e *
Y Cugjulns

REGULATORY INFORMATION DISTRIBUTION SYSTEM (RIDS)

DISTRIBUTION FOR CINCOMING MATERIAL - S G026V
REC: DENTON H R ORMG: . FARKER W O . DOCDATE: 0O8/Z1/73
NRL - R : - DATE RCVD: OB2/24/7%
IOCTYPE: LETTER NOTARIZED: YES S COFIES RECEIVED
SUEJECT: ‘ LTR 3  ENCL 40

TURNISHING SUFFLEMENTAL INFﬂ TO AFPLICANT"S 04/26/78 SUBMITTAL OF SURJECT
“ECILITY"S CYCLE S RELOAD REPT (BAW-1493) AND PROPOSED TECH SPEC CHANGES FOR
IFERATION OF CYCLE 5. .. NOTARIZED O3/21/73 . W/ATT REV 1, BAW-1493, "OCONEE

INIT 1, GYCLE 5 RELOAD REPT"
fSQﬁL ’&Z%roajg;

SLANT NAME: OCONEE ~ UNIT 1 REVIEWER INITIAL.: XJM‘
B DISTRIBUTOR INITIAL:

AR R R R RS TIISTRIBUTION OF THIS MATERIAL IS_QS FOLLOWS dessdtdrdeie i apia e s

NOITES
1. M. CUNMINGHAM - ALL AMENDMENTS TD FSAR AND CHANGES TO TECH SPECS

GEMERAL DISTRIBUTION FOR AFTER' ISSUANCE OF DPERATING LICENSE
(DISTRIBUTION CODE AOOL)

FOR ACTION: BR CHIEF ORE#4 REC#Ws7 ENCL

© INTERNAL.: {fﬁﬁiﬁ?ﬁfﬁtﬁwrkmLL(z) . NRC PDR#EW,ENCL
SISERRET 2 ENCL OELDs##LTR ONLY
HANALIER 4 W ENCL | CORE. PERFORMANCE BR##W/ENCL
AD FOR SYS % PROJ*W/ENCL ENGINEERING ER##W/ENCL
REACTOR SAFETY ERs#W/ENCL, PLANT SYSTEMS BResW/ENCL
EEE##W/ENCL. 3 EFFLUENT TREAT SYS##W/ENCL
J MCGOUGHE W ENCL , '

EXTERNAL: LFOR" S
. WALHALLA, SOl /ENCL
TERA®#WENCL
NEIC# W ENCL
‘ ACRE  CAT Bexlsls ENCL

o .
DISTRIBUTION: LTR 40 ENCL 5& CONTROL NDR: 7;2Jf!27i
SIZE: ZP+5P+39P . ‘ o

/]

A4 440 A R R R R R R e e R R THE END l AR I R EEEEEEREEEEER




DUKE PowEgERr COMPANY

POWER BUILDING

422 SOUTH CHURCH‘STREET,CHARLOTTE,Nlc.28242

WILLIAM O. PARKER, JR. : August 21, 1978 _
VicF PRESIDENT - : ) . : TELEPHONE! AREA 704
Steam PRODUCTION . ‘ : 3 373-4083
i ' ] . . . 2 :
e} (o
B -
[

'~ Mr. Harold R. Denton, Director .
Office of Nuclear Reactor Regulation - B -
U. S. Nuclear Regulatory Commission ‘ ik
Washington, D. C. 20555

, | =
Attention: Mr. R. Reid, Chief : o ' : Ej"
' Operating Reactors Branch #4 ' v

Reference: Oconee Unit 1
- Docket No. 50-269

Dear Sir: -

My letter of June 26, 1978 submitted the Oconee 1 Cycle 5 reload report
(BAW-1493) and proposed Technical Specification.changes for operation of

Cycle 5. This letter supplements the informatlon provided in my initial
submittal. .

An ana1y31s of ‘the core thermal—hydraullcs of Cycle 5 without or1f1ce rod
assemblies (ORA's) installed has been conducted and is described in BAW-1493,
"Revision 1, "Oconee Unit 1, Cycle 5, Reload Report" (Attachment 1). This
analysis justifies the operation of1Cycle 5 without ORA's in the core, and
it is proposed to delete the ORA's from the Cycle 5 core.

Technical Specifications previously proposed for Oconee 1, Cycle 5 have .
been reviewed, and 1t has been confirmed that they continue to be valid for
the core configuration without the orifice rod assemblies. ' The existing RC
‘pump monitor trip for loss-of-one pump, however, is not necessary becuase
the revised thermal-hydraulic analysis for the flux-flow trip setpoint is
performed using the two-pump coastdown with appropriate margin for the rod
bow penalty (Section 6 of BAW-1493, Revision 1).. Therefore, it is proposed
to eliminate the RC pump monitor trip for loss—of—one—pump for Oconee 1
Cycle 5.

Attachment 2 contains the additional pages proposed to. be revised with thlS
license amendment. -

- On June 8 1978 Duke Power Company filed a request for exemption from 10CFR
50, '§50. 46 for Oconee Unit 3 based on a staff request. It continues- to be our
position that the Oconee ECCS is currently acceptable and wholly in conformance
with 10CFR 50, §50.46. Improvements to the ECCS prior to the stfztgp of Unit 1

CmEUTRVESTREGN TR °°z;£4;?




Mr. Harold R. Denton, Director

August 21, 1978
Page Two

following the forthcoming refueling are neither necessary nor feasible. However,
in response to a staff request and pursuant to 10CFR 50, §50.12, it is hereby
requested that an exemption be granted to the provisions of 10CFR 50, §50.46 and
that Oconee Unit 1 be licensed to operate at full rated core thermal power

(2568 MWt). ‘ : '

The information contained in this letter is considered to supplement my submittal
of June 26, 1978, and the exemption request has been determined not to require a
license fee. Therefore, no additional license fees are provided.

truly yours,

d-u._o.-_.:....,. - /

William O. Parker, Jr.

RLG:scs
Attachment




August 21, 1978
Page Three

WILLIAM O. PARKER, JR., being duly sworn, states that he is Vice President of
Duke Power Company; that he is authorized on the part of said Company to sign
and file with the Nuclear Regulatory Commission this request that an exemption
be granted to the provisions of 1OCFR 50, §50.46 and that Oconee Unit 1 be
licensed to operate at full rated core thermal power (2568 MWy).

William O. Parker, Jr., ¥fce President

Subscribed and sworn to before me this 21st day of August, 1978.

;.

. ‘ . —_— ~
. ~_ \ ;éi;iﬁié;ﬁéézezz)
:Vivian B. Robbins
(Notarial Seal)

My Commission Expires:

74/5 (S /757222
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2.3 LIMITING SAFETY SYSTEM SETTINGS PROTECTIVE INST&ENTATION‘

Applicablllty

Applies to 1nstruments monitoring reactor power, reactor power imbalance,
reactor coolant system pressure, reactor coolant outlet temperature, flow,
number of pumps in operation, and high reactor bullding pressure,.

0bje¢tive

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

Specification

The reactor protective system trip setting limits and the permissible bypasses
for the instrument channels shall be as stated in Table 2.3.1A-Unit 1 and
2.3-1B~Unit 2
- 2.3-1C~Unit 3
Figure 2.3- 2A—Un1t 1
 2.3-2B-Unit 2
2.3-2C-Unit 3

The_pﬁmp monitors shall produce a reactor trip for the foilowing conditions:

' a. Loss of two pumps and reactor power level is greater than 55% of rated
power. : ' : '

b.  Loss of two pumps in one reactor.coolant 1oop and reactor power level is
greater than 0.0% of rated power.

c. Loss of one or two pumps during two-pump operation.
- Bases

The reactor protective 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 pre-selected operating range to

the degree -that a safety limit may be reached.

The trip setting limits for protective system instrumentation are listed in

Table 2.3-1A-Unit 1. The safety analysis has been based upon these protective
2.3-1B-Unit 2 ' ; ‘ B ' '
2.3-1C-Unit 3 :

system instrumentation: trip setpoints plus- calibratlon and 1nstrumentat10n

errors. '

Nuclear Overpower

A reactor trip at high power level- (neutron flux) is provided to prevent
damage to the fuel cladding from reactivity excursions too rap1d to be
detected by pressure and temperature measurements.

2.3-1
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level trip and associated reactor power/reactor power— imbalance boundaries
by 1.055% for 1% flow reduction. :

Pump Monitors

The pump monitors prevent the minimum core DNBR from decreasing below 1.3 by
tripping the reactor due to the loss of reactor coolant pump(s). The
circuitry monitoring pump operational status provides redundant trip pro-
tection for DNB by tripping the reactor on a signal diverse from that of the
power~to~-flow ratio. The pump monitors also restrict the power level for the
number of pumps in operation

Reactor Coolant System Pressure

During a startup accident from low power or a slow rod withdrawal from high"

power, the system high pressure setpoint is reached before the nuclear over-
power trip setpoint. . The trip setting limit shown in Figure 2,3-1A - Unit 1

- 2.3-1B - Unit 2

. 2.3-1C - Unit 3
- ‘for high reactor coolant ‘system pressure (2355 p51g) has been established to
-maintain the system pressure below the safety limit (2750 psig) for any '
de31gn transient. (1)

The low pressure (1800) psig and variable low pressure (11 14 T t44706:trip

(1800) psig C (l1.14 Tgﬁt-4706)
(1800) psig =~ - 1 o (11,14 T ‘-4706)
setp01nts shown 1n Figure 2.3-1A have been established to maintain the DNB -
2.3-1B : :
2.3-1C

ratio greater than or equal to 1.3 for those de51gn acc1dents ‘that result in
'a pressure reduction.  (2,3) ' :

Due to the calibration and 1nstrumentation errors the safety analysis used a
'variable low reactor coolant system pressure trip value of (11.14 Tou'—4746)
(11.14 T 4 ~4746)
"(11.14 T -4746)

out

Coolant Outlet Temperature

The high reactor coolant outlet temperature trip setting limit (619°F) shown
in Figure 2.3-1A has been established to prevent excessive core coolant

- 2,3-1B : :

2.3-1C :
temperatures in the operating range. Due to calibration and 1nstrumentation
errors, the safety analysis uséed a trip setp01nt of 620°F.

2.3-3
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Table 2.3-1A
Unitc 1

Reactbr.Protectlve System Trip Setting Limits

.Four Reactor

Coolant Pumps.
Operating
(Operating Power

100% Rated)

105.5

1.055 times flow

minus reduction

due to imbalance

NA

2355

1800

(st - 4706) D
o ot

it

619

Three Reactor
Coolant_Pumps
Operating

- (Operating Power

.~75% Rated) .

105.5

1.055 times flow

‘minus reduction 'f' 
due to imbalance

NA

2355 -

' 1800

: = 4706) (D)
(11.114T0ut 4706) ,

619

RPS Segment
‘I.  Nuclear Power Max.

(% Rated) ’
2. Nuclear Power Max. Based

on. Flow (2) -and Inbalance,

(% Rated) ’
3. Nuclear Power. Max. Based

on Pump Monitors, (%, Rated)
4. High Reactor Coolant

’Sysgem Pressure, psig, Max.

5. Low Reaéﬁor Coolant

System Pressure, psig, Min.
6. Variable Low Reactor

° Coolant System Pressure

psig, Min. R
7. Rea;tor Coolant Temp. F., Max.
8. High Reactor Bullding

‘Pressure, psig, Max.
(1) Tnutvis in degrees Fahrenhelt (OF).
{2) Reactor Coolant System FloQ, Z.
(3) Administracively controlled reductiﬁn set

only during reactor shutdown.
(4) Automatically set when other segments of

the RPS are bypassed.

One Reactor
Coolant Pump

. Operating In

Each Loop
(Opecrating Power

" —49% Rated)

105.5

1.055 times flow
minus reduction
due to imbalance

557
2355
1800

(11.]41‘0"t

619

- 4706) (D

Shutdown

_Bypass

5.0(¥

Bypassed

Bypassed
1720(4)

Bybassed

Bypassed

619
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1. INTRODUCTION

This report justifies operation of the Oconee Nuclear Station, Unit 1, cycle 5
at a rated core power of 2568 MWt. The required analyses are included as out-
lined in the USNRC document, "Guidance for Proposed License Amendments Relat-
ing to Refueling," June 1975. This report uses the analytical techniques and
design bases documented in several reports that have been submitted to and

approved by the USNRC.

Cycle 5 reactor and fuel parameters related to power capability are summarized
in this report and compared to those of cycle 4. All accidents analyzed in
the Oconee FSAR have been reviewed for cycle 5 operation; a detailed compar-
ison of cycle 5 characteristics to the FSAR analyses showed that no new anal-

yses were necessary since cycle 5 parameters are conservative.

for cycle 5 operation. Based on the analyses performed and taking into ac-
count the ECCS Final Acceptance Criteria and postulated fuel densification
effects, it is concluded that Oconee 1, cycle 5 can be safely operated at its

licensed core power level of 2568 MWt.

Five fuel assemblies from batch 4 will be irradiated for a fourth cycle as
part of a joint Duke Power/B&W/Dept. of Energy program to demonstrate reliable
fuel performance at extended burnups and to obtain post-irradiation data.

These assemblies will not adversely affect cycle 5 operation.

1-1 Babcock & Wilcox



2. OPERATING HISTORY

The reference cycle for the nuclear and thermal-hydraulic analyses of Oconee
1, cycle 5 is the currently operating cycle 4. This cycle 5 design is based
on a planned cycle 4 length of 235 EFPD rather than the design length of 292
EFPD. '

Cycle 5 will operate in a feed-and-bleed mode for its entire design length of
330 EFPD. Initial cycle 4 operation was in a rodded mode. However, a quad-
rant power tilt was detected during cycle 4 power escalation!, and the mode of
operation was converted to feed-and-bleed to provide a larger margin for cy-
cle 4 operation.2 The shuffle pattern for cycle 5 was designed to minimize

the effects of any power tilts present in cycle 4. No control rod interchange

is planned during cyc%e 5. ) L o [

2-1 Babcock & Wilcox
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3. GENERAL DESCRIPTION

The Oconee Unit 1 reactor core and fuel design basis are described in detail
in section 3 of the Final Safety Analysis Report3 for Oconee Nuclear Station,
Unit 1. The cycle 5 core contains 177 fuel assemblies, each of which is a 15
by 15 array containing 208 fuel rods, 16 control rod guide tubes, and one in-
core instrument guide tube. The fuel conéists of dished-end, cylindrical pel-
lets of uranium dioxide clad in cold-worked Zircaloy-4. The fuel assemblies
in all batches have an average nominal fuel loading of 463.6 kg of uranium.
The undensified nominal active fuel lengths, theoretical densities, fuel and
fuel rod dimensions, and other related fuel parameters are given in Tables

4~1 and 4-2.

Figure 3-1 is the core loading diagram for Oconee 1, cycle 5. The initial en-
richment of th§7§re$h batch 7 fuel is 3.02 wt_ % 235y, The.  remaining -batches
Vﬁb;VS; ;naié_éere initially enriched to 3.20, 2.75, and 2.795 wt % 235U, re-
spectively. All the batch 4A and all but five batch 4B assemblies will be
discharged at the end of cycle 4. The five remaining batch 4B assemblies will
be retained in cycle 5 and are redesignated as batch 4D. The batch 4D, 5, and
6 assemblies will be shuffled to new locations at the beginning of cycle 5.
The fresh batch 7 assemblies will occupy the periphery of the core and eight

interior locations. Figure 3-2 is an eighth-core map showing the assembly

burnup and enrichment distribution at the beginning of cycle 5.

Reactivity is controlled by 61 full-length Ag-In-Cd control rods and by solu-
ble boron shim. 1In addition to the full-length control rods, eight axial
power shaping rods are provided for additional control of the axial power dis-
tribution. The cycle 5 locations of the 69 control rods and the group desig-
nations are indicated in Figure 3-3. The core locations of the total pattern
(69 control rods) for cycle 5 are identical to those of the reference cycle
indicated in the Oconee 1, cycle 4 reload report.'+ The group designations,
however, differ between cycle 5 and the reference cycle in order to minimize
power peaking. Neither control rod interchange nor burnable poison rods are

necessary for cycle 5.

3-1 Babcock & Wilcox



Figure 3-1. Oconee 1, Cycle 5 — Full Core
Loading Diagram
1
A
7 7 7 7 7
E7 R8 E9
B
7 7 7 5 6 5 7 7 7
M2 c6 F7 L2 M5 L14 F9 cl10 M14
C
7 6 5 5 6 5 6 5 5 6 7
B11l 013 | 11 N3 DS D1l N13 | L15 03 B5
o 7 6 6 6 6 5 7 5 6 6 6 6 7
. F3 A10 | o9 KL N2 05* N14 K15 | K3 A6 F13
7 5 6 5 6 6 4D 6 6 5 6 5 7
G6 cl2 A9 K13 D6 N8 D10 07 A7 C4 G10
F 7 7 5 6 6 5 5 5 5 5 6 6 5 7 7
. G5 B10 Eb4 B12 F4 X8 F12 B4 E12 B6 Gl1
7 5 6 5 6 5 7 5 7 5 6 5 6 5 7
4 H15 | M1l M13* | Hi2 | H9 Ki4* | m7 " H4 E3* E5 H1
7 6 5 7 4D 5 5 4D 5 5 4D 7 5 6 7
K5 P10 M4 P12 L4 G8 L12 P4 M12 P6 K1l
K
7 5 6 5 6 5 7 5 7 5 6 5 6 5 7
K6 012 R9 c9 N6 D8 N10 G3 R7 04 K10
L
7 7 5 6 6 5 5 5 5 5 6 6 5 7 7
" L3 R10 G13 Gl D2 ci1x | pis | 615 c7 R6 L13
7 5 6 5 6 6 4D 6 6 5 6 5 7
.y Pil c13 F1 D3 N5 w11 | p13 F15 c3 PS5
7 6 6 6 6 5 7 5 6 6 6 6 7
E2 06 L7 F2 Ell Fl4 L9 010 El4
0
7 6 5 5 6 5 6 5 5 6 7
. M7 A8 M9
P 7 7 7 5 6 5 7 7 7
R 7 7 7 7 7
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
*Location of thrice-burned batch 4D assemblies.
XXX Previous cycle location.
x Batch No.
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Figure 3-2. Enrichment and Burnup Distribution for Oconee 1,
Cycle 5
8 9 10 11 12 13 14 15
3.20 2.75 2.75 3.20 3.02 2.75 2.79 3.02
28,479 20,488 16,053} 31,135 0 15,903 5,889 0
3.02 2.75 2.79 2.75 2.79 2.75 3.02
0 14,270 5,138 19,206 8,537 16,345 0
2.75 2.79 2.79 2.75 3.02 3.02
17,336 5,853 8,262 15,846 0 0
2.75 2.79 2.75 3.02
17,341 5,011 18,348 0
2.79 2.79 3.02
5,846 7,092 0
3.02
0
X . XX Initial Enrichment
XXXXX BOC Burnup, MWd/mtU
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Figure 3-3. Control Rod Locations for Oconee 1,
Cycle 5
X

A
‘B 3 5 3

C 1 1

D 6 8 4 8 6

E 1 5 5 1

F 3 8 7 6 7 8 3
G 7 2 2 7

H W— 5 4 6 3 6 4 5
K 7 2 2 7

L 3 8 7 6 7 8 3
M 1 5 5 1

N 6 8 4 8 6

Y 1 1

P 3 5 3

R

1 2 3 4 5 6 8 10 | 11 {12 |13 1 14 | 15
J
X | <= Group Number

Group No. of Rods Function

1 8 Safety

2 8 Safety

3 9 Safety

4 8 Safety

5 8 Control

6 8 Control

7 12 Control

8 8 APSRs

Total 69
3-4
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4. TFUEL SYSTEM DESIGN

4.1, Fuel Assembly Mechanical Design

The types of fuel assemblies and pertinent fuel design parameters and dimen-
sions for Oconee 1, cycle 5 are listed in Table 4-1. All fuel assemblies are
identical in concept and are mechanically interchangeable. All results, ref-
erences, and identified conservatisms presented in section 4.1 of the Oconee

1, cycle 4 reload report4 are applicable to the cycle 5 reload core.

Five batch 4D Mark-B3 assemblies are remaining in the core for their fourth
cycle of irradiation and will experience burnups up to approximately 41,000
MWd/mtU as part of a joint Duke Power/B&W/Dept. of Energy program to demon-
strate extended burnup feasibility in LWRs. The Mark-B fuel assembly mechan-

ical design will maintain its structural integrity with these burnups. Anal-

- yses of post-irradiation examination (PIE) data from two cycles of operation

in the Oconee 1 reactor show that all parameters measured indicate that ex-
tended operation is quite feasible. The parameters investigated include fuel
rod and assembly growth, fuel swelling, and holddown spring force. The in-
tended peak burnups of batch 4D fuel are within the original mechanical peak
design limits reported in the Oconee FSAR.3 Design parameters can be affected
by burnup, effective full power time, or calendar residence time. Those param-
eters affected most by the amount of irradiation are fuel rod and assembly
growth and fuel swelling. Since burnup is within conservative design limits,
growth will be acceptable. Section 4.2.3 discusses fuel swelling as it relates
to cladding strain. The holddown spring force is affected by residence time
as well as burnup. Evaluation of the PIE data indicates that the holddown
spring will meet performance requirements through the fourth cycle of irradia-

tion.

4-1 Babcock & Wilcox



4.2. Fuel Rod Design

4.2.1. Cladding Collapse

Creep collapse analyses were performed for three-cycle assembly power histo-
ries as well as for batch 4D's four-cycle assembly power histories. For cy-
cle 5, the batch 5 fuel is more limiting than all other batches except for 4D
because of its previous incore exposure time. The batch 5 and 4D assembly
power histories were analyzed, and the most limiting assembly from each batch

was determined.

The power histories for the most limiting assémblies were used to calculate
the fast neutron flux level for the energy range above 1 MeV. The collapse
time for the most limiting assembly from each batch was conservatively deter-
mined to be more than 30,000 effective full-power hours (EFPH), which is
longer than the maximum projected batch 5 residence time of 21,456 EFPH (three
cycles) and the maximum projected batch 4D residence time of 28,469 EFPH (four
cycles). The creep collapse analyses were performed based on the conditions

set forth in references 4 and 5.

4.2.2. Cladding Stress

The Oconee 1 stress parameters are enveloped by a conservative fuel rod stress
analysis. Since worst-case stress conditions are at BOL, the batch 4D fuel is
also bounded by the fuel rod stress analysis. For design evaluation, the pri-
mary membrane stress must be less than two-thirds of the minimum specified un-
irradiated yield strength, and all stresses (primary and secondary) must be

less than the minimum specified unirradiated yield strength. The margin is in
excess of 30% in all cases. With respect to Oconee 1 fuel, the following con-

servatisms were used in the analysis:

1 Low post-densification internal pressure.
2 Low initial pellet density.

3. High system pressure.
4

High thermal gradient across the cladding.

The stresses reported in reference 6 for core 1 fuel represent conservative

values with respect to the cycle 5 core.

4.2.3. Cladding Strain

The fuel design criteria specify a limit of 1.0% on cladding circumferential

plastic strain. The pellet design is established for plastic cladding strain

42 Babcock & Wilcox
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of less than 1% at maximum design local pellet burnup (55,000 MWd/mtU) and
heat generation rate (20.15 kW/ft) values that are higher than the values the
Oconee 1 fuel is expected to see, including batch 4D. The strain analysis is
also based on the maximum Specification value for the fuel pellet diameter and

density and the lowest permitted Specification tolerance for the cladding ID.

4.3. Thermal Design

All fuel assemblies in this core are thermally similar. The fresh batch 7
fuel inserted for cycle 5 operation introduces no significant differences in
fuel thermal performance relative to the other fuel remaining in the core.
The design minimum linear heat rate (LHR) capacity and the average fuel temp-
erature for each batch in cycle 5 are shown in Table 4-2. LHR capabilities
are based on centerline fuel melt and were established using the TAFY-3 code’
with fuel densification to 96.57% of theoretical density. The five batch 4D
fuel assemblies have an EOC burnup of about 41,000 MWd/mtU. The EOL maximum
pin pressure for these assemblies is well below the system pressure of 2200

psia.

4.4. Material Design

ferent component materials. Therefore, the chemical compatibility of all pos-
sible fuel-cladding-coolant-assembly interactions for the batch 7 fuel as-

semblies are identical to those of the present fuel.

4.5. Operating Experience

Babcock & Wilcox operating experience with the Mark-B, 15 by 15 fuel assembly
has verified the adequacy of its design. As of February 28, 1978, the exper-
ience described below has been accumulated for the eight operating B&W 177-
fuel assembly plants using the Mark-B fuel assembly. In addition, Three Mile
Island Unit 2 achieved initial criticality on March 28, 1978, and is currently

in the startup testing phase that precedes commercial operation.

Max assembly

Cumulative

Current burnup, MWd/mty net elect.

Reactor cycle Incore Disch. output, mWh
Oconee 1 4 27,200 25,300 20,385,249
Oconee 2 3 26,700 26,800 15,248,595
Oconee 3 3 27,140 27,200 16,182,813
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Max assembly

burnup, MWd/mtU

Cumulative

- Current net elect.
Reactor cycle Incore Disch. output, mWh
TMI-1 3 31,720 25,860 18,430,506
ANO-1 2 28,290 17,650 14,575,320
‘Rancho Seco 2 22,300 17,170 10,297,637
Crystal River 3 1 10,430 - 4,936,412
Davis-Besse 1 1 2,490 - 1,009,741
Table 4-1. Fuel Design Parameters and Dimensions
Thrice- Twice- Once-
burned burned burned Fresh
FAs, FAs, FAs, FAs,
Batch 4D Batch 5 Batch 6 Batch 7
FA type Mark-B3 Mark-B4 Mark-B4 Mark-B4
No. of FAs 5 60 56 56
Fuel rod OD, in. 0.430 0.430 0.430 0.430
Fuel rod ID, in. 0.377 0.377 0.377 0.377
Flex. spacers, type Spring Spring Spring Spring
Rigid spacers, type Zr-4 Zr-4 Zr-4 Zr-4
Undensif active fuel 142.0 142.6 142.25 142.25
length (nom), in.
Fuel pellet initial >94.5 93.5 94.0 94.0
density (nom), % TD
Fuel pellet OD (mean 0.3685 0.3700 0.3695 0.3695
specif), in.
Initial fuel enrich., 3.20 2.75 2.79 3.02
wt % 235y
BOC burnup (avg), 30,604 17,011 6,539 0
MWd /mtU
Cladding collapse >30,000 >30,000 >30,000 >30,000
time, EFPH
Estimated residence 28,469 21,456 22,440 26,496

time (max), EFPH

4-4
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Table 4-2. Fuel Thermal Analysis Parameters

Batch

4p (3 5(a) 6(3) 7
No. of assemblies 5 60 56 56
Nominal pellet density, 7Z TD 95.5 93.5 94.0 94.0
Pellet diameter, in. 0.3685 0.3700 0.3695 0.3695
Stack height, in. 141.0(b) 142.6 142,25 142.25
Densified Fuel Parameters(c)
Pellet diameter, in. 0.3640 0.3645 0.3646 0.3646
Fuel stack height, in. 140.30 140.46 140.47 140.47
Nominal LHR at 2568 MWt, kW/ft 5.80 5.80 5.80 5.80
Avg fuel temp at nominal LHR, F 1320 1320 1320 1320
LHR to G, fuel melt, kW/ft 20.15 20.15 20.15 20.15
(a)Data from reference 4.

(b)
(c)

‘Densification to 96.5% TD assumed.- -

Conservative calculational parameter.

4-5
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5. NUCLEAR DESIGN

5.1. Physics Characteristics

Table 5-1 compares the core physics parameters of design cycle 5 with those

of reference cycle 4. The values for both cycles were generated using PDQO7.
The average cycle burnup will be higher in cycle 5 than in the design cycle 4
because of the longer cycle 5 length. Figure 5-1 illustrates a representative
relative power distribution for the beginning of cycle 5 at full power with

equilibrium xenon and normal rod positions.

The critical boron concentrations for cycle 5 are comparable to those of the

~ design cycle 4. The control rod worths for hot full power differ between cy-

cles due to changes in group designations as well as changes in radial flux

distributions and isotopics. The ejected rod worths in Table 5-1 are the max-

-imum calculated values within the allowable rod iﬁééftioﬁ iimits. Calculated

ejected rod worths and their adherence to criteria are considered at all times
in life and at all power levels in the development of the rod position limits
presented in section 8. The maximum stuck rod worth for cycle 5 is greater
than that for the design cycle 4 at BOC and approximately the same at EOC.

All safety criteria associated with these worths are met. The adequacy of the
shutdown margin with cycle 5 stuck rod worths is demonstrated in Table 5-2.

The following conservatisms were applied for the shutdown calculations:

1. Poison material depletion allowance.
2. 107% uncertainty on net rod worth.

3. Flux redistribution penalty.

Flux redistribution was accounted for since the shutdown analysis was calcu-
lated using a two-dimensional model. The reference fuel cycle shutdown mar-

gin is presented in the Oconee 1, cycle 4 reload report.L+

The cycle 5 power deficits from hot zero power to hot full power differ from
those for the design cycle 4 because of the longer cycle 5 design length.

The differential boron worths and total xenon worths for cycle 5 are greater
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than or equal to those for the design cycle 4 because of fuel depletion and
the associated buildup of fission products. Effective delayed neutron frac-

tions for both cycles show a decrease with burnup.

5.2. Analytical Input

The cycle 5 incore measurement calculation constants to be used for computing
core power distributions were prepared in the same manner as those for the

reference cycle.

5.3. Changes in Nuclear Design

There were no relevant changes in core design between the reference and re-

load cycles. The same calculational methods and design information were used

to obtain the important nuclear design parameters. The only significant oper-

ational procedure change from the reference cycle is the operation in a feed-
and-bleed mode. The reference cycle bégan operation in the rodded mode but
was subsequently modified for operation in the feed-and-bleed mode. There-
fore, since nearly the entire reference cycle 4 was cperated in the feed-and-

bleed mode, this is not actually a new mode of operation.

Table 5-1. Oconee 1, Cycle 5 Physics Parameters(a)
Cycle A(b) Cycle S(C)

Cycle length, EFPD 292 330
Cycle burnup, MWd/mtU 9,136 10,327
Average core burnup, EOC, MWd/mtU 19,034 19,027
Initial core loading, mtU 82.1 82.1
Critical boron, BOC (no Xeg, pPpm

HZP, group 8 37.5% wd(d 1415 1458

HZP, groups 7 and 8 inserted 1335 1324

HFP, group 8 inserted 1145 1276
Critical boron, EOC (eq Xe), ppm

HZP, group 8 37.5% wd 373 343

HFP, group 8 37.57%7 wd 88 44
Control rod worths, HFP, BOC, % Ak/k »

Group 6 1.07 S 1.21

Group 7 0.93 1.45

Group 8 37.5% wd 0.50 0.43
Control rod worths, HFP, EOC, % Ak/k

Group 7 1.16 1.53

Group 8 37.57% wd 0.47 0.48
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Table 5-1. (Cont'd)

Max ejected rod worth, HZP, 7 Ak/k(e)

BOC (N-12)
EOC (N-12)

Max stuck rod worth, HZP, 7% Ak/k
BOC (N-12)
EOC (N-12)

Power deficit, HZP to HFP, % Ak/k
BOC
EOC

Doppler coeff, 10 °(Ak/k-°F)
BOC, 100% power, no Xe
EOC, 1007 power, eq Xe

Moderator coeff, HFP, 10~%(Ak/k-°F)
BoC (0 Xe, crit ppm, gp 8 ins)
EOC (eq Xe, 17 ppm, gp 8 ins)

Boron worth, HFP, ppm/% Ak/k
BOC (1150 ppm)
EOC (17 ppm)

Xenon worth, HFP, % Ak/k
BOC (4 EFPD), o
EOC (equilibrium)
Eff delayed neutron fraction, HFP

BOC
EOC

(a)

Cycle 4(b)

.68
.61

oo

.74
.02

N =

.49
.07

N =

-1.45
-1.55

-1.00
-2.55

0.00593
0.00530

~1.45
-1.62

-0.45
-2.64

0.00598
0.00521

Cycle 5 data are for the conditions stated in this report.

The cycle 4 core conditions are identified in reference 4.

(b)
(c)

Based on 292 EFPD at 2568 MWt, cycle 3.

Cycle 5 data are based on a "planned" cycle 4 length of

235 EFPD; the cycle 4 "design'" lifetime is 292 EFPD.

(d)

full power (579F Tan)'
(e)

5-3

Ejected rod worth for groups 5 through 8 inserted.

HZP denotes hot zero power (532F Tavg)’ HFP denotes hot
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Table 5-2. Shutdown Margin Calculation

for Oconee 1, Cycle 5

Available rod worth
Total rod worth, HZP

Worth reduction due to burnup
of poison material

Maximum stuck rod, HZP

Net worth

Less 107 uncertainty
Total available worth

Required rod worth
Power deficit, HFP to HZP

Max allowable inserted rod
worth

Flux redistribution
Total required worth

Shutdown margin (total available
worth minus total required worth)

BOC, % Ak/k

8.91
-0.36
-2.17

6.38
-0.64

5.74

1.31
0.40

2.30

3.44

Note: Required shutdown margin is 1.00% Ak/k.

5-4

EOC, % Ak/k

8.79
-0.42

-2.01

6.36
-0.64

5.72

Babcock & Wilcox

»E G e o8



'

BOC (4 EFPD), Cycle 5 Two-Dimensional Relative Power

Figure 5-1.
Distribution — Full Power, Equilibrium Xenon,
Normal Rod Positions (Group 8 Inserted)
8 9 10 11 12 13 14 15
0.83 0.93 0.96 0.90 1.37 1.03 1.09 0.87
1.35 1.07 1.21 0.98 1.09 0.93 0.83
\ Y
1.05 1.25 1.03 0.95 1.15 0.67
1.09 1.23 0.89 0.91
1.21 0.94 0.61
0.70
\\<: Inserted Rod Group No.
X.XX Relative Power Density
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Figure 5-1. BOC (4 EFPD), Cycle 5 Two-Dimensional Relative Power
Distribution — Full Power, Equilibrium Xenon,
Normal Rod Positions (Group 8 Inserted)

8 9 10 11 12 13 14 15

0.83 0.93 0.96 0.90 1.37 1.03 1.09 0.87

7
1.35 1.07 1.21 0.98 l.;;\\\J 0.93 0.83

7 Y
1.5 1.25 | 1.03 0.95 1.15 0.67

1.09 1.23 0.89 0.91
1.21 0.94 0.61
0.70

\\<; Inserted Rod Group No.

X.XX Relative Power Density

5-5 Babcock & Wilcox



6. THERMAL-HYDRAULIC DESIGN

The thermal-hydraulic design evaluation supporting cycle 5 operation utilized
the methods and models described in references 3, 4, and 6. The fresh batch

7 fuel is hydraulically and geometrically similar to batch 6 fuel. The cycle
4 and 5 maximum design conditions and significant parameters are shown in Ta-
ble 6-1. The minimum DNBR shown at the design overpower is unchanged for cy-
cle 5 and is based on 106.5% of RC design flow and on the Mark-B4 fuel assem-

bly and includes the effects of incore fuel densification.

The potential effect of fuel rod bow on DNBR was considered by incorporating
suitable margins into DNB-limited core safety limits and RPS setpoints. The

maximum rod bow was calculated from the equation
— = 0.065 + 0.001449vBU

AC = rod bow magnitude, mils,
Co = initial gap (138 mils),
BU = maximum assembly burnup, MWd/mtU.

The fuel cycle design calculations show that the maximum radial-local peak

during cycle 5 is always located in the batch 7 fuel assembly with the maximum

burnup. This maximum peak (1.527) is 17% below the 1.78 reference design peak.

Since this fuel assembly is limiting for DNBR analysis, the rod bow penalty
associated with batch 7 is applied to cycle 5 operation. This method for cal-
culating the maximum core rod bow penalty has been reviewed and approved for
acceptability by the USNRC.® The Oconee 1, cycle 5 calculated rod bow penalty
is 8.0% based on the maximum burnup in batch 7, 13,667 MWd/mtU. No credit is
claimed for the difference between calculated cycle 5 peaking and the refer-
ence design peaking used for the analysis. An 11.2% rod bow penalty is con-
servatively applied to all analyses that define plant operating limits and to

design transients.
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The pressure-temperature limit curve shown in Figure 2.1-3A of the Oconee
Technical Specifications provides the basis for the variable low-pressure trip
setpoint. The curves shown for four- and three-pump operation represent a
locus of points for which the calculated minimum DNBR is equal to 1.30 (BAW—Z)
plus a suitable margin to offset the DNBR reduction due to rod bow (discussed

in the previous paragraph).

The flux/flow trip setpoint was determined on the basis that the Oconee 1

plant has the pump monitor trip function set to trip the reactor upon loss of
one pump during four-pump operation if the indicated reactor power is greater
than 80% of full power.? The flux/flow trip setpoint of 1.055 established for
cycle 5 yields a minimum DNBR of 1.68 and a 30% DNBR credit to offset the rod

bow penalty.

Table 6-1. Thermal-Hydraulic Design Conditions

Cycle 4" Cycle 5

Power level, MWt 2568 2568
System pressure, psia 2200 2200
Reactor coolant flow, 7 design flow 106.5 106.5
Vessel inlet coolant temp, 555.6 555.6
100% power, F
Vessel outlet coolant temp, 602.4 602.4
100% power, F
Ref design radial-local power 1.783 1.783
peaking factor
Ref design axial flux shape 1.5 cos 1.5 cos
Active fuel length, in. (a) (a)
Average heat flux, 100% power, 176(b) 176(b)
103 Btu/h-ft?
CHF correlation BAW-2 BAW-2
Hot channel factors
Enthalpy rise ' 1.011 1.011
Heat flux 1.014 1.014
Flow area 0.98 0.98
Minimum DNBR with densif'n penalty 1.91 1.91

(a)See Table 4-2.

(b)Based on densified length of 140.3 inches.
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7. ACCIDENT AND TRANSIENT ANALYSIS

7.1. General Safety Analysis

Each FSAR3 accident analysis has been examined with respect to changes in cy-
cle 5 parameters to determine the effect of the cycle 5 reload and to ensure

that thermal performance during hypothetical transients is not degraded.

The effects of fuel densification on the FSAR accident results have been eval-
uated and are reported in reference 6. Since batch 7 reload fuel assemblies
contain fuel rods whose theoretical density is higher than those considered in

the reference 6 report, the conclusions in that reference are still valid.

7.2. Accident Evaluation

44444 o T

The key parameters that have the greatest effect on determining the outcome of
a transient can typically be classified in -three major areas: core thermal pa-
rameters, thermal-hydraulic parameters, and kinetics parameters, including the

reactivity feedback coefficients and control rod worths.

Core thermal properties used in the FSAR accident analysis were design operat-
ing values based on calculational values plus uncertainties. Fuel thermal
analysis values for each batch in cycle 5 are compared in Table 4-2. The cy-
cle 5 thermal-hydraulic maximum design conditions are compared to the previous
cycle 4 values” in Table 6-1. These parameters are common to all the acci-
dents considered in this report. A comparison of the key kinetics parameters

from the FSAR and cycle 5 is provided in Table 7-1.

A generic LOCA analysis for the B&W 177-FA, lowered-loop NSS has been performed
using the Final Acceptance Criteria ECCS Evaluation Model. This study is re-
ported in BAW-10103, Rev. 1.10 The analysis in BAW-10103 is generic since the
limiting values of key parameters for all plants in this category were used.
Furthermore, the combination of average fuel temperature as a function of LHR
and the lifetime pin pressure data used in the BAW-10103 LOCA limits analysis

is conservative compared to those calculated for this reload. Thus, the
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analysis and the LOCA limits repbrted in BAW-10103 provide conservative results

for the operation of Oconee 1 cycle 5 fuel.

Table 7-2 shows the bounding values for allowable LOCA peak LHRs for Oconee 1,
cycle 5 fuel.

It is concluded from the examination of cycle 5 core thermal and kinetics prop-
erties, with respect to acceptable previous cycle values, that this core re-
load will not adversely affect the Oconee 1 plant's ability to operate safely
during cycle 5. Considering the previously accepted design basis used in the
FSAR and subsequent cycles, the transient evaluation of cycle 5 is considered
to be bounded by previously accepted analyses. The initial cpnditions for the
transients in cycle 5 are bounded by the FSAR3, the fuel densification report6,

and/or subsequent cycle analyses.
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Table 7-1. Comparison of Key Parameters for Accident Analysis

FSAR and Predicted
densification cycle 5
Parameter report value value
Doppler coeff, Ak/k/°F
' BOC -1.17 x 10~° -1.45 x 10~
EOC -1.33 x 1073 ~-1.62 x 1075
Moderator coeff, Ak/k/°F
BOC +0.5 x 10-* -0.45 x 10™*
EOC -3.0 x 10~ -2.64 x 107"
All-rod group worth, HZP %
Ak/k 10 8.91
Initial boron conc'n, HFP, ppm 1400 1276
Boron reactivity worth at 70F,
ppm/1% Ak/k 75 76
Max ejected rod worth, HFP, %
Ak/k 0.65 0.25
Dropped rod worth (HFP), %
Ak/k 0.46 0.20

Table 7-2. 1OCA Limits, Oconee 1, Cycle 5

Elevation,
ft

2
4
6
8

10

LHR limits,

kW/ft

15.5
16.6
18.0
17.0
16.0
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8. PROPOSED MODIFICATIONS TO TECHNICAL SPECIFICATIONS

The Technical Specifications have been revised for cycle 5 operation. Changes

were the results of the following:

1. The Technical specification limits based on DNBR and LHR criteria include
appropriate allowances for projected fuel rod bow penalties, i.e., poten-
tial reduction in DNBR and increase in power peaks. A statistical combi-
nation of the nuclear uncertainty factor, engineering hot channel factor,
and rod bow peaking penalty was used in evaluating LHR criteria, as ap-

proved in reference 11.

2. Per reference 12, the power spike penalty due to fuel densification was
not used in setting the DNBR- and ECCS-dependent Technical Specification

limits.

3. The allowable quadrant tilt limit for cycle 5 is 5.0%.

Based on the Technical Specifications derived from the analyses presented in

this report, the Final Acceptance Criteria ECCS limits will not be exceeded,

nor will the thermal design criteria be violated. Figures 8-1 through 8-10

illustrate revisions to previous Technical Specification limits.
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Figure 8-1. Core Protection Safety Limits, Oconee Unit 1
Thermal Power Level, %
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Reactor Power Imbalance, %

Figure 8-2. Protective System Maximum Allowable
Setpoints, Oconee Unit 1
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Power, % of 2568 MWt

Figure 8-3. Rod Position Limits for Four-Pump Operation,
Oconee Unit 1 (0 to 100 = 10 EFPD)

(125,102) (274.1,102)
100 |
OPERATION
NOT ALLOWED (274.1,92) - _
POWER
80 L LEVEL

a — [
RESTRICTED CUTOFF= 92% FP

REGION

SHUTDOWN MARGIN LIMIT

60 (214.7,60)

40

PERMISSIBLE

OPERATING
20 REGION
(
OL 1 1 ol 1 i 1 1
U 50 100 150 200 250 300
Rod Index, % WD
0 25 50 75 100 0 25 50 75 100
L ] L 1 J L 1 L 1 J
Group 5 Group 7
0 25 50 75 100
L 1 1 [ ]

Group 6
This is proposed new Technical Specification Figure 3.5.2-1A1.

84 Babcock & Wilcox



l Figure 8-4. Rod Position Limits for Four-Pump Operation, i
Oconee Unit 1 (After 100 £ 10 EFPD)
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Figure 8-5. "Rod Position Limits for Two- and Three-Pump
Operation, Oconee Unit 1 (0O to 100 * 10 EFPD)
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Figure

Rod Position Limits for Two- and.Three-Pump
Operation, Oconee Unit 1 (After 100 £ 10 EFPD)
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Figure 8-7. Power Imbalance Limits, Oconee Unit 1

(0 to 100 + 10 EFPD)
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Figure 8-8. Power Imbalance Limits, Oconee Unit 1
(After 100 + 10 EFPD)
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9. STARTUP 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 safety analysis and provide the necessary data for continued safe opera-

tion.

Precritical Tests

1. Control rod trip test.

Zero Power Physics Tests

1. Critical boron concentration.

2. Temperature reactivity coefficient.

~a. All rods out, group 8 in.

b. Groups 5 through 8 inserted, groups 1 through 4 out. S
3. Control rod group reactivity worth.

4, Ejected control rod reactivity worth.

Power Tests

1. Core power distribution verification at approximately 40, 75, and 100%
full power with normal control rod group configuration.

at less than full power.

3. Power Doppler reactivity coefficient at approximately 100% full power.

o

4. Temperature reactivity coefficient at approximately 100%Z full power.

s
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1. INTRODUCTION

This report justifies operation of the Oconee Nuclear Station, Unit 1, cycle 5
at a rated core power of 2568 MWt. The required analyses are included as out-
lined in the USNRC document, "Guidance for Proposed License Amendments Relat-
ing to Refueling,'" June 1975. This report uses the analytical techniques and
design bases documented in several reports that have been submitted to and

approved by the USNRC.

Cycle 5 reactor and fuel parameters related to power capability are summarized
in this report and compared to those of cycle 4. All accidents analyzed in

the Oconee FSAR have been reviewed for cycle 5 operation; a detailed compar-
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yses were necessary since cycle 5 parameters are conservative.

- The Technical -Specifications have been-reviewed and modified where- required-

for cycle 5 operation. Based on the analyses performed and taking into ac-—
count the ECCS Final Acceptance Criteria and postulated fuel densification
effects, it is concluded that Oconee 1, cycle 5 can be safely operated at its

licensed core power level of 2568 MWt.

Five fuel assemblies from batch 4 will be irradiated for a fourth cycle as
part of a joint Duke Power/B&W/Dept. of Energy program to demonstrate reliable
fuel performance at extended burnups and to obtain post-irradiation data.

These assemblies will not adversely affect cycle 5 operation.

Because of performance anomalies observed at other B&W plants, orifice rod
assemblies will not be used in Oconee 1, cycle 5. This change from normal
practice has been accounted for in the analyses performed for cycle 5. 1In
addition, retainer assemblies will be installed on two fresh batch 7 fuel as-

semblies containing regenerative neutron sources.
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2. OPERATING HISTORY

The reference cycle for the nuclear and thermal-hydraulic analyses of Oconee
1, cycle 5 is the currently operating cycle 4. This cycle 5 design is based
on a planned cycle 4 length of 235 EFPD rather than the design length of 292
EFPD.

Cycle 5 will operate in a feed-and-bleed mode for its entire design length of
330 EFPD. Initial cycle 4 operation was in a rodded mode. However, a quad-
rant power tilt was detected during cycle 4 power escalation!, and the mode of
operation was converted to feed-and-bleed to provide a larger margin for cy-

cle 4 operation.?

The shuffle pattern for cycle 5 was designed to minimize
the effects of any power tilts present in cycle 4. No control rod interchange

is planned during cycle 5.
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3. GENERAL DESCRIPTION

The Oconee Unit 1 reactor core and fuel design basis are described in detail
in section 3 of the Final Safety Analysis Report3 for Oconee Nuclear Station,
Unit 1. The cycle 5 core contains 177 fuel assemblies, each of which is a 15
by 15 array containing 208 fuel rods, 16 control rod guide tubes, and one in-
core instrument guide tube. The fuel consists of dished-end, cylindrical pel-
lets of uranium dioxide clad in cold-worked Zircaloy-4. The fuel assemblies
in all batches have an average nominal fuel loading of 463.6 kg of uranium.
The undensified nominal active fuel lengths, theoretical densities, fuel and
fuel rod dimensions, and other related fuel parameters are given in Tables

4-1 and 4-2.

Figure 3-1 is the core loading diagram for Oconee 1, cycle 5. The initial en-
richment of the fresh batch 7 fuel is 3.02 wt Z 235Uf‘ Ihe remainingrbapches
4D, 5, and 6 were initially enriched to 3.20, 2.75, and 2.795 wt % 235y, re-
spectively. All the batch 4A and all but five batch 4B assemblies will be
discharged at the end of cycle 4. The five remaining batch 4B assemblies will
be retained in cycle 5 and are redesignated as batch 4D. The batch 4D, 5, and
6 assemblies will be shuffled to new locations at the beginning of cycle 5.
The fresh batch 7 assemblies will occupy the periphery of the core and eight

interior locations. Figure 3-2 is an eighth~core map showing the assembly

* burnup and enrichment distribution at the beginning of cycle 5.

Reactivity is controlled by 61 full-length Ag-In-Cd control rods and by solu-
ble boron shim. In addition to the full-length control rods, eight axial
power shaping rods are provided for additional control of the axial power dis-
tribution. The cycle 5 locations of the 69 control rods and the groupvdesig—
nations are indicated in Figure 3-3. The core locations of the total pattern
(69 control rods) for cycle 5 are identical to those of the reference cycle

%  The group designations,

indicated in the Oconee 1, cycle 4 reload report.
however, differ between cycle 5 and the reference cycle in order to minimize
power peaking. Neither control rod interchange nor burnable poison rods are

necessary for cycle 5.
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Figure 3-1. Oconee 1, Cycle 5 — Full Core
Loading Diagram
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Figure 3-2. Enrichment and Burnup Distribution for Oconee 1,

Cycle 5
8 9 10 11 12 13 14 15
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Figure 3-3. Control Rod Locations for Oconee 1,
Cycle 5
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4, FUEL SYSTEM DESIGN

4.1. Fuel Assembly Mechanical Design

The types of fuel assemblies and pertinent fuel design parameters and dimen-
sions for Oconee 1, cycle 5 are listed in Table 4-1. All fuel assemblies are
identical in concept and are mechanically interchangeable. All results, ref-
erences, and identified conservatisms presented in section 4.1 of the Oconee

1, cycle 4 reload report" are applicable to the cycle 5 reload core.

Five batch 4D Mark-B3 assemblies are remaining in the core for their fourth
cycle of irradiation and will experience burnups up to approximately 41,000
MWd/mtU as part of a joint Duke Power/B&W/Dept. of Energy program to demon-—

TITD - -1,

LWRs. The Mark-B fuel assembly mechan-

strate extended burnup feasibilit
ical design will maintain its structural integrity with these burnups. Anal-
yses of post-irradiation examination (PIE) data from two cycles of operation
in the Oconee 1 reactor show that all parameters measured indicate that ex-
tended operation is quite feasible. The parameters investigated include fuel
rod and assembly growth, fuel swelling, and holddown spring force. The in-
tended peak burnups of batch 4D fuel are within the original mechanical peak
design limits reported in the Oconee FSAR. 3 Design parameters can be affected
by burnup, effective full power time, or calendar ;esidence time. Those param-
eters affected most by the amount of irradiation are fuel rod and assembly
grqwth and fuel swelling. Since burnup is within conservative design limits,
growth will be acceptable. Section 4.2.3 discusses fuel swelling as it relates
to cladding strain. The holddown spring force is affected by residence time
as well as burnup. Evaluation of the PIE data indicates that the holddown
spring will meet performance requirements through the fourth cycle of irradia-

tion.

Retainer assemblies will be used on the two fresh batch 7 fuel assemblies that
contain the regenerative neutron source (RNS) assemblies. The justification
for the design and use of the retainers is .described in reference 13, which is

applicable to the retainers used in Oconee'l, cycle 5.
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4.2. Fuel Rod Design

4.2.1. Cladding Collapse

Creep collapse analyses were performed for three-cycle assembly power histo-
ries as well as for batch 4D's four-cycle assembly power histories. For cy-
cle 5, the batch 5 fuel is more limiting than all other batches except for 4D
because of its previous incore exposure time. The batch 5 and 4D assembly
power histories were analyzed, and the most limiting assembly from each batch

was determined.

The power histories for the most limiting assemblies were used to calculate
the fast neutron flux level for the energy range above 1 MeV. The collapse
time for the most limiting assembly from each batch was conservatively deter-
mined to be more than 30,000 effective full-power hours (EFPH), which is
longer than the maximum projected batch 5 residence time of 21,456 EFPH (three
cycles) and the maximum projected batch 4D residence time of 28,469 EFPH (four
cycles). The creep collapse analyses were performed based on the conditions

set forth in references 4 and 5.

4.2.2. Cladding Stress

The Oconee 1 stress parameters are enveloped by a conservative fuel rod stress
analysis. Since worst-case stress conditions are at BOL, the batch 4D fuel is
also bounded by the fuel rod stress analysis. For design evaluation, the pri-
mary membrane stress must be less than two—thi;ds of the minimum specified un-
irradiated yield strength, and all stresses (primary and secondary) must be

less than the minimum specified unirradiated yield strength. The margin is in
excess of 30%Z in all cases. With respect to Oconee 1 fuel, the following con-

servatisms were used in the analysis:

1. Low post-densification internal pressure.
2. Low initial pellet density.

3. High system pressure. '
4.

High thermal gradient across the cladding.

The stresses reported in reference 6 for core 1 fuel represent conservative

values with respect to the cycle 5 core.

4.2.3. Cladding Strain

The fuel design criteria specify a limit of 1.0% on cladding circumferential

plastic strain. The pellet design is established for plastic cladding strain
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of less than 1% at maximum design local pellet burnup (55,000 MWd/mtU) and

heat generation rate (20.15 kW/ft) values that are higher than the values the
Oconee 1 fuel is expected to see, including batch 4D. The strain analysis is
also based on the maximum Specification value for the fuel pellet diameter and

density and the lowest permitted Specification tolerance for the cladding ID.

4.3. Thermal Design

All fuel assemblies in this core are thermally similar. The fresh batch 7
fuel inserted for cycle 5 operation introduces no significant differences in
fuel thermal performance relative to the other fuel remaining in the core.
The design minimum linear heat rate (LHR) capacity and the average fuel temp-
erature for each batch in cycle 5 are shown in Table 4-2. LHR capabilities

are based on centerline fuel melt and were established using the TAFY-3 code”’

with fuel densification to 96.5% of theoretical density. The five batch 4D

fuel assemblies have an EOC burnup of about 41,000 MWd/mtU. The EOL maximum

pin pressure for these assemblies is well below the system pressure-of 2200

cia
sia.

s>

4.4. Material Design

The batch 7 fuel assemblies are not new in concept, nor do they utilize dif-
ferent component materials. Therefore, the chemical compatibility of all pos-
sible fuel-cladding-coolant-assembly interactions for the batch 7 fuel as-

semblies are identical to those of the present fuel.

4.5. Operating Experience

Babcock & Wilcox operating experience with the Mark-B, 15 by 15 fuel assembly
has verified the adequacy of its design. As of February 28, 1978, the exper-
ience described below has been accumulated for the eight operating B&W 177-
fuel assembly plants using the Mark-B fuel assembly. In addition, Three Mile
Island Unit 2 achieved initial criticality on March 28, 1978, and is currently

in the startup testing phase that precedes commercial operation.

Max assembly

Cumulative

Current burnup, MWd/mtU net elect.

Reactor cycle Incore Disch. output, mWh
Oconee 1 4 27,200 25,300 20,385,249
Oconee 2 3 26,700 26,800 15,248,595
Oconee 3 3 27,140 27,200 16,182,813
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Max assembly

' Cumulative -
_Current burnup, MWd/mtU net elect.
Reactor L4_ecycle Incore Disch. output, mWh
TMI-1 3 31,720 25,860 . 18,430,506
ANO-1 2 28,290 17,650 14,575,320
Rancho Seco 2 22,300 17,170 10,297,637
Crystal River 3 1 10,430 - 4,936,412
Davis-Besse 1 1 2,490 - 1,009,741
Téble 4-1. Fuel Design Parameters and Dimensions
Thrice- Twice~ Once-
burned burned burned Fresh
FAs, FAs, FAs, FAs,
Batch 4D Batch 5 Batch 6 Batch 7
FA type Mark-B3 Mark-B4 Mark-B4 Mark-B4
No. of FAs 5 60 56 56
Fuel rod OD, in. 0.430 0.430 0.430 0.430
Fuel rod ID, in. 0.377 0.377 0.377 0.377
Flex. spacers, type Spring Spring Spring Spring
Rigid spacers, type Zr-4 Zr-4 Zr-4 Zr-4
Undensif active fuel 142.0 142.6 142.25 142.25
length (nom), in.
Fuel pellet initial >94.5 93.5 94.0 94.0
density (nom), % TD
Fuel pellet OD (mean 0.3685 0.3700 0.3695 0.3695
specif), in.
Initial fuel enrich., 3.20 2. 2.79 3.02
wt % 235y
BOC burnup (avg), 30,604 17,011 6,539 0
MWd/mtU
Cladding collapse >30,000 >30,000 >30,000 >30,000
time, EFPH
Estimated residence 28,469 21,456 22,440 26,496

time (max), EFPH

Babcock & Wilcox



l Table 4—_2. Fuel Thermal Analysis Parameters
Batch
'y 4D(a) S(a) 6(3) 7
!- No. of assemblies 5 60 , 56 56
Nominal pellet density, % TD 95.5 93.5 94.0 94.0
Pellet diameter, in. 0.3685 0.3700 0.3695 0.3695
! Stack height, in. 141.0(b) 142.6 142,25 142,25
e (c)
. Densified Fuel Parameters
' Pellet diameter, in. 0.3640 0.3645 0.3646 0.3646
. Fuel stack height, in. 140.30 140. 46 140.47 140.47
' Nominal LHR at 2568 MWt, kW/ft 5.80 5.80 5.80 5.80
Avg fuel temp at nominal LHR, F 1320 1320 1320 1320
l LHR to G, fuel melt, kW/ft 20.15 20.15 20.15 20.15
g (a)Data from reference 4.
(b)Conserv'ative calculational parameter.
i (C)Densification to 96.5% TD assumed.
I 4=5 Babcock & Wilcox




5. NUCLEAR DESIGN

5.1. Physics Characteristics

Table 5-1 compares the core physics parameters of design cycle 5 with those
of reference cycle 4. The values for both cycles were generated using PDQO7.
The average cycle burnup will be higher in cycle 5 than in the design cycle 4
because of the longer cycle 5 length. Figure 5-1 illustrates a representative
relative power distribution for the beginning of cycle 5 at full power with

equilibrium xenon and normal rod positions.

The critical boron concentrations for cycle 5 are comparable to those of the
design cycle 4. The control rod worths for hot full power differ between cy-
cles due to changes in group designations as well as changes in radial flux
distributions and isotopics. The ejected rod worths in Table 5~1 are the max-
imum calculated values within the allowable rod insertion limits. Calculated
ejected rod worths and their adherence to criteria are considered at all times
in life and at all power levels in the development of the rod position limits
presented in section 8. The maximum stuck rod worth for cycle 5 is greater
than that for the design cycle 4 at BOC and approximately the same at EOC.

All safety criteria associated with these worths are met. The adequacy of the
shutdown margin with cycle 5 stuck rod worths is demonstrated in Table 5-2.

The following conservatisms were applied for the shutdown calculations:

1. Poison material depletion allowance.
2. 10% uncertainty on net rod worth.

3. Flux redistribution penalty.

Flux redistribution was accounted for since the shutdown analysis was calcu-
lated using a two-dimensional model. The reference fuel cycle shutdown mar-

gin is presented in the Oconee 1, cycle 4 reload report.”

The cycle 5 power deficits from hot zero power to hot full power differ from
those for the design cycle 4 because of the longer cycle 5 design length.

The differential boron worths and total xenon worths for cycle 5 are greater
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than or equal to those for the design cycle 4 because of fuel depletion and
the associated buildup of fission products. Effective delayed neutron frac-

tions for both cycles show a decrease with burnup.

5.2, Analytical Input

The cycle 5 incore measurement calculation constants to be used for computing
core power distributions were prepared in the same manner as those for the

reference cycle.

5.3. Changes in Nuclear Design

There were no relevant changes in core design between the reference and reload
cycles. The same calculational methods and design information were used to
obtain the important nuclear design parameters. The only significant opera-
tional prbcedure changes from the reference cycle are the operation in a feed-
and-bleed mode and removal of the ORAs. The reference cycle began operation
in the rodded mode but was subsequently modified for operation in the feed-
and-bleed mode. Therefore, since nearly the entire reference cycle 4 was op-
erated in the feed-and-bleed mode, this is not actually a new mode of opera-
tion. Removing the ORAs does not significantly affect the nuclear character-

istics of the core.
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Table 5-1. Oconee 1, Cycle 5 Physics Parameters(a)

Cycle A(b) Cycle S(C)

EOC 0.00530 0.00521

(a)Cycle 5 data are for the conditions stated in this report.

The cycle 4 core conditions are identified in reference 4.

(b)
(c)

Based on 292 EFPD at 2568 MWt, cycle 3.

Cycle 5 data are based on a "planned" cycle 4 length of
235 EFPD; the cycle 4 "design" lifetime is 292 EFPD.

HZP denotes hot zero power (532F Tavg)’ HFP denotes hot
full power (S579F T

(d)

avg)'
(e)Ejected rod worth for groups 5 through 8 inserted.

5-3 Babcock & Wilcox

" Cycle length, EFPD 292 330
Cycle burnup, MWd/mtU 9,136 10,327
!. Average core burnup, EOC, MWd/mtU 19,034 19,027
Initial core loading, mtU 82.1 82.1
Critical boron, BOC (no Xe;, ppm
HZP, group 8 37.5% wd(d 1415 1458
HZP, groups 7 and 8 inserted 1335 1324
HFP, group 8 inserted 1145 1276
Critical boron, EOC (eq Xe), ppm
! HZP, group 8 37.5% wd 373 343
) HFP, group 8 37.5% wd 88 44
Control rod worths, HFP, BOC, % Ak/k
Group 6 1.07 1.21
Group 7 : 0.93 1.45
Group 8 37.5% wd 0.50 0.43
Control rod worths, HFP, EOC, % Ak/k
Group 7 1.16 1.53
Group 8 37.5% wd 0.47 0.48
Max ejected rod worth, HZP, % Ak/k(e) :
BOC (N-12) 0.68 0.57
= EOC (N-12) 0.61 0.70
y Max stuck rod worth, HZP, % Ak/k
BOC (N-12) 1.74 2,17
EOC (N-12) 2.02 2.0L
i Power deficit, HZP to HFP, % Ak/k . . I
BOC 1.49 1.31
EOC 2,07 2.12
. Doppler coeff, 10 5(Ak/k-°F)
' BOC, 100% power, no Xe -1.45 =1.45
EOC, 100% power, eq Xe -1.55 ~-1.62
Moderator coeff, HFP, 10~*(Ak/k-°F)
BOC (0 Xe, crit ppm, gp 8 ins) -1.00 -0.45
EOC (eq Xe, 17 ppm, gp 8 ins) -2.55 -2.64
Boron worth, HFP, ppm/% Ak/k
BOC (1150 ppm) 109 109
EOC (17 ppm) 101 97
Xenon worth, HFP, % Ak/k
BOC (4 EFPD) 2.60 2.62
' EOC (equilibrium) 2.61 2,73
Eff delayed neutron fraction, HFP
BOC 0.00593 0.00598




Table 5-2. Shutdown Margin Calculation
for Oconee 1, Cycle 5

BOC, % Ak/k EOC, % Ak/k

Available rod worth

Total rod worth, HZP 8.91 8.79

Worth reduction due to burnup -0.36 -0.42

of poison material

Maximum stuck rod, HZP -2.17 -2.01

Net worth 6.38 6.36

Less 10% uncertainty -0.64 -0.64

Total available worth 5.74 5.72
Required rod worth

Power deficit, HFP to HZP 1.31 2.12

Max allowable inserted rod 0.40 0.60

worth

Flux redistribution 0.59 1.20

Total required worth 2.30 3.92
Shutdown margin (total available 3.44 1.80

worth minus total required worth)

Note: Required shutdown margin is 1.00% Ak/k.

5-4

Babcock & Wilcox




Figure 5-1. BOC (4 EFPD), Cycle 5 Two-Dimensional Relative Power
Distribution — Full Power, Equilibrium Xenon,
Normal Rod Positions (Group 8 Inserted)
8 9 10 11 12 13 14 15
0.83 0.93 0.96 0.90 1.37 1.03 1.09 0.87
\
1.35 1.07 1.21 0.98 1.09 0.93 0.83
X &
1.05 1.25 1.03 0.95 1.15 0.67
1.09 1.23 0.89 0.91
1.21 0.94 0.61
0.70
\\<i Inserted Rod Group No.
X.XX Relative Power Density
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6. THERMAL-HYDRAULIC DESIGN

The thermal-hydraulic design evaluation supporting cycle 5 operation utilized
the methods and models described in references 3, 4, and 6 except for the core
bypass flow and the radial x local peaking. The fresh batch 7 fuel is hydraul-
ically and geometrically similar to batch 6 fuel. The cycle 4 and 5 maximum
design conditions and significant parameters are shown in Table 6-1. The min-
imum DNBR shown at the design overpower for cycle 5 is based on 106.5% of RC
design flow and on the Mark-B4 fuel assembly; it includes the effects of in-

core fuel densification, core bypass flow, and peaking.

Fuel assemblies that do not contain control rods or neutron sources usually
contain orifice rod assemblies (ORAs) to minimize core bypass flow. There are
a total of 108 possible locations for ORAs. 1In cycle 4, 70 ORAs and two re-
generative neutron sources were installed, leaving 36 vacant fuel assemblies.
The maximum core bypass for cycle 4 analysis was 8.34% based on an assumed
removal of 44 ORAs. All ORAs will be removed in cycle 5 (two RNSs with retain-
ers will reméin incore) leaving 106 vacant fuel assemblies and a maximum core

bypass flow of 10.47%.

To offset the thermal-hydraulic effects of the increased bypass flow, the ref-
erence design radial x local peaking factor (Fpp) has been reduced from 1.78

to 1.71. This is supported by the cycle 5 nuclear design with a predicted max-
imum Fpp of 1.527. The reactor core safety limits take into account the in-

creased bypass flow and the decreased F,y.

The potential effect of fuel rod bow on DNBR was considered by incorporating
suitable margins into DNB-limited core safety limits and RPS setpoints. The

maximum rod bow was calculated from the equation

é—c = 0.065 + 0.001449VBU

o]
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h
where AC = rod bow magnitude, mils,

Co = initial gap (138 mils),
BU = maximum assembly burnup, MWd/mtU.

The fuel cycle design calculations show that the maximum radial-local peak
during cycle 5 is always located in the batch 7 fuel assembly with the maximum
burnup. This maximum peak (1.527) is 12% below the 1.71 reference design

peak. Since this fuel assembly is limiting for DNBR analysis, the rod bow
penalty associated with batch 7 is applied to cycle 5 operation. This method
for calculating the maximum core rod bow penalty has been reviewed and approved
for acceptability by the USNRC. & The Oconee 1, cycle 5 calculated rod bow pen-—
alty is 8.0% based on the maximum burnup in batch 7 — 13,667 MWd/mtU. No
credit is claimed for the difference between calculated cycle 5 peaking and

the reference design peaking used for the analysis. An 11.2% rod bow penalty
is conservatively applied to all analyses that define plant operating limits

and to design transients.

The flux/flow trip setpoint was determined by analyzing an assumed two-pump
coastdown initiated from four—-pump operation with an indicated power level of
102% of 2568 MWt. The flux/flow trip setpoint of 1.055, previously estab- -
lished for cycles 3 and 4, is retained for cycle 5 and yields a minimum DNBR,

during the two-pump coastdown, of 1.30 plus a suitable margin to offset the'

assumed 11.27% fuel rod bow penalty.
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Table 6-1. Thermal-Hydraulic Design Conditions

Power level, MWt
System pressure, psia
Reactor coolant flow, % design flow

Vessel inlet coolant temp,
1007% power, F

Vessel outlet coolant temp,
100% power, F

Ref design radial-local power
peaking factor

Ref design axial flux shape
Active fuel length, in.

Average heat flux, 100% power,
103 Btu/h-ft?2

CHF correlation

Hot channel factors
Enthalpy rise
Heat flux
Flow area

Minimum DNBR with densif'n penalty

(a)
(b)

See Table 4-2.

Based on densified length of 140.3 inches.

Cycle 4% Cycle 5
2568 2568
2200 2200
106.5 106.5
555.6 555.6
602.4 602.4
1.78 1.71
1.5 cos 1.5 cos
(a) (a)
176(®) 176(P)
BAW-2 BAW-2
1.011 1.011
1.014 1.014
0.98 0.98
1.91  1.98
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7. ACCIDENT AND TRANSIENT ANALYSIS

7.1. General Safety Analysis

Each FSAR3 accident analysis has been examined with respect to changes in cy-
cle 5 parameters to determine the effect of the cycle 5 reload and to ensure

that thermal performance during hypothetical transients is not degraded.

The effects of fuel densification on the FSAR accident results have been eval-
uated and are reported in reference 6. Since batch 7 reload fuel assemblies
contain fuel rods whose theoretical density is higher than those considered in

the reference 6 report, the conclusions in that reference are still valid.

7.2. Accident Eyaluation

The key parameters that have the greatest effect on determining the outcome of
rameters, thermal-hydraulic parameters, and kinetics parameters, including the

reactivity feedback coefficients and control rod worths.

Core thermal properties used in the FSAR accident analysis were design operat-
ing values based on calculational values plus uncertainties. Fuel thermal
analysis values for each batch in cycle 5 are compared in Table 4-2. The cy-
cle 5 thermal-hydraulic maximum design conditions are compared to the previous
cycle 4 values" in Table 6-1. These parameters are common to all the acci-
dents considered in this report. A comparison of the key kinetics parameters

from the FSAR and cycle 5 is provided in Table 7-1.

A generic LOCA analysis for the B&W 177-FA, lowered-loop NSS has been performed
using the Final Acceptance Criteria ECCS Evaluation Model. This study is re-
pofrted in BAW-10103, Rev. 1.10  The analysis in BAW-10103 is generic since the
limiting values of key parameters for all plants in this category were used.
Furthermore, the combination of average fuel temperature as a function of LHR
and the lifetime pin pressure data used in the BAW-10103 LOCA limits analysis

is conservative compared to those calculated for this reload. Thus, the
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analysis and the LOCA limits reported in BAW-10103 provide conservative results

for the operation of Oconee 1 cycle 5 fuel.

Table 7-2 shows the bounding values for allowable LOCA peak LHRs for Oconee 1,
cycle 5 fuel.

It is concluded from the examination of cycle 5 core thermal and kinetics prop-
erties, with respect to acceptable previous cycle values, that this core re-

load will not adversely affect the Oconee 1 plant's ability to operate safely
during cycle 5. Considering the previously accepted design basis used in the
FSAR and subsequent cycles, the transient evaluation of cycle 5 is considered

to be bounded by previously accepted analyses. The initial conditions for the
transients in cycle 5 are bounded by the FSAR3, the fuel densification report®

and/or subsequent cycle analyses.
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Table 7-1. Comparison of Key Parameters for Accident Analysis

FSAR and ‘Predicted
densification cycle 5
Parameter report value value
Doppler coeff, Ak/k/°F
BOC -1.17 x 10~° -1.45 x 10-5
EOC -1.33 x 1073 -1.62 x 1073
Moderator coeff, Ak/k/°F
BOC +0.5 x 10-" -0.45 x 107*
EOC -3.0 x 10™* -2.64 x 107"
All-rod group worth, HZP %
Ak/k 10 8.91
Initial boron conc'n, HFP, ppm 1400 1276
Boron reactivity worth at 70F,
ppm/1%Z Ak/k » 75 76
Max ejected rod worth, HFP, %
Ak/k 0.65 0.25
Dropped rod worth (HFP), 7%
Ak/k 0.46 0.20

Table 7-2. LOCA Limits, Oconee 1, Cycle 5

Elevation, LHR limits,
ft kW/ft
2 15.5
4 16.6
6 18.0
8 17.0
10 16.0
7-3 Babcock & Wilcox



8. PROPOSED MODIFICATIONS TO TECHNICAL SPECIFICATIONS

The Technical Specifications have been revised for cycle 5 operation. Changes

were the results of the following:

1. The Technical specificafion limits based on DNBR and LHR criteria include
appropriate allowances for projected fuel rod bow penalties, i.e., poten-
tial reduction in DNBR and increase in power peaks. Avstatistical combi-
nation of the nuclear uncertaiﬁty factor, engineering hot channel factor,
and rod bow peaking penalty was used in evaluating LHR criteria, as ap-

proved in reference 11.

2. Per reference 12, the power spike penalty due to fuel densification was
not used in setting the DNBR- and ECCS-dependent Technical Specification

limits.

3. The allowable quadrant tilt limit for cycle 5 is 5.0%.

Based on the Technical Specifications derived from the analyses presented in
this report, the Final Acceptance Criteria ECCS limits will not be exceeded,
nor will the thermal design criteria be violated. Figures 8-1 through 8-10

illustrate revisions to previous Technical Specification limits.
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Figure 8-1.

Core Protection Safety Limits, Oconee Unit 1
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Figure 8-2. Protective System Maximum Allowable
Setpoints, Oconee Unit 1
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This is proposed new Technical Specification Figure 2.3-2A.
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Power, % of 2568 Mwt

Figure 8-3. Rod Position Limits for Four-~Pump Operation,
Oconee Unit 1 (0 to 100 * 10 EFPD)
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This is proposed new Technical Specification Figure 3.5.2-1Al.
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1 of 2568 Mwi
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Figure 8-4. Rod Position Limits for Four-Pump Operation,

Oconee Unit 1 (After 100 + 10 EFPD)
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This is proposed new Technical Specification Figure 3.5.2-1A2.
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Figure 8-5. Rod Position Limits for Two- and Three-Pump
Operation, Oconee Unit 1 (0 to 100 * 10 EFPD)
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This is proposed new Technical Specification Figure 3.5.2-2A1.
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Figure 8-6. Rod Position Limits for Two- and Three-Pump
Operation, Oconee Unit 1 (After 100 * 10 EFPD)
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This is proposed new Technical Specification Figure 3.5.2—2A2.
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Figure 8-7. Power Imbalance Limits, Oconee Unit 1
(0 to 100 = 10 EFPD)
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This is proposed new Technical Specification Figure 3.5.2-3Al.
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Figure 8-8. Power Imbalance Limits, Oconee Unit 1

(After 100 + 10 EFPD)
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This is proposed new Technical Specification Figure 3.5.2-3A2.
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Figure 8-9. APSR Position Limits, Oconee Unit 1
(From O to 100 = 10 EFPD)
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Figure 8-10. APSR Position Limits, Oconee Unit 1
(After 100 * 10 EFPD)
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9. STARTUP 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 safety analysis and provide the necessary data for continued safe opera-

s I OB G O -

tion.

Precritical Tests

1. Control rod trip test.

Zero Power Physics Tests

1. Critical boron concentration.

~

Z. Temperature reactivity coefficient.

a. All rods out, group 8 in.
b. Groups 5 through 8 inserted, groups 1 through 4 out.

3. Control rod group reactivity worth.
4. Ejected control rod reactivity worth.

5. Reactor coolant flow with four pumps running at hot zero power, steady-
state conditions.

Reactor coolant flow coastdown from tripping of the limiting pump combi-
nation from four pumps running at zero power.

Power Tests

1. Core power distribution verification at approximately 40, 75, and 100%
full power with normal control rod group configuration.

2. Incore versus out-of-core detector imbalance correlation verification at
less than full power.

3. Power Doppler reactivity coefficient at approximately 100% full power.

4. Temperature reactivity coefficient at approximately 100% full power.

/) G G (I G G aN MR aE Wl ok aE e
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