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2500
P= 2355 PSIG 12618 °F
2385
2300
ACCEPTABLE
OPERATION
2100
1900
P: (13897, - 6766) PSIG ¥ UNACCEPTABLE
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1700 -
1600
560 580 600 620 640 660

REACTOR OUTLET TEMPERATURE, °F

PROTECTIVE SYSTEM

MAX IMUM

ALLOWABLE SETPOINT

Figure 2.3-1

Amendment No. 27, 49, §/, 1M 14a




Tabl» 2.3-1

Reactor Protection System Trip Setting Limits

Four Reactor Coolant Pumps Three Reactor Coolant Pumps

One Reactor Coolant Pump
Operating in Each Loop

Operating (Nominal Operating (Nominal (Nominal Operating
Operating Power - 100%) Operating Power - 75%) Power - 49%)
Nuc lear power, % of 104.9 104.9 104.9
rated, max
luclsar Power based on 1.07 times flow minus 1.07 times flow minus 1.07 times flow minu;
flow and imbalanc., reduction due to reduction due to reduction due to
% of raied, max imbalance(s) imbalance(s) imbalance(s)
Nuc lear Power hased on NA NA 55
pump -mitoEs, % of
rated, max
High RC system 2355 2355 2355
pressure, psig, max
Low RC system 1800 1800 1800
pressure, psig, min
Variable low RC 13.89 T -6766° 13.89 T, -6766° 13.89 1 -€766°
system pressure,
psig, min
RC temp, F, max 618 618 618
High reactor building 4(18.7 psia) 4(18.7 psia) 4(18.7 psia)

pressure, psig, max

‘Auwutically set when other segments of the RPS (as specified) are bypassed.
bleactor coolant system flow.

5.0(®

Bypassed

1720*
Bypassed
Bypassed |

618

4(18.7
psia)

“The pump monitors also produce a trip on (a) loss of two RC pumps in one RC loop, and (b) loss of one or two RC pumps

during two-pump operation.

chd is given in degrees Fahrenheit (F).

Amendment No. 2, 21, A3, 49,  $2 67, 92, 14 15
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FUEL SYSTEM DESICN

4.1 Fuel Assembly Mechanical Design

The types of fuel assemblies and pertinent fuel design parameters for ANO-1,

in Table 4-1. 11 fuel assemblies are identical in

cycle 9 are listed

interchangeable. Retainer assemblies will be

concept and . Aly

used on the assemblies containing the regenerative neutron sources

(RNS) . The design and use of the retainers described

in references 2 applicable to the RNS retainers in cycle 9 of
he batch 11 fuel uses Zircaloy rather than Invonel as the material
rmediate spacer grids as reported 1 reference 4 The NRC safety
ation® of that report requires that censee who is incorporating that

|

] ) omb ined

ANt ~s} 1C analysis

standard

W sPring 18 b= led through

an ear on each sl the upper end \ng. Incore,

shown in Figure 4-4, the spider feet are captured bet
retainer and the upper grid pads on the react
retains the fixed control Coampors

emovable upper end fitt.ng

the way

end fit




1000 hours of simulated reactor envirorment, to determine analytical input

and to assure good incore performance.

The removable upper end-fitting of the reconstitutable fuel ass<ibly is a
lirect descendent of the Gadolinia lead Test Assembly (T7%, upper end
The end fitting design was thoroughly analyzed and tested. These

were submitted to the NRC in reference 6. The five Gadolinia LTA’s
-emovable upper end fittings have performed as expected. The last of

's that remains in-core is in its fourth cycle and has achieved a

burnup of approximately 53000 MWd/mtU. By the end of this cycle it will have

reached a burmup of 59000 Mwd/mI\

The ability to reconstitute the fuel assembly has no detrimental effect on
the assembly in-core performance. This allows selective replacement of
jamaged fuel rods within an assembly, which has a tremendous co. ‘=savirng

i ot { a1
potential.

5




APSR. The minimum design cladding thickness of the Mark B black APSR 1s 18
mils, while that of the Mx-B gray APSR is 24 mils. Additionally, the gap
width between the end plug and the Inconel absorber material is reduced.

Finally, the gap area ovality is controlled to tighter tolerances.

AT

The creep collapse analysis of the gray APSR shows that it will not cCreep

v
.
A
ct
g
.

D
od
=

°
)

collapse during the projected lifetime The gray APSR 1s shown

in Figure 4-5,

4,2.2 Cladding Stress

A, Fuel Rod

The ANO-1 cycle 9 stress parameters are enveloped by a consel a.ive fue. rod
stress analysis. The same method was used for analysis of cycle 9 that had

been used on the previous cycle.

B, sray APSR
he gray APFPSR jesign demonstrates the abllity ¢ oot pecified desiqr
equirements., The APSE dding stress analysis 1ncludes pressure,
tamperature and ovallty effecCt: he gray APSR ha ent adding armd
weld i g I lne
% ading Strals
R "

p d
he strain ana based on 1 pper tolerancs 1] L f t fue
I et ilameter g » e " tY and T ¢ t Iancs for tThe lacddig & 1 Q¢
1lamets he fuel ] riteria speclity a t t Wading plast
tenslle raumferential tra he e et , med ¢ [ ire that
plasti ladding stra L it design local pellet burmup and
heat jeneration rats be'. ] e value wre higher than the worst V4
] e the AN by [ ) L .;u\’p|1 t o
B ray APPSR
[Tu iray  APS] tra analysi NC 1 ucke therma i i1rradiat | welling
€' fect he results f tl ANA ! Now that e ladd ing train 1
induced due t therma expan ! ! rradlation Bg f the [ oo
Al I'oen

/
e . .




4.3 Thermal Desidn

All fuel assemblies in the cycle 9 core are thermally similar. The design of
the batch 11 Mark B6 assemblies is such that the thermal performance of this
fuel is equivalent to the fuel design used in the remainder of the core. The
analyris for all fuel was performed with the TACD2 code as described in
reference 8. Nominal wudensified input parameters used in the thermal
analysis are pres nted in Table 4-2. Densification effects were accounted
for in TACD2.

The results ¢/ 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  ate (LHR) to centerlire fuel nalt limit of 20.5 kKW/ft as deter-

mined by tbh: TACO2 code.
The maxirun fuel assemoly burmup at BOC 9 is predicted to be less than 42,800
Mid/mtU (batch 9B). The fuel rod intermal 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 2. psla

d 1 -
4.4 Material Desiqn
he hemical ampatibllity f ~ossible 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
| emb ) 16
4. perating Bperience

Baboock & Wilcox oper ng experience with the Mark B 15x15 fuel assembly has
verified the adequacy of 1ts design. he accumilated coperating experience
for eight B&W 177 fuel assembly plants with Mark B fuel is shown in Table 4~
.




uel assembly type
Number of assemblies

Fuel rod OD naminal,
in

Fuel rod 7D nominal,
in

Undensified active
fuel length, 1in

Fuel pellet OD,
(mean), in

Fuel pelle

lensity,

P w———
Lchmen

Average burmup, BOC
MiWd/mtU

A

'

Exposure time, EBEOC

EFFH

‘ladding

*ime
LiTe2

Fuel Design Parameters and Dimensions




Table 4-2. Fuel Thermal Analysis Parameters

No. of assemblies

Initial density, % TD

Initial pellet OD, in 0.3686 0.3686
Initial stack height, in 42.25 141.80 141.80

Enrichment, wt % U-235

Naminal linear heat rate
{
at 2568 Mwt, w/ftld)

TACO2-based Predictions

Average fuel temperature
at nomiial IHR, F (BOL) 1400

Minimum IHR to melt, kW/ft




perating Experience

Cumulative
electric
output, Mih ()

66,183,044
Oconee 2 40,580 2 60,968,626
Oconee 3 ) 39,701 60,843,663
Three Mile Island

Arkansas Nuclear
Unit 1

Ranchn Seco
Crystal River 3

LS~ DRSS
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NUCLEAR DESIGN

5.1, Physics Characteristics
» {

Table 5-1 lists the core physics parameters of design cycles 8 ad 9. The

values for both cycles were calculated with the NOODLE code”?, Figure 5-1

{llustrates a representative relative power distribution for the beginning of

1
]

wvcle 9 at full power with equilibrium xenon and nominal rod positions.

The differences in feed enrichment, BFRA loading, and shuffle pattern caused

little change in the physics parameters between cycles 8 and 9. Calculated

ejected rod | 8 and their adherence ¢ riteria are considered at

times in life a all power q e development of the rod posit

limits presented in sectic 8. e maximm stuck rod worths 9
than t ycle 8 ! imes in cycle. All safety

wtdown

Analytl
vele
PO~

reference




replace the silver-indium-cadmium APSRs used in previous

Calculations with the standard three-dimensional odel
APSRs provide adequate axial power distribution control. The bstitution

rcalcy spacer grids reduces

the parasitic absorption of neutrons and has

beneficial effect on fuel

be withdrawn re near the erd of cycle

he stabillity and con 1l of ¢t core in the feed-and-bleed mode
APSRs removed has been analyzed. The calculataed stabllity index at 364
without APSRs 18 ) \ which demonstrates the axial stal

ore The calculati methods used to obtain the important

L.,

parameter: vere the same as ti used
perating hanges

gilven i1in




Parameters for ANO-1, C

ovcle 9(C)

Cycle length, EFFD 420 420
Cycle burmup, MWd/mtU

Average core burmup - EBEOC,

Initial core loading, mtU
Critical boron - BOC, ppm (no Xe)

o

Hzp(d) , grop 8 inserted
HFP, group 8 inserted

Critical boron - EOC, ppm (eq xe)

P, group 8 inserted

group 8 inserted

ontrol rod worths - HFP,




cycle 9(€)

Moderator coeff -~ HFP, 1074 (Ak/k °F)

BOC (no Xe, crit ppm, group 8 ins)
EOC (eq Xe, O ppm, group 8 out)

Boron worth - HFP, ppmy/% AK/K

BOC
BOC

Xenon worth - HFP, % AK/K

BOC (4 EFPD)
EOC (equilibrium)

Effective delayed neutron fraction - HFP




Available Rod Worth
Total rod worth, HZP

worth reduction due to
poison material burmup -0.100

Maximum stuck rod, HZP 490 419

Net Worth
less 10% uncertainty

[otal available worth

Required Rod Worth

Power deficit, HFP

required worth
utdown margin (total
wvallable worth minus

N { o
otal required worth)







6. THERMAL~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
implements the BWC
grid fuel assembly. The

changes in the flow parameters

(reference 13) CHF correlation for

by reference 4, which
analyses presented 1

analysis of the Zircaloy

Section 5 of reference 4 demonstrate that

r
i

resulting from the incorporation of 2ircaloy spacer grids do not

impact the thermal-hydraulic characteristics
Implementation of the

of the Zircalc

ificantly
grid core relative to the Inconel grid core values.

A
is performed

Zircaloy qgrid fuel assemblies into existing reactors, however,
J -
having both Zircaloy grid and

on a hatch basis, with the transition cycles

Inconel g..d fuel assemblies.




(8.3% core lypass flow). The [NHR for this configuration, using the same
e

re corditions presented in Table 6~1, 1is 1.80. The full Zircaloy grid core

configuration is, therefore, conservative for cycle 9 INER analyses and a

P

18 not necessary. The reconstitutable upper erd

transitic: core penalty

fitting (UEF) ard the anti-straddle lower end fitting (LEF) were addressed in
3 )

the evaluation.

he pressure-temperature safety mits have been recalculated g the BWC
CHF correlation in the LYNXT*4 crossflow analysis. Table l provides a

sumnary congarison of the [INB analysis parameters for cycles 8 and 9.

rod bow penalty has been considered in

based on the
rovided by reference verified

WS




Table 6-1. Maximum

Design power level, MWt
System pressure, psia

Neactor coolant flow, gpm

a3 \
Core bypass flow, & (&)

ONBR model ing

1

Reference design radial~local
power peaking factor

Design

Reference design axial flux shape

Cycles 8 and 9

Tossflow




General Safety Analysils

FSAR accldent analysi

9 parameters to determine

ensure that thermal performance
legraded .
he effect of nsification on SA » results has been

evaluated ] d g tch reload fuel




o The iocdine removal rate used to calculate the 10CA and MHA doses

for Cycle 9 was charnged to be consistent with the updated FSAR.

the calculated cycle 9 accident doses are below the dose acceptance
criteria that are specified in the NRC’s Standard Review Plan (NUREG-0800).
shows a comarison between

Chapter .4 accidents that result

exception of the maximum hypothetical accider (MHA), all doses are

bounded by the values reported for cycle 8 or are a small fraction of
10CFR100 , g., below 30 Rem to the thyroid or Rem to the wh

|

boady . r the MHA, the doses campare to the criteria as follows:




accidents oconside

4

FSAR and cycle 9 are compared

A generil [OCA analysis fo | p ¢ : { ) NSS has been performed

sing the Final Acceptance Crite OCS Evaluation Model (reported in BAW-

. 1 .1 e ] . &
BAW=-1 arnd BAW-19 > s an sis 5 : 3 t

) > : S e since the

values Amrameters were used,




Cycle 8 and Cycle 9

Cycle 8 doses,
Rem

Fuel Handling Accident

Thyroid dose at EAB (2 h)
Whole body dose at EAB (2

2 h)

Thyroid Jdose at EAB (2 h)
Whole body dose at EAB (2 h)

team Cenerator Tue Fallure

Thyroid dose at EAB (2 h)
Whole body dose at EAB (2 h)

Control Rod Election Accident

1d dose at EAB (2 h)
2

{llf".' iose at EAB

1d dose at

Y DOy

Iy doss
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The Technical S ifications have en revised
hanges 1 Core tivity, power 3a) and conta

T
l'echin

Lmp ] ement with cycl ‘ 1 ] lesign analysis

impact of extended peri C le 8 low-power operation,
levels Ang 1! betweean d ) ¢ of rated powel. The

el udes 4 le ! ‘ iGN mixed Mark
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Ll

onductad to e Nnlica eC )
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Are provided
through & lechnic \ LCa N 5.3 was revised
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ontreol rod positions:

lechnical Specification 3.1.3.5 (safety rod withdrawal ices
not prohikit the exercising of individual safety rods as
required by Table 4.1-2 or apply to incperable safety rod
limits in Technical Specification 3.5.2.2.

Operating rod grogp overlap shall be 208 between
sequential grogps, except for physics tests.

Except for physics tests Or exXercising control rods, the
control rod withdrawal limits are specifiad on Figures J3.5.2-
1(A=C), 3.5.2-2(A=C), amd 3.5.2-3(AC) for 4, 3 ad 2 puxg

yeration respectively. If the applicable ocontrol rod
position limits are exceeded, oorrective measures shall be
taken immediately to achieve an acceptable control rod

position. A table control rod positions shall be attained

W4
within

axial power

AFSR o 1t1

EFH the R’S 1 : 3 nad as necessarnr
imbalanc 1, er, the APSRs shall be

ATED ! & =) )
AFoR'S shal

11

ully withdrawn

) EFFD, corrective maasures
L
!

achieve the
position ep 2 sitions snall be attained withir
4 hours,
Reactor Power Imbalance shall be monitored on a frequency not U
exceed 2 hours QU power operation above 40% rated power,
Except for physics tests, imbalance shall be maintained within the
ervelope defined by Figure 3.5.2-4(A<C). If the imbalance 1is not
within the envelope defined by Figure 3.5.2-4(A~C), oCorrective
measures shall be taken to achieve an acceptable imbalance, If an
acceptable imbalance is not achieved within 4 hours, reactor powel
shall be reduced until imbalance limits are met,
he control rod drive patch panels shall be locked at all Times
'

with lu cess to be authorized by the Superintencent.
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Figure 8-14, Operational Power Imbalance Setpoints for Operation From 0 to
27 +10/<0 EFPD -~ ANO-]1 Cycle 9 (Tech Spec Figure 3.5.2-4A)
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Figure 8-16.

Operationa)l Power Imbalance Setpoints for Operation After
360 +50/+10 EFPD -~ ANO-] Cycle 9 (Tech Spec Figure 3.5.2-4C)
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Figure 8-17. LOCA Limited Maximum Allowable Linear Heat Rate
ANO-1 =+ Cycle 9  (Tech Spec Figure 3.5.2.5)
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REACTOR

Lor Core

The veactor core contains approximately 93 metric tons of slightly
e riched uranium dioxide pellets. The pellets are encapsulated in
Zircaloy-4 tubing to form fuel rods. The reactor core is made up
of 177 fuel assemblies. Each fuel assembly is fabricated with 208
fuel rods,(1/2) Starting with Batch 11. a reconstitutable fuel
assembly design is implemented. This design allows the replacement
of up to 208 {uel rods in the as ly.

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 enrichment of the initial covre

a neminal 2.62 weight
1l

.

is i
percent of “°“U, Three fuel enrichments are used in the initi
3 €

¢
3
\

core. The highest enrichment is less than 3.5 weight percent

There are 60 full-length control rod assemblies (CRA) and 8 axial
power shaping rod assemblles (APSRA) distributed i1n the reactor
core As shown in FSAR Figure 3-60., E£ach full-length CRA contains a
134-inch length of silver-indium-cadmium alloy c¢'ad with stainle:
Eich APSRA contains a ¢ j=-irch length of Inconel - 1]l

stainless steel. |

Reload fue lies and rods shall

evaluation desc FSAR and shall not exceed

1.5 percemt

T™he reactor coolant

acsordance with code requirements. \

i1 reactc cooiant system and any connected auxiliary systems
exposed to the reactor coolant conditions of temperature and
pressure, are designed for a pressure of 2500 psig and  a
temperature of 650 F. The pressurizer and pressurizer surge line
are designed for a temperature of 670 F,!”)

he reactor lant system volume 1s less than 12




9, STARIUP PROGRAM -~ PHYSICS TESTING

The planned startup test program associated with core performance is outlined

below. These tests verify that core performance is within the assumptions of

the safetv analysis and provide information for contimnued safe operation of

the unit.
9.1. Precritical Tests

9.1.1. Control Rod Trip Test

Precritical control rod drop times are recorded for all control rods at hot
full-flow corditions before zero power physics testing begins. Acceptance
criteria state that the rod drop time from fully withdrawn to 75% inserted

shall be less than 1.66 secords at the conditions above.

It should be noted that safety analysis calculations are based on a rod drop
from fully withdrawn tr two-thirds inserted. Since the most accurate
position indication 5 btained from the zone reference switc At the

-inserted position 1is position is used instead of the two-thirds

inserted position

measured at hot

corditions . L J L X € measured flow be

Power
ritical yron Concentratlion

nce initial critic y s achieved, equilibrium boron is obtained and 'he
critical boron concentration determined. The critical boron concentration
is calculated by correcting for any rod witndrawal required to achieve
equilibrium Loron. The acceptance criterion placed on critical boron
concentration is that the actual boron concentration mist be within + 10

ppm boron of the predicted value.




2.2, Temperature Reactivity Coefficien

The isothermal HZP temperature coefficient is measured at approximately the
all-rods-out configuration. During changes in terperature, reactivity
feedback may be campensated 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™% 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 ocoefficient of
added to obtain the moderator coefficient. This value must

3 -4 4 ~
of the acceptance criteria limit of +C.5x107" ak/K ’F.

d Group/Boron Reactivity

Control rod group reactivity worths (grou g ard 7) are mezsured at hot
zero power conditions using the boron, od swap methad. This technique
leboration rate 1in the - or lant system and

inserting

aured value
5, 6, amd

’ 1 ‘e
ed value =~

measured v

boron reactivity worth (differenti ron wo

inserted rod worth py the ron chdange made

tance




measured value

1. predicted value - measured value

The predicted rod worths and differential boron worth are taken from the PIM.
9.3. Power Escalation Tests

9.3.1. Core 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 refuel ing. Symmetry

evaluation is based on incore quadrant power tilts during escalation to the
intermediate power level. The core symmetry is acceptable if the absolute

values of the quadrant power tilts are less than the error adjusted rm

cation at Intermediate Power lLevel
Control Rod Pogition

are performed at : 100% full power
stablished prior

rw+i1al)

lally a

554

ue obtalnen
the next power
fuel melt limit
oautside the RFS power
e quadrant power tilt shal

lechnical Specificatl

s




™e highest meac.red and predicted radial peaks shall be within the

following limits:

predicted value - measured value
measured value

) more positive than -5

The highest measured and predicted total peaks shall be within the

following limits:

¢ = measured value
S 100 more positive t

measured value

Itams 1, 2 ¢ 5 ensure that the safety limits are maintaine’ at the IPI

10
LOU%

— ~y Y o~ Y whe " ey ( 11)
[tems e criteria whereby escalation to ful

acoong : without the potential exceeding the safety

verpower tr etpoint with regard to INBR and linear heat rate.

A :

established to determine measured and predicted

. {1 et vt
LSTenc.

reactor

Dtained

red

sured hanges

that he mock




Power Doppler Reactivity

The power Doppler

3

during control rod wort

method.

The fuel Doppler reactiv

power Doppler coeffl

measured above

% 1
the fuel

Dopplerx
more negative than the

Procedure f«¢

4
.

reactivity

N med

‘i

acceptance cri

coeffic calculated

+ ‘J‘V:‘

surements vower using ti
calculated
The power
lated
measured fuel

Duppler

teria

:‘!"Fl'.i
yaded
talled
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from
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