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' = NUCLEAR REGULATORY COMMISSION J. H. Tavlr
‘. 3 WASHINGTON D C 20555 P
' ' ls“; April 25, 1986 LYAY 9 . 1928

Mr. J. H.-Taylor, Manager, Licensing
Babcock & Wilcox Company

3315 01d Forest Road

Post Office Box 1260

Lynchburg, Virginia 24505-1260

Dear Mr. Taylor:

SUBJECT: ACCEPTANCE FOR REFERENCING OF LICENSING TOPICAL REPORT BAW-18¢3,
"BASIS FOR RAISING ARMING THRESHOLD FCP ANTICIPATOPY REACTOR TRIP
ON TURBINE TRIP"

The Nuclear Regulatory Commission (NRC) staff has completed its review of the
Babcock & Wilcox Licensing Topical Report BAW-1893 entitled, "Basis For
Raising Arming Threshold For Anticipatory Reactor Trip On Turbine ™ip."”

that was prepared for the B&W Owners Group. The report discusses the effect
of the power threshold for the anticipatcry reactor trip (ART)

on turbine trips and power runbacks in B&W reactors. The report describes
the impact of the turbine trip ART power level threshold on reac*or trip
frequency, the plant transient data, the analysis methodology, and the
results that were obtained.

The staff finds the report to be acceptable for referencing in license
applications to the extent specified and under the limitations delineated
in the report and the associated NRC evaluation, which is enclosed. The
evaluation defines the basis for acceptance of the report.

The staff does not intend to repeat its review of the matters described in
the report and fcund acceptable when the report appears as a reference in
license applications, except to assure that the material presented is
applicable to the specific plant involved. Tre staff's acceptance applies
cnly to the matters described in the report.

In accordance with orocedures established in NUREG-C390, it is reauested that
B&W publish an accepted version of this report within three months of receipt
of this letter. The accepted versior shall incorporate this letter and the
enclosed evaluation after the title page. The accepted version shall includ:
an -A (designating accected) following the report identification symbel.

Should the staff's criteria or regulations change such that its conclusions as
to the acceptability of the report are irvalidated, BiW and/or tre applicants

CONTACT:
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RSB/OPL-B
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ENCLOSURE

SAFETY EVALUATION OF TCPICAL REPORT BAW-1893,

"BAS L LC.PETORY
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INTRODUCT ION

This Babcock & Wilcox (B&W) report was submitted on behalf of the B&W Cwners
Group to justify increasing the anticipatory reactor trip (ART) setpoint on
turbine trip from its current value of 20% power to 45% power. The current
value of the 20% power ART setpoint on turbine trip was based on changes
required by the staff (Ref. 1) subsequent to the TMI accident to reduce
challenges to and opening of the power operated relief valve (PCRV). Two
other changes that are pertinent tc this report were required: (1) raising
the PORV setpoint from ZZE5 psig to 245C psig and (2) lowering the high
pressure reactor trip setpoint from 2355 psig to 2300 psig. These modi-
fications have met the NRC requirements that (1) the PORV will open less
than 5% of the time for all anticipated overpressure transients (Ref. 2,
[tem I1.K.3.7) and (2) the probability of a small-break LOCA (SBLOCA),
caused by a stuck-open PORV, will be less than G.0Cl per reactor-year

(Pef. 2, Item I11.K.3.2) which is based on the WASK-1400 (Ref. 3) median
probability of a SBLOCA (Sequence SZ). Although these TMI required
modifications have met the objectives of reducing challenges to and opening
of the PCRV during anticipated high pressure transients, they have increased
the frequency of reactor trips. Each reactor trip results in a challenge

to plant safety systems and any reduction in reactor trip frequency will

contribute to overall plant safety as well as plant availability.



.The report states that a number of turbine trips would not have resulted
in a reactor trip if more margin had been available in the ART power
level setpoint. The report further states that the present analysis
demonstrates that the NRC requirements would be met with the ART power
level setpoint at 45% power rather than at 20% power. In fact, the
report states that these requirements on PORV openings would be met
regardless of whether or not ART is implemented. Moreover, if the high
pressure reactor trip setpoint is increased from 2300 psig to 2355 psig,
an additional reduction in reactor trip frequency would be posssible.
The total reduction in reactor trip frequency is estimated to be about
10%. The B&W report (Ref. 4) on raising the high pressure reactor trip
setpoint has been evaluated by the staff (Ref. 5). This staff safety
evaluation report concluded that it was acceptable to raise this high
pressure reactor trip setpoint from 23C0 psig to 2355 psig. This
increased high pressure reactor trip setpoint is assumed in the analyses
performed in support of raising the turbine trip ART power level threshold

to 45%.

The report discusses the post-TMI turbine trip/reactor trip data base and
the impact on the reactor trip frequency. A discussion is presented of
the analysis methodology. The results of the present study are used to

Justify the turbine trip ART proposed threshold power level of 45%,

The staff evaluation of this licensing topical report follows.



II.

EVALUATION .

Impact of Previous and Proposed Turbine Trip ART Power Threshold

-

The report discusses the response of B&W plants to turbine trips. Prior
to the TVMI accident, a turbine trip caused a reactor power runback.

For some plants successful runbacks were demonstrated for power levels
as high as 100%. However, these runbacks were dependent, to some
degree, on the PORV opening. Since the TMI accident, the turbine trip
ART, among other changes, was instituted to reduce challenges to the
PORV. This turbine trip ART now results in a reactor trip whenever the
turbine trips and the reactor power level is 20% or higher. Although
the NRC requiremerts on PORV challenges are ret by the various post-TMI
charges, an urdesired side-effect of increased freauency of reactor
trip and consequent challenges tc the plant safety system has occurred.
The cata presented in the report show that 52 turbire trips occurred in
the period from January 1, 1980 to January 1, 1985. Twelve of these
trips occurred between power levels of 20% to 4C.. Raising the turbine
trip ART power level threshold has the potential for reducing the reactor
trip frequency without affecting PORV opening frequency. Based on cur
review, we concur with the applicant that the analysis of plant data

on reactor *rips caused by turbine trips demonstrates that reactor trip

frequency increased as a result of TMI modifications.




B&W evaluated the potential for reactor trip reduction for (1) in-

creasing the high pressure reactor trip setpoint by 55 psi back to

the original FSAR value of 2355 psig (Ref. 4) and (2) increasing the

power level threshold for the turbine trip ART from 20% to 45%. The
first change would provide more margin to the reactor trip setpoint
anc would allow some minor plant upsets to either avoid reactor trip
or provide the operator sufficient time to perform an action wnich
would not result in a reactor trip. The second change, in conjunction
with an increased high pressure reactor trip setpoint, would rot re-
quire a reactor trip for some additional low power turbine trips. We
find that the analysis of potential reactor trip frequency reduction
is reascnable and cemonstrates from the dat: in the report and
Reference 4 that a number of high pressure anrc anticipatory reactor
trips could be avoided. That is, a potential 10% recuctien ir reactor

trip frequency may be posssible.

Results of Analysis of Turbine Trip ART

The POWERTRAIN (Ref. €) program was used by B&w to evaluate the factors
which are impertant in power runback on turbine trips without 2 reactor
trip. These factors lead to the determination of the highest initial

power level or threshold for the turbine trip APT. Factors evaluated




inciuded (1) the total bypass steam flow, (2) the moderator temperatyre

-

coefficient, (3) the initial power level, ) the power runback rate

R
and (5) the pressurizer spray flow rate. The cases evaluated were

turbine trips with runb:cks modeled with a reactor closely resembling

Rancho Seco. A succe:sful runback case was defined by B&W to have the

following desirable performance characteristics: (1) no reactor trip
on high reactor system pressure, (2) no auxiliary feedwater

on low steam generator level, (3) no steam generator overfil

steam quality, and

system pressure and temperature. Since the modeling, assumptions, and
criteria used in the aralysis considers the principal factors

turbine trip with runback, the staff concludes that the methodolog)
ised is, therefore, acceptable. In addition,

program has been reviewed and approved by the

dated November 28, 1983) staff concludes therefore,

acceptable,

POWERTRAIN analyses it was determined
low was one of the most important fac

or not a reactor power runback on tur




the
negative moderator temperature coefficient, ! tal steam
flow before the high pressure reactor trip setpoint is reached, si
cient primary to seccndary heat transfer exists to stop the reactor
system pressure from increasing. These results presented show that
the larger the total steam bypass flow the higher the power threshold
that can be tolerated by the turbine trip ART,
The reactor coolant temperature and pressure increases

stages of a turbine trip. The moderator (and Doppler)

coefficient are negative throughout a reactor cycle. These negative

coefficients, therefore, help to reduce the reactor power and thus
help the reactor power runback process causec by
POWERTRAI! were obtained for near beginning-of-cycle

cases which demonstrates this

steam bypass flow and control

power runbacks are more prob

moderator temperature coefficient becomes.

require higher tot

cbtained for




System (ICS) runback rate on control rod insertion and the pressurizer
spray flow rates. The ICS runback rate was changed from 20% per minute
to 50% per minute but this did not change the overall control rod in-
sertion rate during the important early stages of a turbire trip
transient where the moderator temperature coefficient is also important.
Therefore, the indicated ICS runback rate had negligible influence on
the reactor power runback on a turbine trip event. Similarly, the
pressurizer spray rate was found to have very little effect in turning

around the reactor coolant pressure in the time period of interest.

The conclusions of this POWERTRAIN analysis were that, for a given
centrol rod reactivity insertion rate and high pressure reactor

trip setpoint, the most important factors, in determining whether or
not a reactor power runback, on turbine trip is successful, are the
initial power level and the total steam bypass flow. The study also
concluded that the negative moderator temperature coefficient helped
the reactor power runback especially at EOC when it is more negative
than say, for example, near BOC. The report concluded that other
factors had negligible impact on reactor power runbacks. Since the
results in the report were obtained with the approved POWERTRAIN
program and since the principal effects were evaluated, the staff

concluges that the POWERTRAIN results are, therefore, acceptable.



The report states that the results are applicable to a : A%

177 fuel assembly (FA) plants. Based on the review of the analyses
presented, we concur on the applicability of these results to the 177
FA B&W plants. The report concludes that, for the total steam bypass

flow credited in the analysis, the reactor trip on turbine trip power
level threshold could be increased from 20% to 45% with a high pressure
reactor trip setpoint of 2355 psig. Based on the review of the plant
data presented in the report and the POWERTRAIN results,

concludes that the B&W assessment regarding the raising of the turbine

-

trip ART power level threshold to 45% is, therefore, acceptable.

Effect of Turbine Trip ART Proposed Power Level Threshold

)In PORV Openings and NRC Requirements

Although the results presented in the report are applicable

19"

FA plants, differences in a number of plant p
lead to successful r :ctor power runbacks on turbine
e trip ART power level threshold of 45 and a

iak

setpoint of 2

a high pressure




The report assumes that 30% of the reactor power runbacks will be
unsuccessful. Assuming the same turbine trip frequency at power
levels equal to or below 45% as occurred in the post-TMI period, the
report finds the following:

12 (turbine trips) * .30 (reactor trip/turbine trip)
o(years) * 7 [reactors)

C.10 high pressure trips

reactcr year

Then the high pressure trip frequency would increase from 1.86 per
reactor-year (Ref. 4) (1.86 + .10) or 1.96 per reactor-year. The
number of PORV openings from high pressure trip events would now be:

1.96 events * 1.0 x 10°° PORY opens = 1,9¢ ] PORY openings

year event year

number of PORV openings per reactor-year for all events

1

-2 e
8.06x10 and is negligib

~F

ine 'y-w'D ART




Iv.

- “"Clarification of TMI Action Plan Regquirements," NUREG-0737

o 1w

acceptable to increase the turbine trip ART power level threshald for Baw
plants frqm 20% to 45%. The staff concludes that this power level threshold
change meets the NRC requirements of NUREG-0737, Items I1.K.3.2 and I1.K.3.7
regarding PORV openings and PORV caused SBLOCA wnile benefitting plants by
potentially reducing the reactor trip frequency. Similarly, the requirements

on this matter embodied in IE Bulletin 79-058 are also met.

Accordingly, the staff concludes that the licensing topical report may be

referenced in licensing submittals by the B&W Owners Group members.

Oue to the modeling, assumptions made, and data used, the results presented
i~ the report, as is the case for any analysis, may contain uncertainties.
Therefore, as plant experience is accumulated with the proposed turbine
trip ART power threshold, the s.aff should be kept informed of any signi-

ficant deviations from the results presented in the report.

REFERENCES

) “Nuclear Incident at Three Mile Island - Supplement," IE Bulletin

79-058, April 21, 1979.

November 1980.

3. "Reactor Safety Study - An Assessment of Accident Risks in U. S.

Commercial Nuclear Power Plant," WASH-1400, 1975.



Letter from D. M. Crutchfield (NRC) to J. H. Tay

"Acceptance For Referencing of Licensing Topical
BAW-1890, 'Justification For Raising Setpoint For Reactor

Trip on High Pressure,'" April 1986.

"POWERTRAIN: Hybrid Computer Simulation of a Babcock & Wil

Nuclear Power Plant," N. S. Yee and J. A. Weimar, BAW-10149

November 1981.
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l. Background

Prior to the TMI-2 accident, B&W plants responded to a turbine
trip by initiating a plant runback. Successful runbacks from
power levels as high as 100% were demonstrated for some B&W
plants. After TMI-2, the NRC required that B&W plants implement
an automatic reactor trip on turbine trip for the purpose of
reducing challenges to the PORV. This Anticipatory Reactor Trip
(ART) was installed in all B&W plants and set to function for
power levels above 20%. This value was selected because it was
anticipated that with a high pressure trip setpoint of 2300 psig
and PORV setpoint of 2450 psig, runbacks attempted from higher
initial power levels would result in reactor trips on high
pressure.

A consequence of implementing the turbine trip ART is that
all turbine trips which occur at initial power levels above 20%
now result in reactor trips. The B&W Owners Group Transient
Assessment Program (TAP) records show that during the period
January 1, 1980 through January 1, 1985, anticipatory trips dus
to turbine trips occurred 52 times. Twelve of these trips
occurred with the initial reactor power at or below 40% (see
Figure 1-1). Operating experience and a recent study addressing
the setpoint for reactor trip on high pressure (reference 1)
indicate that tripping the reactor for all turbine trips which
occur at power levels greater than 20 percent results in unneces-
sary challenges to plant safety systems. These challenges are
considered unnecessary because:

) I It is possible for B&W plants to accommodate a turbine trip
from some power levels higher than 20 percent without a
reactor trip on high pressure. Therefore, tripping the




reactor for those turbine trips which would not otherwise
cause a reactor trip results in unnecessary challenges %o
safety systems.

The probability of opening the PORV as a consequence of a
turbine trip from any power level is very small whether the
ART is implemented or not. Therefore, tripping the reactor

on every turbine trip for the purpose of reducing challenges
to the PORV is unnecessary.

The B&WOG is committed to reducing reactor trips for the purpose
of improving plant availability and safety. Raising the arming
threshold for the turbine trip ART to a power level consistent
with a plant's runback capability would result in fewer reactor
trips. For this reason, the B&WOG initiated this study to
determine the initial power level from which a successful runback
on turbine trip could be accomplished.
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2. POTENTIAL BENEFITS

As noted in the previous section, raising the arming threshold
for the turbine trip ART to a power level consistent with a
plant's runback capability would result in a reduction in reactor
trips. Section five of this report discusses the potential
reduction in reactor trips which could be achieved. Based on
assumpticns of an ART arming threshold of 45 percent power and
turbine trip frequency similar to previous years (1980-84), it
is estimated that a reduction of .24 trips per reactor year could
be achieved. This represents a reducticn in average trip
frequency for B&W plants of approximately five percent when
compared to the 1980-84 average of 5.3 trips per reactor year.




3. ANALYSIS

3.1. Analysis Objectives
The primary purpose of this generic study was to determine
an upper limit for initial power level from which a successful
plant runback on turbine trip could be accomplished. The
analysis was performed using the digital code POWER TRAIN
configured to model a plant closely resembling Rancho Seco. In
addition to investigating different power levels, cases were run
with changes in varicus plant parameters. The objectives of this
parameterization effort were to:

Determine which plant parameters are vital to a successful

runback

Provide guidance relative to potential modifications which
could enhance successful runback probability

Develop guidance for plant specific application of the

results

3.2. Performance Criteria

The following criteria were established to define a successful
runback on turbine trip:

Limiting Parameter
Desired Performance for runback transient

No reactor trip High RC pressure
No AFW actuation Low Steam Generator levezl
No OTSG overfill Steam Quality

No loss of subcooled RC pressure and temperature
margin




a es tio

A number of cases were investigated to predict maximum RC
pressure during a turbine trip with reactor runback using the
POWER TRAIN code. The parameters varied for these cases were:

a. Total bypass steam flow

b. Moderator coefficient (a function of burnup)

c. Initial power level

d. Runback rate

e. Pressurizer spray flow rate.

The cases analyzed are identified in Table 3-1. In all cases,
the transient analyzed was a turbine trip with runback. Case
numbers six and seven demonstrate the effect of variation in
total bypass steam flow. Case number seven was also used to
investigate the effect of ICS runback rate. Case numbers five
and six demonstrate the effect of moderator coefficient. Case
numbers one and two show the effect of initial power level. Case
numbers three and four were run to investigate the effect of
pressurizer spray.

3.4. Analysis Results
3.4.1. Total Bypass Flow

For this analysis, total bypass flow was defined as the sum of
flow through all the open steam paths available prior to reaching
the high pressure trip setpoint. Total bypass flow for the 2300

psig trip setpoint condition was the sum of turbine bypass plus

atmospheric vent flow. When the RCS pressure was allowed to
increase above 2300 psig (up to 2355 psig), steam pressure rose
above 1050 psig and at least one bank of Main Steam Safety Valves
(MSSVs) was open. Thus, at a 2355 psig trip setpoint, total
bypass flow included at least one bank of MSSVs in addition to
the turbine bypass and atmospheric vents.

The analysis showed that total bypass flow was one of the
dominating parameters affecting successful runback. A typical
RC pressure profile for the runback transient shows that pressure

3=3




levels ocut and begine to decrease when the percent core thermal
power is approximately equal to the total percent bypass flow.
(See Figure 3-1). Thus,the higher the bypass flow prior to
reaching the high pressure trip setpoint the higher the initial
power level that can be tolerated.

For the cases analyzed, when the RCS pressure reached 2300
psig, the total rated bypass flow* was 15% (or 25%). To avoid
a high pressure trip at a 2300 psig trip setpoint, thermal power
had to decrease to a value corresponding to the actual bypass
flow before 2300 psig was reached. At a 2355 psig trip setpoint
the total bypass included an additional 28% flow due to the
opening of the first bank of MSSVs. This allowed for a much
higher power level for a successful runback.

In this analysis, when the core thermal power decreased to a
value corresponding to this total bypass (i.e., -43% or -53%)
prior to reaching a 2355 psig RCS pressure, a sufficient primary
to secondary heat balance existed and the RC pressure stopped
increasing. Should a second bank of MSSVs open before a 2355
peig RCS pressure is reached, a higher initial power runback
could be tolerated. 1In fact, any increase in bypass steam flow
would increase the allowable initial power level.

Case numbers six and seven were analyzed to support the above
conclusions. Case number six (59% power, 43%) resulted in a
successful runback (at a 2355 psig setpoint) with RC pressure
approaching 2350 psig abe't the same time the thermal power
decreased below 46%. Case number seven was run to confirm
that increasing the bypass flow would allow a higher initial
power level. 1In case number seven, both the initial power level
and bypass flow were increased by approximately 10%. The results

for case numbers six and seven were similar, with RC pressure in

*Rated bypass flow is based on 900 psig. At higher steam

«aPressure the actual bypass flow will be somewhat higher.
Cases were run at 25% bypass since some B&W plants have 25%
turbine bypass capacity.




both cases starting to decrease when the core thermal power and

total bypass flow were approximately equal. Figure 3-2 shows a
comparison of the RC pressure responses for case numbers six and
seven.

3.4.2. Moderator Coefficient

As discussed in section 3.4.1, a successful runback requires
that the percent core therr:zl power be reduced to the equivalent
bypass capacity prior to reaching the high pressure trip set-
point. The reduction in core power is accomplished by negative
reactivity insertion due to control rod movement and moderator
temperature increase. The more negative the moderator temper-
ature coefficient (as burnup increases) the faster the core
thermal power decreases. Thus, for the same control rod inser-
tion rate, a more rapid core thermal power decrease will occur at
core End of Cycle (EOC), than at Beginning of Cycle (BOC).

Case numbers five and six illustrate the effect of moderator
temperature coefficient. 1In case number six (EOC) thermal power
decreased to 45% in the same time that thermal power decreased to
50% for case number five (MOC). The difference was enough to
result in a high pressure trip (at 2355 psig) in case number five
but not in case number six (EOC). Figure 3-3 compares the RC
pressure response for case numbers five and six.

3.4.3, nitia wer Leve

Initial power level was treated as an independent variable in
the bypass capacity and moderator temperature coefficient
discussions (sections 3.4.1 and 3.4.2). To confirm the conclu-
sions drawn from those four cases, two additional cases were
analyzed at lower power levels (case numbers one and two). Case
number one (30% power, 15% turbine bypass, BCC) resulted in a
peak RC pressure of 2256 psig. Thus, a successful runback was
achieved without reaching the 2300 psig high pressure trip
setpoint. It should be noted that the first bank of MSSVs did
not open for this transient. Case number two (40% power, 15%

3=-4




turbine bypass, BOC) resulted in a peak RC pressure of 2335
psig. Thus, a successful runback would not have been achieved at
the 2300 psig trip setpoint but was achieved at a 2355 psig
setpoint. The first bank of MSSVs did open for case number two
demonstrating that as initial power is increased, more total
bypass capacity is required to achieve a successful runback.
Figure 3-4 compares the RC pressure responses for case numbers
one and two.

3.4.4. ICS Runback Rate

This study included an effort to determine whether changes in
Integrated Control System (ICS) runback rates could enhance
the probability of successful runbacks.

In all cases analyzed, a maximum rod insertion rate was observed
within a few seconds aftnr the turbine trip and continued for 30
to 40 seconds. This rod movement started when the ICS put the
unit inte track (20% per minute runback rate) and continuea
(regardless of the power level) due to the ICS response to the

increase in core average temperature (Taye). Continuous rod

insertion was observed for all cases until the core T,ye returned
to the 582° setpoint, which was at least 30 to 40 seconds into
the transients. Since the maximum transient RC pressure occurred

well with in this time frame, it follows that an increased
runback rate should not affect the peak RC pressure. Case number
eight was analyzed to confirm this. When the runback rate was
increased to 50% per minute the overall rod insertion rate did
not change (in the first 30 seconds) and consequently the rate of
core thermal power decrease did not change. Thus, increasing the
ICS runback above 20% per minute would not improve the prob-
ability for a successful runback.

3,4.5, Pressurizer Spray

The influence of pressurizer spray on the runback transient was
investigated to determine whether changes in spray flow or

setpoint could contribute to successful runback.

3=95




Case numbers three and four were run to show the effect of a
variation in pressurizer spray flow. The expected spray flow (of
191 gpm) was arbitrarily doubled in case number four to 382 gpm.
Pcth cases reached 2275 psig RCS pressure at the same time (about
eight seconds into the transient) indicating that the doubled
spray had not yet affected the RCS pressure significantly. Case
number three reached a 2327 psig pressure at 15 seconds into the
transient. The same time in case number four (double spray flow)
predicted a 2316 psig pressure. These results suggest that
increasing the pressurizer spray flow would not significantly
enhance the probability of a successful runback. This comparison
is shown on Figure 3-5.

The pressurizer spray is initiated at 2200 psig RCS pressure
which occurs about three seconds into the transient. Should this

setpoint be reduced, the spray would come on one or two seconds

sooner. Based on the previous results, this additional spray
time would have an insignificant effect on the peak transient
pressures.




a Cases

Max. MSSV
Pressurizer Bypass Flow Runback Initial
Case Spray Flow (1st Bank) Rate Power
No Burnup flow (gpm) % % $/min %

BOC 191 15% 28% 20 30
BOC 191 15% 28% 20 40
EOC 191 15% 28% 20 40
EOC 382 15% 28% 20 40
MOC 191 15% 28% 20 59

EOC 191 15% 28% 20 59
EOC 191 25% 28% 50 70
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Figure 3-2.

POWERTRAIN RESULTS

CASE #6 (15%ZBYPASS,59%POWER,EOC)
VS '
CASE #7 (25%BYPASS,70%ZPOWER,EOC)
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Figure 3-3.

POWERTRAIN RESULTS
CASE #5 (15%ZBYPASS,59%ZPOWER,MOC)
VS
CASE #6 (15%BYPASS,59%ZPOWER,EOC)
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Figure 3-4.

POWERTRAIN RESULTS
CASE #1 (15%BYPASS,30%POWER,BOC)
VS
CASE #2 (15%BYPASS,40%POWER,BOC)
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Figure 3-5.

POWERTRAIN RESULTS

CASE #3 (15%BP,40%PWR,191GPM PZR SPRAY)
VS
CASE #4 (15%BP,40%PWR,382GPM PZR SPRAY)
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4. CONCLUSIONS FROM ANALYSIS

The power level from which a turbine trip can be followed by a

successful reactor runback can be raised from its present level

(20% power) to a higher power. This maximum power level from

which a plant can successfully runback (without a high RC

pressure trip and without the use of the PORV) varies for each

plant depending on four plant parameters. These parameters are:

a. Total steam bypass capacity (including turbine bypass and
atmospheric dumps)

b. Main steam safety valve (MSSV) setpoints and flow rates.

c RPS high pressure trip setpoint

d. Moderator coefficient (burn-up)

In general, all B&W 177 FA plants should be capable of a suc-
cessful turbine trip runback from 45% power at BOC (assuming a
2355 psig high pressure trip setpoint). This is based on all
plants having at least 40% total bypass capacity and an approxi-
mately 5% power reduction prior to reaching the trip setpoint.
At the current 2300 psig high pressure trip setpoint, all plants
should be capable of a successful turbine trip runback from 30%
power at BOC. This is based on analysis predictions showing
successful runback from 30% power with 15% turbine bypass and no
MSSVs opening. Any additional flcw capabilities (in turbine
bypass or MSSVs) will allow a higher initial power level for
successful runback. This is discussed further in section 5.2.

The ICS controlled runback rate has little effect on this trans-
ient. This is because the maximum RC pressure occurs typically
within 10 to 15 seconds. During this period the moderator

coefficient dominates the core power decrease and core Taye




dominates rod movement. These two effects override any "demand"
from the ULD runback rate in the first 30 to 40 seconds.

Increasing the pressurizer spray flow rate or reducing the spray
setpoint will have no effect on the peak RC pressure with a
2300 psig high pressure trip setpoint and only a very small
effect (10 psi) assuming a 2355 psig setpoint.




5. APPLICATION OF RESULTS

5.1. Plant Specific Application

This study concluded that, for a given time in core life (modera-
tor coefficient), the maximum initial power level for successful
runback is constrained mainly by the total bypass flow avail-
able. It is important to note that only the flow that occurs
prior to reaching the high pressure trip setpoint will affect the
runback. This will include the flow through turbine bypass
valves, atmospheric dump valves, and at least the first bank of
MSSVs at a 2355 psig trip setpoint.

The total bypass flow available prior to trip is a plant specific
parameter dependent on the configuration of turbine bypass,
atmospheric dump and main steam safety valves (number, capacity
and setpoints) and the main steam line volume. Tables 5-1 and
5-2 show the various bypass capacities and MSSV arrangements for
B&W plants. The information in these tables indicates that the
maximum initial power level from which a successful runback could
be achieved will not be the same for all plants.

Table 5-3 is a compilation of the total bypass capacity available
(prior to reaching a high pressure trip setpoint of 2355 psig)
for all B&W plants.

Table 5-4 shows the estimated initial power levels for success-
ful runback on turbine trip for each plant. These initial power
levels are based on the total bypass capacities for the turbine
bypass and MSSVs as shown in Table 5-3 and an approximately 5%
power reduction prior to reaching the 2355 psig trip setpoint.
These estimates are considered conservative in that no credit is
taken for:




1. Bypass flow through the atmospheric dump valves
2. Power reduction due to moderator coefficient

5.2. Analysis Limitations

The analysis on which the conclusions of this study are based was
performed using a model representing a typical B&W plant (similar
to Rancho Secc). It is recognized that differences between the
model and actual plants may exist (in addition to total bypass
flow) which could cause plant performance to differ from analysis
predictions. Examples of such differences are ICS tuning,
feedwater pump speed response and feedwater valve response.
Because of such differences, successful runbacks from initial
power levels shown in Table 5-4 may not be achieved for every
turbine trip. The consegquence of an unsuccessful runback is a
reactor trip on high pressure.

We believe that the possibility of unsuccessful runback for
some turbine trips which could result if the turbine ART arming
threshold were raised as described above is warranted for the
following reasons:

a. The probability of opening the PORV would not be
significantly incre sed. The turbine ART was implemented
for the purpose of reducing challenges to the PORV. For
successful runbacks, no challenge to the PORV would occur.
For unsuccessful runbacks, a high pressure reactor trip would
occur. Reference 1 showed that the probability of opening
the PORV on a high pressure trip was small (-10"5 per
event). Unsuccessful runbacks would result in an increased
number of high pressure trips but no significant change in
probability of opening the PORV. For example:

Assuming that turbine trip frequency remains at 1980-84
levels (Figure 1-1), the ART arming point is set at 45%
power, and 30% of the runbacks are unsuccessful, the average
number of high pressure trips/reactor year due to this cause
would be:




* = 0.10 High Pressure Trips

5 years x 7 reactors reactor year

This would increase the high pressure trip frequency average from
l1.86/reactor year (reference 1) to (1.86 + .10) = 1.96 trip/
reactor year. PORV opening probability would change from:

(1.86 Trips x (103 opening) = 1.86x1075

Reactor Year) Trip

(.96 __Trips ___ x (10~ Opening) = 1.96x1073

Reactor Year) Trip

b. A net reduction in reactor trips would result. Figure 1-1
indicates the potential for reactor trip reduction which
ceculd be achieved by raising the ART arming point. Again,
assuming turbine trip frequency to remain at the 1980-84
levels, an ART arming point of 45% power and successful
runbacks for 70% of turbine trips at power <45%, the reduc-
tion in reactor trips due to this cause would be:

5 years x 7 Reactors Reactor year

*at power < 45%




Table 5-1. Turbine Bypass Capacities

77 n

Steam flow Condenser Modulating atmospheric
at 100% FP dump capacity dump capacity

Unit (lb/hx) = (% FP Stm. flow) (8 FP Stm. Flow)

10.5x10° 15.8 6.2
10.6x106 15.0 7.5
11.8x10° 25.0 15.0
10.5x106 25.0 -
10.5x106 25.0 -
10.5x108 25.0 -
11.7x108 15.7

10.6x106 22.5

Table 5-2. Main Steam Safety Valve Arrangements
177 FA Plants

Pressure Number of valves set to lift at listed pressure
(psig) 1040 1050 1060 1065 1070 1080 1090 1100 1104
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Table 5-3. Available Total Bypass Capacities Prior
to Reaching 2355 psig Trip

First bank
Turbine bypass Atmospheric dump MSSVs

(% FP Stm. flow) (3 FP Stm. flow) (3 FP Stm. Flow)
15.8 6.2 28
15.0 7.9 28
25.0 15.0 25
25.0 - 14
25.0 - 14
25.0 - 14
15.7 7.9 25
22.5 6.4 48

*Includes valves set at 1040 and 1050 psig

Table 5-4. Estimated Initial Power Levels for
Runbacks on Turbine Trip

a ower lLeve

48
48
1.
45
45
45
45
75




6. RECOMMENDATIONS

It is recommended that the Anticipatory Reactor Trip on Turbine
Trip arming point be changed from its current setting of 20%
power to a higher level based on the guidance provided in Section
five above.




7. REFERENCES

"Justification for Raising Setpoint for Reactor Trip on High
Pressure," BAW-1890, September 1980.




