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Letter,

Reference:

H.C.

Information

Thadani

— Susquehanna

to H.k!. Keiser,
Steam

"Request

for Additional

Electric Station, Units

1

Nos. 75999/76000)", dated February 15, 1991.
Dear Dr.

and 2 (TAC

Butler:

of this letter is to transmit PP&L's responses to Enclosure 1
(guestions on PL-NF-89-005) of the referenced request for additional information
(RAI). Our responses are attached to this letter.

The purpose

Il

With respect

to Enclosure

2

of the

currently preparing our responses

and

RAI

(guestions

will

on PL-NF-90-001), we are
submit 'them in a timely manner.

our objective is to obtain NRC approval of both of our pending
reports well in advance of our Unit 1 Cycle 7'"(UIC7) reload license amendment,
submittal, which is currently scheduled for December 1991. Given 'the time
necessary to prepare that analysis (5-6 months), PP&L requests that a high
priority be maintained on the review of these reports. This will minimize the
potential for the UlC7 submittal to be inconsistent with the results of that

As you are aware,

review.

We

appreciate your ongoing attention to this matter. Any questions
be directed to Mr. R. Sgarro at (215) 774-7916.

transmittal should
Very

H.

W.

on

this

truly yours,
Keiser
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NRC

ESTIONS:

PL-NF-89-005

QUESTION 1

Is a SIMTRAN-E/SIMULATE-E one-dimensional cross section set
for each licensing transient analyzed'? If not, what
error is introduced by neglecting the dependence of the RETRAN-02
cross sections on the initial statepoint exposure distribution,
rod pattern, power and flow'

determined

RESPONSE

1

A SIMTRAN-E/SIMULATE-E one-dimensional

initial statepoint

cross section set is

exposure distribution, rod
flow condition that is analyzed with RETRAN.
pattern,
The same cross section set is used for various transients
analyzed from the same initial statepoint exposure distribution,
rod pattern, power and flow condition. Therefore, each licensing
transient uses cross sections appropriate for the initial
developed

for

each
power and

conditions of the event.

1

J

NRC
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QUESTION 2

specific changes are made to the control system parameters
during initialization7 Are the modified parameters consistent
with the plant values and, if not, what effect does this
difference have on the licensing

What

analyses'ESPONSE

2

All control systems
are initialized to

were developed using

SSES

specific data

and

consistent with this data. There are two
types of control systems to initialize. .The first type (Type I)
is. one in which the required controller initial condition is
RETRAN
directly calculated by RETRAN or can be determined fromcontrol
of
The
second
values.
initialization
type
calculated
system (Type II) is initialized using specified initial condition
data (e.g., power, dome pressure, etc.) which is then used with
the control system model logic, input gains, and tabular data to
provide a steady state solution. The application of these two
types of initialization methods for the SSES specific control
systems is discussed below. Control systems not listed below are
be

self initializing.

ape I
Specific control systems of this type are:
1) Sensor Response Models (Figure 3.4-5 in PL-NF-89-005)
2) Direct Bypass Heating (Figure 3.4-13 in PL-NF-89-005)
3) APRM Power (Figure 3.4-16 in PL-NF-89-005)
4) Simulated Thermal Power Monitor (Figure 3.4-17 in

PL-NF-89-005)

5) Integral Power Calculation (Figure 3.4-18 in PL-NF-89-005)
6) Separator Carryunder (Figure 3.4-20 in PL-NF-89-005)

response models use the RETRAN LAG block control
function. All LAG blocks must be initialized with a value equal
to the initial value of the input to the block in order to
maintain a= steady state condition. The required LAG block inputs
are determined from the RETRAN thermal-hydraulic initialization
calculation.
The direct bypass heating control system uses the RETRAN MUL
block control function. A preliminary RETRAN calculation is
performed which accesses the cross section set to obtain the core
axial power profile. This power profile is used to determine the
axial bypass heating'rofile, which is then used to supply the
initial conditions of the RETRAN MUL blocks.
The APRM power control system requires that a master MUL block
gain and a master SUM block gain be supplied; The SUM block gain
is equal to the inverse of the initial value input to the block.
This normalizes the output of the SUM block to one. The MUL
block gain is equal to the case specific core power in units of
percent of rated.
The sensor

-

NRC IOESTIONS:

PL-NF-89-005

simulated thermal power monitor control system requires a
LAG block initial condition which is equal to the case specific
core power in units of percent of rated.

The

The

integral

power calculation control system is used for
only and does not affect the results of the model.

information
The separator carryunder control system requires the calculation
of an initial SUM block output. The value of this output is
determined from the RETRAN thermal-hydraulic initialization

calculation.

~Te ZZ
Specific control systems of this type are:
1)'eedwater Controller Model (Figures 3.4-6,7,8 in
PL-NF-89-005)
2) Recirculation Flow Controller Model (Figures 3.4-9,10,11,12
in PL-NF-89-005)
3) Pressure Regulator Model (Figure 3.4-14 in PL-NF-89-005)
The feedwater controller model is initialized to provide a steady
state feedwater flow and enthalpy for the specific power/flow
condition that is being analyzed. Once the flow and enthalpy are
determined from the initial conditions being analyzed, the

controller is initialized using SSES specific data contained
within the RETRAN model.
The recirculation flow controller model is initialized to
maintain a steady torque on the recirculation pump to produce the
core flow required for the specific power/flow condition that is
being analyzed. The controller initial conditions are determined
from SSES specific data contained within the RETRAN model and the
recirculation pump speed determined during the thermal-hydraulic
initialization. The controller governs the pump speed to produce
the torque required to maintain a steady core flow.

pressure regulator model is initialized to maintain a steady
state pressure regulator pressure and system steam flow for the
specific power/flow condition that is being analyzed. Once the
steam flow. and system pressure are known, a pressure regulator
pressure setpoint is calculated using SSES specific data
contained within the RETRAN model so that the model will maintain
a steady state condition.
The

NRC
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QUESTION 3

What

is the effect of the (Appendix-A)

SIMTRAN-E/SIMULATE-E void

cross sections) on the calculated
4CPR and vessel pressure increase? Since the correction was
determined for an overpressurization transient, provide
justification for the application of this correction to all
is intended. Since
non-pressurization transients for which
the correction is not applied to all transients (e.g., the
startup tests described in Sections 5.1-5.3), provide the
criteria and basis used to determine when the correction is

correction (to the

RETRAN-02

it

applied.

RESPONSE

3

section density correction adjustment is needed to
in cross sections for RETRAN that would
be predicted with the 3-D SIMULATE-E code for an "instantaneous"
The correction accounts for 3-D to 1-D
pressure increase.
thermal hydraulic differences, and, hence, is part of the 3-D to
1-D collapsing process.
The result of not performing this
adjustment for pressurization events is an overestimate of the
transient peak power (and hence 4CPR). The higher peak power
It should be
produces a slight increase in peak vessel pressure.
noted that licensing peak pressure calculations are
conservatively performed without the adjustment.
The adjustment process does not change the cross sections at the
Rather,
initial reactor state (see Appendix A of PL-NF-89-005).
only modifies the cross sections'ependency on change in
moderator density. Thus< for transients with small density
changes, the effect of the adjustment is negligible and the
adjustment process is not used. The events presented in Sections
5.1 — 5.3 of PL-NF-89-005
were verified to produce very small moderator density
Analyses of the two pump RPT trip (Section 5.4) were
changes.
performed
both with and without the adjustment —results were
virtually identical. Analyses performed as part of the third of
PPSL's three reports describing our licensing methods
(PL-NF-90-001) demonstrated that the cross section adjustment has
- no significant effect on the results of the limiting
Recirculation Flow Controller Failure event, since the event is
very slow and, hence, involves only very small density changes.
The applicability of the adjustment process for pressurization
transients (which is similar to PECo's NRC approved method) is
demonstrated by the comparisons to test data (Peach Bottom tests
and the Susquehanna Unit 1 Cycle 1 EOC GLR).
For licensing analyses (as described in PL-NF-90-001), the cross
section adjustment is only used for 4CPR analyses of the
pressurization events (GLR & FWCF), which is consistent with the
generation of the RETRAN code uncertainty.
The cross

produce the same changes

it

NRC
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QUESTION 4

adjustments made in the RETRAN-02 model or data
(excluding those described in Sections 6.2, 6.3, and 7.2) to
improve agreement with the Peach Bottom-2 initial conditions
(e.g., axial power shape) and test results2 Was the ESCORE gap
conductance calculation modified based on the Peach Bottom-2
measurement data2 If so, what effect did this normalization have
on the comparisons and are these adjustment procedures part of
the PPL standard calculational method2

Were any

RESPONSE

4

Adjustments were not made in our models for specific events to
improve agreement between the calculations and measured data. To,
develop a RETRAN model and method (including gap conductance
methodology), many modelling assumptions are made regarding the
representation of the actual hardware and its performance
characteristics. Some of these assumptions affect input
parameters that can affect the results of the simulation.
Various sets of assumptions were tested during the development of
the RETRAN model. The models and methods reported in
PL-NF-89-005 are based on one set of assumptions.
Although very
SES
Bottom-2
Susquehanna
and
Peach
the
reactors,
similar BWR/4
modeling
the
same
However,
reactors.
identical
are
not
Units
techniques and assumptions were used for development of the
input. The comparisons shown in PL-NF-89-005 were performed
using the same modeling techniques for the Peach Bottom-2 and
Susquehanna

.

SES

reactors.

Section 3.4 of Reference 4-1 shows excellent agreement between
calculated and measured initial axial power distributions for the
three Peach Bottom-2 turbine trip tests. Careful analysis of the
numerous power maneuvers that occurred during the few weeks prior
to each test was required to adequately calculate the actual
xenon concentration at the time of the test, thus resulting in
accurate calculated power distributions.
The ESCORE gap conductance calculations were not modified based
The methodology for
on the Peach Bottom-2 measurement data.
calculating core average gap conductance is provided in Appendix
This methodology was used to calculate the
C of PL-NF-89-005.
Susquehanna SES and Peach Bottom-2 core average gap conductances.
The gap conductance values used in the Peach Bottom-2
calculations are provided in Table C-4. A sensitivity study was

performed to assure that the RETRAN code uncertainty is
conservative for hot bundle gap conductance values within the
range specified in Table 8.1-1 of PL-NF-89-005.
Reference
4-1

"Qualification of Steady State Core Physics
Design and Analysis", PL-NF-87-001-A, July

Methods
1988.

for

BWR

NRC
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QUESTION 5

did other variables such as core flow and steam flow compare
for. the generator load rejection transient?

How

RESPONSE

5

attached plots of steam flow and core flow during the load
rejection benchmarking transient show that RETRAN accurately
predicts the response of these parameters during the event. The
plot of steam flow during the transient shows that the
peak-to-peak variation and frequency of the steam flow
oscillations are predicted accurately. The plot of core flow for
the transient shows that RETRAN accurately predicts the core
flow. The core flow data between 1.25 and 1.5 seconds is not
shown due to the fact that the signal was not recorded during
The

that interval.
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QUESTION 6

are the case-specific
3.1-2 determined?

How

RESPONSE

inertia

and

loss coefficients of Table

6

Case-specific inertias are calculated for junctions that
represent the steam separator and standpipes. As stated in
Section 3.2.3 of PL-NF-89-005, the inertia for these junctions is
calculated using vendor data. The vendor data from Reference 25
of PL-NF-89-005 provides a curve of separator and standpipe
inertia as a function of separator inlet quality. The separator
inlet quality is determined for each specific power/flow initial
condition that is analyzed.'nce the inlet quality is known, the
vendor data is then used to determine the required inertias.
Case-specific loss coefficients are calculated for the steam
separator and the core support plate leakage paths. As stated in
Section 3.2.3 of PL-NF-89-005, the loss coefficients for the
The vendor
steam separators are calculated based on vendor data.
data from Reference 24 of PL-NF-89-005 provides a correlation
between separator pressure drop and separator inlet flow and
fluid density. The separator inlet fluid flow and density are
determined for each specific power/flow initial condition that is
analyzed. Once these parameters are known, the vendor data is
used to determine the required separator pressure drop. This
pressure drop is then imposed across the separator by adjusting
the loss coefficients. The loss coefficient for the junction
representing the core support plate leakage paths is calculated
to impose a case specific SIMULATE-E calculated core plate
pressure drop on the RETRAN model. The methods discussed above
are applied consistently for all analyzed cases.

NRC
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QUESTION 7

What

nodalization of the separator and upper

in the

RETRAN-02 model

RESPONSE

(p-12)7

downcomer was used

7

nodalization of the separator and upper downcomer employed in
the Susquehanna SES RETRAN model is shown in Figure 3.1-1 of
PL-NF-89-005. All results of Susquehanna SES startup test

The

analyses
model.

contained in PL-NF-89-005 were obtained using this

nodalization of the separator and upper downcomer employed in
the Peach Bottom-2 RETRAN model is identical to the Susquehanna
SES model nodalization and is shown in Figure 6.2-1 of
PL-NF-89-005. All results of Peach Bottom-2 turbine trip test
analyses and the NRC licensing basis transient analyses were
The

obtained using

this

model.

NRC
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QUESTION 8

will the

constant carryunder assumption be validated when the
vessel level falls below the separator discharge path exit(p-36)'P

How

RESPONSE

8

During normal operation and transient events, the carryunder
fraction affects the core inlet subcooling which in turn affects
the core reactivity. For licensing basis transient events, a
reactor scram occurs before the vessel water level falls below
the separator discharge path exit. Core reactivity is dominated
by control rod motion, and the assumption of constant carryunder
fraction for the condition when the vessel level falls below the
separator discharge path exit has essentially no effect on the
results of interest'i.e., power, hCPR). Therefore, for
licensing basis transient events, validation of this assumption
is not required.

If an

event is analyzed in which both the vessel level falls
below the separator discharge path exit and the effects of the
constant carryunder fraction assumption may affect the results
(e.g., Anticipated Transients Without Scram), a sensitivity study
will be performed to investigate the carryunder fraction
the results are sensitive to the carryunder
assumption.
fraction, additional vendor carryunder fraction data will be
obtained or a conservative carryunder fraction assumption will be

If

utilized.

discussed in Section 3.3.7 of PL-NF-89-005, a "warning" trip
when the vessel water level drops below the separator
discharge path exit. This trip alerts the user that the model is
being used outside the range of vessel level over which the
carryunder data was obtained.

As

is-actuated

NRC
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QUESTION 9

Provide the basis for the selected time constants of Figure
3.4-5. What restriction does this selection impose on the
application of the RETRAN-02 model'P Discuss the validity of
these constants for both rapid and slow transients?
RESPONSE

9

The sensor

time constants used in the

originally obtained from

Susquehanna

RETRAN
SES

Electric.,

model were

specific design

During the model
development, certain of these time constants were revised based
on either actual bench test data or engineering judgement to more
accurately model the instrumentation. The recirculation drive
flow time constant was determined by bench testing the
Susquehanna SES instrumentation prior to the plant startup
documents provided by General

testing.
The selection of these time constants does not impose any
restrictions on the application of the RETRAN model. The
simulated instrumentation responses are used (l) as input signals
for control system models, (2) as input signals for trip
actuation models, and (3) for comparison to plant measured data.
The limiting licensing basis events respond either too quickly
for the control system response to affect the transient response
(e.g., Generator Load Rejection) or so slowly that the calculated
parameter which is input to the control system is essentially
equal to the simulated instrumentation response (e.g.,
Recirculation Flow Controller Failure event).
The only two trip system input parameters that could potentially
affect the limiting transient responses are the high water level
(L8) turbine trip for the Feedwater Controller Failure event and
the high neutron flux signal for the MSIV closure
overpressurization analysis. Both of these time constants are
based on Susquehanna SES design data provided by General
Electric.
The comparisons to Susquehanna SES measured data shown
in PL-NF-89-005 could be affected by the selection of the
.simulated instrumentation time constants. However, these
comparisons are provided to demonstrate that the RETRAN model
results generally agree with the measured data. Due to the
differences in the magnitudes and rates of signal changes for the
various events analyzed, the use of a single set of time
constants for all the benchmarking calculations assures the time
constants used are appropriate for modeling Susquehanna SES.

NRC
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QUESTION 10

Is the carryover negligible under transient conditions- as well
startup conditions (p-46)? If not, how will this be

as

under the

accommodated'P
RESPONSE

10

Reference 10-1 states that the efficiency of the steam dryers in
removing moisture carryover from the steam separators depends on
the steam velocity and only very slightly on the moisture content
of the steam. Reference 10-1 also states that even though the
steam separator carryover is high at low inlet qualities, the
dryer carryover is low because the steam velocity is not high

to carry this moisture up to the dryers.
Reference 10-2 provides results of a startup test (STI-92)
performed at Browns Ferry — Unit 1 which, like Susquehanna SES,
is a BWR 4 with a rated power level of 3293 MWt. .The carryover
1) 50% power,
was measured at four plant operating conditions:
102% core-flow;
2) 75% power, 103% core flow; 3) 90% power, 82%
core flow; 4) 100% power, 96% core flow. These operating
conditions represent a wide variation in dryer steam velocity and
inlet quality. The maximum carryover fraction of 0.0077 was
measured at the 100% power, 96% core flow condition (i.e., the
condition with the highest steam velocity). Therefore, the
carryover fraction is negligible during startup conditions and at
rated power.
The carryover is not expected to increase significantly during a
transient, because the steam velocity during a transient is
expected to remain below a velocity that would produce
significant moisture carryover (for all but brief portions of the
event). The Susquehanna SES and Peach Bottom transient
benchmarking calculations demonstrate that the PP&L model which
assumes a zero carryover fraction provides excellent results.
enough

References
10-1

"Advances in Boiling Water Reactor Steam Separation
Systems", ASME Publication 69-WA/NE-5, Paper by R.H. Moen,
et al, presented at ASME Winter Annual Meeting, November,
1969.

10-2

"Final Report: Startup Test Program Browns Ferry Nuclear
Plant Unit 1", NED0-20747, January, 1975.
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ll

is the uncertainty analysis of Chapter-8 used to determine
the uncertainty in the transient vessel pressure increase?

How

RESPONSE

11

uncertainty analysis in Section 8 only applies to the
calculation of hCPR. The results of the Peach Bottom Turbine
Trip Tests show good agreement with measured peak dome pressure
(less than 5 psi difference and in the conservative direction for
all 3 tests). In addition to the conservatism in the ASME limits,
conservative assumptions are made for a licensing overpressure
analysis (Section 3.5 of PL-NF-90-001). The conservatism
inherent in the assumptions on pressure regulator setpoint,scram
speed, gap conductance, and MSIV closure time represents a
conservatism of approximately 57 psi (Table 3.5-4 of
PL-NF-90-001). Thus, an additional allowance for uncertainty is
The

unneccessary.

QUESTION 12

data available for the Peach Bottom-2 tests (e.g.,scram rod
position versus time) that is not generally available for
Susquehanna licensing analyses which allowed a more accurate
calculation? What effect did this have on the
ca 1culat ion-to-measur ement comparisons'?

Was

RESPONSE

12

only data available for the Peach Bottom plant that is not
available for Susquehanna is a core outlet pressure measurement
for Peach Bottom, whose only effect was to allow a comparison
with calculated core outlet pressure. The Susquehanna and Peach
Bottom models were derived using the same type of data and the
same modelling and analysis methods..
Thus, the comparisons with
measured data and the RETRAN code uncertainty calculations are
The

..

valid.

In the case of control rod scram insertion times, there is a
large amount of data for the Susquehanna units. Based on this
data and technical specification limits, licensing analyses are
performed using conservative control rod scram insertion times.

NRC
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QUESTION 13

lines are not modeled in the Chapter-8
how will the steam line, initial
and bypass opening characteristics be determined in a
conservative manner for licensing transients.
Since the steam

uncertainty analysis,

RESPONSE

As

steam

flow

13

described in Sections 3.1 and 3.2 of PL-NF-90-001, the steam

line uncertainties are evaluated and included in the RETRAN code
uncertainty (i.e., the code uncertainty is increased to include
The impact of the
the effects of steam line uncertainties).
steam line uncertainties is very small compared to the impact of
the vessel and neutronics uncertainties as shown in Tables 3.1-5

and

3.2-3 of PL-NF-90-001.

Uncertainty in the initial steam flow implies a similar
uncertainty in core power. Licensing transient analyses will be
performed either as a function of core power or at the limiting
power level up to a value of rated power plus uncertainty.
Bypass opening times are modeled based on plant test acceptance
criteria. Actual data show a faster response than is assumed in
the licensing calculations. Thus, bypass opening characteristics
are conservatively modeled. It should be noted that the bypass
opening time only affects the feedwater controller failure event
in which the bypass system is assumed to be available. These
cases are generally non-limiting, except at significantly reduced
powers at which substantially more MCPR margin exists.

NRC
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QUESTION 14

Discuss the adequacy of using the minimum number of
samples(three) to determine the population mean(E) and standard

deviation(S). What distribution of errors was assumed in
determining the 95/95 upper tolerance factor (7.655) and how
this justified?
RESPONSE

was

14

three Peach Bottom tests are the only applicable transient
overpressure tests specifically performed to provide model
qualification data available for deriving the RETRAN code
uncertainty. Based on the W-test (Reference 14-1), the
probability of obtaining the calculated results from a normal
distribution is greater than 50%, and< thus, the hypothesis of
normality can not be rejected. In addition, the assumption that
the code uncertainty is normally distributed is reasonable, since
the uncertainty is made up of many components which are
continuous functions and which are expected to be randomly
distributed. This fact tends to make the resultant distribution
normal regardless of the distributions of the components as a
result of the Central Limit Theorem. This assumption of
normality is also used by GE, PECo, and TVA in their approved
statistical methodologies.
The

The upper one-sided tolerance factor for a normal distribution
and three data points is 7.655 (Table VII-b, Reference 15 of
PL-NF-89-005). The valid equation to use for the upper one-sided

tolerance at the
E(95/95

probability/

95%

= x + k

)

=

x

+

*

95%

confidence level is

s

7.655 * s

(

for 3 data points)
of the 3 data points

the actual mean
the sample standard deviation about
the mean
Therefore, the use of the three tests is adequate for the purpose
of deriving the RETRAN code uncertainty.
where :

x
s

=

=

References
14-1

"American National Standard : Assessment of the Assumption
of Normality (Employing Individual Observed Values)",
ANSI N15.15-1974.
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QUESTION 15

bias of
is the statistical uncertainty in the calculational
which is based on only 3 samples, accounted 'for'? What is
the 95/95 upper tolerance limit on E and how is it determined?

How

'E=9%,

RESPONSE

15

internal form of the XN-3 correlation (which is limiting
for pressurization events), the PPaL RETRAN model conservatively
overpredicts the transient RCPR by 7.9% on the average, which is
reflected in the calculation of E as described in Section 8 of
PL-NF-89-005. The calculation of the 95/95 upper tolerance on E
is discussed in the response to Question 14. The upper tolerance
factor of 7.655 accounts for the statistical uncertainty in E in
the determination of the 95/95 value of E.
For the

QUESTION 16

In view of the absence of sufficient data to determine the
distribution of the hCPR calculational errors, what distribution
will be used in the safety limit Monte Carlo calculation and how
will this be justified'P
RESPONSE

16

Based on the phenomena

involved and the justifications presented
a normal distribution of RCPR
This is consistent with the NRC

in the response to Question 14,
calculational errors is assumed.

approved methods used by GE, PECo, and TVA.

NRC
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QUESTION 17

calculations performed by PPL and provided to ANF for
input to safety analyses (e.g., LOCA, SLMCPR rod drop and fuel
handling) consistent with the accuracy and conservatism assumed
in the approved ANF methodology? Does the ANF methodology assume
that an allowance for uncertainties is included in the data
provided by PPL? How are the differences between
CPM-2/SIMULATE-E and the ANF physics codes accounted for?

Are the

RESPONSE

17

for calculating inputs to the ANF safety
is described in PL-NF-90-001, which describes the

The PPSL methodology

analyses

application of PPSL methods to licensing analysis. The response
to this question will be provided with the responses to NRC
questions associated with PL-NF-90-001.

QUESTION 18

is causing the overprediction of the core pressure
transient power of the Peach Bottom-2 TT1 test?

What

RESPONSE

~

18

overprediction in core power is caused mainly by the
overprediction in core pressure. Higher pressure produces more
positive reactivity due to void collapse. The cause of the
overprediction in core pressure is due to two factors. The first
factor's an overprediction of dome pressure for the first
pressure peak (see Figure 6.4-4 of PL-NF-89-005). The exact time
of turbine trip for TT1 is not known due to the failure of the
turbine trip indication during the test, which could be the cause
of the dome pressure overprediction.
The second factor is a conservatism in the RETRAN prediction of
the pressure wave transmission from the dome to the core. The
analyses of the Peach Bottom turbine
RETRAN dome pressure-forced
conservative
predictions of the core pressure
trip tests all show
at the time of peak core power and, hence, higher than measured
Thus, for pressurization events, due to a
peak core powers.
conservatism in the transmission of the vessel pressure wave to
the core, the RETRAN model will conservatively predict core power
The

~

and peak

and 4CPR.

NRC
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QUESTION 19

is causing the overprediction of hCPR/ICPR in the TT3 test.
Discuss why the bias E determined (to a large extent) by this

What

overprediction is applicable to Susquehanna
calculations?
RESPONSE

licensing

19

The peak powers calculated by RETRAN for the dome forced analyses
conservative
of the Peach Bottom Turbine Trip tests are

all

all contribute
(i.e., higher) compared to data and, therefore,
table
in
the
following
shown
E
as
mean
value
the
to
equally
TEST

PEAK NORMALIZED POWER
MEASURED

DOME FORCED

DIFF
(%

initial)

MEASURED/CALC'd
RCPR

TTl

5.31

4.83

+48%

TT2

5.56

4.53

+103%

.916

6.23

4.94

+129t

.879

TT3

~

=

967

L

in the above table, the ratio of measured to calculated
correlates well with the amount of the conservative
overprediction of core power. The exact cause of the larger
overprediction for TT3 is difficult to determine. However, the
power increase for TT3 is terminated by reactor scram's opposed
to Doppler reactivity. This fact may tend to make TT3 more
sensitive to conservatisms in the vessel model that affect the
transmission of the pressure wave from the dome to the core. The
peak power in a pressurization event similar to the Peach Bottom
tubin'e trip tests is largely determined by the initial pressure
wave. It should be noted that the initial conditions of TT3 are
closest to rated conditions (from which the limiting GLR analyses
are run), and both the GLR and feedwater controller failure power
increases are terminated by control rod insertion as is TT3.
This indicates that the results of licensing analyses will be
more conservative than the value of E implies.
We believe that use of the values of E calculated in Section 8 of
PL-NF-89-005 are appropriate for statistical licensing analyses,
As shown
RCPR

because
1)

all

Peach Bottom Turbine Trip test analyses
conservative peak powers and RCPRs;

largest conservatism occurs for the event that is most
like a licensing basis generator load rejection; and
the overall methodology used to establish the MCPR
operating limit described in PL-NF-90-001 produces
operating limits that are comparable to other approved

2) the
3)

result in

vendor and

utility methodologies.

NRC
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QUESTION 20
Was

the SIMTRAN-E/SIMULATE-E void cross section adjustment made

for the TTl,

RESPONSE

TT2, TT3 and LBT

calculations?

20

section adjustment procedure described
PL-NF-89-005 was used for analyses of all Peach
trip tests (including dome forced analyses) and
was done in conformance with PPSL's methodology
pressurizati'on events.
The cross

in Appendix A of
Bottom turbine
the LBT. This
for analyzing

QUESTION 21

fuel temperature versus time curve has been omitted from
Figure 7.3-8. How does the GE and PPL fuel temperature compare
for the licensing basis transients

The

GE

RESPONSE

21

plotted against data available in Reference
21-1. This reference does not contain the GE transient fuel
temperature data. PP&L is not aware of any readily available
reports that contain this data.

The PP&L

results

were

References
21-1 "Analysis

of Licensing Basis Transients for

BNL-NUREG-26684, September

1979.

a BWR/4",

NRC

ORSTIONS:

PL—NF —88-005

QUESTION 22

is the effect of the time-dependence of the radial power and
flow distributions accounted for in the hot-bundle hCPR
calculation'? Are the initial SIMULATE-E power and flow
distributions used throughout the transient? How is the
uncertainty introduced by this simplification accounted for in
the RETRAN-02 uncertainty analysis?

How

RESPONSE

22

radial power and
used by the hot channel model.

The SIMULATE-E

flow distributions are not

initial hot bundle power is established by an iteration
procedure to produce a transient minimum CHFR = 1.0. This
procedure is identical to the ANF approved thermal margin
methodology. The RETRAN hot bundle model does not change the
This is conservative
bundle radial peak during the transient.
when coupled with the assumption that the hot bundle normalized
power versus time is the same as the core average normalized
Since
power versus time (calculated by the RETRAN System model).
the actual axial power distributions in the hot bundles are more
bottom peaked than the core average axial power distribution, the
actual hot bundle normalized power would decrease more rapidly
than the core average normalized power following scram. Thus,
the assumption of constant hot bundle radial peaking factor
during an analysis is conservative. Uncertainties in the bundle
The

safety limit type analyses.
The changes in hot bundle flow are calculated during the event by
calculated by
RETRAN based on upper and lower plenum pressures
loss
frictional
and
the system model and vendor measured spacer
power are

included in the

coefficients.

MCPR

NRC
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QUESTION 23

(of Section 8.2) used in determining the
"measured" and calculated hCPR are identical and, consequently,
the measured-to-calculated dCPR/ICPR comparisons do not include
the effect of the uncertainty in the hot-bundle calculation. How
is this additional uncertainty accounted for?

The

hot bundle analyses

RESPONSE

23

The RETRAN code

uncertainty described in Section

8

of

PL-NF-89-005 includes all uncertainties involved in the RETRAN
system model analysis, (expressed in RCPR) and does not include
The conservatism of the hot bundle
hot bundle uncertainties.
model and XN-3 correlation for transient analyses has been
demonstrated by comparison to transient test data (see Appendix

B

of PL-NF-89-005). Additional conservatism is introduced into hot
bundle licensing analyses by the use of conservative gap
conductances as described in PL-NF-90-001.

QUESTION 24

Will the

ESCORE

RESPONSE

24

gap conductance

used

in the

Susquehanna

safety

analyses be consistent with(or conservative relative to) the
methods described in Appendix-C(e.g.,the use of an average fuel
pin gap conductance and a core dominant fuel type)?

The system model gap conductance methodology for licensing
be consistent with Appendix C of
analysis using ESCORE
PL-NF-89-005, but more conservative due to the assumption of a

will

conservatively

PL-NF-90-001.

flat axial

power

distribution

—see

if

Appendix A of

appropriate.
fuel type assumption would be used
However, the next cycles of the Susquehanna units (Unit 1 Cycle 7
and Unit 2 Cycle 6) will be exclusively ANF 9x9, so the dominant
fuel, type would also be 9x9.

The dominant

NRC
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QUESTION 25

Describe in detail what is causing the large variation in gap
conductance between the Peach Bottom-2 tests TT1, TT2, and TT3
given in Table- C-2. Is a similar variation expected in the
Susquehanna licensing analyses?
RESPONSE

25

variation in gap conductance for the Peach Bottom 2 turbine
Higher
due to the different initial power levels.
power results in a higher pellet temperature and, hence, more
pellet expansion. The increased expansion produces a smaller gap
Similar variation is
size and, thus, a larger gap conductance.
expected for Susquehanna licensing analyses at different initial
The

trip tests is

powers.

QUESTION 26

is the uncertainty introduced by the use of a single
core-average gap conductance, based on a core-average power
history and axial power shape, accounted for in the hot bundle

How

calculation?

RESPONSE

26

described in PL-NF-89-005
is not used in the RETRAN hot bundle model. The hot bundle gap
conductance is produced by a separate conservative calculation
performed for each potentially MCPR limiting fuel type as
described in Appendix A of PL-NF-90-001. The hot bundle gap
conductance is not based on core averaged power history or axial
power distribution. The RETRAN code uncertainty was evaluated
for a wide range of hot bundle gap conductances (see Section 8 of
PL-NF-89-005) and hot bundle gap conductance is, thus,
conservatively treated in the calculation.
The RETRAN system model gap conductance

NRC
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QUESTION 27

If the

core-equivalent gap conductance represents an average over
the core fuel types, why is the Peach Bottom-2 Cycle-2, equivalent
gap conductance of Table C-4 larger than the conductances of both
the 7x7 and 8x8 fuel types of Table C-3?
RESPONSE

27

To calculate the equivalent gap conductance for use in the RETRAN
System model, a special RETRAN model is used as described in

of PL-NF-89-005. This model specifically represents
each fuel type resident in the core. Also modelled is a fuel
type representative of the dominant (i.e., most prevalent) fuel
type used in the RETRAN System Model whose gap conductance is
varied until the heat deposited to the coolant by the dominant
fuel type matches the sum of the heat deposited to the coolant by
the different fuel types.
In the case of Peach Bottom 2 Cycle 2, there were 576 GE 7x7 and
For the Peach Bottom analyses, the System
188 GE 8x8 assemblies.
Model assumed '7x7 geometry for the fuel pin. The more rapid
thermal response of the 8x8 rods (due to their smaller size and
larger heat transfer area) requires that the gap conductance of
This procedure produced the values in
the 7x7 rods be increased.
Appendix

C

Table C-4. Averaging gap conductances
fuel rods is not appropriate.

for different

geometry

QUESTION 28

results of the pressure regulator failure at
natural circulation test referred to in Table C-2'?

What were the

RESPONSE

28

results of the pressure regulator failure test at natural
circulation for Susquehanna Unit 1 are presented in Section 5.7
of PL-NF-89-005. The PP&L Susquehanna RETRAN System model did
a good job of predicting the transient response for this event.

The

'1

I

NRC
I
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P

QUESTION 29

Is the flowing quality form of the Baroczy correlation less
accurate at lower(approaching counter-current) flows? If so,
will this additional uncertainty be accounted for?
RESPONSE

how

29

the countercurrent flow regime do not
occur during the relevant portions of either the benchmarking
transients presented in PL-NF-89-005 or limiting licensing basis
events.
Flow rates approaching

correlation documented in the original paper
of PL-NF-89-005) was derived based on flowing
(Reference
PPEL implementation of the correlation is,
The
quality.
consistent with its derivation, also based on using flowing
quality as an input. As described in Appendix D of the RETRAN
Topical, the PP&L implementation gives more accurate pressure
drop predictions than the RETRAN-02 MOD4 ver'sion based on using
equilibrium quality as an input. The PPaL implementation of the
Baroczy correlation is, thus, more accurate than the RETRAN-02
The Baroczy

22

version.
In cases involving counter-current flow (which does not occur
during the relevant portions of limiting licensing transients)
the PP&L version of RETRAN automatically switches to use the
equilibrium quality version to prevent code instabilities.

MOD4

NRC

ESTIONS
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QUESTION 30

application of ESCORE=consistent with the limitations
Has the U-238 resonance escape
ESCORE approval?
probability P been validated for the intended Susquehanna fuel
designs? How is the effect of ESCORE reduced average fuel
temperature and stored energy accounted for? Have the
plant-specific uncertainties in the ESCORE calculated gap
conductance been determined and accounted for?
Is the
of the

PP&L

RESPONSE

30

is consistent with the limitations
of the SER. ESCORE is used only for gap conductance calculation
of solid UO-2 pellet, zirconium clad fuel for burnups 1'ess than
60 GWD/MTU and power densities less than 16 kw/ft as stated in
The PP&L

application of

Section 3.5.1 of the

ESCORE

SER.

Analyses were performed to demonstrate that the Resonance Escape
Probability (REP) has only a minor effect on gap conductance for
A change in REP from .61 tothe core average gap conductance.
Also, the core
.91 only produced a 3% change in gap conductance.
bundles in
from
all
contributions
equivalent gap conductance has
REPs.
hence,
levels
and,
the core having a wide range of void
of
40%
is
level
void
to
a
Thus, use of a value corresponding
bundle
In
the
hot
calculation.
reasonable for the core average
gap conductance calculation, a conservative (i.e., high) value of
REP is assumed which produces a higher gap conductance which is

conservative for the hot bundle.

underprediction of fuel surface temperature is
attributed to an overprediction of pellet/clad contact
conductance and an underprediction of the fuel conductivity at
high burnup (greater than 30 GWD/MTU). These effects are of
little significance for the gap conductance calculations
In the case of the
performed in support of the RETRAN analyses.
core average calculation, there are relatively few rods having
pellet/clad contact or having burnups greater than 30 GWD/MTU.
These rods have low powers and thus contribute less to the
equivalent gap conductance. Thus, the contribution of these
effects are minimal. For the hot bundle calculation, a high
value of gap conductance is conservative. Thus, a tendency to
overpredict the conductance is conservative.
The treatment of plant specific uncertainties in conservative gap
conductance calculations for the Susquehanna units is described
in PL-NF-90-001. The System Model gap conductance calculations
described in Appendix C of PL-NF-89-005 are essentially best
estimate and, thus, do not include uncertainties.
ESCORE's

I

I
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QUESTION 31

Is the PPL application of RETRAN consistent with the limitations
of the RETRAN-02 approval? Will the PPL application be within
the model (boron transport, separator model, etc.) and bubbly
flow regime limitations? Has the conservatism of the heat
transfer model for metal walls in non-equilibrium volumes been
Has the PPL Courant time step control been
demonstrated?

justified?

RESPONSE

31

The RETRAN code has been used for the various Susquehanna
These events
Peach Bottom-2 benchmarking calculations.

SES

and

the adequacy of the code and models for a wide range
of transient conditions including conditions representative of
licensing basis transients. These benchmarking calculations are
used as part of the RETRAN qualification database and are the
basis for PP&L's compliance with certain of the code limitations
listed in the RETRAN SER (References 31-1). PPGL's application
of RETRAN is consistent with the limitations of the RETRAN-02
SER.
Specific details of PP6L's compliance wth the limitations
demonstrate

are discussed below.

Limitation 1: "The RETRAN code is a generically flexible
computer code requiring the users to develop their own
nodalization and select from optional models in order to
represent the plant and transients being examined. Thus, as
specified in the original SER (Reference 31-2), RETRAN users
should include a discussion in their submittals as to why the
specific nodalization scheme and optional models chosen are
These should be performed on a transient by transient
adequate.
basis."
Discussion: PL-NF-89-005 provides a description of the model
nodalxzation and optional models selected, and discusses the
rationale for the chosen modelling approaches. The benchmarking
calculations demonstrate the adequacy of this nodalization and
modelling approach. Sections 5 and 6 of PL-NF-89-005 discuss the
specific models that are validated by each benchmarking transient
calculation.-

NRC
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Limitation 2: . "Restrictions imposed on the use of RETRAN02
models (including the separator model, boron transport, jet pump
and range of applicability, etc.) in the original SER (Reference
31-2) have not been addressed in the GPU submittal and therefore
remain in force for both MOD003 and MOD004."
Discussion: Section II.C of the original RETRAN SER contains 29
limitations of the RETRAN code for BWR applications. Limitations
c, e, g, hl, x, g, k, nip n3, s, u, w, and y are not applicable
these limitations apply to
options not utilized by PP&L.
Limitations a, b, and d apply to the use of the one-dimensional
neutron kinetics option in RETRAN. The PP&L RETRAN models are
only used to simulate one-dimensional neutronic space-time
effects with non-zero fission power. In addition, control rods
are assumed to travel together in banks (e.g., scram insertion).
A detailed description of the methodology which is used for
assuring consistency between the three-dimensional kinetics data
generated by the core physics methods (Reference 31-6) and the
one-dimensional kinetics data used by RETRAN is provided in
Appendix A of PL-NF-89-005. Therefore, the RETRAN code is used
within the limitations of the one-dimensional neutronics model.

to the

PP&L RETRAN models
specific RETRAN modelling

because

Limitations f, 1, and m address the nonequilibrium thermodynamics
(except the special purpose pressurizer and separator models),
water properties beyond the critical point, and post-CHF heat
transfer correlation limitations. The PP&L RETRAN models utilize
the RETRAN code within these limitations. Note that even though
the hot bundle model is used to calculate the time that the
heat transfer
critical heat flux ratio (CHFR) equals 1.0, pre-CHF
The hot
analysis.
bundle
hot
RETRAN
is calculated throughout the
in
remain
conditions
average
assembly
bundle thermal hydraulic
with
conditions
along
average
These
assembly
the pre-CHF regime.
XN-3
to
correlation
in
the
used
are
rod
power input
local fuel
determin'e when

CHFR

equals 1.0 within the assembly.

h2 and n2 state that separate effects comparisons
been
presented for the algebraic slip option and
have not
between RETRAN results and FRIGG tests
comparisons
suggests
(Reference 31-3) be performed before approval of the algebraic
in
slip model. The algebraic slip qualification is discussed
Section 3.6.3 of PL-NF-89-005. The FRIGG comparisons have been
performed as part of the Philadelphia Electric Company RETRAN
methods qualification in PECo-FMS-0004-A (Reference 31-4).
Further evidence of the validity of the algebraic slip model is
provided by the comparisons of the RETRAN calculations to the
Susquehanna SES and Peach Bottom-2 transient data provided in

Limitations

PL-NF-89-005.

NRC
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the use of the nonequilibrium pressurizer
model which is used to simulate the upper downcomer of the
The limitations
Susquehanna SES and Peach Bottom-2 reactors.
cited are the lack of comparison data for a completely full or
empty volume and the lack of a fluid-to-boundary heat transfer
model. For the relevant portions of the licensing basis events
and the benchmarking calculations, the upper downcomer volume
level turbine trip
will not be full of liquid due to a high water will
the upper
which results in a subsequent scram. Neither
scram.
(See
level
downcomer volume be empty due to the low water
involving
of
events
response to Question 8 for further discussion
The fluid-to-boundary heat transfer
water level decreases.).
model limitation in the original SER (Reference 31-2) does not
apply to RETRAN02 MOD004 which is used by PP&L.

Limitation

o

discusses

states that the use of the separator default
carryover/carryunder curves must be justified and the use of the
separator model for off-normal flow quadrants and low flow/low
quality conditions should be avoided. The Susquehanna SES and and
Peach Bottom-2 separator models use vendor supplied carryover
carryunder performance data. Since PP&L does not use the default
carryover and carryunder curves, justification for the use of the
default curves is not required. Off-normal flow quadrants and
low flow/low quality conditions are not experienced during the
relavent portions of the limiting licensing events and the

Limitation

p

benchmarking

calculations.

Limitation q requires justification of the application of the
default pump homologous curves and restricts the pump simulation
to single phase fluid conditions. The PP&L RETRAN models utilize
vendor supplied pump characteristic curves which were converted
to homologous curves. Since PP&L does not use the default pump
homologous curves, justification for the use of the default
curves is not required. The fluid in the recirculation lines and
pumps remains subcooled for the licensing calculations (i.e.,
Therefore,
non-LOCA events) and the benchmarking calculations.
of
the
limitations
within
the
pump model.
used
is
code
RETRAN
the
Limitation r restricts the use of the jet pump model to the
forward flow quadrant. The PP&L RETRAN model was used within
this limitation of the jet pump model. The jet pump flow remains
in the forward direction during all the benchmarking calculations
presented in PL-NF-89-005. Transients from Single Loop Operation
were not analyzed and the one M-6 set trip transient simulation
The PP&L RETRAN
was terminated prior to reverse flow conditions.
model will not be used for licensing analyses of transients involving
reverse jet pump flow, unless further justification of the validity
of the jet pump model for reverse flow is provided.

NRC
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t indicates that

(1) subcooled void model
have only been presented for BWR situations, (2) the
void model should be restricted to the qualification
and (3) subcooled void sensitivity studies should be

comparisons
subcooled
database,
performed
for specific applications. Additional qualification of the
subcooled void model is provided by the comparisons between
RETRAN results and FRIGG tests (Reference 31-3) which were
performed as part of the Philadelphia Electric Company RETRAN
methods qualification in PECo-FMS-0004-A (Reference 31-4). The
adequacy of the subcooled void model is further demonstrated by
the comparisons of the RETRAN calculations to the Susquehanna SES
and Peach Bottom-2 transients provided in PL-NF-89-005.
Therefore, the subcooled void model is being used within the
qualification database. Sensitivity studies were not performed
using the PP&L RETRAN models because the additional model

qualification discussed above provides sufficient confidence in
the model and the subcooled void model uncertainties are
inherently included in the RETRAN code uncertainty presented in

of PL-NF-89-005.
Limitation v restricts the tempertature delay model to situations
with a dominant flow direction. The PPSL RETRAN model uses the
temperature transport delay option in the vessel lower downcomer,
recirculation loops, jet pumps, and lower plenum. For the
relevant portions of the licensing transients'and benchmarking
calculations (i.e., while recirculation flow is still
significant), these volumes experience a dominant flow direction.
Section

8

Therefore, the PPaL RETRAN model is used within the limitations
of the temperature transport delay model.
Limitation x states that the enthalpy transport model should not
be used for multidirectional, multijunction volumes without
further justification. The PPSL RETRAN models utilize the
enthalpy transport model in the core region (e.g., Volumes 2
through 26 of Figure 3.1-1 of PL-NF-89-005) and the core bypass
region (e.g., Volumes 52 through 76 of Figure 3.1-1 of
PL-NF-89-005). In the hot bundle model (Figure 4.2-1 of
PL-NF-89-005) a small amount of water exits the first core heated
node and a small amount enters the last core heated node due to
the water rod model. The water both in the fuel rod region and
within the water rod flows in the same direction during the
relevant portions of the licensing transients and the
Therefore, the enthalpy transport
benchmarking calculations.
models calculate the volume and junction enthalpies in the hot
channel and water rod appropiately.

NRC IOIESTIONS:
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Limitation z recommends a null transient computation to assure
the model is properly initialized and states that a review of the
heat transfer surface area and feedwater inlet enthalpy
adjustments should be performed for specific applications. For
second null
all RETRAN calculations performed by PPGL, a 10 transient
the
initiating
to
transient is performed prior
simulation. The heat transfer surface area adjustment is
performed because the steady state heat conduction equation is
solved using an approximate linear heat transfer coefficient to
determine the metal wall temperature which is then used, along
with the heat transfer coefficient as calculated using the RETRAN
correlations, to calculate the overall heat transfer rate. The
solution technique is described in Sections IX.3.4 and VIII.3.0
of Reference 31.5. For the Susquehanna SES and Peach Bottom fuel
designs, the heat transfer area adjustment is less than 0.13%
which is cons'idered to be negligible. A feedwater enthalpy bias
is required to obtain an overall heat balance of the model. For
the benchmarking calculations, this bias was reviewed to assure
consistency in the initial conditions data obtained from the
plant instrumentation. The feedwater enthalpy bias is primarily
affected by the core power, feedwater/steam flow, and expected

The expected feedwater temperature is
feedwater temperature.
design feedwater temperature
vendor
from
a
supplied
obtained
been confirmed applicable
has
which
steam
flow
curve,
versus
those benchmarking
For
data.
Susquehanna
plant
based on
initialization cases in which a large feedwater enthalpy bias was
calculated (i.e., > 5 BTU/ibm), the plant data was reviewed and
compared to other instrumentation readings to assure that
appropriate initial conditions were used in the simulation. For
licensing calculations, the feedwater/steam flow rates used
assure that a feedwater enthalpy bias of less than 5 BTU/ibm is
obtained. Therefore, the PPGL initialization process assures the
model maintains a steady state condition with appropriate heat
balance parameters and the RETRAN code heat transfer area
adjustment is negligible.

Limitation 3: "The countercurrent flow logic was modified, but
continues to use the constitutive equations for bubbly flow;
i.e., the code does not contain constitutive models for
stratified flow. Therefore, use of the hydrodynamic models for
any transient which involves a flow regime which would not be
reasonably expected to be in bubbly flow will require additional

justification."

Discussion: This limitation applies to the use of non-bubbly
flow regimes when the dynamic slip option is selected. The PPaL
RETRAN models use the algebraic slip option in lieu of the
dynmanic slip option and, hence, this limitation does not apply.

NRC
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Limitation 4: "Certain changes were made in the momentum mixing
for use in the. jet pump model. These changes are acceptable.
However, those limitations on the use of the jet pump momentum
mixing m'odel which are stated in the original SER (Reference
31-2) remain in force."
Discussion: As stated in the discussion of Limitation 2 above,
the PPEL RETRAN models were used to analyze transients that only
involve foward jet pump flow. If events involving reverse jet
pump flow are to be analyzed, qualification calculations will be
provided to demonstrate the adequacy of the jet pump reverse flow
loss coefficients and momentum mixing model.
Limitation 5: "If licensees choose to use MOD004 for transient
analysis, the conservatism of the heat transfer model for metal
walls in non-equilibrium volumes should be demonstrated in their
plant specific submittals."
Discussion: The Susquehanna SES and Peach Bottom-2 models shown
in Figures 3.1-1 and 6.2-1 do not contain heat conductors
connected to the non-equilibrium upper downcomer and separator
volumes. Therefore, the heat transfer to the metal walls is
This assumption is conservative for
assumed to be zero.
pressurization transients because the calculated increased
saturation temperature of the fluid within the volume during the
pressure increase is not accompanied by the transfer of energy to
the metal structure which would tend to slightly attenuate the
reaches the core.
pressure wave before

it

"The default Courant time step control for the
implicit numerical solution scheme was modified to 0.3. No
guidance is given to the user in use of default value or any
other values. In the plant specific submittals, the licensees
should justify the adequacy of the selected value for the Courant

Limitation 6:

parameter."

Discussion: The PPaL RETRAN models use a Courant time step
control value of 0.3. The Courant time step parameter reduces
the time step size at certain times during the event simulation,
necessary, to assure the fluid does not traverse a specified
fraction (i.e., 0.3 for PPEL RETRAN models) of a fluid volume.
Section 3.6.5 of PL-NF-89-005 presents a time step study in which
the time steps were reduced for the entire event simulation. The
results of this study demonstrate that the time steps and Courant
time step contxol value selected for the rapid pressurization
events are appropiate.
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QUESTION 32

Describe the calculation of the maximum expected hCPR channel
bowing adjustment of ECPR=0.02. How has the Susquehanna-2
Cycle-5 loading, fuel and channel design and burnup history been
accounted for in this determination?
RESPONSE

32

Bulletin 90-02 (Reference 32-1) states that the hCPR caused
box bow is not expected to exceed 0.02 for C-lattice
channel
by
that
use channels for only one bundle lifetime. This
plants
NRC

preliminary result

was based

on

generic calculations presented by

Electric Company and Advanced Nuclear Fuels
Corporation (ANF) in their proposed methodologies. The ANF
generic-methodology (Reference 32-2) has been approved by the NRC
subsequent to the issuance of NRC Bulletin 90-02. Reference 32-2
describes the details of example calculations of the channel bow
MCPR effects which bound C-lattice plants.
both General

References
32-1

"Loss of
Bulletin

32-2

"Advanced Nuclear Fuels Corporation Critical Power
Methodology for Boiling Water Reactors Methodology for
Analysis of Assembly Channel Bowing Effects," ANF-524(P)(A)
Supplement 1 Revision 2, November,1989.

Thermal Margin Caused by Channel Box Bow,"
Number 90-02, March 20, 1990.
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QUESTION 33

the differences between the channel bowing methods
(correlation, statistics, etc.) used for Susquehanna-2 Cycle-5
How are the differences between
and the approved ANF methods?
CPM-2 and the ANF lattice physics code accounted for?

What are

RESPONSE

33

generic channel bowing evaluation for plants
using fuel channels for only one fuel bundle lifetime and the
XN-3 critical power correlation was used for Susquehanna SES
Unit 2 Cycle 5. The method is described in a letter from ANF to
the NRC (Reference 33-1) and has been approved by the NRC for
Susquehanna SES Unit 1 Cycle 6.
The ANF approved

Differences between CPM-2 and CASM0-3G, which was used by ANF to
determine the channel bow MCPR effects documented in Reference
33-2, are not taken into account because ANF's bounding
calculation was performed to cover all potential local peaking

factor distributions.
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