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ABSTRACT

In June of 1973, BAW-10055, Rev. 1, was filed with the AEC in ac-
cordance with the guidelines set forth in the ALl ceport, "Technical
Report on Densification of Light Water Reactor Fuels," dated November
14, 1972. This revision incorporated the answers to additionai ques-
tions from the AEC Staff concerniry generic items can fuel densification.

In October of 1973, B&W filed an additiomal report, BAW-10079,
"Operational Parameters for B&W Roddel Plants,™ which sets forth the core
operating parameters for B&W rodded plants. This report established the
loss-of-coolant accident (LOCA) basis fur determining the maximum allow-
able Leat rate and outlined the analysis used to determine plant operat-
ing restrictions owing to the pcstulated effects of fuel densification.
Questions relating to individual plants (as-built data, etc.) are answered
in individual reports which are filed for each plant.

This report, along with the appendix, presents an analysis of the
effects of fuel densification on the fuel for Oconee 3 and supports the

safe operation of that unit at the rated power level of 2568 MWt.
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1. INTRODUCTION

This report documents the cffects of postulated fuel densification
for the Oconee 3 core as calculated in accordance with guidelines set
forth in the AEC report of November 14, 1972. The application of these
guidelines to the results presented in this report is discussed fully im
B&W's proprietary topical report BAW-10055, Rev. l. "Fuel Demsificatiocm
Report.” Further considerations as presented in BAW-10079, “"Operatiocal
Parameters for B&W Rodded Plants," were also taken into account.

The analysis of Oconee 3 is limited to an examination of the firse
fuel cycle. Babcock & Wilcox now has operating plant data on the Oconee
] fuel, and there are no signs of fuel densificat’on after 75 EFPD. It
is expected that data from other pressurized water reactors (PWRs) now
operating with prepressurized fuel will allow relaxation of the current
guidelines. Before the completion of the first cycle, a supplementary
report will be filed for Cconee 3 to cover three full cycles of opera-
tion at 2568 MWt.

) Babcock & Wilcox




CONCLUSIONS

Based on the analysis performed for Ocomee 3, which utilized the
methods given in BAW-1i0055, Rev. 1, and BAW-10079, the following conclu-
sions are made even if the fuel pellets are assumed to densify to 96.5%

of their theoretical deasity:

1. The claddinz will not collapse because all B&W fuel rods are

pressurized.

2. The mechanical performance of B&W fuel rods will not be inm

paired.

3. The interim acceptance criteria for the emergency core cooling

system (ELCS) will rot be viclated.

4. The reactor can be safely operated at the rated power level of
2568 MWt with the reactor protection system (RPS) setpoints outlined

herein. These modifications ensure that the thermal design criteria are

nol ex.eeded.

5 The modifications to the RPS are a rzduction in the overpower

trip setpoint, from 114 to 1121 of rated power, and a minor reduction in

allowable imbalance limits as shown irn Figure 3.3-3.

Babcock & Wiicox




3. RESULTS

This section of the report covers four zain topics: thermal anal-
ysis, nuclear analysis, safety analysis, and mechanical analysis. The
thermal analysis section considers protection of the fuel melt ind DNBR
criteria. The nuclear analysis section considers thermal des gn crite-
ria, imbalance trip limits, and core operational limits. The safety
aralysis section reanalyzes all postulated accidents analyzed in the
O onee 3 FSAR assuming that densification occurs. The mechanical anal-
ysis section contains the input summary and results for cladding creep
and collapse, cladding stresses, and fuel pellet irradiation swelling.
Since complete as-built data were not available for this aralysis, the

most conservative values from the specification are used in each analy-

sis.

. 1. Power Spike Model

The AEC guidelines outlined in "Technical Report on Densification
of Light Water Reactor Fuels,” November 14, 1972, have been used to de-
termine the maximum axial gap as a function of core height. The proba-

bility values (FF) given In the same report (Table 4.2.A, coluar &)

have been used in calculating the power spike factor. This factor, as

calculated in section 2 of BAW-10055, Rev. 1, is applicable to individ-

ual reactors. The maximum gap size versus axial position {s shown in

Figure J.1-1, and the power spike factor versus axi:l pocition is shown
in Figure 3.1-2. These figures also show the initial and final theoret-
fcal densities (TDI, TDF) used in the calculations. These data form the

basis for the analyses in this report.

Babcock & Wilcox
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3.2. Thermal Analysis

3.2.1. Fuel Tempecature Analvsis

Utilizing the analysis established in BAW-10055, Rev. 1
plus modifications as requested by DOL, a fuel-to-cladding cold diame-
tral gap of 12.45 mils after densification was analyzed. The results

of this analysis are presented in Tables 3.2-1 and 3.2-2 and in Figures
3.2-1 through 3.2-3.

The modifications are as follows:

1. TAFY* thermal code

4. No fuel restructuring.

b. A 252 reduction in gap conductance.
2. Inputs to TAFY

a. Most conservative specification data used for fuel
density and diameter and for cladding ID (Tahle A-1).

3.2.2. DNBR Analysis

The thermal effects due :o densification can be divided
into two categories: (1) the result ... the reduced stack height and
(2) the combined result of the reduced stack height with the power spike
superimposed. Therm:l effects are then imposed on calculations of the
minimum departure from nucleate bolling ratio (DNBR) used to set ther-
mal design limits.

The reduced active length was calculated to be 139.94
inches, which represents a reduction of 4.06 inches from the nominal ac-
tive length of 144.0 inches. The most conservative specificatior infor-
eation given in the appendix was used in calculating this densified ac-

tive length.

.See note at end of Table 3.2-3.

3-4 Babcock & Wilcox
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The axial flux shape that gave the tw.imus change in DNERR
from the original design value was an outlet peak with a core Jffeet of
+11.8%. The spike magnitude and the maximuz gap size used irn the analv-
sis are 1.100 and 1.65 inches, respectively. The results of the two e:.-
fects are summarized in Table 3.2-3 in terms of percentage chaage in

minimum hot channel DNBR and peaking margin.
3.2.3. Summary

This analysis assumes that densification and arsoclated
phenomena will affect the hot channel, which has the most limiting
thermal-hydraulic characteristics in the core. Both the fuel tem _ra-
ture analysis and the DNBR aralysis were conducted fadeprndently with
the respective most conservative specification values. In addition,
the power spike is assumed to be located at the hot channel position
that minimized DNBR. The resultant loss in DNBR of 4.4% .esults in A
DNER of 1.48 at 114X of 2568 MWt. This is equivalent to a 2.1I loss in
allowable power peaking. The inclusion of control rod insection limits
as well as the reduction of the overpower from 114X to 1122 of 2568 MWt
compensates for this loss. The plant can then function at "he ful
core rated power level v’*hout violating the design criteria “or PNBR
and/or centerline fuel meicing. Tie allowable pover shapes and the new

offset limits are discussed in sectita 3.3.

3-5 Babcock & Wilcox



Table 3.2-1. Fuel Temperatures at | ow_Power Density
L]

Density, Cold gap, Cap coeff, Surface fuel Average fuel Maxizsum fuvel
" 210 _mils  kW/ft Btu/h-fe’-°F _temp, F___tesp, F temp, F
96.5 12.45 6.0 680 977 1337 1733

Table 3.2-2. Fuel Temperatures at High Power Density

Density, Cold gap, Gap coeff, Surface fuel Average fuel Maximum fuel
¢ 2 D mils kW/ft  Btu/h-ft2-°F temp, F temp, F __temp, F
" 96.5 12,45 18.9 965 1483 3126 4849

X09|1M 7 %202Geq



Table 3.2-3. Effects of Fuel Densification on DNBR
and Power Margin at 1142 of 2563 Mt

Densified active

Densified active length length and powe: =pike
Axial DNBR p 4. p 4.3 DNBR Za A
power shape (w-3) __DNB Margin (w-3) DNB Margin
Outlet peax
with +11.8X
core offset 1.50 -2.8 -1.3 1.48 ~4.4 -2.1
'.OTE

—

B&W topical report BAW-100.4 describes the TAFY computer
program. The code has been used as described in the
analysis of fuel densificarion except for the following:

The option in the code for no restructuring
of fuel has becn used in the analysis pre-
sented here in accordance with DOL's interim
evaluation of TAFY.
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3.3. Nuclear Analysis

3.3.2. Reactor Prot:ction System

The safe operation of a reactor core requires an extesnsive
analysis of power distributions resultiog from the various wodes of plant
operation. The primary considerations and rcsults of this analysis are
as follows:

1. Assurance that thermal criteria are not exceeded; i.e.,

specified minimum DNBRs and centerline fuel temperatures
may not be violated.

2. Definition of {mbalance limits to prevent adverse power
peaks that would exceed the foregoing criteria.

3. Definition of core operational limits and recommended
operating procedures to pravent unnecessary reactor trips.

The complete maneuvering study entails a cosbined nuclear-
thermal analysis of the power distributions. This section describes the
methods and criteria used in developing the RPS setpoints and in modify-
ing the setpoints required to account for postulated densification ef-

fects.

3.3.2. Analysis of Power Distributions
Before Lensification

The three-dimensional PDQO7 code with thermal feedback ei-
fects 1s used to analyze power agistributions. This analysis determines
power distributions for all modes of reactor operation except accidents
and other rapid transients. The design power transient (100-30X power
and return to l00Z at peak xenon) is analyzed throughout core life. The
fuel cycle and trac=ient analyses determine power distributions for nor-
mal equilibrium and transient conditions, respectively. The extremes of
core operation, such as control rod bank insertion beyond normal limits
and maloperation of axial power shaping rods, are also examined. The
extreme control rod bank conditions define the limits for the imbalance
protection system.

3.3.2.1. Correlation of Power Peaks to
Thermal Design Criteria

The power peaks from PDQ cases are corrected for

calculational uncertainty and are “ralyzed to determine the margin to the

3-11 Babcock & Wiicox



thermal criteria: centerline fuel melt and departure from nucleate boil-

ing (DNB). The margin to centerline fuel melting is defined as

Max allowable peak 1) 1002.

TSk ERLE Racgie '(m calculated peak

The maximum allowable peak is defined as the pointwise power that yields

centerline fuel melting:

22.2 kW/fr
Max allowable peak = 5.66 kW/ft = 1.014 x FOP

where

22.2 kM/ft fuel melt limict,
5.66 kW/ft = average heat rate at 2568 MWr,
1.014
FoP

hot channel factor,

fraction of power.

The saximum calculated peak is the largest total peak from the PDQ power maps
increased by a factor of 1.075 to account for calculational uncertainty.

The determination of DNB margin requires a more
complex analysis. DNBR is a fuanction of peak location, magnitude cf the
power peak component parts (radial and axial), and ofher core parameters.

To ~rrive at true DNB conditions, each power distribution is analyzed
explicitly. From the PDQ power distribution, the maximum calculated
total peak is obtained and adjusted for uncertainty. The DNB margino is
then defined as

Allowable total peak
Max calculated total peak

DUS macgin -( ” x) 100%.

The basis for the allowable total peak is the reference design DNER at

design conditions, or a 1.30 DNBR assoclated with the protection systems
envelope, or a quality limit based on model applicabiiicy, whichever is
most limiting.

3-12 Babcock & Wilcox




3.3.2.2. Offset-Margin Relationship

Core offset, a measure of the axial pover im-
pbalance, is defined as the fractioe of total core powe: im the top half
of the core minus the fractiom of total core power in the bottom half of

the core:

The relationship between hot channel power peaks (i.e., thermal margins)
and core offset defines the protection system setpoints. Power imbalance
{s the primary signal to the protection system for flux shape protectioa.
The maneuvering analysis defines the relationship between core imbalance
and thermal margin.

Limiting offsets z > determined to prevent the
vislation of thermal criteria for all operating conditions and power levels.
To yield the imbalance trip eavelope, the limiting offset values are cor-
rected Lor potential lustrumentation errors, imbalance detection bias,
and calibration. The imbalance trip envelope defi.~s the range of allow-
able operational imbalance and ensures that 1.3 DNBR and/or the central
fuel melting limit will not be exceeded. Figure 3.3-1 presenta the trip
setpoints based on these criteria. The overpower trip setpoint shown in
Figure 3.3-1 is controlling for overpower transients, whereas, the solid
horizontal line is the trip for loss of flow transients.

3.3.3. Analysis of Power Distributioas
With Densification Effects

3.3.3.1. RPS Considerations

Provision for possible fuel densification re-
quires modification of the imbalance trip system for two reasons: (1)
the fuel melt (kW/ft) criterion change, and (2) an additional power
spike 1s included in the reactor power distributions. Since the power
spike factor is a function of axial position, the appropriate power
spike factor is used to increase each PDQ peak to account for potential

densification.

3-13 Babcock & Wilcox



The modified offset limits with fuel densifica~
tion effects included are presented in Figure 3.3-2 and ar~ compared
with the previous offset lirits. The primary differences between the

two sets of calculated lisits are as follows:

1. The DNBR loss of -4.42 results in a peaking margin loss of
-2.1%.

2. The central fuel melting limit changes from 22.2 kW/ft before
densification to20.15 kd/fr.

3. A 4.l-inch decrease in fuel columa length increases the nomi-

nal heat rate at 2568 it from 5.66kW/ft before densification to 5.82

kw/ft after densification.

4. The local power spike factor is applicd to the calculated power

distributions.

L. The overpowe¢ limit in the imbalance protection system is re-

defined as 1122 of 2568 MWt. The effect of the reduced overpower limit

is one-to-one for local heat rate and approximately two-to-one for DNBR.

The trip setpoints are obtained from the calculated offset
limits by adjusting for potential electronic errors and offset measure-
ment bias by the out-of-core detectors. The error-adjusted limits for
denstfied fuel are shown in Figure 3.3-3. The imbalance trip points
and overpower trip provide operating flexibility with assurance that ther~
mal criteria are not exceeded. Furthermore, potential relaxation of these

limits may be realized as B&W obtains operational data and experience with

Oconee 1 and 2.

3.3.3.2. ECCS Considerations

ECCS calculations have resulted in an axial-
dependent kW/ft limit as shown in Figure 3.3-4. (See sectior 3.4.2.2

for further information.)

The maximum operating heat rates are maintained
lower than this limit .y imposing restrictions on certain core operat-
{ng parameters. The maximum allowable heat rate and the maximum ex-

pected heat rate for Oconee ) are compared in Figure 3.3-4.

3-14 Babcock & Wilcox



The dertvatin of the operating restrictions is
fully described in BAW-10C79, which includes consideration of the fol-

lowing operating parameters:

1. Fuel depletion.
2. Control rod position.
3. &Axial power imbalance.
4. Transient xenon.

S. Quadrant power tile.

Appropriate controls will be provide. to ensure that the LOCA heat rate

limits are not exceeded during plant operation.

Fuel densification and associated design limit changes
have required modifications to the technical specifications. The power
peaking margin loss of 2.12 from the DNB analysis, the lower fuel melt-
ing limits, and the additional power spike factor have been compensated
by a 22 reduction in design overpower and by more stringent of fset lim-
its. The revised technical specifications allow operation at 1002
power with assurance that thermal criteria, with all densification ef-
fects included, are not exceeded. The modifications are summarized and

compared with the previous system in Table 3.3-1.

3-15 Babcock & Wilcox



Teble 3 3-1. n,diflcations to Reactor Protection System

_Secpoints and

Design Parameters

Fuel aecit liamrc, kwW/ft

DNB peak'cg macgin penalty, 2
Noe 1nel Leat rate, kW/fe
Overpowes .  of 2568 MWt
Oftset L.eits at rated power
a. Positive orfset

bh. Negatre offset

Trip setpaints ar rated power
a. Pousrcive twbalunce

b. ntepotive JTubalance

Sprke [+ Lo,

Nuc lear ,» -er peak uncertalnty

Previoss
_systems

22.2

5.66
114

+49
-56

+22
-33
None
1.075

Post Feantag Conda vl - LOCA .kU/ft Limit

Modified ayetem

densification

20.15
2.1
5.82
112

+34
-36

+15
-15

1.00 to 1.101
1.075

A series of operating restrictions as gives in BAW-10079 has
been imposed on plant operatiom to limit the peak linear heat
rate to less than the axially dependent LOCA kW/ft limit.
These will be factored into the technical specifications as
was done for the Oconee 1 and 2 applicatica.

3-16
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Figure 3.3-1. Trip Setpoints Vs Axial Isbalance Without
Censification Effects
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3.4. Safety Analysis

3.4.1. General Safety Analysis

3.4.1.1., Introduction

The significant effects of fuel densification
are an increase in maximum fuel temperature and a slight increase in
average heat flux due to shrinkage of the pellet stack length. 1n addi-
tion, spikes in the neutron power can occur due to gaps in the fuel.
These combined effects will lead to a slightly decreased initial DNBR
for the accident calculations presented in the Oconee 3 FSAR. For over-
power transients such as rod withdrawal, the effects are offset by a re~
duction in the overpower trip setpoint. The parameters used in the
analysis are the same as those used in the FSAR analysis. The changes
in fuel geometry and higher fuel temperature will lecad to slightly more
negative values of the moderator and Doppler coefficients; however, to
maintain conservatism the original values vere used. All calculations

were made for BOL conditions.

3.4.1.2. Reactivity Insertion Transients

The rod withdrawal was not recalculated since
for all combinations of parameters, including the simultanecus with-
draval of all rods in the core, the peak thermal power attained during
the transient is always less than the 1121 design thermal power level;
thererore, the 1.3 limit on DNER is maintained for this transient.

The startup of an inactive loop was not consid-
ered in the analysis since the maximum thermal power achieved during the
transient is much less than 1002 and occurs after full flow is reached.
The rod drop acciden:t results in an initial decrease in power which is
followed by a return to 100 power. Since it has been shown previously
that neither the withdrawal nor the drop of a single control element
will perturb the flux shape sufficiently to exceed design conditions at
112%, such occurrences still do not present any thermal problems. The
moderator dilution accident results in reactivity insertion rates that
are very slow, and the accident is terminated by the high pressure trip
well before power reaches the 1121 design thermal power level. There-

fore, the 1.3 limit on DNBR is maintained.

3-21 Babcock & Wilcox



The ejection of the maximum technical specifica-
tion value of rod worth (0.65%) irom the core, considering the effects
of fuel densification, has Leen analyzed. The basic assumptions for the
calculations of the plant parameters are the same as presented in the
Oconee 3 FSAR. Figure 3.4-1 shows the neutrom power fractiom, pressure,
and core average heat flux fraction for the ejection of a 0.652 sk/k
control rod at beginaing cf core life. The meutron power reaches about
7102 prior to inward rod motion which occurs at about 0.6 second after
which the power decays to a value of about 202. The pressure increases
to about 2465 psia due to the increased cnergy transfer to the coolant,
then decreases later oa in the transient. Table 3.4~1 shows the impor-
tunt assumptions for the thermal analysis. Figure 3.4-2 shows the axial
puwer distribution uscd for the thermal analysis. Figure 3.4-3 shows
the fucl and cladding temperature at the point of maximum temperature
Juring the transient. It is seex that the fuel temperature reaches
centerline melting at about 0.8 second after the peak neutron power.

The gap coefficient ised was 669 Stu/h-ft?-"F; this is an effective gap
value chosen to match the TAFY steady-state fuel temperature. Figure
3.4~3 also shows the cladding temperature, clad-to-moderator Leat trans-
fer co ficient and DNB ratio as a function of time. The DNB ratio
reached 1.3 at about 0.4 second after which the maximum cladding temper-
ature reached was 1560F, a value well below the assumed limit of 2300F.
It can be seen from the plot of film coefficient versus time that the
film boiling heat transfer coefficient reaches a low valuve of 450
Btu/h-ft*~*F at about 0.35 second and remains low for several seconds;
however, the clad temperature decreases after about 2.2 seconds due to
the decreased neutron power. A rarameter study was performed to de-
termine tiie percentage of fuel pins that would experience a DNBR less
than or equal to 1.3. It vas determined that for the rod worth analyzed
(0.65% Ak/k), about 28% of the pins would exhibit a DNBR of 1.3 or lower.
The maximur hot spot fuel enthalyy was found to be about 147 cal/gm.

3-22 Babcock & Wilcox




Secondary system accidents resulting in a power

{ncrease occur at or near end of life (EOL) when a highly negative mod-

erator coefficient 2xists. Since more DNB margin exists at EOL, these

recondary accidents, such as a steaa line break, are not expected to

cause thermal limits that are more severe

PSAR. The FSAR analysis of secondary system accidents, such
is vochanged since the

ansients and,

than those preseated in the
as stea: gen~

erator tube ruptures and loss of electric power,
thermal power remains the same or decreases during the tr

therefore, does not increase the potenttal for reaching design limits.

3.4.1.3. Loss of Coolant Flow
The loss-of-coolant flow accident has been ana-

lyzed under initial conditions that represent the most conservative that
can occur in the core with densified fuel. The case considered is a
balanced power peak case with the power spike placed as shown in Figure
3.4~2. The other parameters normally considered in the coastdown calcu-
lations remaln unchanged from the FSAR values. Figure 3.4-4 shows power,
flow, and the calculated core average heat flux fractions for a four-
pump coastdown initiaced from 102XZ. Figure 3.4-5 shows the calculated
DNBR and film coefficient as a function of time. The gap conductunce
used for this calculation was 669 Btu/h-£ft?-°F. The fuel and cladding
temperature is not shown since there was noc increase in these parameters,
because the DNBR for this accident did not go below the criterion value

ot 1.3. It is therefore concluded that no fuel dumage will occur.
An analysis has been performed for the locked

rotor accident with the assumptions presented in Table 3.4-1. The power
distribution was assumed to be a 1.5 cosine with a power spike located

as shown in Figure 3.4-2. Figure 3.4-6 shows the power, flow, and cal-
culated core average heat flux fractions. The pressure wvas a-.ﬁlad to

be constant at 2135 psig. The initial power level for this accident

was 1022 of 2568 MwWr. Trip occurs at about 0.9 second. Figure 3.4-7 shows
the maximum fuel temperature versus time. The fuel temperarture i{s af-
fected very little since the power rises only slightly. Figure 3.4-7
also shows flie maximum cladding temperature and the DNS ratio. It is
seen that the DNBR reaches the criterion value of 1.3 at about 0.9 second
after which the cladding temperature increases to a value of 1390F which
occurs 4.0 seconds after the initiation of the accident.
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3.4.2. LOCA Analysis

3.4.2.1. Introduction

The maximum a'lowable linear heat generation
rate for a typical B&W rodded plant accoumting for fuel densificalion is
established in previous fuel densificatica reports and in BAW-10C79,
"Operaticnal Parameters for B&W Rodded Plants," which forms the basis for
this section of the ireport.

The effectivencss of the emergency core cooling
system (ECCS) for B&W's 177-fuel assembly, vent valve plants during a
postulated LOCA was evaluated as specified in Part 4, Appendix A of
the AEC Interim Policy Statement. Calculations were made by using the
CRAFT computer code during the blowdown period, the REFLOOD code during
the vessel refill portion of the transiemt, and the THETAl-B code for
the fuel rod heatup. The results of these analyses and the general
methods and assumptions used in B&W's evaluation model are reperted in
topical report BAW-10034, Rev 3, and in the respectiv> applicant’s
FoARs. Both analyses were performed without assumed fuel densitication

effects.

3.4.2.2. Effects of Fuel Densificatiun

The LOCA analyses established the 8.57-ft? split
in the cold leg pipe at the pump dishcaige as the break size and lo-
cation resulting in the highest calculated cladding temperature. The
consequences of this design basis accidemt (DBA) with the added restric-
tions imposed by the postulated fuel demsification phenomena have been
investigated. Three of the most influential restrictions are as follows:

1. Power spikes assumed to occur in gaps
between fuel pellets.

2. Increase in the average linear heat rate
due to the assumed reduction in the fuel
pellet stack height.

3. A 25 reduction in B&W's fuel pellet gap
conductance model as specified by the
AEC's preliminary evaluation of the
analytical method.

3-24 Babcock & Wilcox



These restrictions, when incorporated in the
B&W evaluation mcdel, increase the core average fuel temperature at the
start of the LOCA analysis; however, in the earlier analysis (BAW-10034,
Revision 3), for conservative purposes, a higher initial core tempera-
ture was used rather than the value that resulted from fuel densification.
The limiting break size and location does not change due to fuel densi-
fication e.fects.

When the cladding temperature response for the
DBA was calculated, the restrictions due to fuel demsification were
incorporated into B&W's evaluation model, and a maximum linear heat
rate was calculiated for which a peak cladding temperature of 2300F re-
sulted. Initially, the flux shape, resulting from the design power
maneuver for each plant, was used to establish the maximum allowable
heat rate. This transient had the largest peaking factors at any time
{n 1ife. In this analysis, an equivalent radial multiplier was applied
over the entire length of the pin instead of imposing a power spike
only at the location of the peak axial power. This procedure leads tc
a conservative evaluation of the peak cladding temperature.

However, the results presented in the fual den-
sification reports before preparation of the Crystal River 3 report,
wvere calculated by assuming a negative moderator coefficient. Con~-
sistent with the anilyses and method presented in BAW-10075, this report
uses a zero moderator coefficient. The sensitivity of the maximum al-

lowable heat rate (LOCA limit) to this parameter was studied in BAW-
10079, for Oconee 2, which is very similar to Oconee 3, and is presented

in Figure 3.4-8. (For additional information, see BAW-10079, section
2:2:)

To further demonstrate the safe full-power
operation of B&W nuclear plants, the sensitivity of the LCCA limit to
the axia! position of the power peak was alsc investigated ia BAV-10079.
This study utilized a zero moderator coefficient and an axial power
peaking factor of 1.7 at various points from an elevation cf 4 to 10
fee-. This peaking factor was conservative due to operating restric-
tions placed on B&W reactors, which preclude the existence of peaking
factors of this magnitude. For additional conservatism, the most con-

servative dimensions were used to determine the stored energy values
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wsed 1o tie calculatious. The results of this analysis are shown graph-
ically in Figure 3.4-9. The calcul'ations showed that the allowable heat
rate is essentially constart up to the B-foot elevation. Beyond this
elevation, a gradual decrease {s observed owing to the degrage. “eat
transler during the reflcod portion of the LOCA.

The locus of points generated by this analysis
defines the allowable heat rate versus axial position at rated power
for Oconee 2 and ensures that the LOCA criteria specified in the in-
terim policy statement are met.

Calculations conducted for Oconee 3 ensure
that the LOCA limits in Figure 3.4-9 (generated for Oconee 2) are both

adequate and conservative for Oconee 3.

Table 3.4-1 T rmal Data Input for Safety Analysis

Active fuel lenyth, in. 139.9
Fuel pellet dlamerver, in. 0.365
Fuel cladding thicknecsa, in. 0.0265
Gap coefficient, Btu/h-ft2-°F 669
Film coefficient Variable(a)
Hot channel tactors

Overall power factor (Fq) 1.0107

Local heat flux factor (P;) 1.0137

Flow area reduction factor 0.98
Assumed DNB ' 1.30
DNB correlation used w-3
Ecrrors

T - inlet, F +2

Fressure, psi -65

Flux trip setpolnt, ¥ +6.5

(8)after a DNBR of 1.3, the Bishop, Sandburg, Tong
correlations were used for Soth transition and

film boiling.
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Figure 3.4-1. Pressure, Power, and Flux Vs Time for Densified
Fuecl, Rod ",=2ction Accident
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Power and Flow Fraction

Figure 3.4-4.

Power, Flow, and Flux Vs Time for Densi-
fied Fuel, Four-Pump Coastdown
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Figure 3.4-5,
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Figure 3.4-6.

Power, Flow, and Flux Vs Timse for Densified
Fuel, Locked Rotor Accident
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3. 5. Mechanical Analysis of Oconee 3 Fuel

3.5.1. Cladding Collapse

Results

l. Predicted time-to-collapse [

3.5.2, Cladding Stress

Results

Table 3.5-1 lists maximum cladding circumferential stress cal-
culated at various times in life. In no case does stress ex-
ceed yield.

Cumulative fatigue damage after three cycles <0.9.

.3. Fuel Pellet Irradiation Swelling

Results

Circumferential plastic strain is less than 1Z at EOL.

ik

.

LS

%

S“)'. “ - -.'ef;;?*'\

A
]
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Table 3.5-1. Cladding Circumferential Stress
P P Densified Yield Ultinate
ext, int, T Stotal, strength, strength,
Cane peia psaia clad, psi psi psi
Beginning of life—preop-
erational hot standby ~ 2200 460 532 -22,500 48,000 57,000
Ox power 2500 460 532 -27,600 48,000 57,000
Beginning of life-—void
section of cladding — 2200 580 650 -20,800 45,000 $0,000
100X power 2500 589 650 -25,700 45,000 50,000
Beginning of life—void
section of cladding ~ 2200 600 650 -20,500 45,000 50,000
1142 pover 2500 600 650 -25,400 45,000 50,000
T Beginning of 11fe—fueled
’ < section of cladding = 2200 380 72 24,900 42,000 44,000
f 1002 power 2500 580 723 -30,000 42,000 - 44,000
Beginning of life—fueled
section of cladding — 2200 600 733 -25,100 41,500 43,500
114% power 2500 600 733 =30,200 41,500 43,500
End of 1ife—hot standby =~ 2200 460 532 «22,500 48,000 57,000
0% power 2500 460 $32 -27,600 48,000 57,000
End of life— fueled section 2200 580 704 -23,800 43,000 46,000
of cladding—100% power 2500 580 704 -28,900 43,000 46,000
? End of 1ife— fueled section 2200 600 711 -23,900 43,000 46,000
g of cladding — 114% power 2500 600 n1 -28,900 43,000 46,000
End of life— Immediately 2200 460 535 -22,800 48,000 57,000
; after shutdown 2500 460 535 -27,800 48,000 57,000
g End of 1ife, cladding temp
-1 of 425F 1728 400 425 -16,300 50,000 62,500






AFPPENDIX

Design Parameters for Oconee Unit 3
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1. Core Operating Conditions

a. The reactor vessel inlet temperatures are as follows:

Nominal, F Maxioum, F

1002 power 554* 556
1142 power 550.6 $52.6

b. The nominal outlet pressure is 2200* psia, and the minimum out-
let pressure is 2135 psia.

2. Core Design

2.1. Fuel Assembly Information

a. There are 177* fuel assemblies in the core.

b. There are 208* fuel rods per assembly with an outside di-
ameter of 0.430" inch and an inside diameter of 0.377*

inch.

c. There are 16* control rod guide tubes per assembly with
dimensions of 0.530* inch OD » 0.016* inch wall thickness
and one instrument tube per assembly with dimensions of
0.493* inch 0D x 0.441% fnch ID.

d. The fuel rod pitch s 0.568" inch.

2.2, Fuel

a. The undensified active fuel leugth is 144* inches.

b. The active length of the fuel with densificaticn is 139.94
inches.

c. The cladding is Zircaloy-4 (cold worked) with a thickness
of 0.0265 inch.

d. The undensified pellet is 0.370% inch diameter and 0.700
inch long.

.
Unit 3 core 1 is 92.5% of theoretical density (specified).

*values given in the Oconee 3 FSAR.
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Power Distribution

a. The design core radial power map is shown in Figure A-l.
b. The maximum fuel assembly local rod power peaking distzibution is
shown in Figure A-2.
€. The percentage of power generated in the fuel is 97.32%.
i. The percentage of power generated in non-fuel regions is 2.7%%.
4. Fluid Flow
a. Coolant Flows and Mass Velocities:
One
Vent vent
valves valve
closed ~ open
Total reactor vessel coolant flow, 131.32* 132.60
10% 1bw/h
Effective core coolant flow, 106 124.23* 118,52
1bm/h
Average mass velocity at core 2.53 2.41
inlet, 10%lbm/h-fe?
Inlet mass velocity to hot 2.235 2.13
assembly, 10° 1bm/h-fc?
b. The core flow area (effective for heat transfer) is 49.19" £e2,
S. Hot Channel Factorr.
a.

The hot channel factor on averags pin power (F.) is 1.011.* It is
applied on the enthalpy rise for the entire ch:nncl. The hot
channel factor on local surface heat flux (F}) is 1.014.* Thie
value is applied locally on the calculated local surface heat

flux.

Flow area is reduced in the hot channel by a flow area reduction
factor (F,) of 0.98F This value is applied over the entire
length of the channel.

*yalues given in the Oconee 3 FSAR.
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c. Flow is reduced in the hot bundle by a flow maldistribution
factor, which is 951* of the nominal isothermal biadle flow.

d. The energy mixirg coefiicient (a) 1s 0.02*

6. Core Peaking Conditions

The 1.5 cosine, symmetrical axial power shape of the reference design

vas used as a pase case to decermine whether orher axial power shapes in any

wvay magnified the variation in DNBR. A 1.78 radial-local nuclear peak-
ing factor (FAh) associated with a 1.5 cosine axial flux shape establishes
the maxisum design condition resulting in the 1.71 DNBR at 114X of 2568
MWt.

The results indicate that outlet peaks with the spike show an overall
laiger degradation in DNBR than does the densified 1.5 cosine axial power
shape and its associated power spike. B&W utilized a conservative 1.83
(P/P) outlet axial power shape in conjunction with a 1.49 (P/P) radial-
local peak to maintain the reference design DNBR of 1.55 at 114X of
2568 MWt.

This set of peaking conditions maximizes the DNBR penalty associ-
ated with fuel densification and prevents the need to re-evaluate all
DNBR data for the power/imbalance/flow trip system. The penalty de-
termined in this manner vas used to modify the power/imbalance/flow sys—-
tem as indicated in section 3.3.4. The 1.83 (P/F) outlet axial power
shape snown in Figure A-4 is precluded during normal operation as de-
scribed in the tecinical specifications and as such is not a design cri-
terion.

The 1.5 axial power shape, in conjunction with a 1.783 radial
shape peaking combination, is used for transient and accident analyses.
This particular shape resul's in a more conservative DNBER than any other
shape existing during normal operation. This shape is shown in Figure
A-3.

For LOCA analysis, the design basis axial power shape was a
1.816 peaking at a distance of 1.0 feet below the core midplane. This
shape and peak, in conjunction with the calculated radial factor, are
most conservative for the LOCA peak cladding temperature analyeis aad

- - - - -

-
Values given in the Oconee 3 FSAR.
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could occur momentarily during the period of xenon undershoot following

a design basis (100-30-100X" transieant. The peaking factor and the
assucliated radial factor are within the DNBX limiting criteria statement
given in the previous paragraph. The reason is that in LOCA analysis,
the important parameter is peak cladding temperature, whereas for DNER
protection, the important parameter is not oanly heat flux and flux shape,
but also the integration of heat input up the channel and the resultant
enthalpy rise.

The non-densified DNBER at design overpower is 1.55. With densifi-
cation and the spike utilizing the 1.83 axial power shape, the DNBR is
1.48. The reduction in overpower limit given in section 3.3.4 increased
the 1.48 DNER to the design value of 1.55.

7. Heat Flux Conditions

The following data are based on the peaking conditions above so
that a meaningful comparison between non-densified and densified fuel can

be made.

7.1. Non-Densified Conditions

a. The beat transfer surface area per fuel pin 1s 1.3509 ft2.

b. The average heat flux (q:)‘ is 171,470 Btu/h-ft2,

¢. The maximum heat flux at minimum DNBR 1is 457,774 Btu/h-ft2,

[q) (MDNBR) = Gy x 1.55 x 1.49 x 1.14 x 1.014]).

Axial (P/P) at MDNBR = 1.55.

(P/P) radial-local = 1.49,

Max overpower = 114X of 2568 Mwe*.

Hot channel factor on local surface heat flux = 1.014*.

d. The aver;ge pover density in the core is 83.38 kW/liter,
and the average linear heat rate is 5.66 kW/ft.

e. The maximum surfa:.e temperature at the exterior of the
cladding at 100% power is 650F for a pressure of 2135 psia.

*
Values given in the Oconee 3 FSAR.

A=5 Babcock & Wilcox



7.2. Densified Conditions

a. The heat transfer surface area per fuel pin is 1.3128 fe?.
b. The average heat flux is 176,446 Beu/h-fe?,

c. The maximux heat flux at minimss DNBR 1s 483,213 Bru/h-ft?:

lq: (MDNER) = 6: x 1,59 » 1.47 = 1.14 x 1.014].

Axial (P/P) at MDNBR with power spike = 1.59,

(P/P) radisl local = 1.49.

Max overpower = 114X of 2568 lﬂt..

Hot channel factor on local surface heat flux = 1.014"%.

d. Average volumetric power density in the core .s 83.38 ku/
liter, and the average linear heat rate is 5.82 kW/ft. This
assumes that all fuel pins have the densified active length,
which is conservative.

€. The maximum surface temperature at the exterior of the clad-
ding at 100X power is 650F for a pressure of 2135 psia.

.Vcluel given in the Oconee 3 FSAR.
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Figure A-1. Design Radial Power Distribution
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Figure A-2. Maximum Fue) Rod Power Peaks
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Figure A=4, Effects of Denaification on 1,83) (P/F'A Axial Flux Shapa
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