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. A STUDY OF THE mig-1 FRESSU3IZ'ER IIVEL PROELE*4

:.

Arkansas Pcwer & Light Company has requested that E&W define what recentended

actions should be taken to ensure that the indicated level of the pressurizer

does not drop belov zero inches on future major plant transients.

An additional request was made for EU.1 to clarify transient pressurizer

system performance presented in the Reactor Coolant System Functional Speci-

fication in c0mparicon with actual pressurizer pe'rformance.
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Su mary

O A comparison of several pressuriser systen parancters durIng the tvo

reactor trip ct A"0-1 cnd another einilar reacter trip at TMI-1, an identieni

BLU plant, shows good agrec=cnt between all the pertinent paraneters except

the indicated pressurizer level. Plant data from these three reactor erip

transients indicates that a change of 6 psi in the minicum steam pressure caused

vary by one degree F and that the minimum RC Systen tenperature unsT tave

547 1 1F and ninicum steam pressure was 972 t 13 psig. It is our reco=nendation

that the final cinimum unit average tenperature should not decrease below 548 F

during plant cooldown and the code steam relief valves cheuld be re-adjusted

so that the minimum steam pressure remains greater than 980 psig in order to

keep the pressurizer level indication always greater than zero inches following
'

a reactor trip from full pouer.

Due to the unusually large difference infinal pressurizer level for the
(.3/

tuo reactor trips (12/11/74 cnd 5/9/75) at ANQ-1, it is our recc==cndation

that AP&L thoroughly check the calibration and operation of the entire

preocurizer level signal processing instrumentation systen.

B&W also recommends that the Operator should no longer start the make up

purp which is connected to the normally unused injcetion nozzle whenever F.C

pressure decrecscs below 1800 psig or pressurizer level approaches a zero

indication.

To provide additional nargin for future transients, E6U also recornends

setting the pressuri:cr level setpoint at 190 or.195 inches depending on the

nominal variction in pressuriser level. (No=inal variation of t10 inches to 15

inches is typical.) Thic technique will not contradict the normal upper4

operating ifnit of 200 inches for the pressurizer. *

O
.
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25U has stated previously that the temporary loss of indication of pressuri cr
T

* ''
level is not equivalent to an unsat.isfactory operating condition for the reactor

coolant cystc=. This study docs not suppc,rt chenging this position. Minimun

values of RC pressure at A!!O-1 were 1750 20 psig, well above the pressure at

which the high pressure injection is initiated. In addition, automatic injection

will protect the.RCS and core if a true loss cf pressurizer inventory exists.
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1. Analvnin of Prennurizer Perfornnnce
,

V
The perfc=rce cf the ANO-1 pressurizer systen has been ccmi . rad to

observed performance data from the 'n!I-l and Oconee Unit #1 plants uhich are

nearly identical to ANO-1. At T!!I-l the temperature-co:pensated pressurizer

icvel for the full 400 inch range has been recorded on reactor trips from

full power and the data can be directly compared to the pressurizer level

indications for the 320 inch level at ANO-1. Related pressurizer system

data has been observed at Oconec Unit fl during r,eactor or turbine trips and

this data has been used for comparison also.

Figure 1 cccparcs the time rate of change of the A1:0-1 pressurizer level

(0 to 320 inch range) versus that for the h00 inch level range at C!I-1.

These two plants werc~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 43 seconds after

the reactor trip transient was started and that the change in level at r!O-1 was

180-30 or 150 inches versus 246-78 or 168 inches at TMI-1.

In the next twelve seconda, however, the ANO-1 pressurizer level dropped

an additional 13 inches uhcreas the UtI-l Icvel only decreased another 2 inches,

(A total change of 163 inches at ANO-1 versus 170 inches at Hil-1). It was

speculated that a difference in the tine rate of change of secondary side

pressure could be the cause for the additional 13 inch decrease in the

ANO-1 pressurizer Icycl. Figure 2 cxhibits the steam pressure profiles for

ANO-1 and MfI-1. Very good agreenent exists between the two secondary side

pressures at a time later than 45 seconds into the reactor trip transient. The

difference in the final minimum values of Tave for both plants was only 1.5 F

cnd the difference in pressurizer level after adjusting for the unequal ranges

fh was onJy 7 inches. During the initial portion of the transient, the ANO-1
! .

-3-:
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steam pressure was approxin.ately 15 psi Iower than the rtI-1 steam pressure,

conncquently T,, should hnvc decreaced tore .apidJy at AMO-1 than at TMT-1.

Figures 3 and 4, reveal that the plot of the time rate of change of T,y, for both

plants agreed within 11.5 F during the entire transient and that the ninimun

value of T is directly related to the minimun value of steam generator
ave

discharge pressure. Thus the pressurizer system perforr.ance for the first full

power reactor trip at ANO-1 showed very good agreement with TMI-l values of

T,yg, icvel and minimum steam pressure.i

As noted by Ap6L personnel, the Arkansas plant pressurizer system performtsce-

was not constant for two nearly identical reactor trips from 100% power. Figure 5

displays the comparizon of indicated pressurizer icvel for the reactor trips

which occured on December ll, 1974 and May 9, 1975. The minimum pressurizer

level on the sec'ond reactor trip nas been estimated to be - 18 inches or an

Q additional drop in level of approximately 35 inches corpared to the first reacter

trip from 100% power. In contrast, examination of other RC system parameters

as shoint in Figures 6 and 7 indicates only a slight change in the minimum value

of T and a c=all difference of approximately 10 pai in the steam generator
,

discharge pressure. ,

1

| Variation in nakeup flow supplied to the reactor coolant system during the

two reactor trip transients should be considered also. The current operator

response or activating the makeup pump connected to the normally unused nozzle
,

I shortly after a reactor trip has a significant effect on raintaining RC pressure
1
'

and pressuri:cr level. If the operator hesitatec apprc::imately one ninute bef cre

initiat.ng the additional makeup flow minimum RC pressure and pressuri:cr level4

' va3ves will have already been achieved and the extra flow will only hasten the

recovery of the reactor coolant system. Investigation of operator response during
' es

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

-4- ..
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pump was activated earlict in the first transient than in the second, hence the

pressurizer icvel probably indicated sotnewhat higher during the first transient due.

;

) to the facter additien of =akeup flow. B&W is eencerne.d about the rapid utilization

rate of allowabic thermal cycles on the norna11y unused nakeup nozzle at A::0-1
,

and ue feel confident that a modified operating procedure or minor adjustment

will enable the, pressurizer water icvel to remain on scale throughout an entire

reactor trip transient.

The different values of minimum T,y, for the three reactor trip transients

1iave a singificant effect on the minimum value of RC pressure and Figures 8 and
,

9 show that a 1 degree fahrenheit deviatien in unit average temperature is

approximately equivalent to a 30 psi decrease in RC system pressure. A cc=pariscn

of the three RC pressure profiles reveals that increaced cooling of the primery

side did occur betueen the first and second reactor trips at AMO-1 and hence

minimum prescuriser level should have been slightly lower on the second transient

than the first. ,

j Figure 10 displays a comparison of the minimun '::at average tempernture

| and steam pressure at three similar B&W plants. The values of minimun stean pressure
j

'

for the two reactor trips at ANO-1 are the lowest and the corresponding values of

T,y, are also the lowest.
Since the first bank of steam code relich valves are set to open at a

line pressure of 1050 psig and appear to finally rescat at a line pressure of
f

960 psig, it is our recommendation that the bicwdown of the 1050 psig code

relief valves be reset so that a minimum steam line pressure after rescating is
;

980 psis. Then the final ninimum value for unit averege tempt.rature wi11 be

#greater than 548 F and the minimum value of pressurizer level vill be greater

than zero inchec.
i

1

U
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2. Analye:ir. of Makeun Punn operation _ *

; {}

The L6U training sinulctor was used to exanine the change in RC pressure

and indicated pressurizer level as different makeup pumps were operated following

a reactor trip. Figures 11 and 12 illustrate the change in RC pressure and

pressurizer level when the third makeup pump (uhich injects cold makeup water
.

through the normally unused nozzlcs) is started twenty seconds after a reactor
;

trip. k' hon all three makeup pumps are started shortly af tce the reactor is tripped,

an imprevement of more than 100 psig in RC pressure and 50 inches in pressurizer

l level above typical minimum values can be realized. llowever, due to the limited

number of allowable thermal cycles on the makeup nozzles, daw does not reco= mend

that the third makeup pump (connected to the normally unused nozzle) be started
.

f during each large trcnsient in order to keep RC pressure and pressurizer level
,

as high as possible. Even if the operator were to select and start the second makeup

() punp (which uses the same nozzle as the first makeup pump) Figure 11 and 12 shoe

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

l
:
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3. Analysis of Instrenentation Perfornnnec

Due to the inability of operating plant data to substantiate a 35 inch

change in pressurizer level for two nearly identical reactor trips, it was

,

appropriate to investigate and clarify the measuring and processing of the
) .

pressurizer level signal. The technique of converting a level signal measured

at a hot operating temperature into an equivalent one at the calibrating

temperteure of 68 F is accc plished by using tuo ' function generators to develop

the final signal voltage equivalent to the true level in the pressurizer. With-

out temperature compensation, the decreasing fluid density ccuscs 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 vessel level for temperature is displayed

() in a schematic in Figure 14. The fluid temperature signal is used to operate
.

two function generators; one is a bias voltage signal added or subtracted fren the

j ccasured differential pressure signal, and the other is a multiplicative

correction f actor 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

systen temperature from 650 F to cpprom:imately 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 uater

.

.

( s_)

*
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dennity cnd pressurizer steam density for any pressurizer temperature betwecn

() 68 F and 670 F.
i

Similarly, the bias voltage relationship is a voltage sinnal resulting from

the difference betueen the density of water in the reference leg external to

the pressurizer and the density of steam in the pressuriver. Figure 16

' also shows the assumed reference leg temperature for particular values of pre-
,

surizer tenperature.
,

J

A study was performed to evaluate the effect of hotter reference 1er,

| te=peratures on the indicated pressuri:cr level signal. Figure 17 exhibits
i

the changes in bias voltage due to selected reference leg temperatures and

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

level.

Table I'

() Variation in Pressuri:cr Level at 600 F
' Due to Different Reference Leg Temperaturc
.

Ref Leg Tc=p - F 126 135 150

Bias voltage -1.32 -1.36 -1.45

Transmitter Voltage -7.25 -7.25 -7.25
(for 40 inches)

Corrected voltage -il . 5 7 -8.61 -8.70

Correcticn Factor 1.606 1.606 1.606

Deviation in 31as - % 0 0.2 .65

Total Deviation in Lcycl-inches 0 1.0 3.3

Thus, the error in bias voltage due to the reference leg tenperature being

126 F rather than the real temperature which may be approximately 150 F generates

a pressuri:cr icvel signal which is greater than true level by only 3 inches.

Henec, if a revised relatienchip of reference leg tc=perature versus prescurizer
;
'

water temperature vore developed and implemented for the A50-1 pressuri=cr,

(') it could not account foc the 35 inch change in pressuriner level which occurred
,

I between the two reactor trip.; from full power.

.

.g.
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One remaining pocsibility for non-repeatabic pressurizer level indication
(,)
'' is a change or abnormal operation in the signal processing circuit between the

tuo reactor tripc. The information given in Figure 13 chcus that at full pouer

(650 F) the transmitter output voltage varies from - 1.8 to -2.4 to -3.0 volts

as true pressurizer icvel is varied f rom 200 to 180 to 160 inches. The full

power value of correction factor voltage is +4.06 volts and the bias oltage

is -2.15 as recorded on ANO-1 pressurizer calibration sheets. however, at a

pressurizer water temperature of 600 F the corresponding transmitter output

voltages for 200,180, and 160_ inches level arc -1.0, -1.80 and -2.6 volts, the

correction f actor voltage is -1.34 volts and the bias voltage is. -l.32 volts.

It is our reco==endation that AP&L check the complete temperature-compensated

pressurizer level circuit for correct development of bias and correction factur

voltages over the temperature range of 600 to 650 F.

)
4. Analysis of RCS Functicnal Snec

A revicu has been conducted of the pertinent cections of the B&U Reactor

Coolant Systc= Functional Specification for ANO-1 as requested by AP&L. It

was their concern that actual presnurizer cystem performance did not agree

| with that stated in the above deetment and B!.U should clarify any discrepancies.

The intent of the docutnent in to JefIne the limits of pressures, tenperatures,

and system flowrates during anticipated major transients for use in appropriate

stress analysca of the compenents and piping comprising the reactor coolant
,

system. The scope of the document is defined as the following-

"It prcvides general functional requirements for the design of RCS

co=ponents."

"It is to be used in conjunction with individual componera functional

specs .... to cbtain the complete functional requirements for a par-

("%
'

# ticular component."

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

_9_
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shown in the document is not censistent with dircetions contained in paragraph

4.1:

"The transient conditions are provided for equip =cnt 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 DSW hybrid analog-digital computer simulation of the Arkansas plant.

The sin.ulator nas subjected to a large number of severe transients specifically

to be conservative for subsequent design stress knalyses on RCS co=ponents and

the transients were not designed to accurately represent actual plant per-

formance.

Related studies en the same simulator disclosed the very close relationship

of RC systen transient perfonaance to the transient behavior of the secondary

.ide of the plant. The graphs developed for this document were prepared with

(]) a simulator having a very ideal and non-representative feedwater syste=, hence

the corresponding variation in the reactor coolant system parameters will not

necessarily agree with actual plant data from ANO-1. Eut the purpose is to

define the maximum limits as stated in paragraph 6.1:

"The Reactor Coolant Syntoni components shall be designed to withstand the

operating transients listed herein.... The intent of the transient

conditions presented is to indicate the maximum rates of change of

temperatures, pressure, flow etc."

llowever,the question whether or not actual plant data has exteeded the design

limits needs to be ansvered. There are three categories of plant shutdown con-

tained in this functional specification and each type of transient shall be

examined.

A
U

'

.
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Transicnt 7 - Sten Load Rejectf on (100 to 8% Power Rt'nbach)

The performance curves for this transiont are based on a turbine trip

or electrical load rejection from 100% power with runbach at appror.imately

30% per minute with power reduction to 8% power.

Figure 18 er.hibits some of the information contained in Figures 7-1 and 7-2

of the RCS Spec 3-92 showing the predicted na::imum deviation of RC pressure

and pressurizer Icvel for a turbine trip or load rejection transient. Compariscn

with actual plant data from tuo B&W plants (IIII-1, and S!:UD) revealed that the

predicted variation in pressure is in good agreement uith the predicted values.

For good conponent design it is important that the predicted pressures e):cced

the actual nessured values at an operating plant, and they did.

Trangient SB - Reactor Trip due to Ilich RC Pressure (no loss of feeductor syste-
Operation

-

.

This transient is initiated by a turbine trip which vill cause high RC

pressure to trip the reactor a few seconde later. Fccdwater flow is controlled

and is responsible for significant cooldown of the RC system. Figure 19

again illustrates that the predicted. peak 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 follouing the reactor trip. This .%I flow 'cchavior

)is unlike the actual sudden decrease and rapid increase in fe'edwater flow generally ,

- 1
1

occurring at the plant. |

Transfent 15 (or 8A) - Reactor Trio due to Loss of Station Forer |
!

This reactor trip transient can be initiated either by loss of all RC

Flow (Pump Power) or by loss of station power. Without power, feedwate- flow ,

I
to the stcac generators is terminated and RC pressure remnins relatively hf gh !

late in the transient. Figure 20 displays the predicted values of RC pressure

and pressuri:cr level uscd as ms>:imum values for stress analyses and, as before,

the observed values of pressure have been less than predicted.

-11-
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