis of Inctrumentation Performance

Due to the inability of opérating plant data to substantiate a 35 inch
change in pressurizer level for two nearly identical reactor trips, it was
approprizte to investigate and clarify the measuring and processing of the
pressurizer level sigéal. The technique of converting a level signal measured
at a hot ope-ating temperature into an eguivalent one at the calibrating
tempere.ure of 68°T is accomplished by using two function generators tu develop
the final sigral voltage equivalent to the true level in the pressurizer. With-
out temperature compensation, the decreasing fluid dcﬁsity causes a smaller
output signal hence the indicated pressurizer level would decrease with increasing
pressurizer temperature. This is shown in Figure 13.

A standard method of compensating vesscl level for temperature is displayed
in 2 schematic 4in Figure 14, The fluid temperature signal is used to cperate
two function generators; ese is a bias voltage signal added or subtracted frem the
measured differential pressure signal, and the other is a multiplicative
correction factor to account for the ratio in fluid densities.

Specifically for the ANO-1 pressurizer, these tuo relationships are
exhibited in Figures 15 and 16 and show during reactor trips the change in
system temperature from 650°F to approximately 600°F covers a significant portien
of the range of the two function generators. The correction factor (C.F.),

relationship is a constant divided by the difference between pressurizer water



density and pressurizer steam density for any pressurizer temperature between
68°F and 670°F.

Similarly, the bias voltage relationship is a voltage sipnal resulting from
the difference between the density of water in the reference leg external to
the pressurizer and the density of steam in the pressurirer. Figure 16
also shows the assumedlreference leg temperature for particular values of pre-
surizer temperature.

A study vas performed to evaluate the effect of hotter reference lepr
temperatures on the indicated pressurizer level signal. Figure 17 exhibits
the changes in bias voltage due to selected reference leg temperatures and

Table I presents the resulting change in the final termperature-compensated

level.
Table I’

Variaticn in Pressurizer Lovel at 600°F

Due to Different Reference Leg Temperature
Ref leg Texp - F 126 135 150
Rias Voltage -1.32 ~-1.36 -1,45
Transmitter Voltage -7.25 -7.25 -7.25

(for 40 inches)

Corrected voltage 8.5/ -8.61 -8.70
Correcticn Factor 1.606 1.60¢ 1.606
Deviation in 3ias - % 0 0.2 .65
Total Deviation in Level-inches 0 1.0 3.3

Thus, thre error in bias vecltage due to the reference leg temperature being
126°r rather than the real teaperature which may be approximately 150°F generates
a pressurizer level signal which is greater than true level by only 3 inches.
Hence, if a rovised relaticnshiy of reference leg temperature versus pressurizer
water temperature were developed and implemented for the ANO-1 pressurizer,
it could not account four ihe 35 inch change in pressurizer level wvhich cccurred

between the two reactor trips from full power.
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One remaining pocsibility for non-repeatable pressurizer level indication
is a change or abnormal operation in the signal processing circuit between the
two reactor trips. The informatica given in Figurc 13 shews that at full power
(650°F) the transmitter output voltage varies frem - 1.8 to -2.4 to =3.0 volts
as true pressurizer level is varied from 200 to 180 to 160 inches. The full
power value of correcticn factor voltage is +4.06 volts and the bias -oltage
is -2.15 as recorded on ANO-1 pressurizer calibration sheets. FKowever, at a
pressurizer water temperature of 600°F the corresponding transmitter cutput
voltages for 200, 180, and 160 inches level are -1.0, ~1.80 and -2.6 volts, the
correction factor voltage is =-1.34 volts and the bias voltage is -1.32 volts.
It is our recommendation that APSL check the complete temperature-compensated
pressurizer level circuit for correct development of bias and correction factoer
voltages over the temperature range of 600 to 650°F.

Analvsis of RCS Funeticnal Spnec

A review has btecen conductcd of the pertinent cections of the B&W Reactor
Coolant System Functional Specification for ANO-1 as requested by APEL. It
was their concern that actual pressurizer cystem performance did not agree

with that stated in the above dorraent and REU should clarify any discrepancies.

The intent of the document s to Jdefline the limits of pressures, temperatures,

and system flowrates during anticipated major transicnts for use in appropriate
stress analyses of the compenents and piping comprising the reactor coolant
system. The scope of the document is defined as the following:

"It prevides general functional requirements for the design of RCS

components."”

"It is to be used in conjunction with individual componer functional
specs .... to chtain the complete functional requirements for a par-
ticular component."

The attempt to compare or match actual plant transient performance with that

wife



shom in the document is not consistent with directions contained in paragraph
4.1:
"The transient conditions are provided for equipment design purposes and
are not intended to be actual transients or operating procedures."

The graphs of predicted system behavior for each transient were developed
using a D&V hybrid analog-digital computer simulation of the Arkansas plant.
The sinulator vas subjected to a large numbher of severe transients specifically
to be conservative for subsequent design stress analyses on RCS components and
the transients were not designed to accurately represent actual plant per=-

formance.

Related studies on the same simulator disclosed the very close relaticnship

of RC system transient performance to the transient behavior of the secondary
ide of the plant. The graphs dc?eloped for this document were prepared with
a simulator having a very ideal and non-representative feedwater system, hence
the corresponding variation in the reactor coolant system parameters will not
necessarily agree with actual plant data from ANO-1. Put the purpose is to
define th2 maximum limits as stated in paragraph 6.1:
“The Reactor Coolant System components shall Le designed to withstand the
operating transients listed hercin.... The intent of the transient
conditions presented is to indicate the maxirmum rates of change of

temperatures, pressure, flow ete."

llowever,the question whether or not actual plant data has ex:zz2eded the design

limits needs to be zgnsvered. There are three categeries of plant shutdovm con-
tained in this functional specificaticn and ecach type of transienc shzll be

examined.
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Transjent 7 - Step Load Pejection (100 to 87 Power RNunbachk)

The performance curves for this transient are based on a turbine trip
or electrical load rejection from 1007 power with runback at approximately
302 per minute with power reduction to 87 power.

Figure 18 exhibits some of the information contained in Figures 7-1 and 7-2
of the RCS Spec 3-92 showing the predicted maxnimum deviation of RC pressure
and pressurizer level for a turbine trip or lecad rejection transient. Compariscn
with actual plant data from two B&W plants (TMI-1 and S!UD) revealed that the
predicted variation in pressure is in good agrecment with the predicted values.
For good cormponent design it is important that the predicted pressures exceed
the actual measured values at an operating plant, and they did.

Trancient &B - Reactor Trip due to Hich RC Pressure (no loss of feedwzter svsten
Oacration

——

This transient is initiated by a turbine trip which will cause high RC
pressure to trip the reactor a few seconds later. Feudwater flow is controlled
and is responsible for significant cooldown of the RC system. Figure 19
again illustrates that the predicted pecak RC system pressure is greater than the
peak observed pressure at operating B&W plants., The variation in pressurizer
water level has been predicted using a feedwater system that can satisfy an
ideal feedwater flow profile following the rcactor-trip. This 7 flow terevior
is unlike the actual sudden decrease ancé rapid incresse in feedwater flow generally
occurring at the plant.

Transient 15 (or 8A) - Reactor Trip due to Loss of Statior Pover

This reactor trip transient can be initiated either by less of all RC
Flow (Pump Power) or Ly loss of station power. Without power, feedwat. flow
to the steam generators is terminated and RC pressure remains relatively high
late in the tramsient. TFigure 20 displays the predicted values of RC pressure
and pressurizer level used as maximum values for stress analyses ard, as before,

the observed vclues of pressure have been less than predicted.
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