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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
pressurizer 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 velume contraction fellowing 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 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 pressurizer levels following a reacter
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 suppert the calculational technique. A second purpose will be to
predict the minimum pressurizer level that will occur for twe specific
reactor trip transients and to disclose values oI minimum steam pressure

that will cause the pressurizer to become empty for these two transients.
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SUMMARY

A calculational technique has been developed for predicting
changes in pressurizer level during reacter 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 twe 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 pressurizer
level will decrease below the lower level tap when steam pressure
drors to 950 psig. Since a minimum steam pressure cf 980 psig is
anticipated on future reactor trip transients, the predicted minimum

pressurizer level will be a few inches above the zero indication

and nearly 80 inches above the bottom of the pressurizer. If steam
pressure decreases to 840 psig on this transient, then the water level
would drop completely to the bottom of the pressuri:zer.

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, 1877 test data. In order to maintain steam
generator pressure above 800 psig and prevent possible emptyiag of the

pressurizer during the loss of RC pump-reacter trip transient, the rate
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of £i1l must ke 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 Taye 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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RECOMMENDATIONS AND CONCLUSIONS

The information included in this report is to replace that
plant transient information used previously to develop the concept
that the pressurizer will empty on a reacter trip from full power
simultaneous with loss of all RC pumps.1

With proper operation cf 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 con 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 ievel 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
: npingement 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
Circalation test at Davis-Besse 1, the steam generators should be filled

to the new reguired water level at a rate not tc exceed 20 inches per
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minute, which is compatible with maintaining steam pressures above
800 psig in order to keep pressurizer level above zero.

1f, after initiation of either kind of reactor trip, the SFRCS
were to be actuated and steam pressure cdecreases below 850 psig,
then the predicted final pressurizer levels (i.e. from Figures I 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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DISCUSSION OF DAVIS-BESSE 1 TRANSIENTS

Four recent reactor trip transients were selected to determine
a realistic primary system cocldown prefile for analyzing and
predicting pressurizer performance. None of these transients were
initiated from full power and each transient had 2 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 4P 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 blackecut

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 Tave-RC pressure
relationship fcllowing the trip of the reactor. Figure 1 displays
this relationship. This curve wes utilized in predicting minimum
conditions in the reactor coolant system for calculating minimum
values of level in the pressurizer.

The fcllowing paragraphs present a critique of each of the

selected reacctor trip transient
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Reactor Trip on February 24, 1878 (Site Problem Report 431)

Due to flowmeter instrurentation failure the reactor 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
wa. "47.7F. The minimum values for RC pressure and pressurizer level
were 1734 psig and 1 inches respectively. The change in pressurizer
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.
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Reactor Trip Transient on April 2, 1978 (Site Problem Report 435)

A turbine trip transient occurred on April 2, 1878 frem 75%
power leve . A runback in reactor power proceeded for abcocut 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) follewed 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 pressurizer
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 Tave were 943 psig and 546F respectively. Minimum values of
RC pressure and pressurizer level were 1650 psig and 6 inches. The
change in pressurizer level following the reactor trip was 162 inches,
and the level remained above the lower level tap during the entire

transient.
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Reactor Trip Transient on August 2, 1878

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 twe 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 of

ave
552F. (The values on this transient are excellent minimum values).
About 90 seconds after reactor trip, 2 min‘mum pressurizer level of
34 inches wes reached. This is a 196 inch level change and is greater
than “he rnormal operating point of 180 inches. Thus, the pressuri:zer
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 Tave and pressurizer
level prior to reactor trip. The change in Tave was from
S89.3F to 553F, or 34.3F. 1f the same LT occurred from 582F,
then the minimum Tave would have been 547.7F and the minimum
pressurizer 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 Post Trip Review
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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,
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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
indicaticns. (This was caused by spurious signals through improper
patch panel connections). Automatically after the reactcr trip,
the turbine was tripped. The operators decided to cpen 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 blaciout 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 oscillatiocn. One
minute earlier, pressurizer level had decreased below 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). After a rapid
rate of fill of emergency feedwater, the levels increased to 80 inches
in Stem Gonerator #1 and Ezg_inches in Steam Generatcr #I., During
the three minute filling operation, steam generator pressures
decreases 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 £ill rate {and level) of each steam generator

by the emergency feedwater system.
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From References 1 through 4, detailed profiles of RC pressure,

T

ave? and other related plant parameters were prepared from the

test data to create a characteristic relationship of Tave and
RC pressure for reactor trip transients at Davis-Besse 1. This 1is
displayed as Figure 1 which is part of Reference 5.

In general, there is a difference in the cocldown of Tave
and the decrease in RC pressure following a reactor trip depending
on whether or not the RC pumps are rurning. The cocldown of the primary
system is cousiderably 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 Ta below 540F,

ve
the final RC pressure will be approximately the same regardless of
wheth(r the pumps are running or not.

For this study of pressurizer level change following reactor
trip transients, the most conservative (lowest) relat:ionship of
T, ye 3nd RC pressure was used. That relationship utilizes data from
the August 2, 1378 and April 2, 1978 transients.
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ANALYSIS

The objective of Reference 5 was to compare the predicted
change in pressurizer level with measured changes in level and verify
that the mathematical model was sufficiently accurate to predict
pressurizer level changes that dropped below the lower level tap
or would occur during hypothetical transients.

The mathematical model used to represent the contracticn
of the RC system during these transients utilizes the following

equation:
Total mass of fluid in the RC system = M =

Equivalent Volume cf Hot Fluid
Specific volume of Hot rluid

+ Equivalent Volume of Cold Fluid
Specific volume of Cold Fluic

+ Licuid Volume of the Pressurizer
Specific volume ot rressurizer Fluid

Initially, no attempt was made to account for variable makeup
flowrates and pressurizer vent valve flowrates during the cocldown
interval. After evaluating the agreement between calculated and
measured changes in pressurizer level, it was decided to not account
for slight additions or deletions of reacter coolant mass during
the cooldown transient.

The calculational technique requires the determination of the
initial and final pressures and temperatures of the reactor coclant
system, an evaluation of the specific volumes forA:hcse conditicns

plus saturated conlitioens within the pressurizer, and the difference
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in v essurizer veolume due to the calculated contraction of the
constant mass in 1he 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 lLevels 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
4/2/78 162 167 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 stean 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 tc the total reactor coclant system

volume excluding the pressurizer.
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A reference volume of &00 ft3 for a normal pressurizer 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 28, 1877 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 osc’’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.
Tave for Loop 2 was determined to be 535.5F and

the Loop 1 and 2 steam pressures indicated 610

and 760 psig respectively.

These values were used to specify the final specific volumes
required in the equation and revealed that the change in pressur’ ser
level was 224 inches. Since the initial pressurizer level at instant
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
yill be controlled by the steam pressure in each st~am generator.

By selecting decreasing values of Tave and .orresponding values
of steam pressure, minimum pressurizer levels wers predicted.

PRSTER S 94
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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 Ta changes from

a normal 582F to a known or anticipated minimum X:mperature. 8
Figure 2 shows that Tave has to decrease to 534F to empty the
pressurizer for this reactor trip transient (no RC pumps running)
and that this requires a minimum steam pressure in each steam generatcr
tc be equal to 665 psig.
By contrell.ng steam pressure above 800 psig during this traasient,
(via limiting the fill rate and water level in each steam gcuerator)
the pressurizer 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 oa 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

Power Level: - ¢ 40 100
Initial RC Pressure - psia 2138 2138
Initial Thet - F 592 605.5
Initial Teg1d4 - F 567 558.5
Initial Level - Inches3 192 192
Initial RC Volume - Ft 11,264 11,264
Initial RC Mass - Lbs. 496,569 493,437
Final RC Pressure - psia 1640 1640
Final Thee - F 562.5 562.5
Final T olda - F S08.5 508.5
Final RE%ASss - Lbs 496,959 493,437
Final Pzr. Volume - Ft 122 37
Final Pzr. Level - Inches -32 -58

'o :)(- i.l 1‘1
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Figure 3 was similarly developed for a regular reactor trip
from full power (zll pumps running). This transient is more severe
than the previcus situation in that the forced convection of reactor
coolant quickly removes all stored heat in the primary system

Below a Tave value of 550F, Ta cold leg temperature, and

ve'’
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 preper 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 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 generator to inlet conditions at the auxiliary
noz:zles, it was determined that an emergency feedwater flowrate
of 1200 gpm was delivered to each steam generator during this

transient.

valllo



Bb=2220 LU0

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 nozzles 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 nozzles 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 capabiiity to flow
850 gpm into each steam generatcr at an existing steam pressure of
1035 psig. The concern is to provide adequate flow fer cocling the
plant down to 280F. Comparison of Davis-Besse 1 £ill rates with
those measured and recorded at the Crystal River-3 plant revezal
that the emergency feedwater flowrate for each steam generator was

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

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

By: Robert w. Winks
Principal Engineer
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Lynchburg, Virginia
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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 cimul-
taneous loss cof 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
at partial power levels with either all RC pumps running or all four
RC pumps tripped.

The extent of reactor coclant volume contracticen following a
reactor trip is primarily governed by the wetted surface area of the
tube bundie and by the steam pressure maintained within opoth 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 pressurizer levels following a reactor
trip transient anc account for either tripped or runuing RC pumps.
Actual reactor trip transient test data from Davis-Besse 1 will be used
to suppert the calculational technique. A seccnd purpese will be to
predict the minimum pressurizer level that will occur £or two specific
reacter trip transients and to disclose values of minimum steam pressur

that will cause the pressurizer to beccme empty for these two transients.

T olila’d



SUMMARY

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

The method has been used to predict the £inal minimum pressuri:zer
level for two 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:zer
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

pressurizer level will be a few inches above the zero indicat.on

and nearly 80 inches above the bottom of the pressurizer. If steam
pressure decreases to 840 psig on this transient, then the water level
would drop completely to the bottom of the pressurizer.

The mavimum £filling rate for the Once Through Steam Generators
should be only 850 gpm rather than the 1200 gpm rate determined
from the November 29, 1877 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
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of £i11 must be contrclled 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 Taye 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 previocusly to develop the concept
that the pressurizer will empty on a reacter trip from full power
simultaneous with loss of all RC pum;)s.‘1

With proper operation cf 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 gpnm. 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 £illed

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

PSR B LY



minute, which is compatible with maintaining <team pressures above

800 psig in order to keep pressurizer level abecve zero.

1£, after initiation of either kind of reactor trip, the SFRCS

were to be actuated and steam pressure cdecreases below 850 psig,
then the predicted final pressurizer levels (i.e. from Figures 2 and
3) coula 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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DISCUSSION OF DAVIS-BESSE 1 TRANSIENTS

Four recent reactdr trip transients were selected to determine
a realictic primary system cocldown preofile for analyzing and
predicting pressurizer 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 Llevel Running Comments

2/24/78 74 yes tr1p 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 Tave.RC pressure
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.

prar » = 7
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Reacter Trip on February 24, 1978 (Site Problem Report 431)

Due to flowmeter instrumentation failure the reactor wzs tripped
from 74% power level and that action automatically tripped the turbine.
Feedwater flow decreased tc nearly zero 60 seconds after the transient
was initiated.

Minimum steam generator pressure was 052 psig and minimum Tave
sas 547.7F. The minimum values for RC pressure and pressurizer level
were 1734 psig and 12 inches respectively. The change in pressurizer
level for this reactor trip transient was 191 inches where the initial
level was not 180 inches, but 203 inches.

1f 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.

PRl B
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Reactor Trip Transient on April ., 1878 (Site Problem Report 435)

A turbine trip transient occurred on April 2, 1878 from 75%
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 tc adding feedwater pump speed kicker circults to
the ICS at Daevis-Besse 1). The excess feedwater flow reduced pressurizer
level from a peak value of 238 inches to 170 inches and a peak RC
pressure value of 2250 psig to about 1560 psig before the reactor
was tripped.

After the reactor was tripped, minimum values of steam pressure
and Tave were 943 psig and 546F respectively. Minimum values of
RC pressure and pressurizer level were 1630 psig and 6 inches. The
change in pressurizer level following the reactor trip was 162 inches,
and the level remained above the lower level tap during the entire

transient.
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Reactor Trip Transient on August 2, 1878

The initial reactor power level was 40% and the operator had
placed the Diamoné station in manual. The ICS therefore was in a
tracking mode. Oscillations in generated power were being reinforced
every twe minutes and after 8 or 9 minutes, the reactor tripped.

From the Post Trip Review lcg, 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 Tave reached a minimum value of
§52F. (The values on this transient are excellent minimum values).
About 90 seconds after reactor trip, a minimum pressurizer level of
34 inches wes reached. This is a 196 inch level change and is greater
than the normal operating point of 180 inches. Thus, the pressurizer
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 Tave and pressurizer
level prior to reactor trip. The change in Tave was from
589.3F to 553F, or 34.3F. 1f the same LT occurred from 582F,
then the minimum Tave would have been 547.7F and the minimum
pressurizer 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

oo
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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.
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(Site Problem Report 396)

- -
i

Reactor Trip on November 28, 19

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 secend blackout and the RC pumps
were de-energized so that natural circulation flowrate of reactor
coclant 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 below 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). After a rapid
rate of fill of emergency feedwater, the levels increased to 80 inches
in Steam Generator #1 and izg_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 £ill rate (and level) of each steam generator

by the emergency feedwater system.
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From References 1 through 4, detailed profiles of RC pressure,

T and other related plant parameters were prepared from the

ave’
test data to create a characteristic relationship of Tave and

RC pressure for reactor trip transients at Davis-Besse 1. This is
displayed as Figure 1 which is part of Reference S.

In general, there is a difference in the cooldown of Tave
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 340F,

av
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
Tave and RC pressure was used. That relationship utilizes data from
the August 2, 1978 and April 2, 1678 transients.

A RS
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ANALYSIS

The objective of Reference 5 was to compare the predicted
change in pressurizer level with measured changes in level and verify
that the mathematical model was sufficiently accurate to predict
pressurizzr level changes that dropped below the lower level tap
or would occur during hypothetical transients.

The mathematical model used to represent the contracticn
of the RC s;stem during these transients utilizes the following

equatiocn:
Total mass of fluid in the RC system = Mo =

Equivalent Volume of Hot Fluid
Specific volume of Hot rluid

+ Equivalent Volume of Cold Fluid
Specific Volume of Cold Fluid

+ Liquid Volui.e of the Pressurizer
Specific volume cf Pressurizer rluild

Initially, no attempt was made to account for variable makeup
flowrates and pressurizer vent valve flowrates during the cooldown
interval. After evaluating the agreement between calculated and
measured changes in pressurizer level, it was decided to not account
for slight additions or deletions o reacter coolant mass during
the cooldown transient.

The calculational technique requires the determination of the
initial and final pressures and temperatuves of the reactor coolant
system, an evaluation of the specific voluaes forA:hose conditions

plus saturzted conditions within the pressurizer, ani the difference

Poam e :
10
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in pressurizer volume due to the calculated contraction ol the
constant mass in the RC system.

Table 2 below, presents a comparison of calculated pressuricer
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 4 Level A Level Time Elapsed
Rx Trip - inches - inches - seconds
2/24/78 191 184 60
4/2/78 162 167 45
8/2/78 196 206 80
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 velume 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 pressurizer.

A CUHH0
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3 for a8 normal pressurizer level of

A reference volume of 800 £t
180 inches was often adjusted tc account for different initial levels
as measured in the selected reactor trip transients.

Tie test data from the November 29, 1877 reactor trip was
examined te 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 clcck 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 cazlculated to be 508.5F.
 j— for Loop 2 was determined to be 535.5F and

the Loop 1 and 2 steam pressures indicated 610

and 760 psig respectively.

These values were used to specify the final spe:ific volumes
required in the equation and revealed that the changs in pressurizer
level was 224 inches. Since the initial pressurizer level at instant
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 c¢f all RC pumps. The minimum Tave
will be contrclled by the steam pressure in each steam generator.

By selecting decreasing values of T and corresponding values

ave
of steam pressure, minimum pressi:‘zer levels were pr:dicted.

- . R 1
folil %
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The intent is for the user to be able to predict the total

change in pressurizer level that willoccur as T changes from

a normal 582F to a known or anticipated minimuma::mperature. .
Figure I shows that Tave has to decrease to 534F to empty the
pressurizer for this reactor trip 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 steam pressure above 800 psig during this transient,
(via limiting the fill rate and water level in each steam generator)
the pressurizer 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

Power level: - § a0 100
Initial RC Pressure psia 2138 2138
Initial Thet - F 592 §05.5
Initial Teo14 = F 567 558.5
Initial Level - Inches3 182 192
Initial RC Volume - Ft 11,264 11,264
Initial RC Mass - Lbs. 496,969 493,437
Final RC Pressure - psia 1640 1640
Final Tpee - F 562.5 562.5
Final T old ° F 508.5 $08.5
Final RCASss - Lbs ’ 496,969 493,437
Final Pzr. Volume - Ft 122 37
Final Pzr. Level - Inches -32 -58

16
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Figure 3 was similarly developed for a regular reactor trip
from full power (zll 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 a T value of 550F, T

ave
saturation temperature in the steam generators are almost all

ave’ cold leg temperature, and
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 contraction 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 toc large
for proper control of the sceam pressure and the primary system
cold leg temperature,
Figure 4 displays th> 13te of change in full rangs 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 inlet conditions at the auxiliary
nozzles, it was determined that an emergency feedwater flowrate
of 1200 gpm was delivered to each steam generator during this

transient.

PRVLED SN



under all operating conditions tc only 850 gpm.
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The emergency feedwater flowrate of 1200 gpm should be reduced

the following advantages can be realized:

1.

The limit of 5 feet per second impingement velocity on the tube
bundle from the auxiliary feedwater nozzles is satisfied with

a flowrate no greater than 850 gpm. At 1200 gpm, there is a
wigh probability that tubes are vibrating excessively opposite
.ne nozzles whenever the emergency system is utilized. This is
an undesirable ccundition that can contribute to tube failure

or leakage.

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. ical Specification 3/4.7.1.2 states that the

emergency feedwater :ystem should have the capability tc £ ow

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 mezsured and recorded at the Crystal River-3 plant revezal

that the emergency feedwater flowrate for each steam generator was

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

Coiod
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1
1.0 Introducticn:

Throughsut the startup program for the Davis-Zecse 1 plant a large number of
reactor trip transients have occurred. These transients have revealed neces-
siry adjustments in several of the auxiliary systems, such as higher reseating
pressure of the steam relief valves and lower liguid levels in the steam cen-
erator. In the near future Toledo tdison Company plans to conduct three very
significant “"ocerational” transients in order to demonstrate proper operaticn
of all related systems. They are: loss of electrical ioad from full pecwer,
loss of all offsite power with reactor at 13% power, and shutdown from ocutsice
the control room with the reacter at 15% power.

Previous reactor trip transients have revealed considerzble overcooling of
the reactor coolant sysiem and a concern exists that excessive cooling of the
primary system might occur during some of the planned reactor trip transients.
A request for analysis and calculations of minimum pressurizer level during
several types of reactor trip transients was made by Toledo Edison Company in
order to undarstind the limits required to avoid emptying tha pressurizer.

The scope of this resort will be to descride several typical rezctor trip

transients. and to oredict the minimum nrzcenrizer level, and t2 state any

limitations on plant opcraticn to prevent emctying the pressurizer.
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2.0 Obiectives of the Analysis:

.

Tabulate the specific reactor trip transient test data which was used to com-
plete the study of minimum pressurizer ":vel during selected reactor trip
transients.

Show that "C pressure will remain higher than 1650 psig during these selected
reactos 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 irip coincident with lcss
of station power will remain above a zero indicaticn proviced the ooerator
maintains a proper water level in the steam generator via the auxiliary feed-
water system.

86-2725 (0

[ Yottty



T—-:r——w-w—‘
@ o

3.0 Conclusions

| 8

For a normal reactor trip from full pcwer (Case 1) with maii feedwater,
pumps cperating and the main feedwater system holding a 2 foot level in
each steam generator, the pressurizer level will remain on scale proviced
-team generator pressure is no lower than 980 psig.

For a normal reactor trip from 15% power (Case 2) with main feeduater
pumps operating the pressurizer level will remain cn scale if steam pres-
sure does not drop below 9380 psig. At the same time the cold leg tempera-
tures rmust not decresse below 545F in the first 60 to 90 s>conds after the
reactor trip.

For a reactor trip from low power levels with 12ss of main feedwater pumps
(Case 4) the pressurizsr level will just barely remzin "on scale" if toe
auxiliary feedwater raintains only a 30" level in each steam generator and
the c.ntrcl room cperator uses the makeup pumps to simultaneously regain
approxirately 12" cf pgressurizer level.

For a reactor trip and lass of &11 §C pumps and main “zeduater pumds (Case
§) the pressurizer level will net drog “of ¥ scale." If the auxiliary
feedwater system was used to generate 2 100" st tup level in each siein
generztor, (ard steam pressure decreasec to 770 psig) then pressurizer
level would cecrease to a zero indication.

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

Tne performance of the auxiliary feedwater system on the loss of offsite
power transient of Novemter 29, 1977, ha. been zpplizd %0 both natural
circulation and forcad convecticn situations for this analysis. Bv cem-
paring the test data of SPR #4830, a reactor trip on March 1, 1978, with
the data of November 29, 1977, it is clear that applying the MNovemter 231
duxiliary feedwater system pervormance to reactor trip transients with 8¢
pumps operating is more conservative (lower pressurizer levels) than ap-
plying an appropriate auxiliary feedwater system performance correspond-

ing to all RC pumps cperating.

PN LE LAY
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4.0 Sum=ary of Analvtical Method

The work performed in this report was iargeted :oward‘:re:aring calculated RC
pressurizer lavels at Davis-Sesse 1 for the following kinds of reactor trids.
(Refer to available site problem reports which describe actual plant perfcrmance
during reactor trip transients.)

Case Mo. " Reactor trin transient

1 Normal reactor trip (100%) with RC oumps and main feedwater systiem
operatiny. ‘ormal control of steam pressure and water level in
both steam cenerators.

2 Normal reactor trip from 15%; other conditiors same as 1 above.

3 Loss of feedwater with reactor power at 100%. RC pumns are op-
erating ard the operator manually contrels final steam ganerator
levels using the auxiliary fsedwasur systen.

Rl Loss of feedvater with reacto power at 153, Other conciticns
same as 3 above.
5 Loss of offsite nower with reactor power at 15%. RC pumps and

main feedwatar purps shutdown, Operator manually controls the
auxiliary fesduater systen,

The procecire used %0 analyze these five caszes was 23 fellews:

1. Severa! recent site problem reports were studisd %o determine the rela-
tionship between RC pressure and Tave following reactor tri~ at CB-1
(section 6.1). This relationship was used to detarmine precper specific
volumes for the primary coolant follewing a reactor trin. An incicental
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 — Tave relationships just discussed, the contrac-
tion of the RC coolant 27ter a r2actor trip was determined, hence tha
leve! change in the pressurizer was calculated. The.perticular technigus
used is described in section 6.3.

4.1 Tabulated Description of Actual Reactor Trip Transients
at 0t-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.

Tollos
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Table 1
Rx Trip .
SRP No. Date Brief Descrintion of Transient
476 8/2/78 Following a control red inserticn test a large neutron

power error drove feedwater to ovirfead the steam gen-
. erators and overcool thz RC system. After the trip
SG levels were held at 40 inches by main feecwater.

ages 9/28/78 At 95% power a failed BY :P transmitter initiated 2
rurback. Due to errorecus 1oco 1 and 2 RC flow in-
dications, fsegwater flow to each sta:m generatior was
re-ratioed. 2-erator over f2d the ste.m gareratiirs
and overccol 305 causing a low pressure trip, After
the trip SG .cvels were hzld at 100 inches by —a‘n
feedwater.

485 10/3/78 A turbine trin occurrzd at 77% power level. Rundack
proceeds* for 30 seconcs before iow RC Dressur?
trippec reactsr. SG lcvels were ncld at approxiTataly
4 feet by main feedwater following the trip.

431 2/24/78 Rx tripped by nigh reactor outlet temperature. Tur-
bine tripnrad 3nd main fecaowater fiows reduczd t0
in about ! minut2. Siecn sgnerator s4irtup teve!l

r L el

maintainsd ¢Scve 30 and 735 inches in lcops £1

435 4/2/78 Pk planned turbing trip tast frem 757 oower leval.
Reactor pousr =unback pracasded for 2o0oroximztclv 0
seconds. Reactor tripred on iow RT pressure ¢uz 09
main feedwater overcooliing primary side.

2

396 11/29/77 At 40% power level all station poucr wis lost and tha

reactor and RC cumps uere shutdown., Less of main
feedwater puTps set up the auxiliary feedwater systenm
and 10 foot and 3foot levels wers maintained, respec-
tively, in the two steam generators.

ateesn AT Precsures 27d Taue ,Jl)l)’z []}z
rins at 23-1 ,.

The relationship of minimum RC pressure for a minimum Tave following a rzac-
tor trip at Davis-Besse 1 is shown in Figures 1 and 2. Figure 1 displays the
most recent reactor trip trinsients and indicates a slightly hignar RC pras-
sure due to the improved operation of the steam relief valves. Figure 2 shows
that there have beer instances of RC pressure decreasing to 1650 psig on some
reactor trip transients. This information has besn included to verify the

4.2 Relationship
Followinz 2x

minimum Trve values used in the following analysis. Figura 2 shows a 19ss

PZVAER AL



" of RC pumps cooldown 2s well as a normal RC pump cperating ccoldown of the
RC system. ' '

’
4.3 Methsd of Analvsis — An Zxamnle 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 volures of the fluid at reactor outlet and inlet temperatures
and at saturation temparature within the pressurizer.

For example: At 1007 power level we know the following information:

Tave 582F
RC pressure 2170 psia
T hot 2, 605.5F
T colu “eg S559F
Hot lez volume 5471 ft3
Cold leg volure 4955 ft?
Pressurizer level 200 inches
Pressurizer vclume 864 ft3

the fluid contained in %4he prassyrizer 33
psia pressure so its spscific veluze is C.
final) mass of the reactor coclant is:

v v v

hot cold 4 22r

o g e POOR ORIGINAL

® 0.023497 T 0021647 T U.026525
Mo = 494,425 1bs.

Mo =

It is consarvative to predict a minimum pressur’ leval based on a contrac-

w

tion of the fluid in the primary system by 5 ¢ no net addition of mas
to the RC system (via makeup flow) during e iniiy ! 60 seconds or so of the
reactor trip transient.

Now, by reversing the application of the above eguation, i ~nssibie to

find the amount of reacter coolant renaining in the pressuriZer - ' or
Lol

>
*minimun" values of RZ pressure and terperatures.

s

'.-"a( i'l“(’




e & 7

For exarple, what 1s the minimum pressurizer level corresponding to a reactor
outlet temperature of 351F, a reactor inlet temperature of SSOF and a minimum
RC pressure of 1735 psia?

’
The proper specific volume values are:

= 0.027538 ft3/1b
= 0.021505 ft3/1b

= (0.02443 ft/1b

“hot
Veold

Vpzr

Solving for the final pressurizer volume;

. !Mo _ not . vcold]

» XV

pzr | “hot Veold] %%
5471 4955 7 .
[994 435 - §o71ET - ToORiEE) 0.02443
= 3
Voor = 285 Tt

YHA ‘ —-\1 AR LA . 10 151 ’S
Foomem— -

av = 864 - 245 = 613 2
619/3.2 ft3/inch

-
-
]
<
[44]
—
1]

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 dreps belew :30F (and 1729 psig), then tha minimum oressurizar
level will nearly esual a zero irdication of level which iz 75 inches alove
the bot*cm of the prassurizer. No operator acticn involving maksup ficuwrats
was assumed. Also, the corresponding pressur2 in ea2ch steam genarctor to
generate & 530F RC system temperature would be approximataly 930 csig as-

suming a 6F difference between 7 and saturation temperature.

cold
On the following pages are displayed tables of calculated pressurizer levels
for the different cases described on page 6.

POOR ORIGINAL 7
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T'IE‘TOLEUO EDISON COMPANY mm:
TELEPHONE CALL DOCUMENTATION TT 3.3

EoSes

ORIGINATOR ’ , [COMPANY/ORGANIZATION - ROUTE TO:
Terry Murray Toledo Edison Company B .

CALL MADE TO: COMPANY/ORGANIZATION o
Bill Spangler B&W Lynchburg "

(o] TIES )
CF‘;":CI“FNaciEsctA:.L(:'t::ck Domeck, Ed Kane, Dick DeMars, Bob Winks, Ray Luken K |3

Al Lazar

STATION/UNIT DATE . TIME

D-B #1 July 25, 78 1430 a b

19

SUBJECT:

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

when the pressurizer 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 levels but in actual experience we

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

Bob Winks of BSW 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 kuow that the adjustments

that we made in the interim now prevented steam pressure from going below 97s. Since the

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

steam pressure control transient. Now we exvect that steam pressure will be maintained
even

higher than the 975 because there were several valves that had to have their setpoint

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 pressurizer 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 thc second feedpump coming on, that the expansion of

COPILS YO F, Faist,C. Domeck, Section Heads, L. E. Roe, J. S. Grant, Don Lee ,TOM ___
’/.{1/,'_-'

PREPARED BY




TELEPHONE C/LL DOCUMENTATION
Terry Murray/Bill Spangler Conference Call
July 25, 1978, 1430 ' Page 2

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 pressur:-er
decrease effect was a resuit of both auxiliary feedpumps feeding steam generators.

It was agreed that our position is one that we have made adjustments to the
main steam s-fety 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.

TDM/daw

;.-.
Ny



o R R ey - -

THE*BABCOCK & WILCOX COMPANY

v

POWER GENERATION GROUP FE5 1 71978

To ]

R.P. WILLIAMSON - MUCLEAR SERVICE

From E;‘ <E) :575?22?
—ar T\ v ~on- B80S 463.5

C.N. ™ALLY - CONTROL ANALYSIS (EXT. 2533)

Cust. File No.
or Ref.

TECO
Subj. Date

SPR 396 FEBRUARY 10, 1978

1 This leltar te cover one cwstomer ond ene iubject enly.

Reference: 1. Letter BWT-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 comments:

cc:

1.

2'

J.R. Burris

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

The decrease in pressurizer level (cff-scale low) is indicative

of rapid steam generator level increases following the initiation
of AFW. This undesirable effect is syuptomatic 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 shculd be little difficulty in decreasing

the level setpoint with appropriate analysis. The fundlng for

this work will be pursued through Project Management.

————— \~-‘-_w—-‘

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 considerably ~part. The plant
computer printout says a main steam line warw up isclation valve
was open during this time ('22:55:56 2688 MN STM Line 2 WU ISC

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 opensdit.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 TECO Engineering,
since Plant Design has no further information with which *.

investigate this anomaly.
c "‘\*a%éy
'0‘.; }4 't “('.‘:4'..
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BabCOCk &Wi 'COX Power Generation Graup

P.0. Box 1260, Lynchburg, Va. 24508

October 10, 1978 Telechone: (804) 384-5111

BWT-1707

File: T1.2/]75%w=

bcc: (with attachment)

Ivan Green

WH S
Mr. C. R. Domeck RW Wg:ﬁgler
Nuclear Project Engineer AH Lazar
Toledo Edison Company FR Faist
300 Madison Avenue RC Luken
Toledo, OH 43652 Records Center
RED/FRF

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

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

Dear Mr. Domeck:

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

Very truly yours,

LCLh.

CL/hj R. C. Luken
Project Manager

Attachment
For_A. H. yazar
cc: J. D. Lenardson w/a Senior Project Manager
J. C. Lewis '
D. J. DelaCroix
M. Malcom/4 w/a
E. C. Novak/1 w/a
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The Babcock & Wilcox Company / Established 1867



THE EFFECT OF NET MAKEUP FLOW AFTER REACTOR TRIP ON

|
PRESSURIZER LEVEL AT DAVIS-BESSE 1

Robert W. Winks
Babcock & Wilcox
Lynchburg, Va.

October 6, 1978




Introduction

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

vas 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 ccolaat system would occur with no net gain or loss in mass
during the nominal sixty second interval until a minimum pressurizer level wus
achieved. The purpose of this study is to determine the net addition of cocolant
to the RC system within this nominal sixty second period and to calculate the
effect it has on the change in pressurizer level described in the previous

report.

Summary

Analysis of recorded data on seal injection, makeup and letdrwn flowrates
during four specific reactor trip transients indicates that approximately 325
gallons of cold leg temperature fluid was added to the RC system to try to maintain
RC pressure and pressurizer level in the interval of time between reactor trip
and minimum pressurizer 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 (84,000 gallons).

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

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

actual values of the monitored parameters once every thirty seconds, the number 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.




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

influenced by the makeup flowrate when two makeup pumps 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 econd interval of time is corrected by 0.4% using a calculated
net addition of 325 gallons to the total volume of t.. system. It is reasonable
to assume that six temperature measurements, each taving a time constant of
approximately four seconds, could lead to an uncertainty in the calculated
contraction nearly equal to 0.4X%.

Since the addiﬁion 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 systém. it will be more conserv: 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 complete set of Post Trip Review data logs for the following

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

-

» .
¢ 12



Reactor Trip Date Reactor Trip Time SPR No.

2/24/78 05:51:06 431
4/2/78 08:30:12 | 435
£/2/78 09:50: 44 476
11/29/77 22:43:24 396

The plant pariﬁetcrs required for this study were the following:

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 Temperature Reactimeter

Seal Injection and letdown flowrates appeared to remain on-scale or
decreased to 0 gpm during the reactor trip transients; however, makeup
flowrate was frequently greater than 160 gpm which is the full scale indication.
A separate but related effort was performed for determining the maximum
flowrate of makeup into tie 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 flowrate from reactor trip time to the time that
minimum pressurizer level occurs. The net makeup flowrate is defined as:

" . - -

net wlcal injection . wnakeup - wlctdonu

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



5-2.

/ cold leg temperature of approximately 550F. The ratic of volume for the mass

of ccolant being added to the RC system is approximately 1.3 and varies for
each specific reacter 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 ou 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 SSOF 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 om April 2, 1978. Also shown is the net makeup flowrate
profile determined from the individual flowrate profiles. Adjusting to 2 final
temperature of 550F, the calculated final volume added to the RC system was
197 gallons. This vslume is equivalent to 8.2 inches of pressurizer level.
Figure 3 also shows the seal injectiom, 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 inthe time interval until minimum pressurizer level was reached.
The total volume of fluid added to the RC system at 555F was 548 gallons and
18 considerably larger than the other calculated volumes for two reasons:
(1) The operator turned omn the second makeup pump about 15 seconds earlier
than in previous reactor trip transieants.

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

than for other reactor trip transients.

PESTEMSL)
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The volume added to the RC system is equivalent to 22.5 inches of
pressurizer level. )
Figure 4 presents the flowrate profiles of seal ianjection makeup nd letdown
that occurred on the unusual reactor trip and station blackout transient of
November 29, 1977. With loss of power, no seal injection flowrate and very
little pakeup flowrate existed »atil 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 iadication, therefore, the uet makeup
flowrate profile was incegrated from 0 to 4 minutes rather thua to the time
estimated for minimum pressurizer level. In this way, measured and calculated
changes in pressurizer level could be comnared 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
aetermination of flowrate profiles for seal injection, makeup and letdown.

An effort to define the net makeup flowrate profile was accomplished for
the four reactor trips and the total volume of heated f1yid added to the RC
syster was calculated. Since the primary source of fluid added to the system
is that due to the makeup pumps, it was necessary to calculate (and verify
with other previous calculations) the maximum makeup flowrate wit valve wide

open vhenever one or two makeup pumps were operating. Figure 6 i{s included

pece Y VA
FEY AR S



 86-2449 00

* to show the sensitivity of makeup system flowrate with RC system pres:uure and

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

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

pakeup flowrate indicator, there it no verification of the actual system flowrate

at Davis ‘Busse 1.

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

caleculated pressurizer level change following a reactor trip not be treated

as an accurate or reliable technique for determining true minimum pressurizer

leve) during any future reactor trip transients.
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BabCOCk&WilCOX TELECOPY Power Generation Group

P.0. Box 1260, Lynchburg, Va. 24505

Telephone: (804) 384-5111
September 8§, 1978

BWT-1698
File: T1.2/12B

Mr. C. R. Domeck -
Nuclear ProjectEngineer
Toledo Edison Company
300 Madison Avenue
Toledo, OH 43652

Subject: Toledo Edison Company
PRESSURIZER PERFORMANCE DURING REACTOR TRIPS
Davis-Besse Unit 1
B&W, REFERENCE NSS-14

- Dear Mr. Domeck:

Attached per your request is a report describing the dynamic
performance of the pressurizer during reactor trips at Davis-Besse
Unit 1.

Very truly yours,

AT

RCL/hj R. C. Luken

Attachment Project Manager

cc: J. D. Lenardson w/a For A. H. Lazar
J. C. Lewis Sznior Project Manager
D. J. DelaCroix
M. Malcom/4 w/a

E. C. Novak/1l w/a

bee: (with attachment)

Ivan Green

W. H. Spangler
R- W. WInkg
A. H. Lazar
Records Center
F‘ Rl Faist
i R! o Luken

-k & Wilcox Company / Established 1867




Baocock &Wilcox ATTACHMENT TO BWT-1698

II.

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

INTRODUCTION

During the reactor trip transient at Davis-Besse 1 on November
29, 1977, the pressurizer 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 or 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 wiil
present 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 frcm Davis-Besse 1 has been used to support the calculational
technique.

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 ;9.70..gsig the

A7

pressurizer would become empty. TS 18 Vs |

For the reactor trip transient with all RC pumps running, the
pressurizer 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 t?Yﬁ transients. These graphs can be used to predict

gressurizer performance during any large transients at Davis-
esse 1.

ANALYSIS OF NOVEMBER 29, 1977 TRANSIENTS

The following reactor trip transients have been analyzed to
determine a realistic primary sys.em 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 pressvre following the trip of the reactor. Figure 1
digﬁlays this relationship. This curve was utilized in predicting
minimum conditions in the reactor coolant system for cal-nlating
minimum values of level in the pressurizer.

The objective of our analysis was to compare the predicted chcnge
in pressurizer level with measured changes in level and verify ‘hat
the mathematical model was sufficiently accurate to predict pressur-
izer 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 = Mo =

- o

[N T -
: s
¢ A,“-.‘,-,. *.I_.

Equivalent Volume of Hot Fluid
Specitic Volume of Hot Fluid

+ Equivalent Volume of Cold Fluid ,
Specific Volume of Cold Fluid Cont'd
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+ Liquid Volume of the Pressurizer
Speciiic Volume or Pressurizer riuid

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 ti.e equivalent volume of cold 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
pressurizer.

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 in pressurizer
volume due to the calculated contraction of the constant mass in the
RC systen.

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

Datec 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 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 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 S08.5F. T

for Loop 2 was determined to be 535.5F and the Loop 1 and 2 s8¥in
pressures indicated 610 and 760 psig respectively.

These values were used to specify the final specific volumes required

b (o0 F B LB T |
TRV AR L ATS B3
- R CI -
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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. (here was another 43 inches of water re-
maining in the pressurizer at this time.

PREDICTED "TTSSURIZER 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 develuped for the situation of a reactor trip from full
power plus loss of all RC pumps. The minimum Ta will be controlled
by the steam pressure in each steam generator. §§ selecting decreasing
values of Ta and corresponding values of steam pressure, minimum
pressurizer Y8vels were predicted.

The intent is to be able to predict the total change in pressurizer

" level that will occur as T changes from a normal S582F to a known

or anticipated minimum temﬁgsature.

Figure 2 shows that T has to decrease to 534F to empty the pressurizer
for this reactor trip ¥fansient (no RC pumps running) and that this require
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 im-
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 amcunt 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 IS L8 700 P
RC Contracticns for Reactor Trips
(With Station Blackout) From 40% and 100% Power Levels

Power Level: - % : 40 100
Initial RC Pressure - psia 2138 2138
Initial That - F : 6 (
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Initial Level - Inches 192 192
1-itial RC Volume - Ft° 11,264 11,264
Initial RC Mass - Lbs. 496,969 493,437
Final RC Pressure - psia 1640 1640
Final Thot - F $62.5 $62.5
Final T.o1q4 ~ F $08.5 508.5,
Final RE%HSss - Lbs . 496,969 493,437
Final Pzr. Volume - Ft 122 . 37
Final Pzr. Level - Inches -32 -58

Tigure 3 was similarly developed for a regular reactor trip frem full
power (all pumps running). This transient is more severe than the
previous situation in that the forced convection of .eactor coolant
quickly removes all stored heat in the primary system. Below a T -
value of 550F, Ta , cold leg temperature, and saturation tempera%u?e
in the steanm gene¥§tors are almost all equal. Thus, much greater care
must be exercised in maintaining steam pressure to avoid emptying the
pressurizer. An expected main steam pressure of 980 psig should
ozcur, as has been demonstrated on the August 2, 1978 reactor trip,
and the pressurizer level will remain above the lower level tap.
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