


L492,.3 What are the values of the following for Perry?

( T&ble hou-l)
a) Design basis maximum core support plate pressure
drop(normal + upset);

b) Design basis maximum allowable channel wall
pressure drop.

Response

The design basis core support plate pressure drop(normal + upset)
is 26 psid; the maximum calculated channel wall pressure drop

at normal conditions is 15.6 psid. The design basis for BWR fuel
channels and vessel internal structures (including the core
support plate) with respect to pressure differentials is that

the component in question maintain structural integrity when
subjected to certain load combinations. A pressure difference
acting on a given component is merely considered as one of the
loads in those combinations. As such, it is not necessarily
meaningful to specify a design basis maximum pressure drop
without also specifying the other associated loads. Furthermore,
it should be made clear tuat although a given maximum pressure
drop may be used in such calculation that does not imply that
the component in question could not withstand an ever greater
differential pressure.
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Lok Have the core plate pressure drop measurements
(4.%.2,6) ever been done for the operating BWRs with
8x8R or P8x8R fuel with two water rods? If not,
do you intend to do these measurements?

Response

We are not aware of any operating plants with 100 percent
Sx5R or PBxBR fuel with two water rods to provide such a

comparison of calculated with measured core plate pressure drop.

The purpose of the comparison in Table 4,47 is to verify

the thermal hydraulic calculation. As the methods of analyzing

those cores with 5x8R or PSx8R fuel are no different than
those for 7x7 or 8xB8 fuels, it is anticipated that any such
comparison would yield results nearly identical to those given
in Section 4,4.2,.6 and in Table 4,4-7, Furthermore, the

plant operator has the capability, to monitor the core plate
pressure drop at any time during operation.



L3e.9 What fraction of the fuel bundle is "water rod
(4.5%.4.5.2) flow"? Did you verify your calculations with
previcus measurement data?

Resggnse

The nominal water rcd flow fraction for Perry at rated conditions
is 1.35% of the total core flow; models used in the calculations
of this fraction were derived from experimental data., The
calculation of this fraction was accomplished by the computer
program ISCPR which used the same steady state thermal hydraulic
mathematical module described in NEDO-20953A. Also, see response

to question 492,11,



Log,.11 You have not cited the name, version, or reference
(4.,4.4,5) of the computer program used in this sub-section.

Letter from N, W. Curtis (Pennsylvania Fower
and Light Company) to B. J. Youngblood (NRC),
"Response to NRC question on Susquehanna FSAR,"
dated March 25, 1981, states that name of the
computer program is "ISCPHR" and reference is
"General Electric Document NEDO-20953, May
1976, Chapter 4."

Please confirm ISCPR has been used for Perry,

What version number of ISCOR is the latest
version? Has this version been applied to Perry:
If the reference of this version is different
from GE Document NEDO-20953, provide the
document or the reference. Also describe any
significant changes of this version of ISC#R
code over the previous version of ISCfx.

Resggnse

The computer program cited in Section 4.4,4.5 is named ISCPR. The
ISCAR computer program and another GE program PANACEA (3
dimensional BWR core simulator) use the same steady state

thermal hydraulic mathematical module described in NEDO-

20953-A dated January 1977. The program ISCPR and the
calculations used for Perry are consistent with the technical
content of NEDO-20953-A dated January 1977.

The details of ISCPR and its associated proprietary documentation
are available for review at GE in San Jose, howeiver, the
following provides a general description of the .ode.

A, Summary

The purpose of ISCPR is to perform a steady state thermal
hydraulic analysis of a nuclear reactor core consisting of
parallel but noncommunicating flow channels. The code alsc allows
evaluation of the critical power based on fluid properties within
each channel by the GEXL critical power correlation. Input to

the code inciudes core geometry, operating pressure level, and
distribution within the core, operating pressure level, and core
inlet enthalpy. The code calculates the required total flow

and flow distribution for input core pressure drop or the flow
distributicn and core pressure drop for an input total core flow,
The code considers the pressure drop and flow in the core of

the reactor only, Detailed modeling of the bypass region,

leakage flow paths, and water rod hydraulics is included., Thermal



performance calculations are carried out using the GEXL critical
quality-boiling length correlation, Output inc.udes core
pressure drop for a required core flow or core flow for a
required core pressure drop, core flow distribution among the
channel types, and the critical power ratioc in each of the
channel types. The code is restricted to the use of light
water as the coolant.

B, Core Hydraulic Model

The hydraulic analysis assumes that the total core flow rate is
divided among the fuel assemblies such that each assembly
experiences the same pressure drop from the lower to the

upper plenum. The total core flow rate is divided into ine
channel flow and bypass or leakage flow, The in-channel flow
may be further divided into active flow and flow passing
through the interior of the water rods or rods which do not
contain fuel,

The solution is limited to twenty-four distinct fuel assembly
types which are treated as parallel flow paths. To analy7z:
an entire core, it is necessary to group the fuel bundles into
twenty-four or fewer fuel assembly types. All of the fuel
btundles belonging to a cpecific fuel assembly type are assumed
tc have identical hydraulic characteristics, power level, and
power shape.

The core hydraulic model uses a single core reference pressure
for the evaluation of all coclant physical properties. This
assumption has a negligible impact on the results at normal
operating pressure, but could become more significant at low
pressures.,

C. Core Pressure Drop

The core or plemum-to-plenum pressure drop is calculated by
summing the friction, elevation, local, and acceleration pressure
drop components, Frictional and elevation losses are summed
over three separate regions. Tirst, a heated core section with
axially constant geometry. GCecond, a unheated section (repre-
sentative of the fuel rod gas plenum) with the same geometrical
cross-section as the heated region. Third, an unrodded section
(representative of the channel above the heated bundle) with the
same gecmetrical cross-section as the channel,

D. Core Power Distribution

The core power distributions are presumed known and are supplied
ag input to the ISC¢R code, Current physics codes such as the
BWR three~dimensional simulator which is used to calculate
reactor power distributions include the same void and subcooled



boiling modeis used in ISCPR but they cannot perform the detailed
pressure drop calculations included in ISCfR. If power
distribtations used by ISC#R are obtained from the physics

design code, the power distributions and void distributions
should be compatible.

Each fuel assembly type is characterized by a normalized axial
power profile, a normalized radial power ratic (the ratic of the
bundle power %to the average bundle power), and a normalized
local peaking profile., The 1c.al peaking profile is only

used in calculating the local maxirmum heat flux or linear

heat generation rate and is not used in the coolant enthalpy
rise calculations.

The core power input by the user is divided into two parts:
in<channel coolant power and a bypass region power. The bypas:
flow is heated by neutron-slowing down and gamma heating in the
water and by heat transfer through the chamnnel walls, Heat

is also transferred to the bypass flow from structural and control
elements which are themselves heated by gamma absorption and

by , & reaction in the control material, This fraction of

the total reactor power that goes into the bypass flow is called
the reactor bypass power fraction, The remainder of the reactor
power is the in-channel coolant power, The in-channel power

is divided into the active power which heats the active coolant
and the water rod power which heats tae water rod coolant siream.

‘,g‘

The heated length of each fuel assembly typ< can be divided into
as many as fifty equal length nodes, The normalized axial power
factor for each node is input and is the ratic of the average
power in the node to the average nodal power in the fuel
assembly, The heated length of individual fuel assemblies can
vary, but the number of heated nodes must be constant for =all
fuel assembly types., Thus, if the heated length varies

etween different fuel assemblies, the nodal length will also

iffer from one fucl assembly to another,

E. Core Coclant Enthalpy Distribution

The coolant enthalpy distribution in each channel type is
calculated using a simple heat balance on each axial node,
The enthalpy rise calculated is & thermodynamic equilibrium
enthalpy for the channel and is based on average node power,

Since the power is assumed to be uniform over each axial node, the
mid-node enthalpy is just the average of the end-of-node value and
the end-of-node enthalpy of the previous node.

Similar calculations are carried out for the bypass coolant and
water rod coolant enthalpy distributions.



F, Core Critical Power Calculations

The critical power calculations are not carried out until the
pressure drop calculations have been completed and the channel flow
and fluid conditions are known. The critical power of each fuel
assembly type is calculated for fixed values of the inlet enthalpy
and mass flux by adjusting the bundle power until the minimum
thermal margin in the bundle approaches one, The bundle critical
power ratio is defined as the ratio of the critical power to the
actual bundle power,

The critical quality is a function of the bundle mass flux, the
system pressure, heated length, the bundle thermal diameter (a
quantity which is defined as four times the bundle flow area
divided by the perimeter of all rods in the bundle including the
water rods), the bundle R-factor (a measure of the local peaking
pattern), and the distance from the bulk boiling boundary (known
as the boiling length).

The core minimum critical power ratio is the minimum value of the
critical power ratins for all of the fuel assembly types in the
core.






452,19 The staff is performing a generic study of the

(%l 0.6) hydrodynamic =tability characteristics of LWRs
under normal <p: “tion, anticipated transients,
and accident ‘wrd:tions. The results of this
study will be appiied to the staff review
a. acceptance of stability analyses and analy-
ti<: 1 methods row in use by the reactor vendors,
In the interim, the staff concludes that past
operating experience, stability tests, and the
inherent thermal-hydraulic characteristics
of IWRs provide a basis for accepting the Perry
stability evaluation for normal operation and
anticipated transient events, However, in order
to provide additional margin to stability
limits, natural circulation operation of Perry
will be prol.ibited until the staff review of these
conditions is complete, Any action resulting from
the staff study will be applied to Perry.

Response

It is ovelieved that the stability characteristics for Perry meet
the ultimate stability limit even with the natural circulatiorn
operation, Additionally, CEI is a member of (Li=II) the Licensing
Review Group which is pursuing a common resolution to this

issue (11-CPB).



Lo ,22 No analysis hes been presented for MCFR limits
or stability characteristics for one loop operation,
One loop operation will not be permitted until

supporting analyses are provided and are approved
by the staff,

Response

Stability and transient analysis for operating CPR limits presented
in the FEAR are for two loop operation, Natural circulation
conditions are the same in either case, If CEl decides to operate
the plaut with one recirculation loop, additional support

analyses will be provided and submitted to the NRC for approval,
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492,24 How do you adjust operating limit MCPR values for
fa, k) the operation at lower than 100 percent power and
100 percent flow conditions?

Resmnse

The operating limit minimum critical power ratio (MCPR) at off-rated
operating states is determined from the MCFRp and MC curves

which are functions of core flow and power, respecti « These
curves and thes associated analytical for these curves are

integrated irto the plant technical specifications; as such,

further information regarding the off-rated operating limit

MCFR will ve provided at the time of Perry tech specs submittal,



koo .26 Provide an evaluation of you LIME for compliance
(Lob.6) with Regulatory Guide 1,133, Justify any deviations.

Response
The response to this question is provided in revised Section 4,4.6.1.

The PNFP LPMS de=ign conforms to guidelines of Regulatory Guide
1,133, Rev, 1, as identified in Table 1,81 of the FSAR,



