Omaha Public Power District

1623 HARNEY ® OMAHNA, NEBRASKA 68102 ® TELEPHONE 536-4000 ATNEA CODE 402

January 28, 1980

Director of Nuclear Reactor Regulation
ATTN: Mr. Robert W. Reid, Chief
Operating Reactors Branch No. 4

U. 5. Nuclear Regulatory Commission
Washington, D. C. 20555

Reference: Docket No. 50-285
Gentlemen:

Omaha Public Power District hereby submits forty (LO) copies
of supplemental material in support of (1) the Application for
Amendment of Operating License ("Stretch Application"), filed
July 17, 1979, which seeks to amend Facility Operating License
No. DPR-L0 to permit Cycle 6 operation following core reload at
an increased power level of 1500 MWt, and (2) the Application
for Amendment of Operating License ("Reload Application), filed
July 17, 1979, which seeks to permit Cycle 6 operation following
core reload. Forty (L0) copies of the following materials are
enclosed:

(1) Revised Startup Physics Testing summary.

(2) Responses to NRC setpoint methodology questions received
October 30, 1979.

(3) Proposed Technical Specifications addressing RCS heatup
and cooldown pressure/temperature limitations.

(4) Discussion supporting item (3), proposed Technical Speci-
fications.

Should you desire additional information on these materials,
please advise us.

Sincerely,
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W. C. Jones
Division Manager
Production Operations
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cc: LeBoeuf, Lamb, Leiby & MacRae
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The LOOOF limit in the existing Technical ESpecification 2.1.1(6)
wes specified by Combustion Engineering as a means of protecting per-
sonnel working near the hot piping. The District has determined that
the hazard presentea by LO0°F piping ie essentislly as great as the
hazard presented by S00CF piping. Therefore, the LOO°F limit has
been eliminated in the proposed Technical Specifications.

The heatup and cooldown curves, pressure vs. temperature, are :
designed to indicate, for various types of cperation, the limiting |
temperatures at which the corresponding pressure cannot be exceeded
tc ensure that the m>tal subject to the siress of that pressure re-
maine ductile.

The minimuwn fracture toughnees of the reactor vessel beltline,
as described in Appendix G of 10 CFR 50, continually changes through-
out the 1ife of the plant., This Facility License Change 79-13 is |
submitted as a result of changes in the minimum fracture toughness
brought about by the exposure of the regctor veesel beltline to a
predicted neutron fluence of 8,94 x 101 n/em€ through the end of
fuel Cycle 6. The predicted fluence is based upon the results of
irradisted material sample testing performed in accordance with
Appendices G and H of 10 CFR 50. The CE report, "Post-Irradiation
Evaluation of Reactor Vessel Surveillance Capsule W-z25", dated
May, 1979, doccuments the test results and provides a new predicted
end of 1ife surface fluence of 5.5 x 101Y n/cm® at 32 Effective
Full Power Years (EFPY) of cperstion.

The resulting heatup and cooldown curves have been adjusted
to accce.nt for the total shift of the Reference Nilductility Trarrci-
tion Temperature (RTypp) of 223°F. The shift of 223°F has buen
added to the beseline, non-irradiated mai¢ ial curves to resilt in
the new corrected curves to be used through the end of fuel ‘ycle
6. At that time, a new Facility License Change will be subritted
to extend the curves for operation berond Cycle 6.

The Low Temperature Overpressure Pr.tection (LTOP) sys.em is
designed to prevent the primary system pressure from exceeding the
pressure-temperature limits (Tecnnical Specif'cation Figures 2-1A
and 2-1B) in the event of an inadvertent mass or energy addition.
LTOP system actuation setpoints, as well as temperatures for dis-
abling High Pressure Safety Injectica (HPSI) pumps, will b deter=-
mined assuming failure of one of the two PORV's. Calculat.ons
will be based upon a PORV discharge coefficient of .Lk5, wh ch a
comprehensive testing program has shown to be conservative for
subcooled liquids.

Inadvertent actuation of three (3) HPSI pumps and three (3)
charging pumpz, coincident with the opening of cne of the two
PORV's, would result in a peak primary system pressure of 1190
psia. 1190 psia corresponds with a minimum permissible temperature
of 320°F con Figure 2-1B, Thus, et least cne HPSI pump is disabled
at 320CF.
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Inadvertent actuation of twe (2) EPSI pumps and three (3)
charging pumps, ccincident with the opening of one of the two
PORV's, would result in a peak primary syste . pressure of 1040
psis. 1040 psia corresponds with & minimur sermissible temper-

ature of 310°F on Figure 2-1B. Thus, &t least twc HPSI pumps
will be disabled at 310°F,

Inedvertent actustion of one (1) HPSI and three (3) charging
pumps, coincident with opening of one of the two PORV's, would re-
sult in & peak primary system pressure of 685 psia. 685 psia cor=
responds with a minimum allowsble temperature of 276°F on Figure
2-1E, Thus, all three HPEI pumps will be disabled at 2T6°F.

Inedvertent actuation of three (3) charging pumps, coincident

. with opening of one of the two PORV's, would result in a peak pri-
mary system pressure of 160 psia. 160 psie corresponds with a
minimum allowable temperature of T8OF (approximately the boltup
temperature of 22°F) on Figure 2-1B. Thus, disabling of the charging
pumps is not required.

Femoval of the reactor vessel head, cne pressurizer safety
valve, or cone PORV provides sufficient expansion yoclume to limit
any of the design basis pressure transients. Thus, no additional
relief capacity is required.
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SECTION D

OMAHA PUBLIC POWER DISTRICT

FORT CALHOUN STATION

STARTUP PHYSICS TESTING
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Introduction

The princinal tests in the proposed Cycle 6 startup physics
test program are li-ted below. These tests are sufficient

to show that the as-loaded core's parameters are within the
bounds of the safety analysis, thus permitting continued safe
operation. Acceptance and review criteria, along with the
action to be taken if these criteria are not met, are also
discussed. The predicted values of the parameters being
measured will not be calculated until after the end of Cycle
S5 when the actual fuel exposures are known.

Startup Tests

2.1 Hot Functional Tests
Prior to the approach to the initial criticality of Cycle
6, normal surveillance testing and operating procedures
will ve completed. During this sequence, applicable
surveillance tests are performed to check CEA position
indication and all other interlock and control features
of the rod d-ive system.

2.2 Initial Criticality and Low Power Physics Tests
Following the dilution to initial criticality, the
following reactivity parameters will be measured at
less than 10~1% of rated power:

2.2.1 Critical Boron Concentration

2.2.1.1 Hot Zero Power, Partial Insertion of
Group 4

2.2.1.2 Hot Zero Power, All Rods Out

2.2.2 Isothermal Temperature Coefficient - HZP,
Noriinal ARO

2.2.3 CEA Group Worths

2.2.3.1 Individual Bank Worths of Regulating
Groups 4, 3, 2, and 1 - HZP

2.2.3.2 Sequential (overlapping) Worth of
Regulating Groups 1, 2, 3, and !

2.2.4 CEA Symmetry Checks - HZP
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Power Ascension Tests

2.3.1

2.3.2

2.3.3

Tects Performed at a Nominal 50% of Rated Power

Following the acceptable comparison of measured
and predicted reactivity parameters, reactor power
will be increased to a nominal 50% of rated power
and a power distribution verification performed.
This verification will be performed in a non-
equilibrium xenon state with measurement -f the
following parameters.

2.3.1.1 Total Unrodded Flanar Radial Peaking

Factor (nyT)
2:3.1:2 Tot%l Integrated Radial Peaking Factor
(Fpt)

2.3.1.3 Azimuthal Power Tilt, Incore Detectors
Tests Performed at a Nominal T0% of Rated Power

A power distribution verification will be performed
at this power level after equilibrum xenon has been
established with measurements of the same parameters
as in Section 2.3.1.

Tests at Nominal 100% of Rated Power

Following completion of testing at the lower
at-power levels, power will be increased to a
nominal 100% rated thermal power at a rate
commensurate with fuel performance guidelines.
After the establishment of equilibrium xenon,

the following parameters will be measured.

2.3.3.1 Isothermal Temperature Coefficient

2.3.3.2 Power Coefficient

2.3.3.3 Critical Boron Concentration, ARO

2.3.3.4 Total Unrodded Planar Radial Peaking
Factor (FxyT), ARO

2.3.3.5 Total Integrated Radial Peaking Factor
(FRT), ARO

2.3.3.6 Azimuthal Power Tilt, Incore Detectors,
ARO

1868 313



D=k

Acceptance - Review Criteria

Acceptance criteria are applied to the test results, after
conservatively adding measurement uncertainty to the measured
value, to insure that the core conforms to the physics design
and that plant response to transients is in accordance with

the safety analysis. Review criteria are also applied to
hizhlight any lesser deviation which may indicate that the core
was incorrectly loaded or to confirm that the assumptions used
in the design analyses are valid. Acceptance and review
criteria for the low power physics parameters measured are
listed below.

Parameter Acceptance Criteria Review Criteria

Rod Drop Technical Specifications Previous values

Critical Boron + 90 ppm of predicted + 50 ppm of predicted
Concentration

Isothermal Technical Specification + 0.3 x 10‘“ a0 /°F
Temperature limits -® Moderator
Coefficient Tempera... e Coefficient

CEA Group Worths + 15% of predicted + 15% of predicted

Total Regulating -10% of predicted to + 10% of predicted
CEA Group ensure adequate shut-
Worth down margin

CEA Symmetry None The greater of: 1.5¢

Checks deviation from group
average or 15% devia-
tion from group average

The review criteria for the CEA symmetry checks will be + 1.5¢ or
15% deviation from the group average, whichever is greater. The
reason that two types of criteria are stated is that for high
worth rods, a percent deviation is appropriate as is applied to
other rod worth measurements. For small worth rcds, however, an
absolute deviation is required which is the same type of allowance
as specified for rractivity coefficient measurements. This is
not intended to be a go-no-go criterion, but rather an indication
of the degree of tilt that might cause the Azimuthal Power Tilt
specification to be exceeded. If the criterion is not met during
the “~st, the test program will be extended to reconfirm the
mecsured value. If the values still fall outside the stated
criteria, the results will be reviewed to determine the potential
irpact upon plant operations.
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The acceptance criteria for power distribution verifications
are the limits cited in the Technical Specifications. The
review criterion for the comparison of the predicted and
measured full core power distributions of the instrumented
assemblies is a 5% standard deviation.

Acceptance and review criteria for the at-power critical boron
concentration measurements are the same as for low power physics
testing.

Acceptance criteria for the nominal 100% power Isothermal
Temperature Coefficient (ITC) and Power Coefficient (PC) shall

be the Technical Specification limits on the Moderetor Temperature
Coefficient (MTC).

Action and Review Plans

The following plan of action is provided if a measured parameter
differs from the predicted value by more than the acceptance
criteria.

4.1 The physics test program will be extended to reconfirm
the measured value. If the total regulating CEA group
worth iz less than 10% of the predicted value, shutdown
bank worth measurements will be made.

4.2 The predicted value will be reviewed to ensure that it
accurately reflects the particular plant conditions
under which the measurement was made and refined if
appropriate.

4.3 If, after the above two steps, the disagreement persists,
the safety analysis will be reviewed to determine whether
the measured value of the particular parameter in question,
when combineu with all of the other safety related paru-
meters, increases the severity or consequences of accidents
or anticipated operational occurrences. If equivalent
safety for the plant can be demonstrated, the test results
will be deemed acceptable.

4.4 The other physics related safety parameters will be verified
to be within acceptable limits by additional measurements
if necessary.

4.5 If the combination of safety parameters determined above
fall outside of range of safety parameters used to support
the proposed operation of the plant, the plant operating
limits will be adjusted to prevent conditions which could
result in exceeding the specified acceptable fuel design
linits.
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The Plant Review Committee and Technical Services will review
the results of the low power physics tests and ensure that the
acceptance criteria are met prior to allowing escalation above
five percent of rated thermal power. The at-power testing
results will be reviewed prior to reaching 100% power.

If after review of the data it is determined that a Technical
Specification 1limit has been exceeded, then appropriate
action as required by Technical Specifications will be taken.

Results of startup testing will be submitted to the NRC within

90 days following completion of the tests. This report will
summarize the test results and include a comparison of the measured
and predicted values of low power physics parameters and a full
core power distribution comparison including deviations between
the measured and predicted relative power densities of operable
instrumented assemblies. If the difference between the measured
and predicted values exceed the acceptance and/or review criteris,
the report will discuss the actions that were taken and also
Justify the adequacy of these actions.
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OMAHA PUBLIC POWER DISTRICT
FORT CALHOUN STATICN

DOCKET NO. . =285

RESPONSE TO NRC SETPOINT
METHODOLOGY QUESTIONS
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QUESTION 1 .

List all operational maneuvers or conditions considered in yenerating axial
power shapes. Also list the control rod configuration and burnup. Describe
how the Xenon oscillations were induced.

Also deseribe whether the plant was base loaded or in a load follow eonfigura-
tion. Give the power hwistory asewncd. This {nformation may be provided moet
efficitently in matrix form.

Juatifylthat only thase maneuvers need be considered for generating aa 'al

power shapes.

For Ft. Calhoun Cycle 6, how many axial power shapes were generated and how

many were used in the set point analysis?

RESPONSE

The Fort Calhoun Cycle 6 core was modeled in three-dimensions with the
computer code XTG(I) and depleted in a base load (1500 MWt) all rods out
configuration. This reference power history and rod configuration for Cycle 6
was _hosen based on the power and control rod histories of previous cycles
(Cycles‘3, 4, and 5) and OPPD's anticipated operating requirements for the
Fort Calhoun Nuclear Power.Plant throughout Cycle 6. (The plant is currently
finishing up the Sth cycle.) A bar chart showing the actual plant power and
control rod configuration by month for Cycles 3, 4, and 5 and the anticipated
power and rod histories assumed in the analysis for the determination of
Cycle 6 setpoints are shown in Figures 1.1 and 1.2.

Three different burnups, from the three-dimensional XTG Cycle 6 core

depletions, were chosen as the base cases for the starting point of more than
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1500 axial power profiles generated and used in the determination of Cycle 6
setpoints. The burnups chosen were O MWD/MT (equilibrium xenon), 6000 MWD/MT,
“and 10,330 WD/MT. The burnups correspond approximately to the beginning,
middle and end of the Cycle 6 exposure range. At each of the above inentioned
~exposure points many possible Cycle 6 axial power profiles were calculated by
inducing xenon oscillations. The xenon oscillations were incited by inserting
the Control Element Assemblies (control rods or CEA's) to the Power Dependent
Insertion Limits (PDIL) at 100% power for 8 hours and then instantly removing
the CEA's.

In order to analyze the possible axial power distributions within a wide
range of Axial Shape Index (ASI), severe xenon oscillations were created.
The oscillations resulted in axial power distributions covering a range of
Azial Shape Index (ASI) units for values ranging from -60% to +60% offset. A
negative ASl is top peaked in the core. The normal axial shape index for the
based loaded Fort Calhoun core covers the range from -3% to +2% ASI units.
Figure 1.3 shows the anticipated ARO steady state axial shape index units
calculated for Cycle 6.

Control rod effects on the axial power profiles were also determined.
At selected points throughout the xenon oscillation control element assemblies
were inserted to the PDIL Timits in iC% power increments. At each point
selected the.xenon distribution was fixed allowing the axials to change
depending on rod movement only. These maneuvers gave the many possible axial

power profiles at partial power and CEA insertion.
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QUESTION 2 N

For the axial power shpaecs in Question 1, describe the analytical methods
used to calculate these shapes. Provide the spatial noding schemes for each
_ computer caleulation and the size of the time steps used. Describe how
reactivity feedback effects were included.

How many energy groups are used in these calculations? oustify this number

of enerzy groups.

RESPONSE

Analytical methods used to calculate the axial power shapes adhered to
in Question 1 were determined using the Exxon Nuclear Neutronic design methods
for PWR's (NRC approved) described in References 2, 3, and 4 and Section 6.1
of Reference 5. Specifically the methods used to calculate the axial power
shapes for Cycle 6 included the computer codes XPOSE.(a) PDQ,(7/8) and XTG(I).

The computer code XPOSE, a modified version of the industry accepted
LEOPARD code, was used to generate fast and thermal spectra and cross sections
in two energy groups for the reactor simulator codes, XTG and PDQ7. Detailed
two-dimensional pin-by-pin radial power distributions for the core were
determined with PDQ7. This information was used in conjunction with the XTG
results to determine values of ny for the core.

The reactor simulator code XTG was used to determine the wide range of
axial power profiles referenced in Question 1. The core was modeled and
depleted in three-dimensions with the XTG code. The 3-D XTG model was used
to produce reference axial power profiles and core average cross sections and
exposures as a function of core height. These core average cross sections

ard exposurcs wers then vsed in the one-dimensional XTG core model to determine
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all possible core average axial power distributions for the Cycle 6 Fort
Calhoun core. The one-dimensional XTG model, consisting of 1 radial node
and 24 radial nodes, was normalized to the three-dimensional XTG model con-
taining 4 radial and 12 axial nodes or 48 nodes per assembly.

In order to sustain the xenon oscillation at the beginning, middle and
end of Cycle 6, reactivity feedback effects were varied in the one-dimensional
XTG model. At the beginning of the cycle the reactivity feedbacks effects due
to Doppler and Moderator density were removed from the calculation. A susi2ining
and slightly divergent xenon oscillation was not possible with these feedbacks
in the calculation. The feedback effects were used in the middle and end of
cycle axial power shape calculations. Without the effects of the feedback
included in the calculation at the end of cycle, the xenon oscillation and
corresponding power distributions became very divergent and unrealistic.

One hour time steps were used throughout all the xenon oscillation calculations.
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QUESTION 3

Describe in more detail the ecaleculation of sxy done to determine Fg discusced
in Section 4.1.1 XN-NF-507. Deseribe the PDQ model and show how (and which
peaking factors from PDQ are used in XTG to determine ny. Also, show the XTG
3D modeling. Into how many increments are the CEA insertions divided [for the

various ny calceulations? How many energy groups arc used in these calculations?

Justify using this number of ene.yy groups.

RESPONSE

The calculation of the ratio of the power of the peak fuel pin to the
average fuel pin in the core at height Z is commonly referred to as ny and
is explicitly calculated in the three-dimensional XTG core simulator code
referenced in Questions 1 and 2. To determine ny, XTG calculates a three-
dimensional power distribution for the core. The typical core power distribution
consists of powers in 12 axial planes with four radial nodes per assembly in
each plane. XTG calculates an ny in each of the 12 planes by determining the
peak nodal power times the local peaking factor (FL) in each plane, the average
nodal power in each plane, and divides the peak by the average to determine

the planar Fx The core ny is defined as the maximum of the planar Fx

A Y
values., Values for the local peaking factors, FL are directly input into the
XTG calculation by assembly or by fuel type. The local peaking factors are
explicitly calculated in the quarter core PDQ model.

The PDQ7 core simulator is modeled to perform detailed two-dimensional

radial calculations. The core is modeled in PDQ7 on a pin-cell basis; i.e. one
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mesh block per fuel cell., Each pin-cell has the appropriate nuclide concentra-
tion of the burnup history for that pin. The Fort Calhoun PDQ7 model is
similar to the model described in Reference 2. Output from the PDQ/HARMONY
calculations include the pin-by-pin radial power distributions, Fr' The local
pin power peaking, FL’ from PDQ7 is used as input in XTG for the XTG Fr and
ny calculation. Values of FL are derived from PDQ7 results for each assembly
by dividing the average assembly power peaking into the peak pin power in that
assembly.

Values for ny are determined throughout Cycle 6 at full power, with the
CEA's withdrawn from the core At part power the ny values were determined with
the CEA's at the transient power dependent insertion limits (PDIL). The power
distribution calculations were made in increments of 10% power. The CEA's were
inserted to the maximum allowable transient PDIL limits at that power.

A1l the calculations done witn the core simuiator model are made in two

energy groups. Methods are discussed in Reference 2, 3, and 4.
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QUESTION 4 | o
Discuss to what extent the projected (utility planned) power history ts included
in the set point analyses (e.g., depleticn ealculations'. Discuss the effect
of a difference between projected power history and actual power history on

the gset points., If this effect is considercd, demonstrate with seneitivity
studies for various control rod mancwvers and changes in boration that power
history effects are adequatcly eonsidercd.

Discuss the types of power maneuvers assumed (e.g., base loaded, 100-50-100,

ete.).

RESPONSE

Operating projections by OPPD for the Fort Calhoun Nuclear Power Plant
in Cycle 6 show operation of the plant at 1500 MWt at a 90% capacity factor
for 320 days. This operating projection was used in the analysis determining
set points. The answer to Question 1 shows the power and CEA configuration
assumed for Cycle 6.

The axial power shapes calculated for Cycle 6 and used in the set point
analysis bound all possible axial power shapes for Cycle ~. In addition,
sensitivity studies were made to determine axial power s es possible for
operation of the core at power levels Below 100% as well as at CEA insertion
to the long te;m PDIL Timits. The Technical Specifications preclude operation
of the core for extended periods of time with CEA's inserted past the long
term PDIL limits. In all cases the calculated axial shapes or the core peaking,
FQ' versus ASI were within the bounds of the setpoint calculations. Control
rod histories assumed in the sensitivity studies included CEA insertions *o
121 inches and 96 inches for the entire cycle. Power levels included in the

sensitivity studies included 50% and 75%.bdwer:
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QUESTION §

Discuss the initialization of conditions for the begimning of a cyecle for set

-

point ecalculaticns.

RESPONSE

Both core simulator models used in the Fort Calhoun set point analysis,
XTG and POQ7, were verified against measured dafa from Cycles 1 through 5.
Both simulator codes were depleted through all previous cycles; i.e. Cycle 1,
2, 3, 4, and 5. In each cycle, comparisons between measured and calculated
data were made. An assembly power comparison between measured data (CECORE)
and calculated data (3-D XTG, and PDQ7) for Cycle 4 at 4000 MWD/MT is shown
in Figure 5.1. Agreement between the three power distributions is good.

Initial conditions for the Cycie 6 setpoint work were based on the cycle
depletions from the previous cycle depletions of Fort Calhoun, namely Cycles
1 through 5. Such cycle depletions were made with both referenced simulator
codes, XTG in three dimensions and PDQ7. For Cycle 6 the burnup history of

the fuel was explicitly accounted for.
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Assembly Power Tistribution Comparison of Measured
to Calculated Cycle 4, 4,000 MWD/MT, HFP

Fort Calhoun
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856 | 1.050 209 | .977 184 184
878 | 1.083 225 | .977 .190 .128
851 | 1.038 233 | .980 202 .160 859
886
1.042 857 | 1.131 .101 .684 o
1.042 25 | 1.105 .076 ,966
1.063 865 | 1.115 .093 .990 704
711
264 | 1.116 178 .081 -
264 | 1.091 176 .119
272 | 1.001 .196 .090
1,241 845 .946
1.179 .851 .949
1.202 847 .938
i.123 .589 « CECORE (Measured)
104 620 |+« 30 XTG (ENC)
123 614 |« PDQ7 (ENC)
Figure 5.1
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QUESTION 6

(a) What eritical heat flux correlation is used by Exzon in calculating
the SAFDL on JIBR?

(b) Deseribe how limitations in the range of the correlation (e.g., the
15% quality limitation of the W-3 correlation) are accommodated in this
SAFDL.

(2) Provide the specific criteria used to prevent exceeding flow stability
limits and provide the justifiéation for these eriteria.

(d) The fuel melting limit ie given on Page 10 of XN-NF-507 as 21 kw/ft. Ie
this nunber the result of an Erxon calculation? Justify the use of this
number for two different fuel designs (Combustion Ewgineering and Exxon).

What fuel melting temperature was assumed for this caleulation?

Response

The W-3 burnout heat flux correlation with correction factors for the presence
of a cold wall and nonuniform axial heat flux was used to establish the speci-
fied acceptable fuel design limit {SAFDL) on the fuel burnout performance
(DNBR). The application and interpretation of the W-3 correlation for deter-
mination of the Fort Calhoun reactor set points is consistent with the EiC
predictive models for DNBR (XN-75-48). '

The SAFDL on DNBR is protected by limiting the operating values of core
power, coolant inlet temperature, and system pressure to the most conservative
of the following:

0 that set of operating values which results in MDNBR = 1.3.
0 that set which gives rise to parameter values exceeding the range of
the W-3 correlation.

Thus, the W-3 correlation is never used with parameters outside its

acceptable range, and the limits on its range are implicitly included in the

SAFDL.
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The specific criteria to preclude potential flow instability are: (1) a
calculated subchannel quality of Jess than or equal or 15%, and (2) a core
average exit quality less than or,equal to zero. Adherence to these criteria is
ensured by the SAFDL on DNBR and the core saturation limits. In addition, other
reactor protection system limits-such as the low pressure trip and variable
overpower trip preclude reactor operation in a potential flow instability mode.

The ENC fuel melting limit éf.Zl kw/ft was calculated via the GAPEX code
(XN-73-25) in conformance with the USNRC approved ENC fuel densification model
for PWR fuels (USNRC report dated February 27, 1975). The value of 21 kw/ft
as an LHGR limit for the existing; fuel is documented in the Fort Calhoun
Technical Specifications. Thus, the value of 21 kw/ft as a maximum fuel rod
LHGR for both fuel types is judged to be acceptable.

A fuel melting temperature of 2790°C was assumed at beginning-of-life,
and this value was decreased at the rate of 32°C per 10,000 MID/MTU and com-

pared against the fuel temperatures calculated at 21 kw/ft throughout fuel
lifetime.
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Question T

Provide a complete description of the determination of the shape
annealing factor, SAF, for Fort Calhoun. Is the determination of this
factor consistent with Exxon calculational methods?

Response

The shape annealing factor (SAF) is defined as the ratio of the
internal axial shape (ASI) to the external axial shape index. It can be
expressed as:

SAF = ASI (internal = ASI (INCA
ASI iexternal) ASI iexcore)

where ASI = E:Q\ L is the power in the lower hall core and U is
the power in the upper half core.

The SAF of the Fort Calhoun core was determined by the induction of
an axial oscillation transient during initial startup testing. The
axial oscillations were induced by inserting the control rod from ARQ
conditions to approximately the reactor mid-plane and then returning the
control rod to the ARC position. The oscillations were characterized ty
the axial shape index. During the oscillation ASI (INCA) data from the
incore INCA code and ASI (excore) data of the excore detectors were
monitored every four hours. The ASI data from INCA and the excores were
plotted and a linear least squares fit analysis was performed. The
slope of the fitted curve yielded a SAF velue of 2.86.

This SAF value has been used in the axial power distribution (APD)
calculator since Cycle 1. A subsequent measurements of the SAF per-
formed at mid-Cycle 1 and Cycle 2 confirmed that the SAF value used for
the Fort Calhoun Station maintains a degree of conservatism.

The SAF is a function of material and geometry between the core and
the detectors and the detectors themselves. It is independent of fuel

type. The existing SAF and its original determination is consistent
with Exxon calculational methods.
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QUESTION 8 .
Provide the Exxzon definition of rod shadowing. Describe in detail the calcu-
lations done to determine the adjustment to the core average arial shape in&ez
to account for rod shadowing effects. Cive the results for Ft, Calhoun Cycle
6. Will these results clange from cycle to cycle?

Combustion Engineering performs rod shadowing c&leulationa using neutron
traneport theory (CENFD 188, Seotion 2.1.1.4.1). It gppcars that Exeon melics
on diffusion theory. Justify this difference. Also, explain how uncertainties
in this calculation are taken into account. Show the ealeculational models
used to perform these caleculations.

Discusa the effecta of transients which change CEA position on rod shadowing

factors. How is this effect included in the set point calculations?

RESPONSE

Effects of rod shadowing on the response of the Ft. Calhoun excore detectors
are explicitly accounted for in the determination of set points. A conservative
value of +.02 Axial Shape Index units (ASI) is removed from the operating
margin in the final calculation of all Limiting Safety System Settings and
Limiting Conditions of operation requiring excore detector response as input.
This value is presented as an uncertaiﬁty in Section 4.1.3 of Reference 5.

Rod shadohing is the effect of control rods distorting the flux in the
peripheral assemblies which are the primary contributor to the signal seen by
the excore detectors. The calculations determining set points use the core
average axial offset or axial shape index (ASl). Therefore, *he ASI measured
with the excore d2tectors which are inputs to the set points must be adjusted
for rod shadowing effects. This adjustment of the excore detectors response

was determined Lu Le less than +0.0Z2 ASQ Unitsefor C;cle 6,
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Calculational methods and models (codes) used to determine the effects of
rod shadowing on the excore detectors is the transport theory code XSDRNPM.(Q)
PDQ7, and 3D-XTG. XSODRNPM ic a one-dimensional code used to determine the
attention of signal or flux encountered when traversing the water and steel
region exterior to the outer assemblies, PDQ7 is used to determine the atten-
tion in signal through adjacent assemblies. The 3D-XTG code was used to
calculate the ASI in all assemblies and the core average. By using the above
calculations to determine the relative effect each assembly has on the excore
detector response, and combining the actual effect with the ASI of each assembly,
the excore response of ASI is detecimined. Comparing the calculated excore
detector response to the calculated core average will give the adjustment in
excore detector response required for Cycle 6. This value was calculated to
be less than +0.02 ASI units for Cycle 6.

Each cycle will require the determination of excore detector response due
to rod shadowing. The conservative adjustment factor of +0.02 ASI units will
be adjusted accordingly on a cycle by cycle basis.

Transients affecting the CEA positions will not increase the rod shadowing
adjustment factor above a value of +0.02 ASI units. This value was used for

an all rods out core configurations as well as for rods in core configurations.
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Question 9

(a)

(b)

(e)

(d)

For “ue uncertainty values listed on page 15 of XN-NF-507, Justify
the value listed. List any experiments used to obtain these values
and give a full description of the calculations done to obtain
these uncertainties from experimental results. Where values from
previous cycles of operation are used, justify that these are
appropriate for Exxon calculational methods. If any of these
uncertainties are composed of several components, list all com-
ponents and justify all the component values.

For the trip overshoot, is thisz based on a transient analysis?
Describe the analysis methods used to derive this value.

For er~h uncertainty listed, give a statistical statement character-
izing the confidence in this value.

For each uncertainty, show, in detail, how it is included in the
setpoint analysis.

Response
(a) and (c)

The Justification for the uncertainty values iisted are given

below:

(1) Physics calculation measurement uncertainty

Peak LHGR %
Py 6

These uncertainties are applicable to the Technical Speci-
fication limits on F. T and PRT and are effectively applied to
both the limit and the measured value of these parameters.
(Since the same uncertainty would be applied to both the limit
and the measured value, the comparison of the two cancels out
the uncertainty term. Therefore it is not apglied to_the
Technical Specifications.) The values of Fyy' and F T have
been and will be measured during Cycle 6 using the cBeor code
and the methodology described in CENPD-145. The 7% uncertainty
on peak LHGR and 6% uncertainty on FR were accepted by NRC for
CE reactors as interim uncertainties at the October 2, 1978,
meeting between NRC and CE. These uncertainties were further
confirmed at the March 6, 1979, CE/NRC meeting. Presently,
the District is participating in the CE power distribution
uncertainty program to Justify lower uncertainties. ™ie
revised topical report, CENPD-153, is being prepared for
submittal. The components and statistical confidence of the
values is explained in drafts of this report previously given

to NRC.
(2) Aximuthal tilt allowance, 3%
This allowaace is the current LCO contained in the Fort

Calhoun Technical Specifications. As a LCO, it represcnts a
limit on tilt. Operati~-n data has confirmed the suitability

of this limit. ~
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Engineering tolerance uncertainty, 3%

The engineering tolerance uncertainty is included in the
analysis because manufacturing tolerances in the specification
of pellet density, pellet diameter, and pellet eurichment
could produce an additional rod surface heat flux at a local
hot spot. The engineering heat flux factor is determined from
the following characteristic subfactors derived from the
manufacturing tolerances:

' Subfactor
Pellet Density, TD 9k.0+1.5 1.0160
Pellet Enrichment, w/o 3.540.05 1.0143
Pellet Diameter, in. 0. 370040. 0005 1.001k
Clad Diameter, in. 0.4L2+0.0035 1.0080
-0.0015
Statistical Total 1.0229

It was assumed that the finished fuel pellet in the hot spot
will deviate from nominal values by the specified allowance.
The pellet density uncertainty to a 20 variation while all
other values represent an absolute limit. The resultant
individual subfactors, when statistically summed, yield a
tolerance uncertainty cf 1.0229,

Fuel densification resuits in the shortening of the heated
length which causes an increase in the linear heat generation
rate. In-reactor shortening of the active fuel column length
was conservatively evi iated from the following expression:

AL » 0:965 - pi
L 2

where:

AL = decrease in fuel column length
L = fuel column length
pi = initial mean pellet density

Based on a mean pellet density of 94 percent TD and a fuel
column length of 128 inches, the column shrinkage was evalu-
ated to be 1.6 inches which yields an increase in local heat
flux of 1.25 percent at constant core power. Compensating for
the fuel column length decreuase due to densifination is the
increase in fuel column length resulting from thermal expan-
sion. This length incr:ase is aporoximately 1.35 inches,
which reduces the local heat flux by 1.06 percent. Thus, the
net increase in local heat flux due to axial fuel column
shortening is pertially compensated for by the increase in
fuel column length due to thermal expansion. The net 0.2
percent increase in heat flux is accoup*~_. [.: =7"7fs ihe
three percent engineering tolerance uncertainty.
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(5)

(6)

(1)

(8)

(9)

(b)

~20n

Power measurement uncertainty

2% of rated for LCO
5% of rated for LSSS

These uncertainties are a function of instrument and NSSS
design and are independent of fuel type and relocad cycles.
These values have been used for all For Calhoun cores and are
given in CENPD-199.

Trip overshoot

Discussed below.

Physics uncertainty in predicﬁing CEA +.02 ASI
distribution effect on excore detectors

This uncertainty is addressed in the answer to Question 8.

Physics uncertainty in applying shape 0.01 ASI
annealing correction axial shars index
limits

The shape annealing factor is extremely difficult to predict
analytically because of the rather complex neutron scattering
involved, it is determined experimentally as discussed in the
responsc to Question 7. The procedure used involved the
fitting of a linear relationship between the shape index
determined from excore detecter signals and the core average
axial shape index. Analysis of the data including consider-
ation of data scatter and excore detector level calibration
indicate that an uncertainty in the analysis of the shape
annealing factor equivalent to 0.01 ASI units conservatively
represents the ability of procedures to determine the shape
annealing function. Again, this uncertainty is a functior of
reactor geometry and is independent of fuel type and reload
cycle. The statistical confidence of this uncertainty is
discussed in CENPD-199.

Excore detector subchannel calibration using +.04 ASI
incore detectors

This uncertainty represents the limit to which the excore ASI
can be calibrated to the incore ASI. As such it represents an

absolute limit which cannot be exceeded when the calibration
is performed.

Trip system processing +.02 ASI
This uncertainty is currently being used at Fort Calhoun and

is a function of the measuremert and process instrumentation.
Therefore, it is not sensitive to reload cycle cor fuel type.

The trip overshoot uncertainty of 5% as listed on page 15 of Xl-NF-
507 is treated as an uncertainty of the existing reactor overpower trip

to acvount for the possible variation ian trip poigt&ago bration
f 4

and measurement errors. This results in the use

ower



w2le

trip ir the analysis of anticipated plant transients (XN-NF-79-79) and
is consistent with existing Fort Calhoun Technical Specifications (section
1.3}

(a)

The application of uncertainties is explained in detail in the
response to Question 10 for the TM/LP analysis, and in the response to
Question 23 for the APD and DNB barn.
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QUESTION 10
Section 4.2.1 liste typical uncertainties tnaluded in the TM/LP analyses.
Explain in detail how each of thess uncertainties are included in the set point

caleulations. Define what effects are covered by instrument processing ervor.

Please state whether the depresswrization transient uncertainty is the only

adjustment to the TM/LP for transient effects. See Question 17.

Response

In determining the TM/LP trip functicon, uncertainties to account for the
magnitude of nuclear peaking, engineering tolerances, and instrument processing
are included in both the XCOBRA-IIIC (DNBR) and PTSPWR2 (transient) calculations.
The application of the uncertainties in each of these calculations are described
below.

The TM/LP trip function is derived directly from the TM/LP safety limit
lines, and uncertainties included in the TM/LP safety limit analysis are
implicitly included in the TM/LP trip function. The TM/LP safety limit analysis

included appropriate uncertainties in the calculation of the limiting assembly

LHGR as:

LHGR. = TWGR * Fﬂ X

T L5

U
AT P

where |

LHGRT is the 1imiting assembly linear heat generation rate with
uncertainties

[HGR  is the nominal limiting assembly linear heat generation
rate

is the measurement/calculational uncertainty on F
M - R
(FM = 1,06)

FAT is the allowable azimuthal tilt (FAT = 1.03)

FP is Ehe c?re power measurement uncertainty used in TM/LP
1.03
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In addition to the above, an engineering uncertainty of 3% was applied to
the DNB 1imiting rod (Fg = 1.03) and the nominal geometry of the limiting sub-
channel <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>