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INTRODUCTION

A concern exists with NRC (Region 3) that the pressurizer will

empty completely during a reactor trip from full power with simul-
taneous loss of station power. This premise is founded upon actual

pressuri:er performance recorded during several reactor trip

transients at Davis-Besse 1. The reactor trip transients have occurred

at partial power levels with either all RC pumps running or all four

RC pumps tripped.

The extent of reacter coolant volume contraction following a

reactor trip is primarily governed by the wetted surface area of the
tube bundle and by the steam pressure maintained within both Once

Through Steam Generators. It is also affected by the flowrate of

reactor coolant through both steam generators, that is, all pumps

running versus all pumps tripped.

An effort to properly adjust the blowdown on all the main steam

safety relief valves has been performed by Toledo Edison Company

at the Davis-Besse 1 plant early in 1978. The values of minimun

steam pressure after a recent reactor trip transient indicate that

the performance of the steam pressure relief system is greatly improved

over that observed during earlier reactor trip transients.
,

The purpose of this report will be to develop a calculational

technique for predicting minimum pressurizer levels following a reactor

trip transient and account for either tripped or running RC pumps.

Actual reactor trip transient test data from Davis-Besse 1 will be used

to supper: the calculational technique. A second purpose will be to

predict the minimum pressuri:er level that will occur for two specific

reacter trip transients and to disclose value.c a: minimum steam pressure

that will cause the pressuri er to become empty for these two transients,

1 730039
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SUMMARY

A calculational technique has been developed for predicting

changes in pressurizer 1cvel during reactor trips which agrees

very well with observed reactor trip transients at Davis-Besse 1.

The method has been used to predict the final minimum pressurizer

level for twc possible transients (both from 100% power): a reactor

trip with simultaneous trip of all RC pumps, and a manual trip of
the reactor with all RC pumps operating.

For the first transient above, the pressurizer level will

decrease only 100 inches, provided that steam pressure will not

decrease below 950 psig. If steam pressure decreases to 700 psig

the pressurizer would become empty and could cause a steam bubble

to enter into the hot leg piping.

For the manual trip of the reactor transient, the pressuri:er

level will decrease below the lower level tap when steam pressure

dr o.r ; to 930 psig. Since a minimum steam pressure of 980 psig is

anticipated on future reactor trip transients, the predicted minimum

pressuri:er level will be a few inches above the :ero indication

and nearly 30 inches above the bottom of the pressuriner. If steam

pressure decreases to 840 psig on this transient, then the water level

would drop completely to the bottom of the pressuri er.

The maximum filling rate for the Once Through Steam Generators

should be only 850 gpm rather than the 1200 gpm rate determined

from the November 29, 1977 test data. In order to maintain steam

generator pressure above 800 psig and prevent possible emptying of the

pressuri er during the loss of RC pump-reacter trip transient, the rate

730100
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of fill must be controlled by the Operator using manual control

on the emergency feedwater pump speed as required.

Two graphs have been developed (Figures 2 and 3) which relate

minimum Tave to minimum pressurizer level for the two different reactor

trip transients hese graphs can be used to predict pressurizer

performance during any large transients at Davis-Besse 1.

.
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RECO.01ENDATIONS AND CONCLUSIONS

The information 4.ncluded in this report is to replace that

plant transient information used previously to develop the concept

that the pressurizer will empty on a reactor trip from full power

simultaneous with loss of all RC pumps. -

With proper operation cf the adjusted steam pressure rclief

system and minimum steam pressures above 980 psig, pressurizer level

will not drop below the lower level tap for a normal reactor trip

transient at any power level up to 100%.

The minimum pressurizer level that occurred on the Nov. 29, 1977

reactor trip transient with loss of all four RC pumps is calculated
to have been 32 inches below the low level tap. A fluid reserve

equivalent to 43 inches of level existed in the pressurizer before

makeup flow increased the volume of reactor coolant. Minimum steam

pressures were 610 and 730 psig for the two steam generators. The

decrease in steam pressure over a 200 second interval was a result

of using an excessive emergency feedwater flowrate to increase the

water level in each steam generator as required to induce a natural

circulation flowrate.

The maximum flowrate of emergency feedwater to each steam

generator should be limited to only 850 gpm. The limit on the jet

: .np ing ement velocity on the OTSG tube bundle (5 ft/second) is equi-

valent tc 850 gpm. Tech Spec 3/4.7.1.2 (Bases) requires 850 gpm

for decay heat removal. From the test data of the upcoming Natural

Circulation test at Davis-Besse 1, the steam generators should be filled

to the new required water level at a rate not to exceed 20 inches per

730.fInl
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minute, which is compatible with maintaining steam pressures above

800 psig in order to keep pressurizer level above :ero.

If, after initiation of either kind of reactor trip, the SFRCS

were to be actuated and steam pressure decreases below 850 psig,

then the predicted finci pressuri:er levels (i.e. from Figures 2 and

3) could be 20 inches or a completely empty pressurizer depending on

the operation of the RC pumps. This analysis does not include the

effect of SFRCS operation on primary system contraction due to any

overcooling.
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DISCUSSI0'; 0F DAVIS-EESSE 1 TRANSIENTS

Four recent reacter trip transients were selected to determine

a realistic primary system cooldown profile for analyzing and

predicting pressuri:er performance. None of these transients were

initiated from full power and each transient had a unique sequence

of operations either before or following the trip of the reactor.
The table below briefly describes each of the four reactor trip

transients:

Table 1

Initial RC Pumps
Date Power Level Running Comments

2/24/78 74 yes trip initiated by the failure
of a flowmeter AP transmitter.

4/2/78 75 yes turbine trip test with unsuccessful
runback of reactor power.

8/2/78 40 yes reactor trip due to divergent
oscillations while in tracking
mode.

11/29/77 40 no reactor trip and station blackout
causing loss of RC pumps.

The response of the ICS and plant was adequately similar for

these four transients to be able to characterize the T -RC pressureave

relationship following the trip of the reactor. Figure 1 displays

this relationship. This curve was utilized in predicting minimum

conditions in the reactor coolant system for calculating minimum

values of level in the pressuri:er.

The following paragraphs present a critique of each of the

selected recctor trip transients.

>~ o s < . n(i)1 f.LUse
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Reactor Trip on February 24, 19 8 (Site problem Report 431)

Due to flowmeter instrur.entation f ailure the reactor was tripped

from 74% power level and that action automatically tripped the turbine.
Feedwater flow decreased to nearly :ero 60 seconds after the transient

was initiated.

Minimum steam generator pressure was 952 psig and minimum Tave

was 247.7F. The mininum values for RC pressure and pressurizer level

were 1734 psig and 12 inches respectively. The change in pressuri:er

level for this reactor trip transient was 191 inches where the initial
level was not 180 inches, but 203 inches.

If the initial pressurizer level had been at 180 inches, the

final minimum level would have been 11 inches below the lower level

tap. A fluid reserve equivalent to 64 inches of pressurizer level

would have existed below that minimum level and no adverse affect

on the primary system would have resulted.

7.'50.l0.5
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Reactor Trip Transient on April 2, 1978 (Site Problem Report 435)

A turbine trip transient occurred on April 2, 1975 from 75%

power leve A runback in reactor power proceeded for about 50 seconds.

before the reactor was tripped.

Immediately after tripping che turbine, a very large reduction
in feedwater flow to both steam generators occurred (due to high

steam pressure)-followed by too much feedwater flowrate in each loop.

(This was prior to adding feedwater pump speed kicker circuits to

the ICS at Davis-Besse 1). The excess feedwater flow reduced pressuri er

level from a peak value of 238 inches to 170 inches and a peak RC

pressure value of 2250 psig to about 1960 psig before the reactor

was tripped.
.

After the reactor was tripped, minimum values of steam pressure

and T were 943 psig and 546F respectively. Minimum values of
ave

RC pressure and pressuri:er level were 1650 psig and 6 inches. The

change in pressuri:er IcVel following the reactor trip was 162 inches,
and the level remained above the lower level tap during the entire

transient.

UU.!.UU
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Reactor Trip Transient on August 2, 1978

The initial reactor power level was 40% and the operator had

placed the Diamond station in manual. The ICS therefore was in a

tracking mode. Oscillations in generated power were being reinforced

every twc minutes and after 8 or 9 minutes, the reactor tripped.

From the Fost Trip Review log, hot and cold leg temperatures were

6 to 8F higher than normal. Also, pressurizer level was 230 inches

rather than 180 inches.

After the reactor trip steam pressure decreased to only 980 psig

and about 5 minutes after the trip T reached a minimum value ofave

552F. (The values on this transient are excellent minimum values).
About 90 seconds after reactor trip, a minimum pressurizer level of

34 inches was reached. This is a 196 inch level change and is greater

than the normal operating point of 180 inches. Thus, the pressuri er

level would have dropped to 16 inches below the lower level tap on

this transient.

The unusually large contraction of the RC system fluid

was caused by the higher than normal T,y, and pressuri:er
level prior to reactor trip. The change in T was fromeve
589.3F to 555F, or 34.3F. If the same 4T occurred from 582F,

then the minimum T w uld have been 547.7F and the minimumave

pressuri:er level would have been 18 inches below the lower

tap in accordance with Figure 3.

Note: The information on temperatures and pressures during this

reacter trip transient were derived from the Fost Trip Review

9U0107
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Log only. Since some channels only update every 15 seconds, while

others only update every 30 seconds, this data cannot adequately

describe this kind of a transient.

7 50.lO8
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Reactor Trip on November 29, 1977 (Site Problem Report 396)

At 401 power level, the reactor was tripped by high flux

indications. (This was caused by spurious signals through improper

patch panel connections). Automatically after the reacter trip,

the turbine was tripped. The operators decided to open the main

circuit breakers. The backup diesel power was started, but one

of the two units tripped and shutdown.

The station experienced a 7 second blackout and the RC pumps

were de-energized so that natural circulation flowrate of reactor

coolant lasted for 15 minutes.

About 5 minutes after the reactor trip, RC pressure reached

a minimum value of 1625 psig with a + 50 psig oscillation. One

minute earlier, pressuri:er level had decreased below the low level

tap and remained off scale for 6b minutes.

One minute after the trip of the reactor, water level in each

steam generator was 29 to 34 inches (startup level) . Af ter a rapid

rate of fill of emergency feedwater, the levels increased to 80 inches

in Ste'm Generator #1 and 120 inches in Steam Generater #2. During
-

the three minute filling operation, steam generator pressures

decreased from 920 psig to 610 in Steam Generator #2. The excessive

contraction in the primary system is due to the cold leg temp ratures

produced by the rapid fill rate (and level) of each steam generator

by the emergency feedwater system.

bO1US11
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From References 1 through 4, detailed profiles of RC pressure,

T and other related plant parameters were prepared from theave,

test data to create a characteristic relationship of T and
ave

RC pressure for reactor trip trcnsients at Davis-Besse 1. This is

displayed as Figure 1 which is part of Reference 5.

In general, there is a difference in the cocidown of T ave

and the decrease in RC pressure following a reactor trip depending

on whether or not the RC pumps are running. The cooldown of the primary
~

system is considerably faster with all four pumps running than when

natural circulation exists: about 1 minute compared to 5 minutes

to reach minimum Tave'
Figure 1 also shows that for minimum values of T below 540F,ave

the final RC pressure will be approximately the same regardless of

whether the pumps are running or not.

For this study of pressurizer level change following reactor

trip transients, the most conservative (lowest) relationship of

T and RC pressure was used. That relationship utilizes data fromave

the August 2, 1978 and April 2, 1975 transients.

.

ZiO1101,

__ _



86-2226 00

ANALYSIS

The objective of Reference 5 was to compare the predicted

change in pressuri er level with measured changes in level and verify

that the mathematical model was sufficiently accurate to predict

pressuri:er level changes that dropped below the lower level tap

or would occur during hypothetical transients.

The mathematical model used to represent the contraction

of the RC system during these transients utili:es the following

equation:

Total mass of fluid in the RC system = M =
a

Ecuivalent Volume of Hot Fluid
Specific Volume of Hot Fluia

Ecuivalent Volume of Cold Fluid+

Specific Volume of Cold Fluid

Licuid Volume of the Pressurizer+

Specific Volume of Pressurl:er Fluid

Initially, no attempt was made to account for variable makeup

flowrates and pressuri er vent valve flowrates during the cooldown

interval. After evaluating the agreement between calculated and

measured changes in pressuri:er level, it was decided to not account

for slight additions or deletions of reactor coolant mass during

the cooldown transient.

The calculational technique requires the determination of the

initial and final pressures and temperatures of the reactor coolant

system, an evaluation of the specific volumes for those conditions

plus saturated conditions within the pressurizer, and the difference

13 7.];Qy
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in ;cessurizer volume due to the calculated contraction cf the

constant mass in tha RC system.

Table 2 below, presents a comparison of calculated pressurizer

level changes with measured level changes at selected time intervals

in the fcur reactor trip transients.

Table 2

Comparison of Measured and Calculated Changes
In Pressuri:er Levels During Reactor Trip

Transients at Davis-Besse 1

Measured Calculated
Date of A Level A Level Time Elapsed

inches - secondsRx Trip - inches -

2/24/78 191 184 60

4/2/78 162 167 45

8/2/78 196 206 90

11/29/77 139 132 170

11/29/77 184 181 240

The equivalent volune of hot fluid consists of upper half of

each stear.. generator, one half of the reactor vessel and all the hot

leg piping.

Similarly the equivalent volume of cold fluid consists of the

other half of both steam generators, the lower half of the reactor

vessel, and all the cold leg piping. The sum of the hot and cold

fluid volumes is equivalent to the total reactor coclant system

volume excluding the pressuri:er.

''0$12J <:1
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3A reference volume of 800 ft for a normal pressuri:er level cf

180 inches was often adjusted tc account for different initial levels

as measured in he selected reactor trip transients.

The test data from the November 29, 1977 reactor trip was

examined to find the minimum RC pressure and temperatures that

probably occurred while the pressurizer level was off scale and

the values were determined to be the following:

At clock time 22:48:50, minimum RC pressure was

1625 psig (+ 50 psig due to osef '.lations) . The

corresponding value of hot leg temperature was

562.5F whereas the cold leg temperature was off-

scale (below 520F) and was calculated to be 508.5F.
T for Loop 2 was determined to be 535.5F anday,

the Loop 1 and 2 steam pressures indicated 610

and 760 psig respectivcly.

These values were used to specify the final specific volumes

required in the equation and revealed that the change in pressurJ er

level was 224 inches. Since the initial pressuri:er level at instant

of reactor trip was only 192 inches, then the final pressuri:er

level was 32 inches below the lower level tap. There was another
43 inches of water remaining in the pressuri:er at this time.

Figure 2 was developed for the situation of a reactor trip

from full power plus loss of all RC pumps. The minimum Tave
will be controlled by the steam pressure in each steam generator.

By selecting decreasing values of T and _orresponding valuesave
of steam pressure, minimum pressurizer levels were predicted.

. - g't s3i
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The intent is for the user to be able to predict the total

change in pressurizer level that will occur as T changes fromave
a normal 582F to a known- or anticipated minimum temperature. <

Figure 2 shows that T has to decrease to 534F to empty theave
pressuri:er for this reactor trip transient (no RC pumps running)

and that this requires a minimum steam pressure in each steam generater

to be equal to 665 psig.

By contro11i'.g steam pressure above 800 psig during this transient,

(via limiting the fill rate and water level in each steam generator)

the pressuri er level can remain above the lower level tap.

If the initial power level had been 100% on the November 29, 1977

transient, then the calculated minimum pressuri:er level would have

been 58 inches below the lower level tap. Since the initial power

level was only 40%, the amount of centraction in the RC system was

only -32 inches and less than predicted (by application of Figure 2).

The dependence of the contraction of reactor coolant on initial

power level is exhibited in Table 3 below:

Table 3

RC Contractions for Reactor Trips
(With Station Blackout) From 40% and 100% Power Levels

Fower Level: - % 40 100
Initial RC Pressure - psia 2138 2138
Initial T ot -F 592 605.5h
Initial Tcold - F 567 555.5
Initial Level - Inches _ 192 192
Initial RC Volume - Ft* 11,264 11,264
Initial RC Mass - Lbs. 496,969 493,437

Final RC Pressure osia 1640 1640-

^

Final T at -F 562.5 562.5h
Final T
FinalREhass-F

a 508.5 508.5
- Lbs 496,959 493,437.

#Final P:r. Volume - Ft 122 37
Final F:r. Level Inches -32 -58-

Zi(i.ll4
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Figure 3 was similarly developed for a regular reactor trip

from full power (c11 pumps running). This transient is more severe

than the previous situation in that the forced convection of reactor

coolant quickly removes all stored heat in the primary system.

Below aT value of 550F, T cold leg temperature, and
ave ave,

saturation temperature in the steam generators are almost all

equal. Thus, much greater care must be exercised on maintaining

steam pressure.to avoid emptying the pressurizer. Without the

steam generator fill rate occurring in the previous type of reactor

trip, good pressure control will occur as has been demonstrated on

the August 2, 1978 reactor trip. An expected pressure of 980 psig

will not cause the pressurizer level to go below the lower level tap.

The investigation of the cause for the final centraction of RC volume on

the November 29, 1977 transient revealed that the rate of fill in

both steam generators by the emergency feedwater system was too large
__

for proper control of the steam pressure and the. primary system

cold leg temperature.

Figure 4 displays the rate of change in full range level and

steam pressure in the interval of time between the reactor trip

(0 seconds) and the time of minimum pressuri:er level (315 seconds).

By calculating true levels of water in each steam generator

from the indicated levels, and converting the volumetric rate of

change in the steam generator to inlet conditions at the auxiliary

no::les, it was determined that an emergency feedwater flowrate

of 1200 gpm was delivered to each steam generator during this

transient.

.* rg.g )..:-)s ..t i . . .
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The emergency feedwater flowrate of 1200 gpm should be reduced

under all operating conditions to only 850 gpm. With this adjustment,

the following advantages can be realized:

1. The limit of 5 feet per second impingement velocity on the tube

bundle from the auxiliary feedwater no::les is satisfied with

a flowrate no greater than 850 gpm. At 1200 gpm, there is a

high probability that tubes are vibrating excessively opposite
the no::les whenever the emergency system is utilized. This is

an undesirable condition that can contribute to tube failure
or leakage.

2. By filling each steam generator at two-thirds the previous rate
(and to a lower liquid level setpoint) the ability of the

.
operators to maintain steam pressure above the desired minimum

value of 800 psig for a reactor trip-station blackout transient

will be enhanced.

The basis for Technical Specification 3/4.7.1.2 states that the

emergency feedwater system should have the capability to flow

850 gpm into each steam generator at an existing steam pressure of

1035 psig. The concern is to provide adequate flow for cooling the

plant down to 280F. Comparison of Davis-Besse 1 fill rates with

those measured and recorded at the Crystal River-3 plant reveal

that the emergency feedwater flowrate for each steam generator was

approximately two-thirds that shown in Figure 4 for Davis-Besse 1.

730I16
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INTRODUCTION

A concern exists with NRC (Region 3) that the pressurizer will

empty completely during a reactor trip from full power with simul-

taneous loss cf station power. This premise is founded upon actual

pressurizer performance recorded during several reactor trip

transients at Davis-Sesse 1. The reactor trip transients have occurred

partial power levels with either all RC pumps running or all fourat

RC pumps tripped.

The extent of reactor coolant volume contraction following a

reactor trip is primarily governed by the wetted surface area of the
tube bundle and by the steam pressure maintained within ooth Once

Through Steam Generators. It is also affected by the flowrate of

reactor coolant through both steam generators, that is, all pumps

running versus all pumps tripped.

An effort to properly adjust the blowdown cn all the main steam

safety relief valves has been performed by Toledo Edison Company

at the Davis-Besse 1 plant early in 1978. The values of minimum

steam pressure after a recent reactor trip transient indicate that

the performance of the steam pressure relief system is greatly improved

over that observed during earlier reactor trip transients.
,

The purpose of this report will be to develop a calculational
technique for predicting minimum pressuri er levels following a reactor

trip transient anc account for either tripped or running RC pumps.

Actual reactor trip transient test data from Davis-Besse 1 will be used

to support the calculational technique. A second purptse will be to

predict the minimum pressuri:er level that will occur for two specific
reactor trip transients and to disclose values of' minimum steam pressure

that will cause the pressuri:er to become empty for these two transients.

1
H- 4,w.*
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SUMMARY

A calculational technique has been developed for predicting

changes in pressurizer level during reactor trips which agrees

very well with observed reactor trip transients at Davis-Besse 1.

The method has been used to predict the final minimum pressurizer

level for two possible transients (both from 1005 power): a reactor

trip with simultaneous trip of all RC pumps, and a manual trip of
the reactor with all RC pumps operating.

For the first transient above, the pressurizer level will

decrease only 100 inches, provided that steam pressure will not

decrease below 950 psig. If steam pressure decreases to 700 psig

the pressuri er would become empty and could cause a steam bubble

to enter into the hot leg piping.

For the manual trip of the reactor transient, the pressurizer

Jevel will decrease below the lower level tap when steam pressure

drops to 950 psig. Since a minimum steam pressure of 980 psig is

anticipated on future reactor trip transients, the predicted minimum

pressuri:er level will be a few inches above the zero indication

and nearly 80 inches above the bottom of the pressuriner. If steam

pressure decreases to 840 psig on this transient, then the water level

would drop completely to the bottom of the pressuri:er.

The ma-imum filling rate for the Once Through Steam Generators

should be only 850 gpm rather than the 1200 gpm rate determined

from the November 29, 1977 test data. In order to maintain steam

generator pressure above 800 psig and prevent possible emptying of the

pressurizer during the loss of RC pump-reacter trip transient, the rate

YUG138

2
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of fill must be controlled by the Operator using manual control

on the emergency feedwater pump speed as required.

Two graphs have been developed (Figures 2 and 3) which relate

minimum Tave to minimum pressurizer level for the two different reactor

trip transients. These graphs can be used to predict pressurizer

performance during any large transients at Davis-Besse 1.

.
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RECOMMENDATIONS AND CONCLUSIONS

The information included in this report is to replace that

plant transient information used previously to develop the concept

that the pressuri:er will empty on a reactor trip from full power

simultaneous with loss of all RC pumps.

With proper operation of the adjusted steam pressure relief

system and minimum steam pressures above 980 psig, pressurizer level

will not drop below the lower level tap for a normal reactor trip

transient at any power level up to 100%.

The minimum pressurizer level that occurred on the Nov. 29, 1977

reactor trip transient with loss of all four RC pumps is calculated

to have been 32 inches below the low level tap. A fluid reserve

equivalent to 43 inches of level existed in the pressurizer before

makeup flow increased the volume of reactor coolant. Minimum steam

pressures were 610 and 730 psig for the two steam generators. The

decrease in steam pressure over a 200 second interval was a result

of using an excessive emergency feedwater flowrate to increase the

water level in each steam generator as required to induce a natural

circulation flowrate.

The maximum flowrate of emergency feedwater to each steam

generator should be limited to only 850 gpm. The limit on the jet

impingement velocity on the OTSG tube bundle (5 ft/second) is equi-

valent to 850 gpm. Tech Spec 3/4.7.1.2 (Bases) requires 850 gpm

for decay heat removal. From the test data of the upcoming Natural

Circulation test at Davis-Besse 1, the steam generators should be filled

to the new required water level at a rate not to exceed 20 inches per

750.1AO
:
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cinute, which is compatible with maintaining steam pressures above

800 psig in order to keep pressurizer level above zero.

If, after initiation of either kind of reactor trip, the SFRCS

were to be actuated and steam pressure decreases below 850 psig,

then the predicted finc1 pressuri:er levels (i.e. from Figures 2 and

3) coulc be 20 inches or a completely empty pressurizer depending on

the operation of the RC pumps. This analysis does not include the

effect of SFRCS operation on primary system contraction due to any

overcooling.

'E 30).41
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DISCUSSION OF DAVIS-EESSE 1 TRANSIENTS

Four recent reactor trip transients were selected to determine

a realictic primary system cocidown profile for analy:ing cnd

predicting pressuri:er performance. None of these transients were

initiated from full power and each transient had a unique sequence

of operations either before or following the trip of the reactor.
The table below briefly describes each of the four reactor trip

transients:

Table 1

Initial RC Pumps
Date Power Level Running Comments

2/24/78 74 yes trip initiated by the failure
of a flowmeter AP transmitter.

4/2/78 75 yes turbine trip test with unsuccessful
runback of reactor power.

8/2/78 40 yes reactor trip due to divergent
oscillations while in tracking
mode.

11/29/77 40 no reactor trip and station blackout
causing loss of RC pumps.

The response of the ICS and plant was adequately similar for

these four transients to be able to characterize the T -RC pressureave

relationship following the trip of the reactor. Figure 1 displays

this relationship. This curve was utilized in predicting minimum

conditions in the reactor coolant system for calculating minimum

values of level in the pressurizer.

The following paragraphs present a critique of each of the

selected reactor trip transients.

r,,,. f4 o
ief).L' tat
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Reactor Trip on February 24, 1978 (Site Problem Report 431)

Due to flowmeter instrumentation failure the reacter was tripped

from 74% power level and that action automatically tripped the turbine.
Feedwater flow decreased to nearly zero 60 seconds after the transient

was initiated.

Minimum steam generator pressure was 952 psig and minimum Tave

vas 547.7F. The minimum values for RC pressure and pressurizer level

were 1734 psig and 12 inches respectively. The change in pressuri:er

level for this reactor trip transient was 191 inches where the initial
level was not 180 inches, but 203 inches.

If the initial pressurizer level had been at 180 inches, the

final minimum level would have been 11 inches below the lower level

tap. A fluid reserve equivalent to 64 inches of pressuri:er level

would have existed below that minimum level and no adverse affect

on the primary system would have resulted.

7.30143
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86-2226 00

Reactor Trip Transient on April 2,. 1978 (Site Problem Report 435)

A turbine trip transient occurred on April 2, 197S from 75i

power level. A runback in reactor power proceeded for about 50 seconds

before the reactor was tripped.

Immediately after tripping the turbine, a very large reduction
in feedwater flow to both steam generators occurred (due to high

steam pressure) followed by too much feedwater flowrate in each loop.

(This was prior to adding feedwater pump speed kicker circuits to

the ICS at Davis-Besse 1). The excess feedwater flow reduced pressuri:er

level from a peak value of 238 inches to 170 inches and a peak RC

pressure value of 2250 psig to about 1960 psig before the reactor

was tripped.
.

After the reactor was tripped, minimum values of steam pressure

and T were 943 psig and 546F respectively. Minimum values of
ave

RC pressure and pressurizer level were 1650 psig and 6 inches. The

change in pressuri:er level following the reactor trip was 162 inches,
and the level remained above the lower level tap during the entire

transient.

# ;iOI.44;
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Reactor Trip Transient on August 2, 197S

The initial reactor power level was 40% and the operator had

placed the Diamond station in manual. The ICS therefore was in a

tracking mode. Oscillations in generated power were being reinforced

every twc minutes and after 8 or 9 minutes, the reactor tripped.

From the Post Trip Review log, hot and cold leg temperatures were

6 to 8F higher than normal. Also, pressurizer level was 230 inches

rather than 180 inches.

After the reactor trip steam pressure decreased to only 980 psig

and about 5 minutes after the trip T reached a minimum value ofave

552F. (The values on this transient are excellent minimum values).
About 90 seconds after reactor trip, a minimum pressuri:er level of

34 inches was reached. This is a 196 inch level change and is greater

than the normal operating point of 180 inches. Thus, the pressuri:er

level would have dropped to 16 inches below the lower level tap on

this transient.

The unusually large contraction of the RC system fluid

was caused by the higher than normal T and pressurizerave

level prior to reactor trip. The change in T was fromave

589.3F to 555F, or 34.3F. If the same LT occurred from 582F,

then the minimum T w uld have been 547.7F and the minimumave

pressuri:er level would have been 18 inches below the lower

tap in accordance with Figure 3.

Note: The information on temperatures and pressures during this

reactor trip transient were derived from the post Trip Review

73OIAU
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Log only. Since some channels caly update every 15 seconds, while

others only update every 30 seconds, this data cannet adequately

describe this kind of a transient.

". ;iG.106
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Reactor Trip on November 29, 1977 (Site Problem Report 396)

At 40% power level, the reactor was tripped by high flux

indications. (This was caused by spurious signals through improper

patch panel connections). amatically after the reactor trip,'

the turbine was tripped. The operators decided to open the main

circuit breakers. The backup diesel power was started, but one

of the two units tripped and shutdown.

The station experienced a 7 second blackout and the RC pumps

were de-energized so that natural circulation flowrate of reactor

coolant lasted for 15 minutes.

About 5 minutes after the reactor trip, RC pressure reached

a minimum value of 1625 psig with a + 50 psig oscillation. One

minute earlier, pressurizer level had decreased belcw the low level

tap and remained off scale for 6 minutes.

One minute after the trip of the reactor, water level in each

steam generator was 29 to 34 inches (startup level) . Af ter a rapid

rate of fill of emergency feedwater, the levels increased to 80 inches

in Steam Generator 81 and 120 inches in Steam Generator #2. During
-

the three minute filling operation, steam generator pressures

decreased from 920 psig to 610 in Steam Generator #2. The excessive

contraction in the primary system is due to the cold leg temperatures

produced by the rapid fill rate (and level) of each steam generator

by the emergency feedwater system.

'SiOll?<
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From References 1 through 4, detailed profiles of RC pressure,

T and other related plant parameters were prepared from theave,

test data to create a characteristic relationship of T andave

RC pressure for reactor trip transients at Davis-Besse 1. This is

displayed as Figure 1 which is part of Reference 5.

In general, there is a difference in the cooldown of T ave

and the decrease in RC pressure following a reactor trip depending

on whether or not the RC pumps are running. The cooldown of the prirary

system is considerably faster with all four pumps running than when

natural circulation exists: about 1 minute compared to 5 minutes

to reach minimum Tave'
Figure 1 also shows that for minimum values of T below 540F,ave

the final RC pressure will be approximately the same regardless of

whether the pumps are running or not.

For this study of pressurizer level change following reactor

trip transients, the most conservative (lowest) relationship of

T and RC pressure was used. That relationship utilizes data fromave

the August 2, 1978 and April 2, 1978 transients.

-
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ANALYSIS

The objective of Reference 5 was to compare the predicted

change in pressuri:er level with measured changes in level and verify

that the mathematical model was sufficiently accurate to predict

pressuriner level changes that dropped below the lower level tap

or would occur during hypothetical transients.

The mathematical model used to represent the contraction

of the RC sfstem during these transients utilizes the following

equation:

Total mass of fluid in the RC system = M =
g

Eauivalent Volume of Hot Fluid
Specific Volume of Hot Fluic

+ Ecuivalent Volume of Cold Fluid
Specific Volume of Cold Fluid

Liouid Volu:.:e of the Pressurizer+

Specific Volume cf Pressurl:er Fluid

Initially, no attempt was made to account for variable makeup

flowrates and pressuri:er vent valve flowrates during the cooldown

interval. After evaluating the agreement between calculated and

measured changes in pressuri:er level, it was decided to not account

for slight additions or deletions of reactor coolant mass during

the cooldown transient.

The calculational technique requires the determination of the

initial and final pressures and temperatu es of the reactor coolant

system, an evaluation of the specific voltaes for those conditions

plus saturcted conditions within the pressuri:er, and the difference

1*; c'
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in pressurizer volume due to the calculated contraction of the

constant mass in the RC system.

Table 2 below, presents a comparison of calculated pressurizer

level changes with measured level changes at elected time intervals

in the four reactor trip transients.

Table 2

Comparison of Measured and Calculated Changes
In Pressurizer Levels During Reactor Trip

Transients at Davis-Besse 1

Measured Calculated
Date of A Level A Level Time Elapsed

secondsinchesRx Trip - inches --

2/24/78 191 184 60

4/2/78 162 167 45

8/2/78 196 206 90

11/29/77 139 132 170

11/29/77 184 181 240

The equivalent volume of hot fluid consists of upper half of

each steam generator, one half of the reactor vessel and all the hot

leg piping.

Similarly the equivalent volume of cold fluid consists of the

other half of both steam generators, the lower half of the reactor

vessel, and all the cold leg piping. The sum of the hot and cold

fluid volumes is equivalent to the total reactor coolant system

volume excluding the pressuri:er.

, *. r.,.G.?|iocu-
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A reference volume of 800 ft for a normal pressuri er level of

160 inches was often adiusted to account for different initial levels
as measured in the selected reactor trip transients.

The test data from the November 29, 1977 reactor trip was

examined to find the minimum RC pressure and temperatures that

probably occurred while the pressurizer level was off scale and

the values were determined to be the following.

At clock time 22 48:50, minimum RC pressure was

1625 psig (1 50 psig due to oscillations). The

corresponding value of hot leg temperature was

562.5F whereas the cold leg temperature was off-

scale (below 520F) and was calculated to be 508.5F.

T f r Loop 2 was determined to be 535.5F andave

the Loop 1 and 2 steam pressures indicated 610

and 760 psig respectively.

These values were used to specify the final spei:ific volumes

required in the equation and revealed that the change in pressuri:er

level was 224 inches. Since the initial pressuri:er level at instunt

of reactor trip was only 192 inches, then the final pressurizer

level was 32 inches below the lower level tap. There was another
43 inches of water remaining in the pressurizer at this time.

Figure 2 was developed for the situation of a reactor trip

from full power plus loss of all RC pumps. The minimum Tave
will be controlled by the steam pressure in each steam generator.

By selecting decreasing values of T and corresponding valuesave
of steam pressure, minimum pressrr :er levels were predicted.i

, s -g . s
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The intent is for the user to be able to predict the total

change in pressuri:er level that will occur as T changes fromave
a normal 582F to a known.or anticipated minimum temperature. <

Figure 2 shows that T has to decrease to 534F to empty the
ai e

pressuri:er for this reactor crip transient (no RC pumps running)

and that this requires a minimum steam pressure in each , team generator

to be equal to 665 psig.

By controlling s cam pressure above 800 psig during this :ransient,

(via limiting the fill rate and water level in each steam generator)

the pressuriner level can remain above the lower level tap.

If the initial power level had been 100% on the November 29, 1977
transient, then the calculated minimum pressurizer level would have

been 58 inches below the lower level tap. Since the initial power

level was only 40%, the amount of contraction in the RC system was
only -32 inches and less than predicted (by application of Figure 2) .

The dependence of the contraction of reactor coolant on initial

power level is exhibited in Table 3 below:

Table 3

RC Contractions for Reactor Trips
(With Station Blackout) From 40% and 100% Power Levels

% 40 100Power Level: -

Initial RC Pressure psia 2138 2138
Initial T ot -F 592 605.5h
Initial Tcold - F 567 558.5
Initial Level - Inches 192 192

3Initial RC Volume - Ft 11,264 11,264
Initial RC Mass - Lbs. 496,969 493,437

Final RC Pressure - psia 1640 1640
Final Thot -F 562.5 562.5
Final T 508.5 508.5
FinalREhass-F

a
- Lbs 496,969 493,437.

Final P:r. Volume - Ft* 122 37
Final F:r. Level Inches -32 -58-

'/bO.l5 P.
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Figure 3 was similarly developed for a regular reactor trip

frem full power (c11 pumps running). This transient is more severe

than the previous situation in that the forced convection of reactor

coolant quickly removes all stored heat in the primary system.

Below aT value of 550F, T cold leg temperature, and
ave ave,

saturation temperature in the steam generators are almost all

equal. Thus, much greater care must be exercised on maintaining

steam pressure.to avoid emptying the pressurizer. Without the

steam generator fill rate cccurring in the previous type of reactor

trip, good pressure control will occur as has been demonstrated on

the August 2, 1978 reactor trip. An expected pressure of 980 psig

will not cause the pressuri:er level to go below the lower level tap.

The investigation of the cause for the final centraction of RC volume en

the November 29, 1977 transient revealed that the rate of fill in

both steam generators by the emergency feedwater system was too large
.

for proper control of the steam pressure and the. primary system

cold leg temperature.

Figure 4 displays the tate of change in full range level and

steam pressure in the interval of time between the reactor trip

(0 seconds) and the time of minimum pressurizer level (315 seconds).

By calculating true levels of water in each steam generator

from the indicated levels, and converting the volumetric rate of

change in the steam generatcr to inle conditions at the auxiliary

no::les, it was determined that an emergency feedwater flowrate

of 1200 gpm was delivered to each steam generator during this

transient.

,

. 3 g t )*r o
$ t}\ ?.
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The emergency feedwater flowrate of 1200 gpm should be reduced

under all operating conditions te only 850 gpm. With this adjustment,

the following advantages can be realized:

1. The limit of 5 feet per second impingement velocity on the tube

bundle from the auxiliary feedwater no::les is satisfied with

a flowrate no greater than 850 gpm. At 1200 gpm, there is a

high probability that tubes are vibrating excessively opposite
one no::les whenever the emergency system is utilized. This is

an undesirable ccndition that can contribute to tube failure
or leakage.

2. By filling each steam generator at two-thirds the previous rate
(and to a lower liquid level setpoint) the ability of the
operators to maintain steam pressure above the desired minimum

value of 800 psig for a reactor trip-station blackout transient

will be enhanced.

The basis for Tech.i. cal Specification 3/4.7.1.2 states that the

emergency feedwater system should have the capability to f~ow

850 gpc into each steam generator at an existing steam pressure of

1035 psig. The concern is to provide adequate flow for cooling the

plant down to 2SOF. Comparison of Davis-Besse 1 fill rates with
those measured and recorded at the Crystal River-3 plant reveal

that the emergency feedwater flowrate for each steam generator was

approximately two-thirds that shown in Figure 4 for Davis-Besse 1.

9 '>G1!A.
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1.0 Intreduction:
,

Throughcut the startup program for the Davis-Eesse 1 plant a large number of
reactor trip transients have occurred. These transients have revealed neces-

sary adjustments in several of the auxiliary systems, such as higher reseacing
pressure of the steam relief valves and lower liquid levels in the steam gen-
erator. In the neaf future Toledo Edison Company plans to conduct three very

significant "ocerational" transients in order to demonstrate proper operaticn
of all related systems. They are: loss of electrical load from full power,

loss of all offsite pcwer with reactor at 15i', power, and shutdown frca outside
the control room with the reacter at 15". power.

Previous reactor trip transients have revealed considerable overcooling of
the reactor coolant system and a concern exists that excessive cooling of t.'1e
primary system might occur during some of the planned reactor trip transier:ts.
A request for analysis and calculations of minimum pressurizer level during
several types of reactor trip transients was made by Toledo Edison Ccmpany in
order to understc.nd the limits required to avoid emptying the pressuri:er.
The scope of this report will be to describe several typical reactor trip
transients. and to credict the mininam nr=carine level, and ta state anj

limitations on plant operation to prevent emetying the pressuri:er.

.
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2.0 Objectives of th'e analysis:

Tabulate the specific reactor trip transient test data which was used to c'en-
plete the study of minimum pressurizer 'svel during selected reactor trip
transients.

Show that "C pressure will remain higher than 1650 psig during these selected
reactor trip transients by incorporating actual Davis-Besse 1 test data.

Show that the minimum pressurizer level for a normal reactor trip transient
at any initial power level will be above a zero indicated level.

Show under what conditions minimum pressurizer level will remain above a zero

indication on a reactor trip following a loss of main feedwater.

Show that minimum pressurizer level for a reactor trip coincident with less
of station power will remain above a zero indication provided the ocerator
maintains a proper water level in the steam generater via the auxiliary feed-
water system.

.

.

.
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3.0 Conclusions .

1. For a normal reactor trip frca full pcuer (Case 1) with main fee 6:ater,
pumps operating and the main feedwater system holding a 2 foot level in
each steam generator, the pressurizer level will remain on scale provided
; team generator pressure is no lower than 980 psig.

2. For a normal reactor trip from 155 power (Case 2) with main feedwater
pumps operating the pressurizer level will remain en scale if steca pres-
sure does not drop below 930 psig. At the same time the cold leg tempera-
tures must not decrease below 545F in the first 60 to 90 s2conds after the
reactor trip.

3. For a reactor trip from low cower levels with loss of main feedwater pumps
(. Case 4) the pressurizer level will just barely remain "on scale" if the
auxiliary feedvtater raintains only a 30" level in each steam generator and
the control room crerator uses the makeup pumps to simultaneously regain

approx!.Ta tely 12" cf pressurizer level .

4. For a reactor trip and loss of all RC pumps and main feedwater pumos (Case
5) the pressurizer level will not dro: "cf# secle." If the auxiliary

feedwater system was used to generate a 100" sta tup level in each stecm
generator, (and steam pressure decreasec to 770 psig) then pressuri:ce
level would decrease to a zero indication.

5. The 3 foot setpoint for startup level during auxiliary fee 6:ater system
operation appears tc te satisfactory in keeping pressurizer level above
a zero indication except for Case 3, the reactor trip transient frca full
power due to a loss of main feedwater flow.

6. Tne performance of the auxiliary feedwater system on the loss of offsite
power transicnt of November 29, 1977, ha, been applisd to both natural
circulation and forcad convection situations for this analysis. By ccm-

paring the test data of SPR #430, a reactor trip on March 1,1978, with
the data of November 29, 1977, it is clear that applying the .* ovem' r 29th:

auxiliary feedwater system performance to reactor trip transients with Re
pumps operating is more conservative (lower pressurizer levels) than ap-
plying an appropriate auxiliary feedwater system performance correspond-
ing to all RC pumps operating.

WiO1W
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' 4.0 Sum ary of Analvtical '>ethod

The work performad in this report was ' targeted toward preparing calculated RC

pressurizer levels at Davis-5 esse 1 for the following kinds of reactor trips.
(Refer to available site problem reports which describe actual plant perfcemance
during reactor trip transients.)

Case No. Reactor trio transient

1 Normal reactor trip [100';) with RC oumos and rain feeivater system
ooerating. '!ormal control of steam pressure and v.ater level in
both steam cenerators.

2 Normal reactor trip frcm 155; other conditions same as 1 above.

3 Loss of feedwater with reactor pcwer at 1005. RC pumos are op-
erating ar.d the operater manually controls final steam cencrator
levels using the auxiliary feedwarar system.

4 Loss of feedwater with reacto power at 155. Other ccnditicas
same as 3 above.

5 Loss of offsite cower with reactor pcwer at 153. RC pumos and
main feeduatar pu os shutdown. Operator manually controls the
auxiliary feedwater system.

The procec'Jre us9d to analyze thesC fiVa. CasCs was as follCws:

1. Several recent site prcblem reports were studied to dttermine the rela-
tionship between RC pressure and T f 11 wing reactor trip at CB-1

ave

(section 6.1). This relationship was used to determine prcper specific
volumes for the primary coolant follcwing a reactor trio. An incidental
use of this data was to verify that the reactor trips listed as Cases
1-5 previously will not actuate the Safety Features Actuation System.

2. Using the RC pressure - T relationships just discussed, the contrac-
ave

tion of the RC coolant after a reacter trip was determined, hence tha -

level change ir. the pressurizer was calculated. The.particulcr technique

used is described in :ection 6.3.

4.1 Tabulated Description of Actual Reactor Trip Transients
at CU-1

_

Table 1 presents recent reactor : rip transients used to determine a Tave -
RC pressure relationships assumed in this report. Each event was reported

by a site problem raport (SPR) numbered as shown in Table 1.

7.30168
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Table 1.

Rx Trip ,

SRP No. Date Brief Cescrirtion of Transient

476 8/2/78 Fo'11owing a control red insertien test a large neutron
power error drcve feed ;ater to overfeed the steam gen-
erators and overcool ths RC system. After the trip

..

SG levels were held at 40 inches by main feedwater.

484 9/28/78 At 95", power a failed BY eP transmitter initiated a
runback. Due to erronecus loco i cnd 2 RC flcu in-
dications, feec.;3ter flou c each steam cenerat0r .:as
re-raticed. 0 erator over #ed the ste m genera:crs_

and overcool :CS causine a low ;ressure trie. After

the trip SG ievels were held at 100 inches by rain
feedsta ter.

485 10/3/78 A turbine trio occurred at 70", power level. Renback
procecdr' fer 30 seconcs before icw RC oressura
trippec reac:cr. SG icvels were ncld at aoproxira:aly
4 feet by main feecuater following the trip.

431 2/24/78 Rx tripped by high reactor outlet temaerature. Tur-
bine tripred and r.ain feccwater flo..s reduced to :ero
in about i nir.uta. Stecm ganert. tor snetup le /e:s
maintaintd tbc /e 50 and 76 inches in 'ceps #1 ar.d =2.

435 4/2/78 A planned turbitw trio test frca 75C ocwer levai.
Reactor power runback oraceeded for accroximatcl" ?C
seconds. Reactor triprea on low RC pressure dua to
main feed.iater overcooiing primary side. .

396 11/29/77 At 405 potter level all station ocu r was lost ar.d the
reactor and RC curps were shutcown. Less of main
feedwater pumps set uo the auxiliary feedwater system
and 10 foot and 3 foot levels were maintained, respec-

tively, in the two steam generators.

c.: . c: S1

The relationship of minimum RC pressure for a minimum T following a reac-
ave

tor trip at Davis-Besse 1 is shown in Figures 1 and 2. Figure 1 disolays the
most recent reactor trip transients and indicates a slightly higt.ee :.C pres-
sure due to the improved operation of the steam relief valves. Figure 2 shows

that there have been instances of RC pressure decreasing to 1650 psig on some

reactor trip transients. This inforation has been included to verify the

minimum T.yg values used in the follcuing analysis. Figure 2 shows a loss
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' of RC pumps cooldown as well as a normal RC pump operating cooldown of the
'

'

RC system.
o

4.3 t'ethod of Analysis - An Examole Calculation

The initial mass of reactor coolant immediately pricr to a reactor trip tran-
sient is determined by knowing three RC system volumes and evaluating the
proper specific voluIr.es of the fluid at reactnr outlet and inlet temperatures
and at saturation temperature within the pressurizer.

For example: At 1005 power level we knew the following information:

Tave 582F
RC pressure 2170 psia
T hot le., 605.5F
T cola ~ec 559F
Hot lea v31ume 5471 ft3
Cold leg volume 4955 ft3
Pressuri:er level 200 inches
Pressurizer volume 864 ft3

3The specific volume o# the hot leg reactor coolant at 605.5F is 0.023491 ft /lb ',
'

2whcrea- the specific volur.e cf the cold leg coolant at 559F is 0.021641 #t /lS.
ihe fluid containe in t1e pressurizer is at saturat;on te.rperature at '!/O

psia pressure so its specific volume is 0.025525 ft /lb. The initial (and3

final) mass of the reactor coolan: is:

hot , Vcold , VY czrgg ,

" hot " cold "pzr 3

"dI5471 4955 864
* 0.023491 + 0.021641 + 0.026525

Mo = 494,435 lbs.
.

It is conservative to predict a minimum pressur' level based on a centrac-
no net addition of masstion of the fluid in the primary system by -

at

to the FC system (via takeup flow) during se in a ' 50 seconds or so of the
reactor trip transient.

Now, by reversing the application of the above equation, i mssible to
find the amount of reacter coolant remaining in the pressur1::er n- ' or
"minimun" values of C pressure and temperatures.

/ O U.,n....,0
.,
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For example, what is the minimum pressurizer level corresponding to a reactor
outlet temperature of 551F, a reactor inlet temperature of 550F and a minimum

'

RC pressure of 1735 psia?

The proper specific volume values are:

3v = 0.021518 f t /l bhot
3

cold = 0.021505 ft /lbv

3v = 0.02443 ft /lbpzr

Solving for the final pressurizer volume;

"
V Yhot cold

V = $,fo -
- " cold]

'

xvrpPzr vhot

C471 4955 1-

- 0.02?,43" 494,435 0 b21533 - 0.02150$j x .

V = 245 ft3pzr
.

The #in! pr:::uri::r level is:

AV = 864 - 245 = 613 ft3pzr
3V level = 619/3.2 f t / inchpzr

= 193 inches

Final pressurizer level = 200" - 193" or 7 in. (above the zero indication).

Whenever a reactor trip transient starts at 100% power and the primary fluid
temperature drcps belcw 550F (and 1720 psig), then the ainimum pressuri:=r
level will nearly equal a zero ir.dication of level which is 75 inches above
the bottcm of the pressurizer. No operator action involving makeup fic'.teate

was assumed. Also, the corresponding pressure in each steam generator to
generate a 550F RC system temperature would be approxirately 930 ;;sig as-

and saturation temperature.suming a 6F difference betv.een Tcold

On the following pages are displayed tables of cal' ulated pressurizer levelsc

for the different cases described on page 6.

"/30171'
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Ti(E TOLEDO EDbON COMPANY FILE
TELEPHONE CALL DOCUMENTATION TT 3.3

,.

Eo mo
- ~ ' " route To:CoMPAN Y/O R G AN IZ ATioNoRf CrN ATOR , Toledo Edison' Company
,_

,,

Terry Murray
COMP AN Y /O RG ANIZ ATIO N

--

CALL MADE TO:
Bill Spangler B5W Lynchburg 7

CONFE RENCE C ALL P ARTIES
Fred Faist, Chuck Domeck, Ed Kane, Dick DeMars, Bob Ninks, Ray Luken, 3.

Al Lazar 4.

STATION / UNIT DATE TIME

D-B #1 July 25, 78 1430 *;"g' ,
m ,,

SUBJECY:

Terry Murray reviewed the question that we.s discussed, i.e., on the November 29th Event 1977

when the pressuri:er level dropped below indicated range, how can we, Toledo Edison, rationali:-

continued operation given the fact that during this event pressurizer level did go off scale.

We must also consider that the second auxiliary feedpump did not start until later. The

transient analysis indicates that we should not lose Icvels but in actual experience we

did. What is the difference between the two? What have we done to correct the situation?

Bob Winks of B5W reminded us that the main steam safety valves had a very large effect on

the transient that was observed in the November 29th Event. During that event, steam

pressure was allowed to drop to somewhere between 940-950 pounds. Based on the data

observed during the 75% turbine trip in April of this year, we know that the adjustments

that we made in the interim now prevented steam pressure from going below 975. Since the

April 2nd turbine trip test, we have in fact made further adjustments to better refine the

steam pressure control transient. Now we expect that steam pressure will be maintained
e v e v1.
ei N . higher than the 975 because there were several valves that had to have their setpointg

adjusted upward. The improvements that were made as a result of these upward setpoint adjust-

ments can be demonstrated by the fact that during the turbine trip test, we did in fact main-

tain pressuri:er level on scale.

Another significant item that was brought out in the discussion with those people was that if

in fact both auxiliary feedpumps did come on simultaneously as designed, and if there was a

significant difference as a result of the second feedpump coning on, that the expansion of
F. Faist,C. Domeck, Section Heads, L. E. Roe, J. S. Grant, Don Lee i DMC *'S To: j y

7/.? ?!]. *

^PREPAREoSY 5'y .



''.
,

-
,

,

.

TELEPHONE CliLL DOCUMENTATION
Terry Murray/Bil,1 Spangler Conference Call

Page 2July 25, 1978, 1430

the pressurizer' steam bubble into the No. 2 Loop, i.e., the Loop that is

connected to the pressurizer, that this would only give you a vapor lock
or affect the natural circulation in the No. 2 Loop. The No. 1 Loop would
still be available for natural circulation and one loop is sufficient to
remove the decay heat.

Third item directly related to this is that the review of the strip charts
and plots for the November 29th Event indicate that there was only approximately
a minute difference in the time that the two pumps were actuated and that during
this period of time the pressurizer level was still falling and that pressuri er
decrease effect was a result of both auxiliary feedpumps feeding steam generators.

It was agreed that our position is one that we have made adjustnents to the
main steam ~afety valves which would greatly reduce the shrinkage that we see
in the pressurizer in an event like this. Second point is that if both aux
feedpumps do come on and you get steam blockage, it would only affect one loop.
The other loop would be available for decay heat removal. The third point is

that the actual difference in time between the two auxiliary feedpumps in the
November 29th Event was so slight that in fact the.effect that we saw was a
result of both auxiliary feedpumps.
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iHE* BABCOCK & WILCOX COMPAllY

POWER GEllERAT10fl GROUP FEb 17 '970

To | ,,, ;g, ,,, ;;,, , _,,

R.P. WILLIAMSON - NUCLEAR SERVICE
A

/* h' m m.5
C.W. TSLLY - CCNTROL ANALYSIS (EXT. 2003)

Cust. File No.
or Ref.

ECO
S u bj . Date

SPR 396 FEBRUARY 10, 1978

|m.....,......,..........,.......mi...ir.

Reference: 1. Letter BNT-1609, .T.A. Lauer to C.R. Domeck, T1.2/12B, dated
December 5,1977.

Engineering has evaluated the transient described in SPR 396 resulting in the
following co=ments:

1. The classification of the transient in Reference 1 was correct
and no further comment on this aspect is required.

2. The decrease in pressuri::er level (cff-scale low) is indicative
of rapid steam generator level increases following the initiation
of AFW. This undesirable effect is symptomatic cf high level
setpoints. Conversations with Fred Miller of TECO Engineering
have confirmed TECO's awareness of this problem and their desire
to have it rectified. In view of the fact that Davis-Besse I has
elevated loops. there should be little difficulty in decreasing
the level setpdint with appropriate analysis. The funding for

this work will be pursued through Project Management'.
x_ _.

3. Engineering has been unable to satisfactorily resolve the dissimilar
behavior of the two OTSG's during the transient. During the 5 to
15 minute period of the transient, the two steam pressures moved
in opposite directions and were con;iderably cpart. The plant
computer printout says a main steam line waru up isolation valve
was open during this time ("22:55:56 2688 MN S E Line 2 WU ISO
VLV CLOS"), but TECO Engineering says the valve indicator is
wired backwards, indicating that it actually was closed until
22:55:56, when an operator openedit.If indeed it was closed until
this time, there appears to be no logical explanation for the steam
pressure differences. This should be passed on to 'IECO Engineering,
since Plant Design has no further information with which %
investigate this anomaly.

,

GWdL
C .W .Da

% Qt."j!|.
''cc: J.R. Burris

p 'j ,[,N ]I1 fJ jR.B. Davis f

I d ljJ.A. Lauer
R.W. Winks
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Babcock &Wilcox % e,cene,, conc,cu,

P.O. Box 1260, Lyncheurg, Va. 24505

een ne:(804)3n5111October 10, 1978

BWT-1707
T1.2 [ pFile:

bec: (with attachment)Ivan Green
WH Spangler

Mr. C. R. Domeck RW Winks
Nuclear Project Engineer AH LazarToledo Edison Company FR Faist300 Madison Avenue RC Luken
Toledo, OH 43652 Records Center

RED /FRFSubject: Toledo Edison Company
Davis-Besse Unit 1
NSS-14
PRESSURIZER PERFORMANCE DURING REACTOR TRIPS

Reference: C. R. Domeck letter to A. H. Lazar, dated
September 18, 1978, TBW-495

Dear Mr. Domeck:

As requested in the reference letter, B5W has calculated the effect of
net makeup flow after reactor trip on pressuriner level at Davis-Besse 1.
The attached report by R. W. Winks dated October 6, 1978 is forwarded
for your use. -

Very truly yours,

h0
RCL/hj R. C. Luken
Attachment Project Manager

For A. H. Lazar

cc: J. D. Lenardson w/a Senior Project Manager

J. C. Lewis
D. J. DeLaCroix
M. Malcom/4 w/a

'

E. C. Novak/l w/a

.
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The Babcock & Wilcox Ccmpany / Established 1867
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THE EFFECT OF NET MAKEUP FLOW AFTER REACTOR TRIP ON

PRESSURIZER LEVEL AT DAVIS-BESSE 1

~

BY:

Robert W. Winks
Babcock & Wilcox
Lynchburg, Va.

October 6, 1978

*
.

e

e a ,

.. . ._-.



%df..

| . .

.

.

Introduction

A study of the change in pressurizer level followirg a trip of the reactor

was performed recently for Toledo Edison Company specifically for the Davis-Besse 1

plant. The mathematical technique assumed that the contraction of the fluid

in the reactor coolaat system would occur with no net gain or loss in mass

during the nominal sixty second interval until a minimum pressuri:er level was

achieved. The purpose of this study is to determine the net addition of coolant

to the RC system within this nominal sixty second period and to calculate the

effect it has on the change in pressuri:er level described in the previous

report.

Summary

Analysis of recorded data on seal injection, makeup and letdown flowrates

during four specific reactor trip transients indicates that approximately 325

| gallons of cold leg te=perature fluid was added to the RC system to try to maintain

RC pressure and precsuri:cr level in the interval of time between reactor trip

and minimum pressuri:er level. This is equivalent to 14 inches of pressurizer

level even though it represents only a 0.4% addition to the total volume of

the RC system (s84,000 gallons).

The source of data for seal injection, makeup and letdown flowrates during

the reactor trip transients was the Post Trip Review leg. Since it records

actual values of the monitored parameters once every thirty seconds, the nu=ber of

data points for a nominal sixty second period between reactor trip and minimum

pressurizer level is very limited. Hence, accurate knowledge of these in flow

aud out flow values for the RC system is very approximate.

.
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In most cases, the volume of fluid added to the RC system is moat strongly

influenced by the makeup flowratc when two makeup pu=ps are operating. Since

the maximum indication of makeup flowrate is 160 gpm and is approximately one

half the expected or calculated flowrate, no verification of the makeup

flowrate when two pumps are running is available.

The contraction of the reactor coolant due to the temperature change in

a nominal sixty accond interval of time is corrected by 0.4% using a calculatad

net addition of 325 gallons to the total volume of the system. It is reasonable

to assume that six temperature measurements, each laving a time constant of

approxi=ately four seconds, could lead to an uncertainty in the calculated

contraction nearly equal to 0.4%.

Since the addition of net makeup flow into the RC system is only known

approximately and reduces the total change in pressurizer level due to the

temperature contraction of the system, it will be more conservt .ive to continue

to use the assumption of constant RC system mass in calculating minimum pressurizer

level for reactor trip transients.

Discussion of Analysis
.

With the assistance of Messrs Sushil Jain and Fred Miller of the Toledo

Edison Compan;, a ecmplete set of Post Trip Review data logs for'the following

reactor trip transients at Davis-Besse 1 was made available:

-

O

O
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Reactor Trio Date Reactor Trio Tiee SPR No.

2/24/78 05:51:06 431

4/2/78 08:30:12 435

2/2/78 09:50:44 476

11/29/77 22:43:24 396

TheplantparImetersrequiredforthisstudywerethefollowing:

RC Pumps Seal Injection Flowrate F-782

RC System Letdown Flowrate F-717

RC System Makeup Flowrate F-740

RC System Pressure 'Reactimeter

Loop 1 or 2 Cold Leg Te=perature Reactimeter

Seal Injection and letdown flowrates appeared to remain on-scale or

decreased to O gpm during the reactor trip transients; however, makeup

flovrate was frequently greater than 160 gym which is the full scale indication.

A separate but related effort was performed for determining the maximum

flowrate of makeup into the RC system at various pressures for either one or two

makeup pumps operating.

In the following figures, the net additional volume to the RC system is -

the integral of the net makeup flovrate from reactor trip time to the time that

minimum pressurizer level occurs. The net makeup flowrate is defined as:

seal injection + makeup letdoun
" ~

net
,

All of these flowrates are measured at approximately 100F and represent

the net volume addition to the RC system at 100F prior to being heated to the

". dO2,j 9.

3



The ratic of volume for the massf,coldlegtemperatureofapproximatelySSOF.
of coolant being added to the RC system is approximately 1.3 and varies for

each specific reactor trip transient due to slightly different cold leg

temperatures at time of minimum pressurizer level.

Figure 1 shows che profiles of seal injection makeup and letdown flowrates

following the trip of the reactor ett February 24, 1978. The lower portion of

the figure displays the net makeup flowrate into the RCS based on these
.

flowrate profiles. The total volume of fluid added to the RC system and corrected

to 550F is 199 gallons which is equivalent to 8.3 inches of pressurizer level.

Figure 2 exhibits the seal injection, makeup, and letdown flowrate profiles

after the reactor trip on April 2, 1978. Also shown is the net makeup f1 curate

profile determined from the individual flowrate profiles. Adjusting to a final

temperature of 550F, the calculated final volume added to the RC system was

297 gallons. This volume is equivalent to 8 2 inches of pressurizer level.

Figure 3 also shows the seal injection, makeup, and letdown flowrate

Profiles as derived from the Post Trip Review log from the reactor trip transient

of August 2, 1978. The lower portion of Figure 3 displays the net makeup flow-

rate profile in the time interval until minimum pressurizer level was reached.

The total volume of fluid added to the RC system at 555F was 548 gallons and

la considerably larger than the other calculated volu=es for two reasons:

(1) The operator turned on the second makeup pump about 15 seconds earlier

than in previous reactor trip transients.

(2) The time to reach minimum pressurizer level was at least thirty seconds longer
"

than for other reactor trip transients.

7.iO2.'20
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The volume added to the RC system is equivalent to 22.9 inches of

pressurizer level. ,

en . .
Figure 4 presents the flovrate profiles of seal injection makeup md letdown

that occurred on the unusual reactor trip and station blackout transient of

November 29, 1977. With loss of power, no seal injection flovrate and very

little makeup flovrate existed ent11 it was possible to re-start a makeup

Pump.

Shortly after four minutes beyond the time the reactor was tripped,

pressurizer level dropped below a zero indication, therefore, the net makeup

flovrate profile was incegrated from 0 to 4 minutes rather th a to the time

estimated for minimum pressurizer level. In this way, measured and calculated

changes in pressurizer level could be ecmpared and the correction due to the

added volume could be applied to the calculated change in pressurizer level.

The volume of fluid added to the RC system at a temperature of 529F

was 352 gallons which is equivalent to 14.7 inches of pressurizer level.

Conclusion

Though the Post Trip Review log was available for each of the four reactor

trips, the infrequent update time of every 30 seconds leads to a fairly inaccurate

determination of flowrate profiles for seal injection, makeup and letdown.

An effort to define the net makeup flovrate profile was accomplished for

the four reactor trips and the total volume of heated fluid added to the RC

system was calculated. Since the primary source of fluid added to the system

is that due to the makeup pu=ps, it was necessary to calculate (and verify

with other previous calculations) the maximum makeup flowrate wits valve vide

open whenever one or two makeup pu=ps were operating. Figure 6 is included
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to show the sensitivity of makeup system flowrate with RC system presnure and-

the valve vide open condition is represented by the lines labeled K = 0.0050.

Since all these makeup system flowrates exceed the maximum indication of the

makeup flowrate indicator, there is no verification of the actual system flowrate

at Davis-Busse 1.

For these two reasons, B&W recommends that this method of correcting

calculated pressurizer level change following a reactor trip not be treated

as an accurate or reliable technique for deter =ining true minimum pressurizer

level during any future reactor trip transients.
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Babcock &Wilcox ATTACHMENT TO BWT-1698

DYNAMIC PERFORMANCE OF THE PRESSURIZER DURING
REACTOR TRIPS AT DAVIS-BESSE 1

I. INTRODUCTION

During the reactor trip transient at Davis-Besse 1 on November
29, 1977, the pressuri er level indicator went off scale. This
incident and subsequent reactor trip transients have raised a
concern that the pressurizer will empty completely during a
reactor trip from full power with simultaneous loss of station
power. The reactor trip transients to date have occurred at
partial power levels with either all RC pumps running nr all
four RC Pumps tripped.

The purpose of this report is to present the results of calcula-
tions indicating the minimum pressurizer level reached during
the November 29, 1977 transient. Additionally, this report will
present a calculational technique for predicting minimum pressuri er
levels following a reactor trip transient and account for either
tripped or running RC pumps. Actual reactor trip transient test
data from Davis-Besse 1 has been used to support the calculational
technique.-

II. SUMMARY

The minimum pressurizer level that occurred on the November 29,
1977 reactor trip transient with loss of all four RC pumps is
calculated to have been 32 inches below the low level tap. A
fluid reserve equivalent to 43 inches of level existed in the
pressurizer before makeup flow increased the volume of reactor
coolant. Minimum main steam pressures were 610 and 730 psig for
the two steam generators.

A calculational technique has been developed for predicting changes
in pressurizer level during reactor trips which agrees very well with
observed reactor trip transients at Davis-Besse 1.

The method has been used to predict the final minimum pressurizer
level for two possible transients (both from 100% power): a reactor
trip with simultaneous trip of all RC pumps, and a reactor trip
with all RC pumps operating.

For the first transient above, the pressurizer level will decrease
only 100 inches, provided that main steam pressure will not decrease
below 950 psig. If main steam pressure decreases go 700 psig the
pressurizer would become empty. M0223
For the reactor trip transient with all RC pumps running, the
pressuri:er level will decrease below the lower level tap if the
main steam pressure drops to 950 psig. Since a minimum main steam
pressure of 980 psig is anticipated on future reactor trip transients,
the predicted minimum pressurizer level will be a few inches above
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the zero~ indication and nearly 80 inches above the bottom of the
pressurizer. If steam pressure decreases to 840 psig on this
transient, the pressurizer would become empty.

Two graphs have been developed (Figures 2 and 3) which relate
minimum T to minimum pressurizer level for the two different
reactor t913 transients. These graphs can be used to predict
pressurizer performance during any large transients at Davis-
Besse 1.

III. ANALYSIS OF NOVEMBER 29, 1977 TRANSIENTS

The following reactor trip transients have been analyzed to
determine a realistic primary syscem cooldown profile for
analyzing and predicting pressurizer performance:

TABLE 1
Initial RC Pumps

Date Power Level Running Comments

2/24/78 74 yes Trip initiated by the failure of
a flowmeter AP transmitter.

4/2/78 75 yes Turbine trip test with unsuccess-
ful runback of reactor power.

8/2/78 40 yes Reactor trip due to divergent
oscillations while in tracking
mode.

11/29/77 40 no Reactor trip and station black-
out causing loss of RC pumps.

The response of the ICS and plant was adequately similar for these
four transients to be able to characterize the relationship between
T and RC presse.re following the trip of the reactor. Figure 1
dfl61aysthisrelationship. This curve was utilized in predicting
minimum conditions in the reactor coolant system for calculating
minimum values of level in the pressurizer.

The obj ective of our analysis was to compare the predicted change
in pressuri:er level with measured changes in level and verify chat
the mathematical model was sufficiently accurate to predict pressur-
i:er level changes that dropped below the lower level tap.

The mathematical model used to represent the contraction of the RC
system during these transients utilizes the following equation:

Total mass of fluid in the RC system = M =
g

.Ai2|inEquivalent Volume of Hot Fluid '"

Specific Volume of Hot Fluid

+ Eauivalent Volume of Cold Fluid
Specific Volume of Cola Fluid Cont'd
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Liquid Volume of the Pressuri:cr+

Specific Volume of Pressurl:er Pfuid
-

The equivalent volume of hot fluid consists of upper half of each
steam generator, one half of *.he reactor vessel and all the hot leg
piping.

Similarly the equivalent volume of co3d fluids consists of the other
half of both steam generators, the lower half of the reactor vessel,
and all the cold leg piping. the sum of the hot and cold fluid volumes
is equivalent to the total reactor coolant system volume excluding the
pressuri:er.

The calculational technique requires the determination of the initial
and final pressures and temperatures of the reactor coolant system, an
evaluation of the specific volumes for those conditions plus saturated
conditions within tbc pressurizer, and the difference in pressurizer
volume due to the calculated contraction of the constant mass in the
RC system.

Table 2 below, presents a comparison of calculated pressurizer level
changes with measured level changes at selected time intervals in the
four reactor trip transients.

TABLE 2

Comparison of Measured and Calculated
Changes in Pressurizer Levels During
Reactor Trip Transients at Davis-Besse 1

Measured Calculated
Date of a Level a Level Time Elapsed
Rx Trip - inches - inches - seconds

2/24/78 - 191 184 60
4/2/48 162 167 45
8/2/78 196 206 90
11/29/77 139 132 170
11/29/77 184 181 240

The test data from the November 29, 1977 reactor trip was examined
to find the minimum RC pressure and temperatures that probably occurred
while the pressuri:er level was off scale and the values were determined
to be the following:

At clock time 22:48:50, minimum RC pressure was 1625 psig
(+50 psig due to oscillations). The corresponding value of
hot leg temperature was 562.5F whereas the cold leg temperature
was off-scale (below 520F) and was calculated to be 508.5F. T
for Loop 2 was determined to be 535.5F and the Loop 1 and 2 s953m
pressures indicated 610 and 760 psig respectively.

These values were used to specify the final specific volumes required

76023*.
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in the equation and revealed that the change in pressurizer level was
224 inches. Since the initial pressurizer level at instant of reactor
trip was 192 inches, then the final pressurizer level was 32 inches
below the lower level tap. ihere was another 43 inches of water re-
maining in the pressurizer at this time.

IV. PREDICTED P2ESSURIZER PERFORMANCE AT 100% FULL POWER

The extent of reactor coolant volume contraction following a reactor
trip is primarily governed by the wetted surface area of the tube
bundle and by the steam pressure maintained within both once Through
Steam Generators. It is also affected by the flowrate of reactor
coolant through both steam generators, that is, all pumps running.versus
all pumps tripped.

Figure 2 was developed for the situation of a reactor trip from full
power plus loss of all RC pumps. The minimum T will be controlled
bythesteampressureineachsteamgenerator.aEfselectingdecreasing
values of T*Yevels were predicted.

and corresponding values of steam pressure, minimum
pressurizer

The intent is to be able to predict the total change in pressurizer
' level that will occur as T changes from a normal 582F to a known

or anticipated minimum templfature.

Figure 2 shows that T has to decrease to 534F to empty the pressurizer
for this reactor trip lfansient (no RC pumps running) and that this require.a

a minimum steam pressure in each steam generator to be equal to 665 psig.

By controlling steam pressure above 800 psig during this transient,
the pressurizer level can remain above the lower level tap. The blowdown
on all the main steam safety relief valves has been adjusted by Toledo
Edison Company at the Davis-Besse 1 plant early in 1978. The values
of minimum steam pressure after a recent reactor trip transient indicate
that the performance of the steam pressure relief system is greatly in-
proved over that observed during earlier reactor trip transients.

If the initial power level had been 100% on the November 29, 1977 transient
then the calculated minimum pressurizer level would have been 58 inches
below the lower level tap. Since the initial power level was only 40%,
the amount of contraction in the RC system was only -32 inches. Both of
these calculated values are less than predicted (by application of
Figure 2), and demonstrate the conservatism of the method. The dependence
of the contraction of reactor coolant on initial power level is exhibited .
in Table 3 below:

-

Table 3 WAgr
. RC Contractions for Reactor Trips -

(With Station Blackout) From 40% and 100% Power Levels

Power Level: -1 40 100
Initial RC Pressure - psia 2138 2138
Initin' T -F 592 655
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Initial Level - Inches 192 192
3I?itial RC Volume - Ft 11,264 11,264

Initial RC Mass - Lbs. 496,969 493,437
,

Final RC Pressure - psia 1640 1640

Final T ot -F 562.5 562.5
h

Final Teoid - F 508.5 508.5,

Final RC Mass - Lbs 496,969 493,437
-

Final P:r. Volume - Ft* 122 37.

Final P:r. Level - Inches -32 -58

Figure 3 was similarly developed for a regular reactor trip from full
power (all pumps running) . This transient is more severe than the
pretious situation in that the forced convection of ceactor coolant
quickly removes all stored heat in the primary system. Below a T
value of 550F, T cold leg temperature, and saturation temperafufeava,
in the steam generators are almost all equal. Thus, much greater care
must be exercised in maintaining steam pressure to avoid emptying the
pressuri:er. An expected main steam pressure of 980 psig should
occur, as has been demonstrated on the August 2, 1978 reactor trip,
and the pressurizer level will remain above the lower level tap.

"60Z33<
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