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CTION AND SUMMARY

the ninth cycle of Arkansas Nuclear
core power of 2568 MWt. Included are the
required analyses as outlined in the USNRC document, "Guidance for Proposed

1

ense Amendments Relating to Refueling," June 1975.
ANO-1, this report employs
established in repcrts that have
and 1ts predecessor, the USAEC

parameters related to power

e >

summarized briefly in section 5 ¢ 2P0 All of
analyzed FSAR* have been revie or cycle 9 operati
ases where cycle 9 ) “ b E were oconservative oo ¥ ared

ldent analyses were not performed.

-ations have been reviewed, and the modifications

tion are justified in this

formad, which take into account the postulated

and the Final Acceptance Criteria for Emergency

concluded that ANO-1 can be operated safely

2568 MWt.
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GENERAL DESCRIPT1ON

™
9

@ AMNO-1 reactor core is described in detall in section 3 of the Arkansas

Nuclear One, Unit 1, Final Safety Analysis Report (FSAR) A

cycle 9 ¢ore contains 177 fuel assemblies, each of which is a 15 by 15
array contzining 208 fuel rods, 16 contrel rod guide tubes, and one incore
instrument guide tube., The fuel is camwprised of dished-end, cylindrical
pellets of uranium dioxide clad in cold-worked Zircaloy-4.

The assemblies in all batches have an average nominal fuel loading of
of uranium. he undensified nominal active fuel lengths, theore-
fuel rod dimensions, and other related fuel para-

frel assemblies.
'or ANO-1, cycle 9. The 1initial

Jents of batche 9B, 10 and 11 are 3.19, 3.3C
5, respectively. One batch 7D assembly, all of batch 8B,
twice-burned batch 9 assemblies will be discharged at the end of cycle

The center location will contailr, a batch 6 assembly discharged at the end of
designated 6D). Ihe remaining 52 twice-burnmed batch 9 assemblies
(designated 9B) wili be shuffled to new locations, with 1¢ on the core
e 64 once-burned batch 10 assamblies will be shuffled to new
ocations, and the 60 fresh batch 11 assemblies will be loaded in a symmetric
the core. Figure 3-2 1is an eighth-core Tep
showing the asse ly burmun a'd enricment distribution at the beginning of

cycle 9,

1ty 1s controlled by 60 full-length i3-In-Cd control rods, 52 burmable
poison rod assemblies (BPRAs), and soluble boron shin In addition to the
full-length control rods, eight Inconel axial power shaping rods (gray APSRs)
are provided for additional control of the axial power distribution. The
cycle 9 locations of the 68 control rods and the group designations are

indicated in Figuwre 3-3, The core locations of the total pattern (68 control

rods) for cycle 9 are the same as those of the refer-nce cycle but the graup




designations are different. The locations and enrichments of the BPRAs are

shown in Figure 3-4.
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Figure 3-3. Control Rod Locations and Group
Designations for ANO-1 Cycle 9
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4.3 _Thermal Design

All fuel assemblies in the cycle 9 core are thermally similar. The design of
the batch 11 Mark B6 assemblies is such tha*t the thermal performance of this
fuel is equivalent to the fuel design used in the remainder of the core. The
aralysis for all fuel was performed with the TACO2 code as described in
reference 8, Naminal undensified input parameters used in the thermal
analysis are presentad in Table 4-2. Densification effects were accounted
for in TAQO2.

The results of the thermal design evaluation of the cycle 9 core are
sumarized in Table 4-2. Cycle 9 core protection limits are based on a
linear heat rate (IHR) to ¢ nterline fuel melt limit of 20.5 KW/ft as deter-

mined by the TAQD2 code.

The maximum fuel assembly burmup at EOC 9 is predicted to be less than 42,800
Wd/mtU (batch 9B). The fuel rod internal pressures have been evaluated with
TACO2 for the highest burmup fuel rods and are predicted to be less than the

naminal reactor coolant pressure of 2200 psia.

' o P % ~ ~
Material Design

The chemical campatibil.tly of possible fuel-cladding-coolant-assembly

interactions for batch 11 fuel assemblies is identical to those for previous
fuel assemblies because no new materials were introduced in the batch 11 fuel
assembl ies.

Crerating
Babcock & Wilcox operating experien 2 with the Mark B 15x15 fuel assembly has
verified the adequacy of its design. The accaumlated operating experience

for eight B&W 177 fuel assembly plants with Mark B fuel 1s shown in Table 4~

1




= Fuel Design Parameters and Dimens)

Fuel zssembly type
Number of assamplies

uel rod OD naminal,
in
el rod ID nominal,

in

Undensified active
fuel length, in

Fuel pellet OD, 0.3686
(mean), in

Fuel pellet initial
density, (Nam), % TD

Initial fuel enrichment,

wt., 2 U

Average burmup, BOC,
MWd/mtU

EXposure 3 X 2870 31300




Fuel Thermal

No. of assembl les

density, § TD

pellet OD, in

stack height,

Enrichment

-y

1 Based on a

Parameters

Batch 9B

Batch




Table 4-3. Operating Experience

Qunulative

Qurrent Max FA burnup Med/mti1(8) electric =
Reactor Cycle Incore Discharged output  Mih (©/

Qoonee 1 10 45,908 50,598 66,183,044

P TNV N - -

Qconee

N

Oconee 3 1




*There are twou stop pin “nles on each side of the upper end fitting, One
contains a stop pin and vhe other is a spare.
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replace the silver-indium-cadmium APSks used in all previous

Calculations with the standard three-dimensional model verified that thnse

APSRs provide adequate axial power distribution contreol. The substitution
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1clal effect on
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J
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Ll |
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Table S5-1. Physics Parameters

Cycle length, EFPD

Cycle baumup, Mad/mtU

Average core burmp - BOC, MWd/mtU
Initial core loading, mtU

boron - BOC, ppm (no Xe)

, graup 8 insorted
raup 8 inserted
Ix Xe)

ron - P

1(\,1

HZP,
HFP,

grouy

Jroup

ontrol rod W

Control rod worths - HFP, EOC, %

Mige )
Max ejectaed rod worth -

~10) , groups 5-8
(L~10),
), groups 5-

-

Max stuck rod worth - HZP,
groups l-

) » GIOUDS

grops 1-7

1-8
LI

ANS

Doppler coeff - HFP, 107
BOC
BOC

(N0 Xe)
(eq xXe)

f
4

Qr ANO-1,




Table $-1. (Cont’d) (@)

Moderator coeff - HFP, 10°4 (ak/k/°F)

BXC (no Xe, crit ppm, group 8 ins)
BEOC (eq Xe, 0 ppm, group € out)

Boron worth - HFP, pemy/% AR/K

BOC
BOC

Xenon worth - HFP, % ak/k

BOC (4 EFPD)
BOC (equilibrium)

Effective delayed neutron fraction - HFP

BOC
BOC

(8)cycle 9 data are for the coniitions stated in this report.
core conditions are identified in reference 9.

(P) pased on 425 EFFD at 2568 M, cycle 7.
(©) pased on 440 EFFD at 2568 MWt, cycle 8.

Qcle 8@ qrcle 9(€)

-0.51
-2.78

(A)Hzp denctes hot zero power (S32F Tayg) : HFP denctes hot full power

(S81F Tavg) -

(€)At HFP conditions, 0 ppm cocurs at 411 EFPD,

5-4



Available Rod wWorth
Total rod worth, HZP

Worth reduction due to
poison material burmup

Maximm stuck 1od, HZP
Net Worth

less 10% uncertainty

Total available worth

Required Rod Worth
Power deficit, HFP to HZP

Allowable inserted rod
worth

Flux redistribution
Total required worth
Shutdown margin (total

available worth minus
total required worth)

8.699

=0.100

7.109

6.398

1.602

0.276

2.222

4.176

360 EFFD,

9.265

~0.100

7.694

6,925

2.291

0.422

3.329

1.596

NOTS: The required shutdown margin is 1.00% ak/k.

420 EFFD,

9.222

=0.100

7.703

6.933

2.351

0.422

3.346

3.587



Figure 5-1. ANO-1 Cycle 9, BOC (4 EFPD) Two-Dimensional Relative Power
Distribution «- Full Power, Equilibrium Xenon, Normal Rod

Positions
- 9 19 11 12 13 14 18
— -y
0.98 1.12 1.18 1.13 1,02 1.29 0.94 0.41
1.13 1.12 1.29 1.08 1.29 1.24 1.17 0.52
8
1.19 1.31 1.16 1.28 1.12 1 1.3 0.93 0.39
1.14 1,06 1.28 1.04 1.28 1.07 0.61
-

1.02 1.29 1.12 1.28 1.16 1.09 0.32
1,29 1,25 1.31 1.07 1.09 0.42
0.94 1.18 0.93 0.61 0.32
0.41 0.53 0.39

\\<\ Inserted Rod
group Ne.

X, XX Relative Power

Density




6. THERMAI~HYDRAULIC DESIGN

The thermal-hydraulic design evaluation supporting cycle 9 operation utilized
the methods and models described in references 10, 11, and 12 as supplemented
by reference 4, which implements the BWC (reference 13) CHF correlation for
analysis of the Zircaloy grid fuel assembly. The analyses presented in
Section 5 of reference 4 demonstrate that changes in the flow parameters
resulting from the incorporation of Zircaloy spacer grids do not
significantly impact the thermal-hydraulic characteristics of the Zircaloy
grid ccre relative to the Inconel grid core values. Implementation of the
ircaloy grid fuel assemblies rto existing reactors, however, is performed
on a batch basis, with the tr sition cycles having both Zircaloy grid and
Inconel grid fuel assemblies.

T

In a transition core, the Zircaloy grid fuel assemblies, which have =&

slightly higher pressure drop than the Inconel grid assemblies due to the

el J
higher flow resistance of the Zircaloy grids, tend to divert sume flow to the

Inconel grid fuel. This creates the need to consider a "transition core
penalty"”. The amount of coolant flow reduction in the limiting Zircaloy grid
assembly and consequently, the magnitude of the transiticn penalty, is
dependent on the number of Zircaloy grid assemblies (with the smaller mmber

rid assemblies being more Jimiting).

Another contributirg factor in detemining the transition core penalty is the
core bypass fraction whi is dependent on the number of burnable poison rod
assemb] les (BPRAs), since these camponents restrict flow through the control
rod guide tubes (CRGTs). For thermal-hydraulic analyses, the most limiting

1s that with the higher bypass flow fraction, or smaller number of

chosen for cycle 9 thermal-hydraulic analyser was a full

Zircaloy grid assemblies, containing 40 BPPAs, for which the core
bypass flow 8.8%. This design configuration was used to calculate the
shown on Table 6-1. The actual c¢ycle 9 core configuration

consists of 60 fresh Zircaloy grid fuel assemblies, of which 52 contain BPRAs

6~1




(8.3% core bypass flow). The DNBR for this configuration, using the same
core conditions presented in Table 6-1 is 1.80. The full Zircaloy grid core
configuration is, therefore, conservative for cycle 9 DNER analyses and a
transition core penalty is not necessary. The reconstitutable upper end
fitting (UEF) and the anti-straddle lower end fitting (LET) were addressed in
the evaluation.

The pressure-temperature safety limits have been recalculated using the BWC

CHF correlation in the LYNXT!l crossflow analysis. Table 6-1 provides a
summary camparison of the DNB analysis parameters for cycles 8 and 9.

No rod bow penalty has been considered in the cycle 9 analysis based on the
justification provided by reference 14. Reference 14 was verified as
applicable for Zircaloy grid fuel assemblies in reference 4.

6-2



Design power level, MWt
System pressure, psia
Reactor coolant flow, gpm
Core bypass flow, % (3)
DNER model ing

Reference design radial-local
power peaking factor

Reference design axial flux <shape
Hot channel factors

Enthalpy rise

Heat flux

Flow area
Active fuel length, in. (P)

Avg heat flux at 100% power,
10° Btu/h-ft?

Max heat flux gt 100% power,
107 Btu/h-ft

CHF correlation
CHF correlation DNB limit
Minimum DNER

at 112% power

at 102% power(d)
(a)Used in the amalyeis.

(P)co1d nominal stack height.

(€)calculated for the instrument guide tube subchannel which is limiting for

the Mark-B6 assembly.

2568

2200
374680
Q *

Cr_ssflow

i e o
1.65 cosine
1.011
1.C14
0.98

141.8

174

492

B&W=-2

NN
9B

2568
2200
374880
8.8

Crossflow

1.71

1.65 cosine

1.011
1.014
0.97 (©)
141.8
174

492

1.18

1.77 (©)
2.01

(d)This represents initial condition DNER for accident analyses.



7. ACCIDENT AND TRANSIENT ZNALYSIS

7.1. General safety Analysis

Each FSAR accident analysis has been examined with respect to changes in
cycle 9 parameters to determine the effect of the cycle 9 reload and to
ensure that thermal performance during hypothetical transients is not
degraded.

The effect of fuel densification on the FSAR accident results has been
evaluated and are reported in reference 15. Since batch 11 reload fuel
assemblies contain fuel rods whose theoretical density is higher than those
considered in the reference report, the conclusions in that reference are
still valid.

The radiological dose consequences of the accidents presented in Chapter 14
of the updated FSAR were re-evaluated for this reload report except for the
waste gas tank rupture. The waste gas tank rupture was not reevaluated since
Technical Specification 3.25.2.5 controls the maximum tank inventory on the
basis of Xe-133 equivalent curie content such that the analysis of the event
is not cycle dependent. The evaluation of the remaining events was made in
order to incorporate more current plant data as well as the information in
the updated FYUAR.

All of the Cycle 9 accident doses are based on radionuclide sources
calculated for the actual Cycle 9 core design and irradiation history. 1In
addition, the bases used to analyze same of these accidents were chaiyed to
be consistent with the bases in the updated FSAR. The significant
differences in the bases for the accident analysis between cycle 8 and cycle
9 are:

© The atmospheric dispersion factors have been increased slightly.
o Credit has been taken for the penetration room filter system in
calculating the doses associated with the control rod ejection

accident. (This makes the control rod ejection accident consistent
with the LOCA and MHA.)
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¢ The iodine removal rate used to calculate the IOCA and MHA doses
for Cycle 9 was changed to be consistent with the updated FSAR.

All of the calculated cycle 9 accident doses are below the dose acceptance
criteria that are specified in the NRC’s Standard Review Plan (NUREG-0800).
Table 7-1 shows a camparison between cycle 8 and cycle 9 doses for the
Chapter 14 accidents that result in significant offsite doses. With the
except ion of the maximum hypothetical accident (MHA), ~11 doses ave either
bourded by the values reported for cycle 8 or are a small fraction of the
10CFR100 limits, i.e., pelow 20 Rem to the thyroid or 2.5 Rem to the whole
body. For the MHA, the doses campare to the criteria as follows:

1. The 2-hour thyroid dose at the exclusion area boundary (EAB) is
165.1 Rem (55% of the NUREC- u200 limit).

2. The 2-hour whole-body doce at the EAB is 5.0 Rem (20% of the NUREG-
0800 limit).

3. The 30 day thyroid dose at the low population zone (LPZ) is 87.8
Rem (29% of the NURBG~0800 limit).

The radiological deescs from all of the accidents evaluated with the specific
nuclide inventory from cycle 9 ara lower than the NRC acceptance criteria of
NUREG-0800, and thus are within acceptable limits.

2.2. Accident Evaluation

The key parameters that have the greatest effect on determinine the cutcome
of a transient can typically be classified in three major areas: core
thermal parameters, thermal-~hydraulic parameters, and kinetics parameters,
including the reactivity feedback coefficients and control rod worths.

The core thermal properties used in the FSAR accident analysis were design
operating values based on calculational values plus uncertainties. Thermal
parameters for fuel batches 6D, 9B, 10, and 11 are given in Table 4-2. The
cycle 9 ther.al-hydraulic maximum design conditions are compared with the
previous cycle 8 values in Table 6-1. These parameters are common to all the
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accidents considered in this report. The key Kinetics parameters from the
FSAR and cycle 9 are campared in Table 7-2.

A generic LOCA analysis for a B&W 177-FA, lowered-loop NSS has been performed
using the Final Acceptance Criteria BECCS Evaluation Model (reported in BAW-
1010316, BAW-1010417, and BAW-1915P18), 1This analysis is generic since the
limiting values of key parameters for all plants in this category were used.
Furthermore, the combination of average fuel teperatures as a function of
IHR and lifetime pin pressure data used in the B ¢'~-1915P LOCA limits analysis
is conservative compared to those calculated for this reload. Thus, the
analysis and the IOCA limits reported in BAW-1915P provide conservative
results for the operation of the reload cycl : rable 7-3 shows the bounding
values for allowable LOCA peak IHRs for ANO-1 cycle 9 fuel. These IHR limuts
include the effects of NUREG 0630, TACO2, d FLECSET.

It is concluded from the examination cf cycle 9 core thermal and kinetics
properties, with respect to acceptable previous cycle values, that this core
reload will not adversely affect the ANO-1 plant’s ability to operate safely
during cycle 9. Considering the previously accepted design basis used in the
FSAR and subsequent cycles, the transient evaluation of cycle 9 is considered
to be bounded by previously accepted analyses. The initial conditions for
the transients in cycle 9 are bounded by the FSAR, the fuel densificaticn
report, and/or subsequent cycle analyses.



Cycle 8 doses, Cycle 9 doses,
—Rem —r

Fuel Handling Accident
Thyroid dose at EAB (2 h) 1,15 1.12
whole body dose at EAB (2 h) 0.21 0.22
Steam Line Break
Thyroid dose at EAB (2 h) 1.71 1.82
Whole body dose at EAB (2 h) 0.008 0.01
Stean Generator Tube Failure
Thyroid dose at EAB (2 h) 6.14 6.53
Whole body dose at EAB (2 h) 0.52 0.56
Thyroia dose at EAB (2 h) 12.2 7.02
Whole body dose at EAB (2 h) 0.008 0.006
Thyroid dose at LPZ (20 &) 9.9 5.64
Whole body dose at LPZ (30 d) 0.L15 0.005
IOCA
Thyroid dose at EAB (2 h) 4.02 4.22
whole body dose at EAB (2 h) 0.026 0.03
Thyroid dose: at LPZ (30 4) 2.05 2.47
wWhole body dose at LPZ (30 d) 0.018 0.02
Thyroid dose at EAB (2 h) 157.3 165.1
wWnhole body dose at EAB (2 h) 4.80 5.03
Thyroid dose at LPZ (30 d) 73.0 87.8
Whole body dose at LPZ (30 d) 1.56 1.78

7=4



Table 7-2. carpanson cof Key Parametoers

for Accident Analysis =
FSAR and
Densification ANO~-1
Parameter Report Value Cycle 9
Doppler coeff (BOC), 1C™4 ak/k/°F -0.117 -0.159
Doppler coeff (BOC), 1074 ak/k/CF -0.130 -0.186
Moderator coeff (BOC), 1074 ak/k/CF 0.0(a) ~0.58
Moderator coeff (BOC), 10™4 ak/k/CF -4.0(P) -2.82
All-rod group worth (HZP), % ak/k 12.90 8.70
Initial boron concentration, ppm 1150 1379
Boron reactivity worth (HFP), 100 130
pemy's ak/k
Max. ejected rod worth (HFP), % ak/k 0.65 0.23
Dropped rod worth (HFP), % ak/k 0.65 <0.20

(@) 4+0.5 x 1074 Ak/K/OF was used for the moderator dilution analysis.

(®) -3,0 x 1074 ak/X/OF was used for the steam line failure analysis.

Table 7-3. Bounding Values for Allowable

IOCA Peak Linear Heat Rates
Allowable Allowable
Core peak IHR, peak IHR,
elevation, 0-1000 MWd/mtU, after 1000 MWd/mtU,
ft KW/ ft KW/ ft
2 14.0 15.5
4 16.1 16.6
6 16.5 18.0
8 17.0 17.0
10 16.0 16.0



8. PROPOSED MODIFICATIONS TO TECHNICAL SPECIFICATIONS

The Technical Specifications have been revised for cycle 9 operation for
changes in core reactivity, power peaking, and r~ontrol rod worths. The
Technical Specifications were also revised to describe design features
implemented with cycle 9. The cycle 9 design analysis basis includes the
impact of extended periods of cycle 8 low-power operation, with cycle 8 power
levels ranging between 65% and 100% of rated power. The cycle 9 basis also
includes a very low leakage fuel cycle design, a mixed Mark B4/Mark B6 fuel
assembly core, gray APSRs, gray APSR withdrawal flexibility, and crossflow
analysis. The safety limits in Technical Specification Section 2 (Figures 8-1
through 8-3), have been changed for cycle-sy xcific credits in the fuel cycle
design, which allowed for additional operating margin beyond the generic
limits used for cycle 8. Error adjusted trip setpoints for the reactor
protection system are shown in Figure 8-4. The IOCA linear heat rate limits
used to develop the Technical Specification Limiting Conditions for Operation
include the impact of NURBG-0630 cladding swell and rupture model, and
implement the credit from FLECSET analyses,l18

A cycle 9 specific analysis was conducted to generate Technical Specification
Limiting Conditions for Operation (rod index, axial power imbalance, and
quadrant tilt), based on the methodology described in reference 19. The
effects of gray APSR repositioning were included in the analysis, as was an
APSR withdrawal flexibility window of +50/-10 EFPDs. The burmup~dependent
allowable IOCA linear heat rate limits used in the analysis are provided in
Figure 8-17. The analysis also determined that the cycle 9 Technical
Specifications provide protection for the overpower condition that could
occur during an overcooling transient because of nuclear instrumentation
errors, and verified removal of the power level cutoff hold requirement.

Technical Specification section 3.5.2.4 was revised to accommodate a change
in the quadrant tilt setpoint. The measurement system—-independent rod
position and axial power imbalance limits determined by the cycle 9 analysis
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were error-adjusted to generate alarm setpoints for power operation and are
reflected in a Technical Specification revision to sections 3.5.2.5 and
3.5.2.6. The error adjusted alarm setpoints are provided in Figures 8-5
through 8-16. Technical Specification section 5.3.1 was revised to include
the reconstitutable fuel assembly design and gray ax.al power shaping rods in
the design features.

Based on the analyses and Technical Specification revisions described in this
report, the Final Acceptance Criteria FOCS limits will not be exceeded, nor
will the thermal design criteria be violated. The following pages contain
the revisions to the Technical Specifications.



2.  SAFETY LIMITS AND LIMITING SAFETY SYSTEM SETTINGS

2.1 SAFETY LIMITS, REACTOR CORE
Applicability

Applies to reactor thermal power, reactor power htbalancg, reactor cool§nt
system pressure, coolant temperature, and coolant flow during power operation
of the plant.

To maintain the integrity of the fuel cladding.
Specif i

2.1.1 The combination of the reactor system pressure and coolant
temperature shall not exceed the safety limit as defined by the
locus of points established in Figure 2.1-1. If the actual
pressure/temperature point is below and to the right of the
pressure/temperature line the safety limit is exceeded.

2.1.2 The combination of reactor thermal power and reactor power
imbalance (power in the top half of the core minus the power in the
bottom half of the core expressed as a percentage of the rated
power) shall not exceed the safety limit as defined by the locus of
points for the specified flow set forth in Figure 2.1-2. If the
actual -reactor-thermal -power/reactor-power-imbalance peint is above
the line for the specified flow, the safety limit is exceeded.

Bases

To maintain the integrity of the fuel cladding and to prevent fission product
release, it is necessary to prevent overheating of the cladding under normal
operating conditions. This is accomplished by operating within the nucleate
boiling regime of heat transfer, wherein the heat transfer coefficient is
large enough so that the clad surface temperature is only slightly greater
than the coolant temperature. The upper boundary of the nucleate boiling
regime is termed departure from nucleate boiling (DNB). At this point there
is a sharp reduction of the heat transfer coefficient, which could result in
high cladding temperatures and the possibility of cladding failure. Although
DNB is not an observable parameter during reactor operation, the observable
parameters of neutron power, reactor coolant flow, temperature, and pressure
can be related to DNB tiwrough the use of a critical heat flux (CHF)
correlation. The B&W-2(1) and BWC(2) correlations have been developed to
predict DNB and the location of DNB for axially uniform and non-uniform heat
flux distributions. The B&W-2 correlation applies to Mark-B fuel and the BWC
correlation applies to Mark-BZ fuel. The local DNB ratio (DNBR), defined as
the ratio of the heat flux that would cause DNB at a particular core location
to the actual heat flux, is indicative of the margin to DNB. The minimum
value of the DNBR, during steady-state operation, normal operational

transients, and anticipated transients is limited to 1.30 (B&W-2) and 1.18
(BC) .
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A DNBER of 1.30 (B&W-2) or 1.18 (BWC) corresponds to a 95 percent probability
at a 95 percent confidence level that DNB will not occur; this is considered
a conservative margin to DNB for all operating conditions. The difference
between the actual core outlet pressure and the indicated reactor coolant
system pressure for the allowable reactor coolant pump cambination has been
considered in determining the core protection safety limits.

The curve presented in Figure 2.1-1 represents the conditions at which the
DNER is greater than or equal to the minimumm allowable DNER for the limiting
cambination of thermal power and number of operating reactor coolant pumps.
This curve is besed on the following nuclear power peaking factors (3) with
potential fuel densification effects:

r"q =2.83; P = 1.71; P' = 1.65.

AH 2

The curves of Figure 2.1-2 are based on the more restrictive of two thermal
limits and include the effects of potential fuel densification:

1. 'Ihewmnmitproducedbyamclearpwerpeakjngfacwrofigs
2.83 or the combination of the radial peak, axial peak and position
of the axial peak that yields no less than the DNER limit.

2. The combination of radial and axial peak that prevents central fuel
melting at the hot spot. The limit is 20.5 kW/ft.

Power peaking is not a directly observable quantity and therefore limits have
beenastab}ishedmmebasisofthemactorpmarmbalanoepmdtnedbyﬂme
power peaking.

The fiow rates for curves 1, 2, and 3 of Figure 2.1-3 correspond to the
expected minimum flow races with four pumps, three pumps, and one pump in
each loop, respectively.

The curve of Figure 2.1-1 is the most restrictive of all possible oaar*lr
coolant purp maximum thermal power combinations shown in Figure 2.1-3. The
curves of Figure 2.1-3 represent the conditions at which the DNER ‘limit is
predicted at the maximum possible thermal power for tne number of reactor
coolant pumps in operation. The local quality at the point of minimum DNER
is less than 22 percent (B&W-2) (1) or 26 percent (BWC) (2).

Using a local quality limit of 22 percent (B&W-2) or 26 percvent (BWC) at the
point of minimum DNER as a basis for curves 2 and 3 of Figwe 2.1-3 is a
conservative criterion even though the quality at the exit is higher than the
quality at the point of minimum DNER.

The DNBR as calculated by the B&W-2 or the BWC correlation continually
increases from point of minimum DNBR, so that the exit DNBR is always higher
and is a function of the pressure.

The maximum thermal power, as a function of reactor coolant pump operation is
limited by the power level trip produced by the flux-flow ratio (percent flow
x flux-flow ratio), plus the appropriate calibration and instrumentation
errors.



For each curve of Figure 2.1-3, a pressure-temperature point above and to the
left of the curve would result in a DNBR greater than 1.30 (B&W-2) or 1.18
(BWC) or a local quality at the point of minimum DNER less than 22 percent
(B&W-2) or 26 percvent (BWC) for that particular reactor coolant pump
situation. CQurve 1 of Figure 2.1-3 is the most restrictive because any
pressure-temperature point above and to the left of this curve will be above
and to the left of the other curves.

REL ERENCES

(1) Correlation of Critical Heat Flux in a Bundle Cooled by Pressurized
Water, BAW-10000A, May, 1976.

(2) BWC Correlation of Critical Heat Flux, BAW-10143P-A, April, 1985.

(3) FSAR, Section 3.2.3.1.1l.c.



Figure 8-1. Core Protection Safety Limit -- ANO-1
(Tech Spec Figure 2.1-1)
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Figure 8-2.
(Tech Spec Figure 2.1-2)

Core Protection Safety Limits -- ANO-1
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Figure 8-3. Core Protection Safety Limits - ANO-l
(Tech Spec Figure 2.1-3)
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2.3 LIMITING SAFETY SYSTEM SETTINGS, PROTECTIVE INSTRUMENTATION

Applicability

Applies to instruments monitoring reactor power, reactor power imbalance,
reactor coolant system pressure, reactor coolant outlet temperature, flow,
number of pumps in operation, and high reactor building pressure.

Objective

To provide automatic protection action to prevent any cambination of process
variables from exceeding a safety limit.

Specification

2.3.1 The reactor protection system trip setting limits and the
permissible bypasses for the instrument channels shall be as stated
in Table 2.3-1 and Figure 2.3-2.

Bases

The reactor protection system consists of four instrument channels to monitor
each of several selected plant conditions which will cause a reactor trip if
any one of these conditions deviates from a preselected operating range to
the degree that a safety limit may be reached.

The trip setting limits for protection system instrumentation are listed in
Table 2.3-1. The safety analysis has been based upon these protection system
instrumentation trip setpoints plus calibration and instrumentation errors.

NMiclear Overpower
A reactor trip at high power level (neutron flux) is provided to prevent

damage to the fuel cladding from reactivity excursions too rapid to be
detected by pressure and temperature measurements.

During normal plant cperation with all react r coolant pumps operating,
reactor trip is initiated when the reactor power level reaches 104.9 percent
of rated power. Adding to this the possible variation in trip setpoints due
to calibration and instrument errors, the maximum actual power at which a
trip would be actuated could be 112%, which is the value used in the safety

analysis.

A. Overpower Trip Based on Flow and Imbalance

The power level trip setpoint produced by the reactor coolant
system flow is based on a power-to-flow ratio which has been
established to accommodate the most severe thermal transient
considered in the design, the loss-of~coolant-flow accident from
high power. Analysis has demonstrated that the specified power-to-
flow ratio is adegquate to prevent a DNER of less than 1.30 (B&W-2)
or 1.18 (BWC) should a low flow condition exist due to any
electrical malfunction.




The power level trip setpoint produced by the power-to-flow ratio
provides both high power level and low flow protection in the event
the reactor power level inreases or the reactor coolant flow rate
decreases. The power level trip setpoint produced by the power-to-
flow ratio provides overpower DNB protection for all modes of pump
operation. For every flow rate there is a maximum permissible
power level, and for every power level there is a minimm
permissible low flow rate. Typical power level and low flow rate
cambinations for the pump situations of Table 2.3-1 are as follows:

1. rip would occur when four rector cuolant pumps are rperating
if power is 107 percent and reactor flow rate is 100 percent
or flow rate is 93.5 percent and power level is 100 percent.

Trip would occur when three reactor coolant pumps are
operating if power is 80 percent and reactor flow ra‘te is 74.7
percent or flow rate is 70 percent and power level is 75
percent.

Trip would occur when one reactor coolant pump is operating in
each loop (total of two pumps operating) if the power is 52
percent and reactor flow is 49.2 percent or flow rate is 45.8
percent and the power level is 49 percent.

The flux/flow ratios account for the maximum calibration and instrumentation
errors and the maximum variation from the average value of the RC flow signal
in such a manner that the reactor protective system receives a conservative
indication of the RC flow.

No penalty in reactor coolant flow through the core was taken for an open
core vent valve because of the core vent valve surveillance program during
each vefueling outage. For safety analysis calculations the maximm
calibr ition 2 d instrumentation errors for the power level were used.

The power-imbalance boundaries are established in order to prevent reactor
thermal limits from being exceeded. These thermal limits are either power
peaking ,w/ft limits or DNBR limits. The reactor power imbalance (power in
top half of core minus power in the bottom half of core) reduces the power
level trip produced by the power-to-flow ratio so that the boundaries of
Figure 2.3-2 are produced. The power-to~flow ratio reduces the power level
trip associated reactor power-to-reactor power imbalance boundaries by 1.07
percent for a 1 percent flow reduction.

B. Punp Monitors

In conjunction with the power inbalance/flow trip, the pump
monitors prevent the minimum core DNBR from decreasing below 1.30
(B&W=2) or 1.18 (BWC) by tripping the reactor due to the loss of
reactor coolant pup(s). The pump monitors also restrict the power
level for the mumber of pumps in operation.




RCS Pressire

During a startup accident from low power or a slow rod withdrawal
from high power, the system high pressure trip is reached before
the nuclear overpower trip setpoint. The trip setting limit shown
in Figure 2.3~1 for high reactor coolant system pressure (2355
psig) has been established to maintain th: system pressure below
the safety limit (2750 psig) for any design transient. (2)

The low pressure (1800 psig) and variable low pressure (11.75Tqgut
-5103) trip setpoint shown in Figure 2.3-1 have been established to
maintain the DNB ratio greater than or emal to the minimum
allowable DNB ratio for those design accidents that result in a
pressure reduction. (2/3)

Due to the calibration and instrumentation errors, the safety
analysis used a variable low reactor coolant system pressure trip
value of (11.75Tgyt =5143).

Coolant OUtlet Temperature

The high reactor coolant outlet temperature trip setting limit
(618F) shown in Figure 2.3~1 has been established to prevent
excessive core coolant temperatures in the operating range. Due to
calibration and instrumentation errors, the safety analysis used a
trip setpoint of 620F.

Reactor Building Pressure

The high reactor building pressure trip setting limit (4 psiq)
provides positive assurance that a reactor trip will occur in the
unlikely event of a steam line failure in the reactor building or a
loss-of-coolant accident, even in the absence of a low reactor
coolant system pressure trip.

Shitdown Bypass

In order to provide for control rod drive tests, zero power physics
testing, and startup procedures, there is provision for bypassing
certain segments of the reactor protection system. The reactor
protection system segments which can be bypassed are shown in Table
2.3-1. Two conditions are imposed when the bypass is used:

1. A nuclear overpower trip setpoint of <5.0 percvent of rated
power is automatically imposed during reactor shutdown.

A hx;h reactor coolant system pressure trip setpoint of 1720
psig 1s automatically imposed.







If a control rod in the regulating or axial power shaping
groups is declared inoperable per Specification 4.7.1.2
operation above 60 percent of the thermal power allowable for
the reactor coolant pump cambination may continue provided the
rods in the group are positioned such that the rod that was
declared inoperable is contained within allowable group
average position limits of Specification 4.7.1.2 and the
withdrawal limits of Specification 3.5.2.5.3.

The worth of single inserted control rods during criticality are
limited by the restrictions of Specification 3.1.3.5 and the
Control Rod Position Limits defined in Specification 3.5.2.5.

Quadrant Tilt:

"
e

Except for physics tests, if quadrant tilt exceeds 4.12%,
reduce power so as not to exceed the allowable power level for
the existing reactor coolant pump combination less at least 24
for each 1% tilt in excess of 4.12%.

Within a period of 4 hours, the quadrant power tilt shall be
reduced to less than 4.12% except for physics tests, or the
following adjustments in setpoints and limits shall be made:

a. The protection system maximum allowable setpoints (Figure
2.3-2) shall be reduced 2% in power for each 1% tilt.

The control rod group and APSR withdrawal limits shall be
reduced 2% in power for each 1% tilt in excess of 4.12%.

The operational imbalance limits shall be reduced 2% in
power for each 1% tilt in excess of 4.12%.

If quadrant tilt is in excess of 25%, except for physics tests
or diagnostic testing, the reactor will be placed in the hot
shutdown condition. Diagnostic testing during power operation
with a quadrant power tilt is permitted provided the thermal
power allowable for the reactor coolant pump combination is
restricted as stated in 3.5.2.4.1 above.

Quadrant tilt shall be monitored on a minimm frequency of
once every two hours during power operation above 15% of rated
power .




Control rod positions:

1. Technical Specification 3.1.3.5 (safety rocd withdrawal) does
not prohibit the exercising of individual safety rods as
required by Table 4.1-2 or apply to inoperaple safety rod
limits in Technical Specification 3.5.2.2.

Operating rod group overlap shall be 20% +5 between two
sequential groups, except for physics tests.

Except for physics tests or exercising control rods, the
control rod withdrawal limits are specified on Figures 3.5.2-
1(A=C), 3.5.2=2(A-C), and 3.5.2-3(A-C) for 4, 3 and 2 pup
operation respectively. If the applicable control rod
position limits are exceeded, corrective measures shall be
taken immediately to achieve an acceptsble control rod
position. Acceptable control rod positions shall be attained
within 4 hours.

Except for physics tests or exercising axial power shaping
rods (APSR’s), the fcliowing limits apply to APSR position:

Up to 410 EFPD, the APSR’s may be positioned as necessary for
transient imbalance control, however, the APSRs shall be fully
withdrawn by 410 EFPD. After 410 EFPD, the APSR’s shall not

With the APSR’s inserted after 410 EFPD, corrective measures
shall be taken immediately to achieve the fully withdrawn
position. Acceptable APSR positions shall be attained within
4 hours.

Reactor Power Imbalance shall be monitored on a frequency not to
exceed 2 hours during power operation above 40% rated power.
Except for physics tests, imbalance shall be maintained within the
envelope defined by Figure 3.5.2-4(A-C). If the imbalance is not
within the envelope defined by Figure 3.5.2-4(A-C), corrective
measures shall be taken to achieve an acceptable imbalance. If an
acceptablie imbalance is not achieved within 4 hours, reactor power
shall be reduced until imbalance limits are met.

The control rod drive patch panels shall be locked at all times
with limited access to be authorized by the Superintendent.




Bases

The power-imbalance envelope defined in Figure 3.5.2-4(A-C) is based on LOCA
analyses which have defined the maximum linear heat rate (see Figure 3.5.2-

such that the maximum cladding temperature will not exceed the Final
Acceptance Criteria. Corrective measures will be taken immediately should the
indicated quadrant tilt, rod position, or imbalance be outside their
specified boundaries. Operation in a situation that would cause the Final
Acceptance Criteria to be approached should a LOCA occur is highly improbuble
because all of the powar distribution parameters (quadrant tilt, i1od
position, and imbalance) must be at their limits while
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Figure 8-11. Rod Position Setpoints for Two-Pump Operation From 0 to 27

+10/-0 EFPD -~ ANO-1 Cycle 9

(Tech Spec Figure 3.5.2-3A)
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Figure 8-12.
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Rod Position Setpoints for Two-Pump Operation From 27 +10/-0 to
360 +50/-10 EFPD -- ANO-1 Cvcle 9 (Tech Spec Figure 3.5.2-38)
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Figure 8-13. Rod Position Setpoints for Two-Pump Operation After 360
+50/-10 EFPD -~ ANO-1 Cycle 9 (Tech Spec Figure 3.5.2-3C)
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Figure 8-14,

Operational Power Imbalance Setpoints for Operation From G to

27 +10/-0 EFPD -- ANO-1 Cycle 9

(Tech Spec Figure 3.5.2-4A)
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Fiqure 8-15. Operational Power Imbalance Setpoints for Operation From
7 +10/-0 to 360 +50/-10 EFPD -- ANO-1 Cycle 9
(Tech Spec Figure 3.5.2-4B)
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Figure 8-16.

Operational Power Imbalance Setpoints for Operation After
360 +50/-10 EFPD -~ ANO-1 Cycle 9 (Tech Spec Figure 3.5.2-4C)
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Figure 8-17. LOCA Limited Maximum Allowable Linear HMeat Rate
ANO-1 -~ Cycle 9 (Tech Spec Figure 3.5.2-5)
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5.3

REACTOR

Specification

5.3.1

5.3.1.1

Reactor Core

The reactor core contains approximately 93 metric tons of slightly
enriched uranium dioxide pellets. The pellets are encapsulated in
Zircaloy-4 tubing to form fuel rods, The reactor core is made up
of 177 fuel lies. Each fuel assembly is fabricated with 208
fuel rods, (1 Starting with Batch 11, a reconstitutable fuel
assembly design is implemented. This design allowr the replacement
of up to 208 fuel rods in the assembly.

The reactor core approximates a right circular cylinder with an
equivalent diameter of 128.9 inches and a height of 144 inches,
The active fuel length is approximately 142 inches. ()

The average ichment of the initial core is a nominal 2 .62 w.ight
parwtot”.mrurmlmridmmummdinmmétgal
core. The highest enrichment is less than 3.5 weight percent <3°U,

There are 60 full-length control rod assemblies (CRA) and 8 axial
power shaping rod assemblies (APSRA) distributed in the roactor
ovre as shown in FSAR Figure 3-60. Each full-length CRA contains a
134-inch length of silver-indium-cadmium alloy clad with stainless

steel. Each APSRA aontai.ra a 63-inch length of Inconel-600 alloy
clad with stainless steel,(3)

The initial core has 68 burnable poison spider assemblies with
similar dimensions as the full-length control rovds, The cladding
is Zircaloy-4 filled with alimina-boron and placed in the core as
shown in FSAR Figure 3-2,

Reload fuel assemblies and rods shall confoom to the design ad
walmtimducs}bad in FSAR and shall not exceed an enrichment of
3.5 percent of U,

Reactor Coolant System

The reactor coolant system is designed and oconstructed in
accordance with code requirements., (4)

The reactor coolant system and any connected auxiliary systems
exposed to the reactor coolant cornditions of temperature and
pressure, are designed for a pressure of 2500 psig ard a
temperature of 650 F, mMimmMimmlm
are designed for a temperature of 670 F.

The reactor coolant system volume is less than 12,200 cubic feet.
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9. STARIUP

PROGRAM -

PHYSICS

The planned startup test program associated with
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9.2.2. Temperature Reactivity Coefficient

The isothermal HZP temperature coefficient is measured at approximately the
all-rods-out configuration. During changes in temperature, reactivity
feedback may be oompensated by control rod movement. The change in
reactivity is then calculated by the summation of reactivity (cbtained from
a reactivity calculator strip chart recorder) associated with the
temperature change. Acceptance criteria state that the measured value shall
not differ from the predicted value by more than # 0.4x10™4 ak/k/°F.

The moderator coefficient of reactivity is calculated in conjunction with the
temperature coefficient measurement. After the temperature coefficient has
been measured, a predicted value of the fuel Doppler coefricient of
reactivity is added to obta.n the moderator coefficient. This value must
not be in excess of tho acceptance criteria limit of +0.5x10™4 ak/k/°F.

9.2.3. Control Rod Group/Boron Reactivity Worth

Control rod group reactivity worths (groups 5, 6, and 7) are measured at hot
zero power conditions using the boron/rod swap method. This technique
consists of establishing a deboration rate in the reactor coolant system and
compensating for the reactivity changes from this deboration by inserting
control rod groups 7, 6, and 5 in incremental steps. The reactivity changes
that ooccur during these measurements are calculated based on reactimeter
data, and differential rod worths are cbtained from the measured reactivity
worth versus the change in rod group position. The differential rod worths
of each of the controlling groups are then summed to obtain integral rod
group worths. The acceptance criteria for the control bank group worths are
as follows:

1.Individual bank 5, 6, 7 worth:

I naasurad;alm l X 100 £ 15

2.5ums of groups 5, 6, and 7:

’ m.lur-:l:'alm |x100510

The boron reactivity worth (differential boron worth) is measured by dividi g

the total inserted rod worth by the boron charnge made for the rod worth test.
The acceptance criterion for measured differential boron worth is as follows:
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1. predicted value - measured value| . 109 < 15
measured value ‘ -

The nredicted rod worths and differential boron worth are taken fram the PIM.

9.3. Power Escalation Tests

Oore Symmetry Test

The purpose of this test is to evaluate the symmetry of the core at low power
during the initial power escalation following a refueling. Symmetry
evaluation is based on incore quadrant power tilts during escalation to the
intermediate power level. The core symmetry 1s acceptable 1f the absolute
values of the quadrant power tilts are less than the error adjusted alarm

limit,

N

ore Power Di 4 7. ification at Intermediate Power level
. :

(IPL) and 100% FP With Nominal Contro. Rod Position

Core power distribution sts erformed at the IPL and 100% full power

(FP) . Equilibrium xenon 1s established prior to both the IPL and 100% FP

Bs T
A‘At'.‘

&~

est at the IPL 1s essentlally a check on power distribution in
the wre to identify any abnormalities before escalating to the 100% FP

1

plateau, Peaking factor criteria are applied to the IPL core power

distribution results to determine if additional tests or analyses are

required prior to 100% FP operation.
following acceptance criteria are placed on the IPL and 100% FP tests:

The worst-case maximum IHR must he less than the 10CA limit.

he minimu» DINBR must be greater than the initial condition DNER iimit,
The value obtained from extrapolation of the minimm DNER '©o the
next power plateau overpower trip setpoint must be greater than the
initial condition DNER limit or the extrapolated value of imbalance must
fall outside the RPS power/imbalance/flow trip ervelope.

The value obtained from extrapolation of the worst-case maximum IHR to
the next power plateau overpower trip setpoint must be less than the
fuel melt limit, or the extrapolated value of imbalance must fall
outside the RPS power/imbalance/flow trip envelope.

The quadrant power tilt shall not exceed the limits specified in the

Technical Specifications.




6. The highest measured and predicted radial peaks shall be within the
following limits:

mr;d e, e X 100 more positive than -5
7. The highest measured and predicted total peaks shall be within the
following limits:
Seaetrad valte X 100 more positive than -7.5
T:ams 1, 2 and 5 ensure that the safety limits are maintained at the IPL and
100% FP.

Items 3 and 4 establish the criteria whereby escalation to full power may be
accomplished without the potential for exceeding the safety limits at the
overpower trip setpoint with regard to INER and linear heat rate.

Items 6 and 7 are established to determine if measured and predicted core
power distributions are consistent.

9.3.3. Incore Vs. Excore Detector Imbalance

——.Correlation Verification at the IPL

Imbalances, set up in the core by control rod positioning, are read
simultanecusly on the incore detectors ard excore power range detectors. The
excore detector offset versus incore detector offset slope must be greater
than 0.96., If this criterion is not met, gain amplifiers on the excore
detector signal processing equipment are adjusted to provide the required
gain.

9.3.4. Temperature Reactivity Coefficient at -100% FP

The average reactor coolant temperature is decreased and then increased by
about 5°F at constant reactor power. The reactivity associated with each
temperature change is cbtained from the change in the controlling rod growp
position. Controlling rod grogp worth is measured by the fast
insert/withdraw method. The temperature reactivity coefficient is
calculated from the measured changes in reactivity and temperature.
Acceptance criteria state that the moderator temperature coefficient shall
be negative.



9.3.5, Power Doppler Reactivity Coefficient at ™~100% FP

The power Doppler reactivity cocefficient is calculated from data recorded
during control rod worth measurements at power using the fast insert/withdraw
method.

The fuel Doppler reactivity coefficient is calculated in conjunction with the
power Doppler coefficient measurement. The power Doppler ccefficient as
measured above is multiplied by a precalculated conversion factor to obtain
the fuel Doppler coefficient. This measured fuel Doppler coefficient must be
more negative than the acceptance criteria limit of =0.90 x 107 ak/k/CF.

If acceptance criteria for any test are not met, an evaluation is performed
before the test program is continued. Further specific actions depend on
evaluation results. These actions can include repeating the tests with more
detailed attenticn to test prerequisites, added tests to search for
ancmalies, or design personnel performing <etailed analyses of potential
safety problems because of parameter deviation. Power is not escalated until

evaluation shows that plant safety will not be compromised by such
escalation.
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