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3.0 General Description

The Cycle 2 core will consist of those assembly types and numbers listed
in Table 3-1. Sixty Batch A assemblies will be removed from the Cycle )
core to make wsy for an equal number of fresh, unshimmed Batch D
ascemblies. A1l Batch B and C assemblies, along with one A assembly, will
be retained for the second cycle.

The reload batch will consist of 40 type D asscmblies and 20 type D*
assemblies. Both sub-batch types are zone-enriched according to the
pattern shown in Figure 3-1, As a result of a Department of Energy
(DOE)contract for high burnup test idrradiation, two D assemblies will
contain fuel rods of various advanced designs, Section 10 of this
submittal discusses those assemblies and test rods.

The loading pattern for (Cycle 2, showing fuel type and location, 1is
displayed in Figure 3-2, The pattern, given in quarter ccre, is
appropriately expanced to full core through 90° clockwise rotation., Also
identified in Figure 3-2 are the planned locations for the Batch 0
assemblies containing the DOE high burnup test rods, the Batch C assembly
containing test rods discussed in Reference 3-1, and the Batch B and Batch
C assemblies containing burnable poison test rods discussed in Reference
3-2. The Batch B and C test assemblies have been placed in locations
consistent with the criteria of References 3-1 and 3-2, thereby assuring
that the test rods will not be in limiting locations nor cause limiting
conditions in adjacent rods during Cycle 2.

Figure 3-3 displays the beginning cf Cycle 2 assembly average burnup
distribution along with the initial assembly fuel enrichment. This

distribution is based on a core average burnup for Cycle 1 of 12,500 MWD/T.

Control rod patterns and in-core instrument locations will remain
unchanged from Cycle 1,

3-1
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Assembly Fuel Rods Initial Number Shim
Desig-  Number of  per Enrichmert Shims/ Loading
nation Assemblies Assembly (w/c U-235) Assembly (gm Byg/cm)
A ] 236 1.93 0
B 60 224 2.27 12 0.0087
1 8 224 2.94 12 0.0028
€2 16 224 2.94 12 0.0047
€3 12 224 2.94 2 0.0087
cé 18 233 2.94 3 0.0087
Cs B 224 2.54 9 0.0047
3 0.008,

0 40 184 3.48 0

52 3.03
D 20 184 3.03 0

82 el
Total 177

TABLE 3-1

Arkansas Nuclear Cne Unit 2
Cycle 2 Core Loading

Initial

Fuel Shim
Rods Pods

236 0

13480 720
1792 9
3584 192
2808 24
3728 45
896 36

12
7360 0

2080
3680 0
1040

40644 1128
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4.1

4.2

4.3

Fuel System Design

Mechanical Design

The mechanical design for the standard Batch 0 reload fuel is
essentially identical to that of the standard Batches A, B and £ fue)
used in ANGC-2 end described in the reference cycle analysis (4-1).

C-E has performed analytical predictions of cladding creep-collapse
time for a1l ANO-2 fuel batches that will be irradiated in Cycle 2
and has concluded that the collapse resistance of ail standard and
test fuel rods is sufficient to preclude cecllapse duriry Cycle 2.
These analyses utilized the CEPAN computer code (4-2) and included as
input conservative values of internal pressure, cladding dimensions,
cladding temperatures and neutron flux.

Hardware Modifications to Mitigate Guide Tube Wear

A1l fuel assemblies which will be placed in CEA locations in Cycle 2
will have stainiess steel sleeves insialled in the guide tubes to
prevent guide tube wear, A detailed discussion of the design of the
sleeves and their effect on reactor operation is contained in
Reference 4.3,

Thermal Design

Using the FATES fuel evaluation model (Reference 4-4), the therma)
performance of the various types of fuel assemblies including test
assemblies (fuel Batches A, B, C and D) has been evaluated with
respect to prior burnup and the proposed burnup during Cycle 2.
Burnup depencent fuel performance calculations were used in the ECCS
fuel performance calculations presented in Section 8. The NRC burnup
enhanced fission gas release factor as given in NUREG-D415(4-5) was
used in the FATES analysis.

4-]
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4.4

Chemical Design

The metallurgical requirements of the fuel cladding and the fuel
assembly structural members for the Batch D fue)l are identical to
those of the Batch A, B, and C fuel from Cycle 1. Thus, the chemical
or metallurgical performance of the Batch D fuel will be unchanged
from the performance of the Cycle | fuel.

Operating Experience

The ANO-Z2 original core (Batches A, B8, and C) represents the first
application of the Combustion Engineering 16X16 array fuel design.
As such, there will have been no detailed examir.tions of irradiated
fuel performed on this design prior to the EOC! shutdown,

However, 2 brief wvisua' inspection was conducted con six fuel
assemblies during an interim Cycle 1 shutdown in October, 1979, The
mechanical appearance of the fuel bundles was satisfactory.

The fuel ussembly design utilized in ANO-2 is basically a scalec
version of the C-E 14X14 desiga in Maine Yankee, Ft. Calhoun, Calvert
Cliffs, Milistone Point 2, and St. Lucie 1. Detaileg inspections at
these pliants have snown acceptable mechanical performance out to
burnups in excess of 40,000 MWD/MTU., The interim Cycle 1 examination
in AN(-2 has ind‘zatec that there are n¢ unforseen mechanical
probiems associated with the conversion from the 14X14 to the 16X16

array.
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5.0 Nuclear Design
8.1 Physics Characteristics
$.1:1 Fuel Management

The Cycle 2 loading pattern is characterizea by fresh fue! loading on
the core periphery and the shuffling tc the interior of the fuel
assemblies previously on the periphery in Cycle 1, 7The 20 interior
fresh fuel assemblies have a lower assembly average enrichment than
those on the periphery an: are mixed with once-burned fusl in the
central region of the ccre in a pattern which minimizes power
peaking, With this loading, the Cycle 2 reacti ity lifetime for full
power operation is expected to be 10,500 MWD/Y. The Cycle 2 length,
along with a1l physics parameters input to the safety analysis, are
based on 2 Cycle 1 termination burnup of approximately 12,500 MWD/T.

Characteristic physics parameters for Cycle 2 are compared to those
of the reference cycle in Table 5-1. The values in this table for
ooth Cycle 2 and the reference cycle are intended to represent
nomiral core parameters. Those values used in the safety analysis
(see Section 7) contain appropriate uncertainties, and in all cases
are conservative with respect to the values reported in Table 5-1.

Table 5-2 presents a summary of CEA shutdown worths and reactivity
allowances for Cycle 2 with a comparison tc reference cycle cata.
Teble 5-Z generally characterizes the changes in reactivity that

occur during a trip from full power with a correspenging change in
core parameters to the 2eroc power state., It 1is not intendeg to
represent any particular limiting anticipatec operational occurrence
(ACO) or postulated accident, although the guantity shown as
“Required Shutdown Margin" represents the numerical value of the
worth which is reguired for the hot 2zero power steam line break
accident, The analysis of any specific transient is performed at the
limiting conditions which are conservative for the particular

transient,

5.7
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The CEA group ficentifications remain the same as in the reference
cycle. The power dependent insertion limit (PDIL) curve has been
changed and is shown in Figure 5-1. Table 5-3 shows the reactivity
worths of various CEA groups calculated at full power conditions for
Cycle 2 and the reference cycle.

Power Distribution

Figures 5-2 through 5-4 illustrate the calculated 21l rods out (ARQ)
planar ragial power distributions during Cycle 2. The one-pin power
peaks presented in these figures represent the maximum that could be
expected between about 20 and 80 percent of core height. Radial
peaks outside this axial region were examined und fount not to be
limiting at any time during the cycle. Time points at the beginning,
middle, and end of cycle were chosen to display the decrease in
maximum planar radial peak as a function of burnup,

Radial power distributions for roddes configurations are given for
BOC an¢ EOC in Figures 55 through 5-10. The rodded configurations
shown are those allowed by the PDIL at full power: part length CEA's
(PLCEA's), Bank &, and Bank 6 plus the PLCEA's. As is the case for
unrodded configurations, the largest radial peak for each of these
rodced configuration occurs at the beginning of Cycle 2.

The radial power distributions described i+ this section are
calculated odata which do not incluce ai incertainties or
allewances. The calculations performed to de* ~.7e these radials
account for augmented power peaking which is c¢heé teristic of fuel
rods adjacent to the water holes.

Nominal axiai peaking factors are expected to range from 1,20 at BOCZ
to 1.13 at EOC2.

5.2
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Safety Related Data

Ejected CEA
The maximum reactivity worths and planar radial power peaks
associated with an ejected CEA event are shown in Table 5-4 for Cycle
2 and the reference cycle. The Cycle 2 values encompass the worst
conditions anticipated during Cycle 2 and are conservative with
respect to the actual calculated values.,

Oropped CEA

The
radial peaking factor are shown

limiting dropped CEA reactivity wort: and maximum increase in
in Table 5-5 for (Cycle 2 and the
The values shown for Cycle 2 are conservative at
any time gduring the cycle.

reference cycle.

Augmentation Factors

Augmentation factors have been calculated for the Cycle 2 core using
model described in Reference 5-1, The input
infcrmation required for the calculation of augmentation factors that
is specific to the the
densification characteristics, the radial pin power distribution and

the calculational

core under consideration includes fuel

the single gap peaking factors.
core have been conservatively calculated by combining

Augmentation factors for the Cycle 2
the largest

(flattest)
pin power distributon. The calculations yield noncollapsed
clad augmentation factors showing a maximum value of 1.049 at the top

single gap peaking factors with the most conservative
radial
of the core. The augmentation factors used for Cycle 2 are compared
in Table 5-8.

incoroorateg directly into the COLSS and CPC linear

to those of the reference cycle These augmentation
factors will be

heat rate and ONBR caiculations.

5-3
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Physics Analysis Methods

Analytical Input to In-Core Measurements

In-core detector measurement constants to be used in evaluating the
reload cycle power distributions will be calculated in the manner
described in Reference 5-2,

Uncertainties in Measured Power Distritutions

The planar radial power distribution measurement uncertainty of 5.3%,
based on Reference 5-2, will be applied to the Cycle 2 COLSS and CPC
on-1irie calculations which use planar radial power peaks. The ax:al
and three dimensional power distribution measurement uncertainties
are determined 1in conjunction with other monitoring and protection
system measurement uncertsinties (See Section §).

Nuclear Design Methodology

The following changes in nuclear design methodology have been
implemented for Cycle 2 relative to the reference cycle:
1. Use of Coarse Mesh Neutronics Calculations (ROCS)
2. Use of Transport Theory (DIT) For Few-group Cross Section
Generation
3. Extended Pointwise Doppler Feedback

Use of Coarse Mesh Neutronics Calculaticns (ROCS)

Cycle 1 physics calculations were based on the fine mesh design
program PDQ (Reference 5-3). 1In the Cycle 2 analysis, the coarse
mesh computer program ROCS (Reference 5-4) has been used along with
PDQ for the calculation of certain parameters. ROCS has been used in
a manner consistent with curreni C-E reload rethods as employed in
analysez for Calvert Cliffs Units I and 1l and St., Lucie Unit 1
reloads (References 5-5, 5-6, 5-7, and 5-8). In particular, ROCS has
been used where three-dimensional effects are important and where
detailed pin peaking information is not required. As requested in
Reference 5-9 this is not an increase in the scope of ROCS usage over
that which has appeared in recent C-E reloac applications.
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5.3.3.2 Use of Transport Theory (DIT) For Few-group Cross Sectior Generation

Bid.3.3

Cross sections for both PDQ and ROCS calculations are taken from the
DIT assembly Spectrum code (5-10, 5-11) based on integral transport
theory.

Local power peaking is calculated with PDQ using few-group fine mesh
cross sections from DIT multigroup transport theory calculations.
This provides for the increased local power peaking in fuel rods
adjacent to the water holes and therefore the factor applied in
earlier reload analyses, to account for this phenomenon is no longer
required; in earlier reload ~~alyses, this factor had been calculated
by DIT but applied to the PDU results separately.

Coarse mesh cross sections for the ROCS code are also taken from
DIT. This has led to agreement witn measurements on reactivity,
power distributions, rod worths and reactivity coefficients that is
substantially improved from previously used cross-section generation
methods.

Extended Pointwise Doppler Feedback

The extended pointwise Doppler feedback technique, fincluding the
improved fuel temperature versus kw/ft correlation, employed for
recent C-E reload applications, has been implementea for ANO-2

Cycle 2,

The extended Doppler feedback technique, described in Reference 5-12,
involves utilizing iterations between pointwise power distribution
and pointwise fuel temperature instead of wusing precalculatad

batchwise fuel temperatures.

The improved fuel temperature vs. kw/ft correlation, described in
Reference 5-13, is based on the methodology of Reference 5-1 3nd more

accurately accounts for changes in fuel temperature for a sen local

power density with increased burnup.
5-5
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TABLE 5-1

AMO Unit 2 Cycle 2
Nominal Physics Characteristics
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Table 5-2

Arkansas Nuclear One Unit 2 Cycle 2
Limiting Values of Reactivity Worths and Allowances, % o

Reference Cycle 2

Cycle B0C £0C
worth Available
Worth of all CEAs inserted 1 1:7 11.4 1.3
Stuck CEA al .swance 1.6 - 2.4
worth of all CEAs less highest
worth CEA stuck out 10,1 9.3 9.9
worth Required (Allowances)
Power defect, HFP to HZP
(Doppler ana Moderator defects, worth loss,
temperature redistribution) 3.4 2.0 2.6
Mcderator Voids 0.] 0.0 0.1
CEA bite (Full power PDIL) 0.4 0.5 0.6
Total reactivity allowance 3.9 2.5 3.3
Available Worth Less Allowance

0.2 5.8 6.6
Required Shutdown Margin 5.0 5.0 5.0

5.7
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TABLE 5-4

ANC-2 Cycle 2
CEA Ejection Data

Limiting Safety Analysis Values

(W'—"ll I e S S . A i S i S T e e e e e e e e e S s o i e e g e B e et P i T T T Tt P Er g £V ST SETNS st el T i
:

Reference
Cycle Cycle 2
Maximum Radial Power Peak
Full power with Bank &
inserted; worst CEA
ejected 2.18 2.94
lero power at ZPDIL;
worst CEA ejected 9.2 8.23
Maximum Ejected CEA Worth (X &2
Full power with Bank 6
inserted; worst CEA
gjected 0.24 0.30
Zero power at ZPDIL;
worst CEA ejecteg % 0.82 l
Notes i

Uncertainties and allowances are included in the above data.

These Cycle 2 safety analysis values are conservative with respect to the
actual Cycle 2 calculated values.

IPDIL for Cycle 1 is Banks 6+5+4+3+2+PLCEA'S

IPDIL for Cycle 2 is assumed to be Banks 6+5+4+43+4PLCEA'S

5-9
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TABLE 5-5
ANO-2 Cycle 2

Full Length CEA Drop Data
(HFP, Equilibrium Xenon)

Limiting Safety Analysis Values

Reference
Cycle Cycle 2
Minimum Worth (% 4c) 0.10% 0.10%
Max imum Percent Increase in
Radial Peaking Factor 27% 17%

Note:
Uncertainties and allowances are incluged in the above gata.

These Cycle 2 safety analysis values are conservative with respect to
the actual Cycle 2 calculated values.
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TABLE 6-1

Arkansas Muclear One Unit 2
Thermal Hydraulic Parameters at Full Power

General Characteristics

Total Heat OQutput (Core only)

Fraction of Heat Generated in Fuel Rod

Primary System Pressure
Nominal
Minimum in steady state
Maximum in steady state

Inlet Temperature (Maximum Indicated)

Unit

MWt
106 Btu/hr

psia
psia
psia

°F

Total Reactor Coolant Flow (Minimum Steady State) gpm

Coolant Flow Through Core (Minimum)
Hydraulic Diameter (Nominal channel)

Average Mass Velo ity

Pressure Drop Acruis Cr 2 (Minimum steady
state flow irreva-: ple ap over entire
fuel assembly)

Total Pressure Drop Across Vessel (Based on

nominal dimensions and minimum steady
state flow)

Core Average Heat Flux (Accounts for
fraction of heat generated in fuel rod
and axial densification factor)

Total Heat Transfer Area (Accounts for
axial densification factor)

Film Coefficient at Average Conditions

Average Film Temperature Difference

Average Linear Heat Rate of Undensified Fuel

Rod (Accounts for fraction of heat
generated in fuel rod)

Average Core Enthalpy Rise

Maximum Clad Surface Temperature

6-2

106 1b/hr
106 1b/hr
ft

106 1b/hr-fte

psi

psi

BTU/hr-ft2

ft2

BTU/hr-ft2°F 6200

°F
kw/ ft

BTU/1b
°F

Reference
Cycle 1 Cycle 2
2815 2815
%608 9608
0.975 0.975
2250 2250
2203 2203
2297 2297
£34.7 554.7
322,000 322,000
120.4 120.4
116.2 116.2
0.039 0.039
2.60 2.60
18.6 15.5
. 35.9 35.9
184,720 184,720*
50,707 £0,707*
6200
30.6 30.6
5.40 5.40%
82.7 8.7
656.5 656.5
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TABLE 6-1 (continued)

Reference
Calculational Factors Cycle 1 Cycle 2
Engineering Heat Flux Factor 1.03 1.025++
Engineering Factor on Hot Channel Heat Input 1.03 1.008+, ++
Rod Pitch, Bowing and Clad Diameter Factor 1.05 1.08 ++
Fuel Densification Factor (Axial) 1.002 1.002

NOTES:

* Based on 1128 shims.
+ Based on "as-built" information.
++ These factors have been combined statistically with other uncertainty factors

at 95/95 confidence/probability level to define a2 new uvesign limit
on CE-1 minimum DNBR when iterating on power as discussed in Reference 6-7.
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8.1

8.2

ECCS Analysis

An ECCS performance 2nalysis was performed for Arkansas Nuclear One -
Unit 2 Cycle 2 to demonstrate compliance with 10CFR 50.46 which preients
the NRC Acceptance Criteria for Emergency Core Cooling Systems for Light-
Water-Cooled reactors(é°}) The analysis justifies an allowable peak linear
heat generation rate (PLHGR) of 14.5 kw/ft. This PLHGR is equal to the
existing 1imit for ANO-2. The method of analvsis and detailed results

which support this value are presented nerein.

METHOD OF ANALYSIS

The analysis for ANO-2 Cycle 1 operation(e'ﬂ)approved by the NRC, was used

as the reference cycle analysis for this evaluation. The method of analysis
used the NRC approved .- evaluation wode1( ) The medel was used to re-
evaluate the 1imiting large break LOCA performance. The blowdown and refill-
reflood hydraulic calculations employed in Cycle 1 apply to Cycle 2 since
only fuel pin cond,bvons have »nanged between the two cycies. Therefore,
only the STRIKIN- LI And PARCH( “"“alculations were necessary to acccunt
for the effect of the different fuel pin conditions.

nJrnup dependent calculations were performed using the FA’ES( ard STRIKIN-
II( “codes to determine the limiting condition for the ECCS performance
analysis,

RESULTS

Table 8-1 presents the analysis results reported for the 1.0 DEG/PD* break.
The results of the evaluatiun confirm that 14.5 kw/ft is an acceptable value
for the PLHGR in Cycle 2. The peak clad temperature and maximum local and
core wide clad oxidation values as shown in Table 8-1 are below 10CFR50.46
acceptance limits

Table 8-2 presents a list of the significant parameters displayed graphically
for the limiting 1.0 DEG/PD break.

Table 8-3 presents a comparison of significant parameters for Cycles 1 and 2.

*DEG/PD = Double-Ended Guillotine at Pump Discharge

3-1
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8.3 EVALUATION OF RESULTS

For the Cycle 2 analysis, the peak clad temperature (PCT) was calculated
to occur at the rupture location. For Cycle 1 it occurred above the
rupture locaticn. The reason for the change in location of the PCT is
as follows. For the Cycle 1 analysis, steam cooling heat transfer
coefficients (HTC) calculateu by the PARCH code were used only at the
rupture location., Above rupture, conservatively low steam cooling HTC
were used to simplify the calculations in the presence of the large
margin i the ECCS performance results. ior the Cycle 2 analysis, to
counteract the effect of higher stored energy and a more limiting
radiation enclosure, PARCH-calculated steam cooling HTC were used at
and above the rupture location. This lowered the calculated clad tem-
peratures above the rupture location in: the Cycle 2 analysis relative
to the Cycle 1 analysis. It also lowered them sufficiently to change
the location of PCT to the rupture location for Cycle 2.

The net result was a PCT of 2041°F which is 37°F lower than in Cycle 1
and a lower peak clad oxidation by 0.02% as shown in Table 8-1.

@
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8.4

8.5

CONCLUSION

As discussed above, conformance to the £CCS criteria is summarized by the
analysis results presented in Table 8-1. The resuits of the analysis identified
the peak clad temperature as 2041°F as opposed to the acceptance limit of
2200°F. The peak local clad oxidation was 11.3% versus the acceptance limit

of 17% and the peak core wide clad oxidation was less than .621% versus the
acceptance limit of 1.0%. Hence, Cycle 2 operation at a peak linear heat
generation rate of 14.5 kw/ft and at a power lavel of 287] Moy (102% of

2815 th) will result in acceptable £CCS performance.

COMPUTER CODE VERSIOM IDENTIFICATION

The following versions of the NRC approved Combustion Engineering ECCS
Evaluation Model computer codes were used in this analysis:

STRIKIN-II: Version Mo. 77036
PARCH: Version No. 77004

R e e e it e e e Sl e S iaae e
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Table 8-1

Arkansas Nuclear Gne Unit 2 Cycle 2
ECCS Analysis Results
for Limitina Break Size 1.0 DEG/PD)

Maximim §1owdown Peak Clad Time of Peak Time of Clad Peak Local Total Core-Wide
Analysis Clad Temperature Temperature Clad Temperature Rupture Clad Oxidation Clad Oxidation
Cycle 2 1696°F 2041°F 221. sec 45.8 sec i1.8% <.6217
Reference Cycle
(Cycle 1) 1660°F 2078°F 230. sec 42.3 sec 11.82% <.617%



Table 8-2

Arkansas Muclear One - Unit 2 Cvcle 2

_Analysis Plots

Variables

Peak Clad Temperature

Hot Spot Gap Conductance

Peak Local Clad Oxidation

Clad Temperature, Centerline Fuel Temperature,
Average Fuel Temperature and Coolant Temperature
for Hottest Node

Hot Spot Heat Transfer Coefficient

Hot Rod Internal Gas Pressure

i e A e e e e e s e

Figure
Designation
8-1
8-2
8-3

8-5
8-6
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Table 5-3
Arkansas Nuclear One - Unit 2 Cvc'e 2
Significant Parameters

Quantity Cycle 1 Cycle 2
Reactor Power Level (102% of Nominal) 2882** 2882 MAt**
Average Linear Heat Rate (102% of Nominal) 5.66 5.65 kw/ft
Peak Linear Heat Generation Rate (PLHGR)

Hot Assembly, Hot Channel 14.5 14.5 kw/ft
Peak Linear Heat Generation Rate (PLHGR)

Hot Assembly, Average Channel 13.03 12.77 kw/ft
Gap Conductance at PLHGR* 1633 1417 BTU/hr-ft-°F
Fuel Centerline Temperature at PLHGR* 3478 3580 *F
Fuel Average Temperature at PLHGR* 2192 2278 °F
Hot Rod Gas Pressure* 1206 1007 psia
Hot Rad Burnup* 726 500 MAD/MTU

* Values at limiting hot rod burnup

** This value represent, 102% of the core power plus reactor coolant pump power

3-6
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9.0 Reactor Protection and Monitoring System

9.1 Introduction

8.2

The Core Protection Calculator System (CPCS) is designed to provide the
low DNBR and high local power density (LPD) trips {1) to ensure that the
specified acceptable fuel design limits on departure from nucleate boiling
and centerline fuel melting are not exceeded during Anticipated
Operational Occurrences (A00) and (2) to assist the Engineered Safety
Features System in 1limiting the consequences of certain postulated
accidents.

The CPCS 1in conjunction with the remaining Reactor Protection Systems
(RPS) must be capable of providing protection for certain specified design
hasis events, provided that at the initiation of these occurrences the
Nuclear Steam Supply System, its systems, components and parameters are
maintained within operating limits and limiting conditions for operation
L0018}

Since the original CPC System licensing and implementation effort for
ANO-2, two software modifications have been added to reduce the
probability of unnecessary plant trips and to provide the operator with
additional diagnostic information. For Cycle 2 additicnal CPC and CEA
Calculator (CEAC) software modifications have been developed and will be
verified in accordance with the software change procedures contained in
References 9-1 and 9-2. These modifications are due to implementation of
the TORC/CE-1 ONBR calculation, experience gained during first cycle
operation, implementation of features to make the AND-2 CPC/CEAC
algorithms generic with CPC/CEAC algorithms for future plants, and
implementation of improved diagnostic capabilities for the operator.

CPC Software Modifications

CPC software modifications for Cycle 2 are summarized in this section. A
detailed description of the modifications is presented in Reference 9-3.

9-1
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9.2.4

2.2.%

9.2.6

b. The slope of the coolant temperature shadowing factor has teen
made ar addressable constant.

€. The DNBR and LPD pre-trip setpoints have been made addressable
constants,

d. A method for automated reentry of certain CPC adoressih’e
constants from a disk has been implemented,

Other Algorithm Changes
a. Planar radial peaking factors are now adjusted by a correction
factor based on the value of the normalized core inlet moderator

density.

b. Mew curve fits have been mage for core coolant specific volume
determination,

€. A pre-selected 20-node axial power aistribution is used during
low power operation.

Diagnostic Changes

3. The CEAC snapshot buffer is changed to be similar tc that for
the CPC's.

b. The failed sensor D numbers usec to ingicate large differences
in the CPC penalty factors have been changed.

¢c. Logic and an addressable constant have been added te the CEAC to
rewrite the entire CEAC display.

Data Constant Changes

In agdition to the data constants associated with the above-listed
modifications, data  constants which could be potentially
Cyc ie-dependent are being revieweg for ANO-Z Cyclz 2.

§-3




9.3

9.4

Addressable Constants

Certain CPC constants are addressable so that they can be changed as
required during operation. Addressable constants include data that are
measured during startup (e.g., shape annealing matrix, temperature
shadowing, boundary point power corre¢lation coefficients, and adjustments
for CEA shadowing and planar radial peaking factors, see Section 12),
uncertainty factors to account for processing and measurement
uncertainties in DNBR and LPD calculations (BERRO through BERR4), and
miscellaneous items (e.g., pre-trip setpoints, EOL flag, CEAC inoperable
flag, etc).

The uncertainty factors to account for processing and measurement
uncertainties in DNBR and LPD calculations will be determined for Cycle 2
in a manner similar to that for the reference cycle (Reference 9-4).
Measurement uncertainties will be modelled stochastically, including
pressure, inlet temperature, flow rate, CEA position, radial peaking
factor, processing errors, and noise, to ensure to & 95/95
probability/confidence leve! that CPC provides a conservative DNBR and LPD
calculation.

Digital Monitoring System (COLSS)

The Core Operating Limit Supervisory System (COLSS) is a monitoring system
that initiates alarms if LCO's on DNBR, peak linear heat rate. core power,
or core azimuthal tilt are exceeded. To be consistent with the safety
analysis and CPC mcdifications for Cycle 2, COLSS will be modified in
several eareas. The DNB algorithm will be based on the TORC/CE-1 DNBR
calculation (CETOP1). Power distribution and thermal nydraulic data and
uncertainties will be updated for Cycle 2 in a manner similar to that used
for CPC as discussed above .

9-4



10.0
10.1

10.2

18

Fuel Utilization Program

Program Description

APEL has initiated a Department of Energy (DOE) funded progra: .o
improve fuel utilization through more efficient fuel management &nd
an increase in fuel burnup. A complete description of the DOE
program is provided in Reference 10-1. Demonstrations and analyses
of the improvement in uranium utilization are planned for the ANO-2
reactor including testing of advanced fuel designs which eventually
may allow the batch-average exposure to b2 increased to 53 GWD/T.

The proposed program i5 planned for implementation in two phases.
Phase | involves the development of selectea concepts for improved
uranium utilization and culminates in demonstration of those concepts
in the ANC-2 reactor. If 2 commitment is made to perform Phase Il at
ANO-2, it will dinvolve the 1large scale implementation of the
demonstrated fuel utilization improvements. This section addresses
the Phase | program as it impacts ANO-2 Cycle 2.

Annular fuel pellets, large grain size pellets and graphite 1D coatec
clad have teen selected for inclusion in the advance design demenstra-
tion program. These variables are used singly and in combination in
segmented and full length rodi., The segmented rod design consists of
short and long segments to allow for a variety of safety anc
performance tests which could be performed in future programs,
Forty-two (42) test rods will be inserted in two Batch D assemblies
to be loaded in the reactor at the start cof Cycle 2.

High Burnup Demonstration Assemblies: Description And Fuel Design

Assembly Description And Placement
The two high burnup demonstration assembliss are 3atch D assemblies
consisting of 3.48 w/o U-235 fuel zoned with 3.03 w/oc U-235 fuel,

Twenty one (21) advanced design test fuel rcds, consisting of both

10-1
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10.2.2

full length and segmented rods, will replace standard 3.48 w/o U-235
Batch D fuel! rods in each of the two fuel bundles. The matrix of
test fuel ruds to be placed in each of the fuel bundles is shown in
Table 10-1. Tne positioning of the twe demonstration Batch D
assemblies is shown on Figure 3-2.

Advanced Fuel Design

Each of the DOE Batch D high burnup demonstration assemblies will
contain 21 test fuel rods of various acdvanced de:ijns which are
judged to allow increased fue! burnup. “nese advanced designs
include annular fuel pellets, large gyrain size pellets and graphite
I0 coated clad all used either alcne or in combinations in either
full length or segmented fuel rods. The annular fuel pellets consist
of & standard fuel pellet with 2n 8 volume percent hole through the
radial center of the pellet, The large grain size fue! pellets
were fabricated by the addition of 50205 8s a dopant and a
controlled sintering process which tailored the crain size to the
gesired size, (R40uvs. 7 to 8 4 for standard pellets).

Finally, some of the test fuel rods were internally coated with
graphite to provide a vehicle for improving dimensional stability and

fuel performance.

Performance Analysis

An analysis was performed to determine tne impact of the segmentied
fuel rods and the advanced design fuel rods to be inserted ‘<to the
two Batch [ cemonstration assemblies.

Those advanced design full length rods containing either larys grain
§ize pellets or graphite 10 coates cladding separate'y or in
combination but without annular pellets do not impact the neutronics
and power ¢cistribufiion of the assembly. Mechanical performance
Characteristics are expected to be better than the stindar: design
Batch D fuel rods.

Fuel rod types that effect power cistribution are segmented fuel rods

and fuel rods containing annular fuel pellets,

10-2
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Annular fuel pellets contain less fissile uranium than standard
pellets and therefore rods which contain annular pellets are expected
to have Tlower power peaking than standard 3.48 w/o Batch D fuel
rods. These fuel rods will be explicitly included in the physics
calculations to be used for power distribution measurements and core
follow analysis.

The segmented fuel rods (shown in Figure 10-1) contain one large and
several smaller nonfuel regions (segment plenums plus connectors)
inside the active region of the core. Nonfuel regions such as these
tend to cause increased power peaking in adjacent fuel rods. It was
determined that the increase in peaking caused by the nonfuel region
was not large enough to cause any fuel rod in either demonstration
assembly to be limiting.

A helium fill pressure of 475 psig was used in the demonstration
segmented fuel rods as compared to 380 psig in the standard Batch D
and the demonstration full length rods. This higher fill pressure
was used because of the greater void-to-fuel volume ratio for the
segmented rods.

C-E has performed analytical predictions of the cladding creep~
collapse time for all the demonstration fuel rods that will be
irradic.ed in Cycle 2 and has concluded that the collapse resistance
of these demonstration fuel rods is sufficient to preclude collapse
during Cycle 2.

As a result of the analyses described in this section, we have
concluded that the advanced design fuel rods in the Batch D high
burnup demonstration assemblies will not impact the corewide
performance in Cycle 2.
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Table 10-1

High Burnup Fuel Designs-Test Variables Mairix

Number of Rods

Segmented Full
Design Variables Strings Length Total
Standard Fuel in Standard Cladding
(Experimental Control) 1 2 3
Standard Fuel in Graphite 1D Coated
Cladding 2 4 6
Standard Geometry, Large Grain Size
Fuel in Standard Cladding 1 2 3
Annular Geometry Fuel in Standard
Cladding i 2 3
Annular Geometry, Large Grain Size
Fuel in Standard Cladding 1 2 3
| Annular Geometry Fuel in Graphite ID
| Coated Cladding 1 2 3
7 14 21
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Startup Program

The planned startup test program associated with core performance is
outlined below. These tests verify that core performance is within
the assumptions of the safety analysis and provide confirmation for
continued safe operation of the unit.

Precritical Tests

Control Element Assembly (CEA) Trip Test

Precritical Control Element Assembly drop times are recorded for all
CEA's (81) at hot full flow conditions before low power physics
testing begins. Acceptance criteria state that the CEA drop *ime
from fully withdrawn to S0% inserted shall be less than 3.0 seconds
a% the statec conditions,

Reactor Coolent Flow Coastdown

The coastdown of reactor coolant flow from the onset of a 2 cut of 4
reactor coolant pump trip will be measured at hot Standby
conditions, The response time of the Core Protecticn Calculators
will then be compared to the reguired response time from Technical
Specification 3.3.1.1 to determire if acceptance is satisfied.

ow Power Physics Tests

Critical Boron Concentration

Criticality is obtained by deboration at a constant dilution rate
with all control rods except the lead control grour fully withcrawn,
Once criticality is achieved, equilibrium boron ccncentration is
obtained. The critical beron concentration 15 calculated by
correcting ihe actual boron concentration for any deviation of (EA
pocsition from the reference CEA position for the preciiteg critical
boron concentration, Accepiance oriieria states that the c¢ritical
boron concentration shall be within 100 ppm of the precdicted valy
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CEA Symmetry Test

CEA symmetry is verified by inserting a reference CEA of a symmetric
group to it's Lower Electrical Limit (LEL) and compensating for the
reactivity change by CEA Group 6 withdrawal. CEA's in the symmetric
group are then traded with each other and the reactivity change
measured to cdetermine tne deviation from the reference CEA. The
reference CcA is traced for the last CEA in the symmetrit group to
measure total reactivity drift, For each CEA of the symmetric group,
with the exception of the reference CEA, an average drift adjustec
de ation from the reference CEA is calculated., Acceptaace criteria
states that the adjusted deviation for each symmetric CEA shall be
within :1.5¢ of the group average adjusted deviation,

Temperature Reactivity Coefficient

The isotnérmal temperature coefficient is measured at appro:imately
the all CEA withdrawn configuration ana at the Zero Power Depenient
Insertion Limit, The average coclant tempera*ure 15 varied by first
decreasing then increasing temperature by 10 degrees F. Durinc the
change 1in temperature, reactivity feedback is compensatza py di: irete
CEA motion; change in reactivity is then calculated oy the summation
of reactivity (obtained from reactivity calculation on strip chart
reccrder) associated with the temperature chunge, Rcceptance
criteria state that the measured velue shall no. differ from the

s 5 [ a b {
predicted value by more than +0.7 x i A kik/ ®F.,

(=)

The mocerator .emperature coefficient of reactivity is calculated in
conjunction 1.ith *ie jeothgimal temperature coefficient measurement,
After tne 3.ouvnermal ‘tompercture coefficient has Deen measured, &
predicted value of fue® tempe-ature coefficient of reactivity 1%
subtracted tc obtain the moderator temperature coefficient. The
moderator temperature coefficient value must nct be more positive

A
-~ -

than +0.5 x 10 Ak/k/°F.
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Part Length Control Element Assembly (PLCEA) Reactivity Worth

PLCEA group reactivity worth is measured at hot zero power conditions
using the Boron/PLCEA swap method. The Boron/PLCEA swap method
consists of establishing a deboration rate in the RC® and compensating
for the reactivity changes of this deboration by .nserting PLCEA's in
incremental steps. When the PLCEA's have been inserted to the point
of maximum worth, the deboration will be stoppes. A boration rate
will then be established and compensation for the reactivity changes
of this borationr will be mad. by PLCEA insertion in incremental steps
to their group stop. The incremmntal reactivity changes that occur
during these measurements are calculated Dpave? on reactivity
calculator data, and differential reactivity .orth for each
incremental step are cbtained from the measured reactivity worth
versus the change in PLCEA group positien. The incremental
reactivity values are then summed t¢ cbtain an integral PLILA group
worth, This measurement is made for information only. Therefore, nc
acceptance criteria are applicgd.

Regulating CEA Group Reactivity Wortn

Regulating CEA group reactivity worths (Groups 2, 3, 4, 5, and 6) ére
measured at not zero power conditions using the Boron/CEA swap
methoc. The Boron/CEA swap method consists cof establishing a
deboration rate im the RCS and compensating for the r-activity
changes of this ceboraticon by inserting regulating groups 7, 5, 4, 3,
and 2 in incremental steps. The incremental reactivity changes that
occur during these measurements are célculated based on reactivity
calculator oaata, and cifferential reactivity werths for each
incremental step are obtéined from the measured reactivity worth
versus the change in CEA group position. The incremental reactivity
values zre then summeo to obtain inteqgral CEA group worths for each
of the regulating oroups. Acceptance criteria state that the
measured individual group werths shall be within +15% or +0.1% 4 k/k
(whichever is larger) of predicted values, ard the total worth of all
the groups shall be within #10% of the precicted values,
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Power Escalation Tests

Reactor Coolant Flow at 50% anog 100% Full Power

Reactor coolant flow will be measured by calorimetric methods at
steady state conditions. Acceptance criteria will require that the
measured flow be within allowable limits and that both the Core
Operating Limit Sutc<v'uoey Iyctem [COLSS) and Core Protection
Calculater (CPC) reactor coolant flowr»t2s will be conservative with
respect to the measured calerimetric flowrate,

Core Power Distribution at 50% anc 100% Full Pe.«»

Steady state reactor pcwer is estadblished with 3-0 Equilibrium
Xenon. Incore detector data is ccllected for aralysis. The measured
results are cumpared to predicted values in the following manner:

The measured racial power distribution is comparecd to th: predicted
power distribution wutilizing a root mean squared statistical
comperiscn of the relative radial power density distrioution for each
of the 177 fuel assemblies. The acceptance criteria states that the
comparison of the measured racial power distributicn with the
predicted radial power distribution shall satisfy tne following
gxpression:

7 .
(100z4)2

e

RMS =
177

where Z‘ is the difference between the predicted and measured

i ¢ ¢ ; - th
relative power density distribution for the 1t

fuel assembly.

The measurec¢ radial power distribution is additionall: compared to
the nredicted power distribution utilizing a box-by-Lox comparison of
th: relative radial power density distribution for each of the 177

fuel assemtlies, The acceptanc criteria states that for each

5

assembly with a predicted relative power density » 0.9 the measured
> g A

and predicted relative power censity values must agrie within +10%,
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rodded and unrodded core throughout life it 1is desirable to use as
wide a range of core axial shapes as are available to establish their
values. This is drne by initiating an axial Xenon oscillation. Data
is periodically gathered during the oscillations so that is will be
representative of as wide a range of axial shapes as possible.
Incore, excore and related dats are recorded, and incore analysis s
perfcrmed which relates the incore detector signals to power
distribution and summarizes the necessary power distribution and
excore cdetecter data in a form and format which can be easily input
to programs used to perform the least squarec fitting. The incore
analysis results include:

Excore detector fractional responses for each CPC;

Core peripheral power fractions for the upper, miccle and lower third

of the core for each quaagrant:

cre average power fractions for the upper, middle and lower third of

—

ne core; and

Upper and lower core boundary average power.,

The above output 15 wused 0 determine @& "best set" of SAM
coefficients and BPPC constants by using least squares znalysis. The
results of these calculations L.'¢ then compared to the precalculateo
alues placed in the CPC's andg, if necessary, the precalculated

values are adjusted based on the "best set" measured result

Raaial Peaking Factor and CEA Shadowing Factor Verification

16 performance of the test involves establishing the following CEA

12-6
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12,3.5

A1l CEA's Qut

Group 6 at LEL (Lower Electrical Limit)
Group 6 and 5 at LEL

Group 6 and 5 at LEL, Group P at 37.5" WD
Group 6 at LEL, Group P at 37.5" WD

Group P at 37.5"WC

As the various CEA configurations are establishea, incore detector
gata and excore detector data are taken. These date are analyzed anc
planar radial peaking foctors (Fxy) and CEA shadowing factors are
getermined for each CEA configuration. If any of the values
calculated are found unacceptable when compared to the predicted
values, appropriate CPC and/cr COLSS values are mogified.

Reactivity Coefficients at 50% and 100% Full Power

Two methods are used to determine the [scthermal Temperature
Coefficient and Power Ccefficient; one method is performeg with no
CEA movement and the other method is performed with center CEA

movement ,
No CEA Movement at 50% and 100% Full Power

With the reactor at steady state and equilibrium or near equilibrium
Xenon and CEA Group 6 a2t 120 inches withcrawn, a small step change in
the turbine contrel valve position is mace and then adjusted to
establish a new coolant inlet temperature. This change produces a
small turbine loade-reactor power mismatch. The temperature change
results in a reactivity feedback anc a resultant power change. The
power change produces an opposite reactivity feedback and the reactor
settles out at a new power and temperature conditicn. The cycle is
then reversed by making a small step change in the turbine control
valve position in the opposite direction., The ITC is calculated
iteratively using the resultant power and temperature changes along
with an_ assumed power coefficient, The Mocerator Temperature
Coefficient (MTC) is then calculated by subtracting the predicted
Fuel Temperature Ccefficient (FTC) from the measured Isotherma)
Temperature Coefficient (ITC).
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With Center CEA Movement at 50% Full Power

Isothermal Temperature Coefficient - With the reactor at steady state
and equilibrium Xenon and CEA Group 6 at 120 inches withdrawn, CEA
6-1 is withdrawn a specified amount. This reactivity change produces
a change in reactor power which in turn causes a change 1in coolant
temperature. The change in coolant temperature results in a
reactivity feedback to offset the ro” movement., Eventually the
system staoilizes c. a new power and coolant temperature. The ITC is
calculated iteratively knowing the power and temperature changes
along with the center CEA integral worth and by using the test
pregictions as initial estimates for the Isothermal Temperature and
Power Coefficients., The MTC is calculated as described previously.

Power (oefficient - A reactivity insertion is made using the center
CEA, resulting in a change 1in reactor power. Average coolant
temperature is bheld constant by ¢hanging turbine 1load to match
reactor power. The rcactor settles out at a new power when the
reactivity feedback due to change in power is equal and opposite to
the CEA reactivity insertion. The Power (oefficient is calculated
iteratively in a manner similar to the ITC calculation.

Acceptance criteria state the following:

. The measured ITC shall within

#0.,3 x 10" & k/k/oF;

agree with the predicted valu

™
(74

b. The measured power coefficient should agree with the predicted
g

Ry st T SN
values within +0.3 x 10 Ak/K/% power; and

Al ‘ 3 -4 .
£ The MTC shall be less positive than +J.5 x 10 Ak/k/°F when
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12.4

Procedure [f Acceptance Criteria Are Nct Met

If the acceptance criteria for any test are not met, an evaluation is
performed before the test program is continued. The results of 21}
tests will be reviewed by the plant's nuciear engineering group. If
the acceptance criteria of the startup physics tests are not met, an
evaluation will be performed by the plant's nuclear engineering group
with assistance from general office personnel, Middle South Services
and the fuel v:ndor, as needed., The results of this evaluation will
be presented to the onsite Plant Safety Committee. Resolution will
be required prior to power escalation. [f a safety question is
involved, tue offsite Safety Review Committee would review the
situation and NRC would be notified if an unreviewed safety question
exists.
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