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SAXTON C0kE III

1.0 INTRODUCTION AND sum!ARY

The proposed Saxton Core 111 configuration, similar to previcus cores,
contains 21 fuel assemblies, The central nine consist of seven plutonium

" loose lattice" assemblies to be reconstitute 5 from the Core II assemblies
and two new enriched UO " load-follow" assemblies. The remaining twelve_ 7

outer assemblies will be partially depleted UO assemblies from Saxton Cere
2

1 and Core 11. The increased lattice pitch of the " loose lattice" assemblies,

extends the burnup capability of the zircaloy clad plutonium fuel by taking
advantage of the reactivity increase associated with the increased water
to fuel ratio.

As a possible result of unanticipated delays in reconstituting Core II fuel
into the " loose lattice" assemblies, Core III could ultimately consist of

,

fewer than seven or even no " loose lattice" assemblies, Should this be
--

. . . - - . . _ . .

the case, the basic ground rules and limits on linear power and fuel tem-
perature contained herein, for each type assembly of the above described
core, would be followed in any alternate. This document would be amended
to account for ar,y differences in the ultimate configuration.
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1.1 DESCRIPTION OF PROGRAM

1.1.1 PROGRAM OBJECTIVE

I

The objectives of the Saxton Core III irradiation program are to:
|*

|

1. validate fuel element design code predictions, including determination j
of power /burnup failure limits

i

|

2. demonstrate perfurmance capability of Zircaloy. clad oxide fuel I

elements over a broad spectrum of burnups and power levels; and

3. obtain depletion characteristics and' transuranic isotope generation |

data for high burnup, mixed oxide fuel.

Because the Saxton Core II mixed oxide fuel rods were designed for

relatively low peak burnups (20,000 MWD /MTM) and operation at power
densities < 16 kw/ft, there is a significant risk of failure of certain

{{
of these rods in Core 111. By careful selection and placement of these
rods in the loose lattice assemblies, it is possible to control their
burnup and operating power levels and .thus permit power /burnup limits
to be established while. operating safely and in full compl! nee with the
reactor license Technical Specifications.

1.1.2 SCOPE

The linear power objectives are achieving /pexpected peak kw/ft of 21.2 in
t .s

the " loose lattice" assemblies and 17.6,in the load follow assemblies.''The
corresponding design linear power including a conservative combination

of the design uncertainties are 24.0 kw/ft and 19.9 kw/ft in the two type
assemblies, respectively. These design linear powers are the basis for

the analysis for Core 111 and will be achieved at a' core design power less
than 28 FMt.

i
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As in Core 11 35 MWt operation, the ncminal inlet temperature during full
power operation will be 480'F. The 19.9 kw/ft design-linear power of the
two " load follow" asse;blies is 4% higher than the design value for Core,

II 35 MWt operation. The increased linear power of the rods in the " loose
lattice" assemblics results from the use of dummy rods in alternate rod
positions which reduces the heat addition to a coolant channel and increases
the margin to DNB.

Core III operating conditions have been selected to maintain fuel temperature
below center melt and the minimum DNB ratio greater than 1.3 at the control

and protection system reactor trip setpoint conditions thus prot ecting the
fuel for anticipated transient conditions.

.

(
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l.2 GENERAL PROCEDURES AND OPERATING CONDITIONS

At the beginning of Core III life the power will be increased to reach
an expected peak linear power of 21.2 kw/f t in the " loose lattice" assemblies

_ (N24.7_FNt). The initial power level will be gradually increased to hold
this linear power rating as the local power peaking decreases with burnup.
Initially, the expected peak linear power of the " load follow" assemblies will
be less than 17.6 kw/ft. However, the ratio of peak to average power in the
load follow assemblies burns down slower than that of the " loose lattice"
assemblics. Hence, the expected peak linear power in these assemblies will

t... . i.m ,

increase with burnup to the desired 17.6 kw/ft (s500 EFPH) at which time further
core power increases will be maintained at a rate to hold the 17.6 kw/f t in the

peak " load follow" rods while the power in the " loose lattice" rods will then
decrease.

A peak pellet burnup of approximately 55,000 MWD /MTM can be achieved after

5000,, effective full power hours (EFPH @ 23.5 MWt) operation.
". '-

r-

Load Follow Simulation

The load follow operation will be carried out in a manner which will not
result in a higher peak power in the core than that imposed by the design
limits. In order to simulate Plant Load Follow Operation from a materials
standpoint cycling between approximately 100% and 40% of full power
will be performed.

~ ' ~ ~ ~ ~ ~

~N

The mode of operation will be based on the following:

1. Achieving a minimum of 1000 cycles in Core III.
_

2. Existing operational limitations with regard to power loading and
unloading.

3. Core III lifetime.

(

1,2-1
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1.3 OPERATING CONDITIONS

The fuel and moderator temperature coefficients and kinetic parameters for
Core III are intermediate to those of previous cores. Therefore, Core III
represent 3 no extrapolation from previous operation except for the increased
peak linear power ratings. Operation is restricted to prevent center melt

and to maintain margin to DNB. As in Core II 35 W t operation, the reactor
coolant pump will be operated from the motor-generator set to benefit from ^

the increased pump inertia. The operating pressure for Core III will be
w N

increasedfrom2200psiat(2250 psia)tomorecloselysimulateconditions
~ ' ' '

in current PWR's.

Approximately 50 fuel rods will operate within 10% of the peak linear power
in the seven loose lattice assemblies (design peak linear power 24 kw/f t) '

and approximately 80 fuel rode will operate within 10% of the peak linear power

in the load follow assemblies (design peak linear power 19.9 kw/ft). TheCorQ
mixed oxide fuel rods to be used in the " loose lattice" assemblies were designed
for lower peak _burnups and lower linear power than_they will experience _
in Core III. As a result certain of these rods may fail due to excessive

-

clad strain and internal gas pressute at the high linear power and burnups
to be achieved in Core III. The probable mode of failure will be short
cracks or local blisters having no significant " ballooning" shich could
riistrict coo 1Ent flow or affect adjacent rods. The location of the individual

fuel rods in the " loose lattice" assemblies have been judiciously selected '

to obtain power /burnup combinations favoring the longest fuel lifetimes
and those likely to fail early are located in the center removable
subassembly to permit easy access.

I

i

To supplement daily sampling and periodic operation of the-letdown / charging
system radiation detector in monitoring coolant activity, a modification,

,

has been made utilizing a be,t_a/ gamma counter and a delay loop connected across d~
.-~

1

(

l.3-1
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. .

-the steam generator. This modification will give a continuous and

sensitive indication of gross coolant activity. The arrangement is

described more fully in Appendix A. The estimated response time of
this cystem is 80 seconds which will give early warning of activity
release through defected fuel clad.
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2.0 CORE DESIGN..

2.1 INTRODUCTION

The major objective of the Saxton Loose-Lattice Program is determination of

the performance capability of fuel and clad at specified linear power ratings.
To meet the defined power and burnup objectives, existing Saxton Core 11
zirc-clad plutonium fuel assemblies will be modified to form seven loose-

lattice assemblies for further irradiation in Saxton Core III. Two unir-
radiated, enriched UO "I ad-follow" assemblies together with 12 partially2

depleted U0 assemblies (originally 5.7 w/o U-235) from Saxton Core I and
2

Core II. operation will also be installed in Core III,

2.1.1 BACKGROUND

The Saxton Reactor was designed to investigate areas of interest in the
development of pressurized water reactors. It has an extensive in-core
instrumentation system for measuring outlet temperature, flow rate, and

, "
!pressure drop. In addition, fission detectors and flux wires are used in '

conjunction with analysis to determine nuclear power distributions throughout
,

the core. An extensive experimental follow program was carried out during
f

.

the operation of two previous cores in this reactor.

The detailed infot . tion obtained during the design and operation of these
cores provides the basis for the nuclear design of Saxton Core III.

Saxton Core I
i

Saxton Core I was composed of 21 UO fuel assemblies with an enrichment
2'

of 5.7 w/o U-235. The core operated for a total of 8630 megawatt days and
accumclated a core average burnup of 9700 MWD /MTF.

.

2.1-1
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Saxton Core II

Saxton Core II contained a partial core loading of plutonium fuel. Nine

plutonium fuel assemblies were installed in the center of the core with

12 uranium fuel assemblies installed on the periphery. A series of critical
experiments was carried out using both fuel types before the core was installed
in the Saxton reactor. Included in these measurements were critical config-
urations at a lattice pitch equivalent to that of the loose lattice region
of Saxton Core III.

Extensive hot-tero power measurerents were made at the beginning of life
and periodically during Saxton Core II operation. At power measurements
of various core parameters have also been made periodically and the critical
boron concentration as a function of depletion has been monitored throughout
operation. Comparisons of analysis with experiment show good agreement.

During che course of the operations follow work a number of basic improvements
were also made in the methods of analysis of plutonium fueled system. In

particular, a detailed PDQ-7 depletion calculation was carried out to analyt-,

ically simulate the actual operation of Saxton Core II. These calculations
are experimentally verified by the good agreement between the calculated and

measured critical boron concentrations as a function of core life. The
analytic results from this calculation include a detailed burnup and power
distribution for every plutonium fuel rod. This detailed distribution provided

g the basis for the selection of fuel rods for further irradiation in Saxton
,

Core III. The burnup range and fuel rod population from which rods could
be selected for use in Core III is summarized in Figure 2.1-1.

2.1.2 NUCLEAR DESIGN PRINCIPLE

Saxton Core II operation is scheduled to continue until mid-October 1)68.
At that time, irradiated zircalov "1" pintonium fuel assemblies will be

modified by removing irradiated fuel rods from existing assemblies _and
' reinstalling ' them in seven nb assemblies at a larger pitch and interspersed

'

with water filled rods. The resulting increase in the water-tM fuel ratio

{ provides a significant increase in the reactivity capability of the burned

2.1-2
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plutonium fuel. The increased reactivity capability of the seven loose
lattice assemblies combined with the use of the least burned UO " l I# *

2
Core I and Core II operation and the addition of two unirradiated UO 1 ad

2
follow assemblies provides, in effect, a new core permitting additional
operation. The increased reactivity capability of the fuel combined with
a net reduction in the total amount of fuel installed makes it possible,

'
to achieve a high linear power rating in the loose-lattice fuel at a lower
core thermal power. In addition, since the loose-lattice has more favorable
DNB characteristics than does the tight lattice, higher linear power ratings
can be reached in these assemblies without exceeding the same imposed DNB
limit.

4

I;
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2.2 NUCLEAR CHARACTERISTICS

2.2.1 Analytic Configuration

The analytic configuration used as the basis for the Saxton Core III nuclear

design is shown in Figure 2.2-1.

The loose lattice plutonium fuel region which is made up of seven reconstituted
assemblies is subdivided into zones distinguished by the amount of burnup

.

the rods received during their previous operation in Core II. At intermediate

positions between the loose lattice fuel rods open zircaloy tubes are installed
to provide additional moderator while maintaining the desired flow characteristics.
Three of these intermediate positions in each assembly contain open stainless
steel tubes which are used to attach the fuel assembly nozzle.

The two UO 1 ad follow assemblies are installed on the flats of the center2

nine assemblies (See Fig. 2.2-1) and contain variations in the U-235 enrichment.
,

The purpose of these enrichment variations is to increase the number of
rods that operate near the peak power rating. These two assemblies are

to be interchanged at an intermediate point in core life. To avoid exceeding
an imposed power limit when the assemblies are reversed, the enrichment

patterns are identical. The additional water at positions required for structural
rods in the tight lattice causes an appreciabla increase in local power.
To minimize this local power perturbation the structur^.1 tubes in the load

follow assemblies are sealed from the coolant and contain a solid rod of either
stainless steel or inconel. To improve the power distribution characteristics
of these assemblies five fuel-rod locations contain open zircaloy or stainless
steel tubes to provide additional moderator. In addition, the fuel density and
pellet dimensional variations Section 2.4, are also used to flatten power. Two

stainless steel clad UO r ds with an enrichment of 5.7 W% U-235 are installed2

at specified corners in each assembly (See Figute 2.2-1).

2.2.2 Power Characteristics

Power distributions throughout the expected life of Saxton Core III were
determined using a LEOPARD-PDQ-7 analysis sequence. The calculations show

i

2.2-1.
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that the peak power in both load-follow and loose-lattice assemblies will
decrease with burnup with the loose-lattice rods burning down at a faster
rate than the load-follow rods. Figure 2.2-2 shows the relative change
in power calculated for each fuel type. Therefore, in order to maintain

the peak power rating for as long as possible, the reactor power will be
increased as the peaks burn down. Figure 2.2-3 summarizes the anticipated
power operation and the resulting effect on the peak kw/ft power in each
region. As shown in this figure the peak power is maintained constant for
approximately the first 1500 h urs aperation by increasing the core power
from 24.7 to 25.8 MWt. At that time the peak power in the load follow fuel
has reached its design limit. Thereafter, the core power is increased at
a reduced rate holding the peak power in load follow rods at their design
limit. Because of the difference in burnup rate the power in the loose
lattice rods reduces with increased burnup. At the end of the design life
the core power reaches approximately 26.5 FNt and both load follow and loose

;

lattice rods have operated at the peak power rating for a significant part
of the total operating period. The actual power operation sequence will be
based on power measurements at the beginning of life and periodically during
operation.

,

*

It is apparent from the operr4 ng sequence summarized in Figure 2.2-3 that
the expected values of core power (26.5 FNt), loose-lattice linear

power (21.2 kw/ft), and load-follow linear power (17.6 kw/ft) will not all
~

occur simultaneously at any point during the operation of Saxton Core III.

In addition, a small margin in total core power was included to insure that
the objective liraar power ratings in each region could be reached even

if the local peaking factors were less than those anticipated. Therefore,
the thermal-hydraulic and transient evaluations were made at a reactor power_

level of y yt_ and with the design linear power ratings in each fuel type
i.e. the design values of 24 kw/ft in the loose lattice assemblies and 19.9
kw/ft in the load follow assemblies. The design core and assembly, power
distribution is given in Figure 2.3-1. The power characteristics of the

fuel rods in the loose lattice and load follow assemblies is shown in Figures
2.2-7 and 2.2-8.

i
>

.

l

2.2-2
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2.2.3 LIFETIME CHARACTERISTICS

The lifetime available in Saxton Core III was determined using the LEOPARD-
PDQ-7 analysis sequence and supporting one-dimensional PANDA calculations.

The anticipated boron concentration requirement as a function of lifetime
is summarized in Figure 2.2-4.

2.2.4 REACTIVITY CHARACTERISTICS
.

The reactivity characteristics of Saxton Core III were determined by
means of both one-and two-dimensional calculctions. The analytic procedure
used was ec.:sistent with that producing good agreement between analysis
and experiment in two previous Saxton cores. For purposes of the
transient evaluation, conservative values were used within the range
of parameters listed in Table 2.2-1.

Moderator Temperature Coefficient

The moderator temperature coefficient was determined in a series of one-

dimensional radial PANDA calculations. The calculations were made at the
beginning and end of the expected core life with an appropriate range of
boron concentration. The results are summarized in Figures 2.2-5
and 2.2-6. As shown in these figures the results are within the defined
parameter range.

Doppler Coefficient

Doppler and power coefficient calculations were carried out using one dimensional
radial PANDA calculation. The latest methods for calculating fuel temperature
were used and an effective resonance temperature was determined by multiplying
this calculated temperature by an empirical factor determined from a correlation
of power coefficient data =from previous-Saxton cores. Fuel temperature
variations resulting from differences in power, fuel r. design and fuel

type were included.+

2.2-3

(
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The doppler coefficient is governed primarily by the amount of U-238 present.
However, since Core II also certained a small quantity of Pu-240, the doppler
coefficient in this co:e was slightly more negative than that of Core 1.
Fuel (including both U-238 and Pu-240) will be removed to form the loose

lattice region in Saxton Core III. However, the amount of Pu-240 present
will actually be higher than that initially installed in Core 11 because
of the buildup of this isotope during Core II operation. The end result
is that the doppler and power coefficient as calculated for Core III is

within the range of that determined for Core II.

Control Rod Worth

The worth of control rods in Saxton Core I71 was determined by using PDQ-

7 two-dimensional calculations. A total bank worth of 18.4%Ak/k uns determined
, ._ .__.

which is an intermediate value to that of the two previous cores. The most
reactive stuck rod was calculated to be worth 6.3%ak/k. The bank worth

_

with the maximum worth rod stuck withdrawn is thus 12.1% for Core III as
compared to 11.7% f7r Core II. The worth of boron as a function of
concentration was determined using one dimensional PANDA calculations..

The results are summarized in Figure 2.2-9.

Steam Break Calculations

Adequate boron concentration will be maintained during Core III
lifetime to insure at least a 1% shutdown by rods for the worst
possible primary system cooldown that could result from a steam " *f

:s

break. Eence the core will not return to critical as a result of
this accident. Detailed calculations were performed to determine the

minimum allowable boron concentration versus core lifetime. Table 2.2-2
lists the installed reactivity - for various Saxton Core III conditions
and specifies the minimum boron requirement to prevent return to
critical as a result of a steam break cooldown.

Conclusions

The calculated response of Saxton Core III is intermediate to that of two
; previous cbres. It represents no extrapolation from previous operation except

for the higher linear power ratings. Even then, this higher linear power is
reached at a lower total core power J MWt) than that reached in Saxton Core II
(32 MWt). 2.2-4

- - _ _ _ _ _ - - - _ _ _ _
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TABLE 2.2-1

SIM1ARY OF SAXTON REACTOR PHYSICS FARAMETERS
'

.

Parameter Core 1 Core II - Core III L

.# p

*~' Delayed Neutron
|

Fraction, 8 0.0063 0.0049 0.004977
-5 -5Prompt Neutron Life 1.6 x 10 see 1.15 x 10 sec 1.5 x 10-5 ,ec (
-5 -5 -5Doppler Coefficients -1.6 x 10 Ak/k'F -1.25 x 10 Ak/k*F -1.6 x 10 A /k'F i

-5
-0.4 x 10 k/k/*F -1.0 x 10- Ak/k/*F -0.4 x 10~ Ak/k/*F

Moderator Temperature Coefficient
Beginning of Life

_4 _4 _4at 80*F +1.0 x 10 Ak/k/*F Borated +0.3 x 10 ok/k/*F +1.0 x 10 Ak/k/*F,

-4 B rated
.

'

_4-1.0 x 10 Ak/k/*F Rodded -0.5 x 10 Ak/k/*F
Rodded

at hot operating conditions * -5.3 x 10[ Ak/k/*F Borated -2.7 x 10~ Ak/k/*F (1000 ppm) -1.0 x 10~ Ak/k/*F (BOL)j -2.0 x 10 Ak/k/*F Rodded

End of Life at Hot Conditions -4.6 x 10 ' Ak/k/*F -4.1 x 10- Ak/k/*F -4.6 x 10- Ak/k/*F f

-

Pressure Coefficient
,

-6 -6 -6at 80*F -1.0 x 10 to +2.7 x 10 -1.0 x 10 Ak/k/ psi to:
i

-6Ak/k/ psi 2.7 x 10 Ak/k/ psi
-6 -6

~

at Hot Conditions
5.1x10~gk/k/ psi1.9 x 10 to +3.5 x 10 Ak/k/ psi (1000 ppm) 1.9 x 10 k/k/ psi to

-6Ak/k/ psi 5.1 x 10 Ak/k/ psi,

I * The moderator temperature was 530*F for Core I operatinn. This value was also used in Core II design analysis. t

4

4

1
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TAB 17. 2.2-1 (CONT'D)

SUMMARY OF SAXTON REACTOR M*YSICS PARAMETERS

Parameter Core I Core II Core III

Vold Coefficients -0.16 to +0.08% Ak/k/%at 80*F -0.16 to +0.08% Ak/k/% Void
Void

-0.39 to -0.14% Ak/k/% void -0.27% Ak/k/% void -0.39 to -0.14% Ak/k/%
hot operating Void

Control Rod Worths
16.9% Ak/k 16.9% Ak/k

All Rods

Banks worth with most Reactive kod Stuck 11.7% Ak/k 11.7% ak/k

!

.

- s.---m- -. , - , - - - - , - ,
- - ,, , , , , _ _ , _ , ,
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TABLE 2.2-2

INSTALLED REACTIVITY AND MINDf0M BORON REQUIREMENTS FOR CORE III

Core Condition Installed Worth of Uncontrc 11ed Maximum Reactivity Minimum Boron
Reactivity Control Reactivity Addition on Concentration

% SK/K Bank With K = 0.99 Cooldown* Requirement for:effRod Stuck % AK/Kg gjg
% AK/K Stuck Rod Stuck Rod

Steam Break

I '

Ilot Zero Power (BOL) 14.8 12.1 3.7 1.7 (600 ppm) 340 500

Hot Full Power (BOL)
Equi Xe 10.6 12.1 -0.5 3.2 (600 ppm) 0 less than

above
Hot Zero Power

4.85000 ifrs (EOL) 12.1 -6.3 2.2 (300 ppm) 0 0

Hot Zero Power
;

5000 Hrs (EOL)
4.8 12.1 -6.3 3.4 (0 ppm) 0 0

! I
I

!

!

This represents the maximum reactivity addition achieved in cooling from hot~'*

|
operating conditions to 212*F or to the temperature at which the moderator

i temperature coefficient changes from negative to positive whichever results in
the greatest insertion.

.

.
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2.3 THERMAL-HYDRAULIC DESIGN

2.3.1 CENERAL

A detailed evaulation of the thermal and hydrau;ic characteristics of the pronosed
Saxton Core III configuration has been conducted. The thermal and hydraulic
margins have been identified. It has been demonstt:ted that sufficient margins
exist such that safety limits as defined below, are t.ot exceeded during steady
state operation and reactor transients.

The maximum fuel temperatures have been conservati>ely est(mated for both
the highest power Inad follow fuel rod and highest power los se lattice fuel
rod. At no time during reactor operation will center melting occur in the
core.

Extensive calculations have been performed to investigate tue hydt vulic

conditions to be expected during the Saxton Core III operation. The mi,nicum
DSBratiowithinthecorewglbegreaterthan1.30. At the maximum reactor

_

control set point conditions adequate design margins were employed for the
evaluation of the DNB ratio. The reactor system pressure and inlet coo'aant

temperature have been conservatively selected to preclude the possibility
of any adverse thermal and hydraulic conditions occuring within tue core.

2.3.2 THERMAL-AND HYDRAULIC DESIGN CRITERIA

To assess the acceptability of the Saxton Core III operating conditions,
several thermal and hydraulic criteria must be met. The design criteria
and design methods which were imposed and employed were the same as used
in the analysis of Core II 35 MWT operation. They include:

\

(1) A DNB ratio for all fuel rod channels of greater than 1.30 at the
reactor' limiting control set point conditions. (See page 3.1-2).
(2) Center melting of the fuel is not permitted during normal steady state
operation or anticipated transient conditions.

\ .

2.3-1
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Evaluations were conducted primarily at the upper core protection limits
employing the concept of hot channel factors. The results are. therefore, j

'felt to be conservative. There exists a high degree of assurrance that

actual conditions will not be nearly as severe as predicted in this analysis.

! 2.3.3 THEIO!A1. AND HYDRAULIC ANALYSIS

.

i

The best estimate radial assembly poelt distribution which was employed i

for this Saxton Core III analysis is shown in Figure 2.3-1. This core configuration
consists of seven loose lattice assemblies and two load follow assemblies.
In Figure 2.3-2 the detailed rod by rod power values presented for the assemblics
D-3 and E-3. These two assemblies contain the peak fuel rods of both the
loose lattice rod and load follow rod types. In the analyses for these
assemblies an 8% nuclear uncertainty factor was applied.

(1) Hot Channel Factors

The total hot channel factors for heat flux and enthalpy rise are defined
as the maximum-to-core average ratio of these quantities. The heat flux

|

factors consider the local maximum at a point (the " hot spot"), and the
enthalpy rise factors involve the maxiuum integrated value along a channel

| (the " hot channel").

Each of the total hot channel factors is the product of a nuclear hot channel
factor describing the neutron flux distribution and an engineering hot channel
factor to allow for. variations from design conditions. The engineerit.g
hot channel factors account for the effects of flow conditions and fabrication

,

tolerances and are made up of pubfactors accounting for the influence of
the variations of fuel pellet diameter, density, and enrichment; fuel rod
diameter; pitch and beving; inlet flow distribution; flow redistribution;
and flow mixing.

F

i

L

2.3-2

,
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(a) Engineering Hot Channel Factors,

The engineering hot channel factors are essentia Hy identical to those
I) used in the evaluation of Saxton 35 W t operation. The heat flux

E Eengineering hot channel factor, T , remains 1.045 and the r is redt":ed
q g

to 1.12 due to the benefit of coolant mixing obtained by the use of
U)the THINC code Table 2.3-1 is a tabulation of the design engineering i, .

ihot channel factors. '

i

(2) Departure From Nucleate Boiling )
,

The evaluation of the Saxton Core III, DNB conditions have been made using
the W-3 correlations (2') The W-3 DNB design minimum value of 1.30 has been.

choosen statistically to insure a 95% probability that DNB will not eccur
with a confidence level of 95%. For fuel channels adjacent to the assembly
enclosure, the prescence of the unheated wall effects the amount and degre'e'

of coolant mixing inside the channel. The effect of the unheated wall on

the DNB ratio has been considered (modified W-3 correlation used)I3) in
the design analysis using experimental data.

,

i (3) Thermal and Hydraulic Design Paramenters

Tabic 2.3-2 presents the thermal and hydraulic characteristics for operation
,

of Core III at its peak power level' of 28 5'T. Shown are the thermal and
hydraulic characteristics for both the most thermal limiting loose lattice
type fuel rod and load follow fuel rod. These parameters have been calculated.

using the nuclear radial power distribution and hot channel factors previously
presented.

(1) Chelemer, H. , Weisman, J. , Tont . L.S. "Subchannel Thermal Analysis of '
Rod Bundle Coret". WCAP-7015, January 1967.

(2) L.S. Tong. " Prediction of Departure from Nucleate Boiling for an
Axially Non-Uniform lleat Flux Distribution", J. - of Nuc. Energy Vol. 21- '

pp 2411-248, (1967).

(3) L.S. Tung, et.al., " Critical Heat Flux on'a Heater Rod on the Center
of Smooth and Rough Squares Sleeves, and in Line Contact with an Unheated
Wall". ASME 67-WA/HT-29 (1967).,

2.3-3
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2.3.4 THERMAL ANALYSIS OT FUEL R0_D

The characteristics of the two basic types of fuel rods which will be
exposed to the highest thermal conditions during Core 111 operation have
been established. The power and burnup history which were employed for
Core 111 operation are snown in Figure 2.2-3. The thermal conditions
and characteristics are summarized in Table 2.3-2 with the temperature
estimates beiag provided below.

Tuel Central Temperature
7=-

The maximum fuel central temperatures for the core at the destgn power level
,

of 28 HVL has been estimated to be 4540'r for the loose lattice rods and
,

4650'T for the load follow rods. At the maximum overpower condition of
112% power (31.4 MWt) a maximum central temperature of 4880*r is predicted

_

for the loose lattice assemblies. This is approximately 120',F below fedi@ 50U

the fuel melting temperature predicted for this mixed oxide fuel. At
this 112% overpower condition, the highest power load follow fuel rod
(22.2 kw/f t) is expected to have a maximam central temperature of 4900'F.
This is also below the melting temperature for UO at the equivalent fuel

2
burnup.

Fuel Clad Temperature

At the design full power condition of 28 MWt about 150 of the loose lattice
fuel rods (60% of total loose lattice rods) can be expected to operate
with a mean cladding temperature at some point on the fuel rod greater
than 700'F. All of the 134 load follow fuel rot s are expected to operate

u

with some small fraction of their cladding temperature greater than 700*F,
at the maximum 28 MWt reactor operating power level. At the design basis
power condition (all of the uncertainties in the power calculation considered
to be maximum at the same time) the mean cladding temperature at the peak
loose lattice powz? condition (24 kv/ft) would be approximately 725'r.
At the comparable load follow condition (power of 19.9 kw/ft) the maximum
mean cladding temperature would be 720*F.

2.3-4
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TABLE 2.3-1

Engineering Hot Channel Factors

)
Pellet Diameter, Density !

'

F Enrichment, at.d Tccentricity ) 1.045
9

Rod Diameter, (Pitch und Bowing).
t

Pellet Diameter, Density \
Enrichment 1.08

Rod Diameter, Pitch and Bowing j,

F Inlet Flow Ha1 distribution 1.07AH

Flow Redistribution 1.02

Flow Hixing j .95*

Resulting F 1.1233

* To the point of Minimum DNB ratio
_ _ _

.

J

$

*
, _ _ _ _ _ _ _ _ _ _ _ - -
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TABl.F. 2.3-2

Thermal and liydraulie Design Parameters

'
Total Core

i

Total Heat Output 28.0 MWt
6" Total lleat Output 95.56 x 10 Btu /hr

Heat Generated in Fuel 97.4%

System Pressure - Nominal 2250 psia
System Pressure - Minimum - Steady State 2200 psia

6Total Flow Rate * 3.21 x 10 lb/hr
6Effective Flow Rate for Heat Transfer 2.73 x 10 lb/hr

Flow area for Heat Transfer Flow (unit cell) ' 2.2 ft
Average Velocity Along Fuel Rods 6,83 ft/sec

Coolant Temperatures,

Nominal Inlet 480 F
Maximum inlet Including Instrument

Errors and Deadband 485 F
Average Rise in Vessel 26.0 F
Average Rise in Core 30.5 F
Average in Vessel 493.0 F
Average in Coro 495.2 F

Heat Transfer

;

Active Heat Transfer Surface' Area
,

2of Fuel Rods 376.2 ft
Average Heat Flux 220,400 Btu /hr-ft
Average Thermal Output 6.62 kw/ft
Maximum Clad Surface Temperature

at Nominal Prestiure 657.4 F
,

* At 63 cycles.

__ .__
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7ABLE 2.3-2 (Cont'd)

Loose Load
Lattice Follow
Assembly Assembly

Center Core Renton UO -PUO 002 3 2

NatFluxHotChannelFactorF 3.65 3.01q

F'C Nuclear Radial Factor 2.62 2.10
F Enthalpy Rise Hot Channel Fartor 2.94 2.353g

Ff Nuclear Axial Factor 1.33 1.38

Nominal outlet Enthalpy Hot Channel 528.3 Bcu/lb $40.9 Btu /lb
Saturation Enthalpy at Minimum

Steady State Pressure 695.0 Btu /lb 695.0 Btu /lb
Maximum Heat-Flux 799,800 Btu /hr-ft 662,300 BLu/hr-ft 2

Maximum Thermal Output 24.0 kw/ft 19.9 kw/ft
W-3 DNB Ratio at 100% Power

Nominal Conditions 2.0 1.75

,

II

h

. . . _ .
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TOTAL CORE POWER = 28 Mk'T

FUEL ROD POWER = 24.79 mkt (AVG. EW/FT = 6.62)

FOLLOWERS AND ELEMENT ROD P0k'ER = 11.5% OF TOTAL

POWER GENERATED IN FUEL = 97.4%

ASSEMBLY POWER IS NORMALIZED TO CORE AVG. = 6.62 KW/FT
6

ASSDiBLY FLOW IS NORMALIZED TO CORE AVG. = 1.23 x 10 LB/HR-FT

B C D E F

| | |

R REGULAR 1

PWR = .57 + PWR = .63 \_)PWR = .58 - - -- - -
s

FLOW = .9998 FLOW = .9997 FLOW = .9998
<

|t
- 9 >I s w a.

,r , rr ,r
f

'

REGULAR LOOSE LATTICE' ' 00SE LATTICE LOOSE LATTICE' REGULAR,

PWR = .56 PWR = 1.68 IWR = 1.91 PWR = 1.76 PWR = .59
2- -m

' * ~

FLOW = .9996 FLOW = 1.0009
~

FLOW = 1.0007 FLOW = 1.0006 FLOW = .9995

'

(7"*" siew w
. s w w

r 1' ) I T'.r 1 I '# '

r f

REGULAR LOAD FOLLOW LOOSE LATTICE LOAD FOLLOW REGULAR

PWR = .80 PWR = 1.73 ; PWR = 2.33 ; PWR = 1,74 [PWR = .74 -3- ,

FLOW = .9996 FLOW = .9996 FLOW = 1.0005 FLOW = .9287 FLOW = .9992
e '

w _ >> J'3 1, e n '
-

i - It r r F 'Ir
'

REGULAR LOOSE LATTICE' LOOSE LATTICE LOOSE LATTICE REGULAR

PWR = .58 PWR = 1.62 PWR = 2.02 PWR = 1.70 PWR = .64 t ,,. 4 ,- -,
a

,

FLOW = 1.0696 FLOW = 1.0011 FLOW = 1.0009 FLOW = 1.0007 TLOW = .9999
'

. w 11 L n
71, '

r
REGULAR REGULAR ' REGULAR

PWR = .56 PWR = .71 [PWR= .54 5

FLOW = 1.0001 FLOW = .9996 TLOW = .9996

. . , w ,

e

THERMAL HYDRAULIC ANALYSIS - ASSEMBLYWISE
POWER AND COOLANT FLOW DISTRIBUTIOF

Fig. 2.3-1
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BIOT ESTIt'Ja'E 1."J21EJJ1 FJiDIAL IGIt FACTORS It!

TiliM%LLY C0!iTh0LLI!;G CORE III ACSCTLIL3

(Norcalized to core averace of 6.62 )
.--

(Valueo do not include 1.03 uncertainity factor)

2.30 2.41 2.38 2.3h
a

2.25 2.35 2.38 2.35 2.35

2.30 2.39 2.39 2.35
-

i

2.18 2.36 2.29 2.40 2.38

- ?.20 2.27 2.3C 2.4C MCTED PM
!\ IN/FT = 21.2
l

2.30 g2.27 2.40 2.38

2.0 2.31 2.30 2.34

2.11 2.24 2.34 2.35

2.4h 2.4(
l -1

ASSDSLY D-3 IDOSE IATTICE

1.8 1.55 1.5 1.12

1.06 1.92 1.92 1.88 1.841.81 1,38

1.92 1.89 1.90 1.76 1.6$1.36

1.92 1,82 1.9] 1.91 1.841.61 1.581.40
/

- 1.90 1.80 1.86 1.821.56 1.60 EXPECTED PEAY

}N/FT = 17.6
1.901.90 1.82 1 .81 1.90 1.8:,1.60 1.56 1.40

1.91 1.91 1.91 1.89 1.76 1.6:.1.38

\ /1. 9 I. 1.92 1.91 1.91 1.841.77 1.41

%/1.56 1.92 1.82 1.75
fl_ .1.891.83 .43

1.42-
L_. .

I Figure 2 3-2--

-

AESDELY E-3 ICAD FOLLOW

. . . . . .
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2.4 _ MECHANICAL DESIGN

2.4.1 CORE LOADING

The 21 main fuel assemblies (9 x 9 rod array) in Saxton Core 111 will

be made up of seven loose lattice assemblics, two load follow assemblies,
and tselve UO assemblies from Cores I and II.2

The seven loose lattice assemblies will consist of six 36-rod assemblies
and one 32-rod assembly to accommodate a four rod removable sub-assembly.
The rods in the loose lattice assemblies will be composed of irradiated
rods removed from Core 11 assemblies and loaded into new assemblies containing
Zircaloy tubes which operate filled with coolant at every other rod position.

L, u 'M.a ni s 5 MA:
The two load folicw assemblies will contain 62 removable fuel rods with
design variations in fuei pellet diameter and density. These rods are
installed at the same pitch as previous 72 rod assemblics. All nine assemblies

(sevet. loose lattice and two load follow) in the center of the core will
have removabic top nozzles.

As with the present core in Saxton, two- rod positions in each of the main

fuel assemblies in Core III will be used for either in-core instrumentation,
source rods, or removable fuel rods, depending on the location of the
fuel assembly in the core. In addition, the'special L-chaped assemblies
presently installed in corner slots in the peripheral fuel assemblies
will be reused with the fuel assemblies in Core III.

The remaining fuel loading will concist of six control rod followers presently
in the reactor, four removable 3 x 3 type fuel sub-assemblies in_the peripheral
UO fuel assemblies and the special L-shaped assemblies at present iny

the peripheral slot positions.

A breakdown of the number of plutonium and UO fuel assemblies in Core
2

111 is given in Table 2.4-1.

I

2.4-1

_
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TABLE 2.4-1

FUEL ASSDiBLIES IN CORE III
_

| Number of Assemblies

72-Rod 63-Rod 36-Rod 32-Rod

Loose lattice assemblies, mixed oxide 6 1- -

Load follow assemblies U0 2 - - -

2

Cores I and 11 U0 assemblies 8 4 - -

2

2.4.2 FUEL ASSEMBLY DESIGN
<

1. Overall Construction

>

The construction of the fuel assemblies remains essentially the same as
for Cores 1 and 11 except that the top nozzles of the 9 center assemblies
are removable. No change has been made in the overall dimensions of
the fuel assemblies. The fuel rod pitch and cross section of the

peripheral 12 assemblies remains identical to that shown on Fig. 203.1
of the original Saxton Final Safeguards Report.

2. Removable Top Nozzles

As discussed previously, the center nine assemblies dif fer from previous
assemblies in that the top nozzle is removable. - Euch removable top
nozzle is fastened to the assembly by three stainless steel tie rods
and held by captive nuts with integral . locking- cup washers.

The tie rods consist of Type a]4 stainles.s steel tubing, .391 inch
diameter by .015 inch wall thickness and Type 304 stainless steel
special end plugs. The bottom end plug of each tie rod is welded
into the bottom nozzle and the rod passes through the grids as
a normal fuel rod. The top end plug contains two square sections
with a threaded section at the lead end. The threaded section protrudes

2.4-2
,
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through the top nozzle and the captive nuts are installed and torque
loaded to 75 in-lbs. One of the square sections fits into the nozzle

end plate and prevents rotation under torquing. The other square
section shoulders on the nozzle end plate thus fixing the fuel

assembly overall length and preventing overloading the

enclosure.
.

The top of the enclosure assembly has a specially prepared rednforceo
edge which fits into, and is held by, the top nozzle plate. Euch

enclosure assembly and top nozzle is a matched pair to ensure proper
alignment. The fuel assemblies, with top and bottom nozzles, are
depicted in Figure 2.4-1,

3. Load Follow Assemblies

These two assemblies are of similar construction and cross-section
as the previous Core 11 assemblies except for the removable top
nozzle. The assemblias contain 62 removable fuel rods of various
types. The rods in these assemblies are held at the regular Saxton
nominal pitch of .580 inches. The cross-section of these assembles
and positions of each type of rod are shown in Figure 2,4-1 Four

of the load follow tie rods (1wo per assembly) will be filled with
inconel and t,'o of the tie rods (one per asse:bly) will be filled
with stainless steel to minimize local power perturbations at the
boundary between the load follow and loose lattice assemblies. The

load follow tie rods are depicted in Figure 2.4-2. Five fuel rod
locations in each assembly will contain stainless steel or zircaloy
tubes open to the coolant.

4. Loose Lattice Assemblies

The 7 loose lattice assemblies consist of four 36 rod Type "A",
two 36 rod type "B" and one 32 rod assembly.

s

2.4-3
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The 32 rod assembly is similar to the type "A" assembly except that
it contains a 3 x 3 removable sub-assenbly with 4 fuel rods on th-
loose lattice pitch. This sub-assembly will contain rods with the
highest burnups in the core.

The only difference between Type "A" and Type "B" loose lattice

, assemblies is that the position of the irradiated rods and dummy
rods are reversed to maintain uniform loose lattice pitch across
the core. This means that the position of the tie rods holding
the top nozzle is also changed, but otherwise the tie rods are identical.

The loose lattice tie rods will be open to the primary coolant permitting
a ready entry and exit of water via two 1/16 inch diameter holes

near the bottom of the clad and two 1/8 inch diameter holes near
the top of the cladding. The loose lattice tie rods are shown in
Figure 2.4-3.

The loose lattice r'.sem> lies are the same as the load follow assemblies
in construction Ir.; the fuel rod effective pitch is increased. The

assemblies will contain previously irradiated rods in every other
rod position of the Core III assembl1es on a staggered pitch producing

_,

an effective fuel rod pitch equal to| 2 times the previous pitch,
'

i.e., .820 inches.

The remaining rod positions will be occupied by tubes fabricated
from Zircaloy fuel cladding and containing primary coolant. The
cross section of these assemblies is shown on Figure 2.4-1.

2.4.3 FUEL ROD DESIGN

1. Loose Lattice Fuel Rods
.

These fuel rods, which are described in the Saxton Core II Plutonium

Project Safeguards Report, will be selected from previously irradiated
plutonium rods removed from Core II fuel assemblies. Figure 2.4-4

.

2.4-4
s
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depicts a typical plutonium rod. The rods will be inspected prior
to being loaded into the new assemblies,

Accept ance_ Cr.' t erpa.

The general basis for acceptance of irradiated Pu0 -UO r de
2 2

will be satisfactory performance of a rod in Core 11 and an
absence of anomalous conditions as determined by visual and
dimensional inspections at the time ~of reconstitution. Leak
testing of the rods will serve as a further check on fuel
rod integrity. Rods with cracks, blisters, or collapse in tre
unsupyorted area of the plenum will not be loaded into loose
lattic, issemblies.

b. Water Rods

The water rods are basically dummy fuel rods which are utilized

in the alternate fuel assembly lattice positions to provide
the desired flow characteristics. These rods shown on Figure,

2.4-5 are fabricated from Zircaloy-4 cladding (nominally .391
inch diameter by .023 inch wall) and fitted with plain end
plugs. Each rod has two 1/8 inch diameter holes at the bottom
and two 1/16 inch diameter holes at the top of the cladding
to allow the flow of primary coolant through the rods.

2. Load Follow Fuel Rods

%

These are all new rods of the ptlletized UO type. All of the rods
2

have the same overall dimensions and are ~ removable. There are 124
rods in the two assemblies. The rods are made up of one of three
enrichmentst 5.7, 9.5, and 12.5 w/o U-235, for power ' distribution,

control. The other main variables aret (a) pellet densities of

89.5 to 94.5 percent theoretical; (b) fuel rod internal atmospheret-

-2.4-5
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. .

(c) nominal pellet to clad gaps of 5.5 to 9.5 mils.(I}
,

The majority of the rt ds are clad (0123 inch wall) with cold worked
and stress relieved Zircaloy-4' tubing. A small number of rods are
f abricated f rom annealed Zircaloy-4 tubing. Sixteen rods are
clad with stainless tubing, Type 304, with a 0.015 inch wall.

.

(1)WCAP- 7219, Addendum to Saxton Core III License Application (Westinghouse
Confidential), July 1968

a

2.4-6
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I 2.5 FUEL PERF0PMANCE EVALUATIOF

<

2.5.1 BACKCROUND

The ,, x ives of the Saxton Core 111 1rradiation program are to:

1. validate fuel element performance predictions, including determination
of power /burnup failure limits;

2. demonstrate performance capability of Zircaloy clad oxide fuel
elements over a broad spectrum of burnups and power levels; and

3. obtain depletion characteristics and transuranic isotope generation
data for high burnup, mixed oxide fuel,

s

Because the Savton Core il mixed oxide fuel rods were desigred for
relativel- 'ow :>eak burnups (20,000 MWD /MTF) and operation at power,

'

densities 1 15 kw/ft, there is a significant risk of failure of certain
of these reds in Core III. By careful selection and placement of these
rods in the loose lattice assemblies, it is possible to control their
burnup and operating power levels and thus permit power /burnup limits
to be established while operating safely and in full compliance with the
reactor license Technical Specifications.

It is planned to operate the lead rode in Saxton Core III loose lattice-

at a peak expected linear power rating of 21.2 kw/ft. Design analyses
predict clad strains and internal gas pres %sures which exceed design limits
early in Core III if rods with highest prior burnup are operated within
10% of the peak power. Therefore, it is necessary to restrict the highest
power rods in Core III to those of relatively low prior burnup (1 18,000
MWD /MTF). - Similarly, the high burnup rods will be limited to operation
at lower power ratings in order to achieve acceptable lifetimes. The high
burnup rods which are likely to fail first will be located in the center
removcble subassembly to permit easy access when removal of these
rods becomes necessary.

,

.

2.5-1
J
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2.5.2 EXPECTED FUEL PERFORMANCE OF SAXTON CORE III RODS

The operation of all rods in Saxton Core III has been analyzed and the
results compared with the following PRR fuel element design criteria:

1. Cladding straies less than 1%.

2. Internal pressure less than external (system) pressure.
3. Clad stresses less than 0.2% yield strength at operating conditions.
4. No center melting of fuel *Cr -

5. DNB ratio of at least 1.3.
The latter two limits are considered in Section 2.3 of this document.

Table 2.5-1 summarizes the projected power-burnup combinations for all rods

to be irradiated in the center nine assemblies of Saxton Core III. It includes

both beginning-of-life and end-of-life burnups at well as peak power densities
expected for fuel rods in the seven loose lattice assemblies. The table
also shows the predicted peak power and burnup for the rods in the two load
follow assemblies.

.

The analysis of expected fuel performance is based on current design procedures
and material properties data. Among the uncertainties considered in the
hot channel interpretation of the code predictions were the nuclear and

engineering factors, Core II power history, projected Core III power levels,
and the dimensional uncertainties (diametral gap, fuel density and plenum
size). The fuel rod performanse was generally analyzed on a "most probable"
basis; however, the studies also evaluated the effect of " worst combinations"
of dimensions, and projected power history.

Analysis of the-four rods to be located in the center removatle subassembly
indicates a high proba ility of failures early in Core III hacause of large.

expec:ed cladding strains (> 2%) relative to the 1% strain utrign criterion and
high internal gas pressure. Any failures in these rods would provide.a
better indication of performance capabilities of other -rods in the experiment,
i.e., help predict when failures are likely to occur and confirm the mode
of failures. The-design codes also predict failures in some of the loose

s 2.5-2
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lattice rods outside the subassembly due to excessive internal pressure
at maderately high burnups. However, such failures are expected to_be statistical,
i.e., will not all occur at one time, because of the broad spectrum of burnups
and power levels represented and statistical variations in diametral gaps,
Jensities, etc. Irradiation of these rods will continue as long as operation
is judged safe and technical specification requirements are met.

Previous observations of high power CVTR and Saxton tcat rods indicate that -
failures will occur as either:

1. short circumferential cracks associated v.tth clad ridging at pellet
interfaces, or

2. local clad blistering with short, randomly oriented cracks.

In either case, cladding strains will be small with no significant " ballooning."
thus, any such failures will not restrict coo!-r. flow or have significant
effects on adjacent fuel rods. In addition, evidence to date on defected

rods shows that the cracks will not propagate to produce catastrophic fuel
rod failures. Furthermore, the nature of the defects-(short ruptures) would
limit the activity release and thus permit continued operation of the reactor
with a jggnit_ed number of failed rods. To further assess the effects of
cladding strain, thermal-hydraulic analyses of the flow blockage taquired
to reduce the steady-state DNBR to the lower limit of 1.3 have been performed -

i for the loose lattice fuel assemblies, since inte_ntional_ operation to failure
__ _ .

is planned for this type of fuel. Figure 2.5-1 summarizes ._these results

and indicates that diametral strains would have to be (>35%). It-is concluded
that loose lattice cladding failures are unlikely to result .n violationi

of the DNBR design limit of 1.3, since cladding strains in failed rods
B

are generally found to be|small (<5%) compared to the~18-35% values; required.II)_

, Further experimental evidence supporting _this conclusion is obtained from
f

out-of-pile elevated temperature burst tests of unirradiated Zircaloy tubing

_

g (1) WCAP-3850-1,-Oer-ber 1967

2.5-3
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in which failure strains in the range 10-19% have been observed ( '
,

Failure strains measured in elevate, temperature burst tests of irradiated

Zircaloy tubing samples t- also generally ranged from 5-207,(4)e ,

In su= mary, the Saxton Core III 1rradiation testing is expected to provide

valuable information in the validation of fuel element design procedures;

4 although failures are expected in certain rods of the loose lattice assemblies,

all requirements of the reactor Technical Specifications will be met.
-

__ ..- _ ~
- - -

_

9-

4

,

-(2) WCAP-3850-2, March 1968
(3) WCAP-7163, January 1968
(4) WCAP-3850-3, to be published

i

2.5-4
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1

TABLE 2.5-1,

.

SLTiARY OF POWER RATINGS AND BURNUPS EXPECTED

FOR SAXTON CORE III

Nominal Peak Peak Peak
Group Linear Heat No. of Initial Burnup, Expected'EOL Burnup,

No. Rating, kw/ft Rods E")h1TF E'Dh!TF

LL-1* 20 4 ' 32,000 55,000
LL-2 21.2-18.7 47 16,000-19,000 39,000-45,000
LL-3 18.7-16.3 43 19,000-21,000 39,000-44,000
LL-4 17.4-34.3 58 21,000-23,000 38,000-44,000
LL-5 14.3-10.6 78 23,000-27,000 36,000-44,000
LL-6 10.6-8,5 20 27,000-32,000 36,000-45,000

LF-1 17.6-15.8 80 0 15,000-21,000**
LF-2 15.8-14,1 26 0 16,800-19,000**

! LF-3 14,1-12,3 12 0 14,700-16,800**
LF-4 12.3-8.8 6 0 30,500-14,70L**

* These four rods are in the center removable subassembly.
** These values assume constant exposure at the peak linear power level

indicated. Since the two load follow assemblies are to be inter -
changed midway through Core III life, .the peak burnup values for the
high linear power rods will be slightly reduced from the tabulated values.

|

|

1
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i 3.0 SAFETY ANALYSIS

|
|

3.1 GENERAL

A no fuel melt limit has been imposed for the high linear power " loose
! lattice" assemblies during Core III operation. The effect of this limit

,

on the permissible fuel rod operating conditions is illustrated in Figure
3.1-1. The figure shows the calculated center fuel melt limit in terms

-

of linear heat rating and peak fuel pellet burnup. This relationship has

been calculated for the Saxton fuel rods censidering:

1) The dependence of the mixed oxides melt temperature with fuel burnup.

2) The reduction in fuel center temperature , as estimated using the Laser.

Computer program, due to flux depression. (1)

3) The burnup dependent fuel rod center temperature due to irrediation
and time induced changes in the thermal and physical characteristics
(i.e., pellet-clad gap conductance, fuel swelling , clad creep, fission

'

gas release, etc.).

Figure 3.1-2 provides the fuel melt temperature and flux depression fuel
burnup relationships which were employed to generate the Saxton fuel melt
limit curve shown in Figure 3.1-1.

Also included in Figure 3.1-1 are three representative curves sho' wing the
| design-overpower limits for different initial peak pellet burnups. These
! curves in combination with the proposed powerLschedule (Figure 2.2-3)-have

been used in selecting power density /burnup combinations and hence, the
-fuel rod locations in the loose lattice assemblies to prevent fuel center

i melt during Core III operatica.

|

1
Poncelet, C.G. , " Laser - A Depletion Program f or Lattice Calculations

; Based Upon MUFT and THERMOS", WCAP-6073, April 1966.
!

.

3.1-1
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It shoald be noted that these curves contain 12.5% nuclear and engineerir.g
uncertainty as well as 5% allowance for the overpower trip setpoint and
7% for trip accuracy. There is a high degree of assurance that actual fuel
temperature would be less than indicated by the design overpower limit cu rves

because in the above approach the nuclear uncertainty, the engineering uncertainty,
and the trip accuracy uncertainty have been combined additively rather than
statistically.

The overpower trip setpoint for Core III operation will be set for a power
no greater than 5% above the lowest power associated with the following three
conditions:

a) a design peak of 24 kw/ft in the Pu-UO fueled " loose Inttice" assemblies
2

as determined by power distribution measurements, or

b) a design peak of 19.9 kv/ft in the unirradiated UO fueled "1 cad follow"
2

assemblies as determined by power distribution measurements, or

c) 28 MWt.

Other trip setpoints are as follows:

a) Hot leg trip setpoint 511*F
b) Low pressure trip setpaint 2125 psia

6c) Low flow trip setpoint 3.05 x 10 lbs/hr
d) Lov M-G set frequency trip

setpoint 60 cycles /sec

The minimum DNB ratio occurs in the " load follow" assemblies. The above

reactor trip setpoints ensure that recctor trip will be initiated prior
to reaching a minimum DNB ratio of 1.30. The transient resulting.in the
minimum DNB ratio is the loss of flow incident- which is re-analyzed in detail
in the next section for Core III operating conditions.

_ _ _

3.1-2
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Reactivity insertion rates for a rod withdrewal accident during Core III operation

are within those previously analyzed and the transient would be essentially

the same as presented in the Core II 35 MWt operation safety report. The

consequence would be reactor trip resulting in a minimum DNB ratio of > 1.30,

hence no core damage.
.

The Icss of coolant accidentzis re-analyzed.since the higher fuel temperature

and heat flux in the peak power density region of the core during Core III

operation would result in increased cJad temperature transients.

The steam line break accident has been analyzed presiously in the Core 11
Safety Analysis Report. Although the linear heat ratings of the peak rods

are considerably higher in Core III, the control and protection system would
,

cause reactor trip and prevent the minimum DNB ratio f rom decreasing below
1.30. The principle concern for this accident is the possibility of the core
returning to significant power as a result of loss of shutdown margin resulting
from the primary cooldown and the negative moderator coefficient. -As discussed
in Section 2.2, the worth of the Saxton control bank is sufficient to maintain

a 1% shutdown margin considering the maximum possible reactivity addition
from cooldown and the highest worth control rod stuck out of the core (see
Table 2.2-2). Hence, there would be no return to power.

!

3.1-3
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3.2 LOSS OF COOLANT FLOR

The loss of flow analysis presented in the Core 11 35 MWt Safety Report
has been repeated for Core 111 operating conditions. The transient W-3
DNB ratio was evaluated only for the UO assemblies since the loose lattice2
assemblies were net DNB limiting. Other assumptions and initial conditions
were as follows:

a) Reactor power level is at 103% of nominal rating (28 MWt) as result
of possible calorimetric errors,

b) Inlet temperature is 485*F allowing 5'F for instrumentation error.
.

c) Primary pressure is at 2100 psia allowing 50 psi for instrumentation
error.

d) Maximum expected absolute value of the fuel temperature coefficient.
-

~#(Doppler) is: -1.0 x.10 ak/'F.

e) Minimum expected absolute value of the moderator. temperature coefficient
is: -1.0 x 10 ' ak/*F.

~

f) Scram delay of 1.-1 sec (0.5 seconds due to instrumentation and 0.6

seconds due to rod motion in a Legion of srall effectiveness).

.

g) The hot spot heat flux is evaluated for the maximum fuel gap 1(9.5 mils,
cold). As shown in Figure 3.2-2, the largest fuel to clad gap results.
in the highest heat flux respoase after reactor scram.

.

h) . A negative reactivity insertion rate of 2.22 x -10~0 Ak/ seconds-(reactor
trip).

4 i

3.2-1-
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The flow coastdown curves with and without MG set inertia are shown in Figure
3.2-1. The flow coastdown with inertia was obtainrJ from recent experimental '

measurements at the ~ 7 ton Plant. The flow coastdown withoe* inertia is given in
the Saxton Core II Fa .a1 Safety Report.

Figures 3.2-2 and 3.2-3 show the neutron flux response, the average and
the hot spot heat flux responses with and without MG set inertia.

With MC set inertia a minimum DNB ratio of 1.52 occurs at approximately
1.5 seconds as shown in Figure 3.2-4. Therefore, there is adequate margin
to DNB and fuel damage will not resul'. from this accident.

Without inertia, the minimum DNB ratio is about 1.J 4 and clad uamage could
be expected in the hot channel. However, as shown in Fle ute 3.2-5, the
W-3 DN8 ratio decreases below 1.3 only for channels watnin 10% of the hot
channel power. For the Saxton_ Core 'III power distribution, this amounts
to about 80 fuel rods of the load follow assemblies. Hence, for the very
unlikely conditions that no inertia is available, the core damage will be
limited to approximately 80 fuel rods. This is slightly better than similari

conditions analyzed for Saxton Core 11 at 35 MWt, where approximately 107 rods
were found to reach DNB.

.

t
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1

l 3.3 LOSS OF COOLANT

| The loss of coolant accident has been re-analyzed for Core 1H operating!

conditions. The assumptions and analysis techniques used are as described

in Section 4 of the report "Saxton Loss of Coolant Accident Prevention and
Protection." The specific cases analyzed and a summary of results follows:

Total % Core Total % Zr-H O
i 2

-

Clad Melt Re acti onBreak Size

Doubled Ended Severance - 1.28 ft 9.1 12.3
2

Intermediate - 0.173 ft 6.8 9.7
2 1.5 3.1Surge Line 0.0375 ft

Figures 3.3-1 through 3.3-6 show the clad temperature transients f or both
the zircaloy clad and stainless steel clad fuel rods in terms of rods operating

|
at various fractions of the peak linear heat rate (24 kw/ft including 12.5%
design uncertainty). The values given for stainless steel clad roos are those for
the assemblies on the core periphery which operate at 33.1% of the peak 24 kw/ft.

The per cent clad melt and per cent Zr-H O reaction are greater chan those2

calculated for Core II 35 MWt operation because of the increased power density.
The clad melt is limited to 9.1% for the double ended coolant loop rupture

|

! and 1.5% for the largest connecting.line to the reactor coolant system.

The containment pressure transient would be the same as presented for Core II

35 MWt, well within the 30 psig design pressure. Offsite dose would be

less than presented previously in'the Core 11 35 MWt report because of the 20%

lower total core power.

Design and fabrication standards of the Saxton Reactor Coolant System
have been reviewed and were found comparable to those currently in use.
An inspection program was proposed supplementing the existing program

| to give increased assurance of system integrity. The safety injection
i

i system design and operation were reviewed and a post-accident recirculation
I

|
system proposed (1) It is our opinion that the system is adequate to.

protect the public.

| (1)"Saxton - Loss of Coolant Accident Prevention and Protection."

l' 3.3-1
|

|
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4.

APPELDIX A

COOLANT ACTIVITY MONITOR MODIFICATION

in order to provide a continuous, rapid response failed fuel detector, the
monitoring system shown in Figure A-1 has been added.

't The system utilizes the pressure differential across the steam generator
to circulate reactor coolant through a 100 ft section of 3/8" stainless

steel tubing. A section of the tubing is coiled around a beta gamma counter.
A remote operated flow control valve and a remote reading flow meter are
includes in the line.

The valve is provided to give a transport time of 45 seconds f rom the coolant
to the detector. This delay time will provide sufficient decay of tne reactor
coolant N-16 activity to ensure a detector sensitivity of 0.1% defected
fuel (1/10 of design value). The detector i? highly sensitive to the gamma
emitting fission and corrosion products and has a range of .01 mr/hr to
10 r/hr. The sensitivity in determining activity release from f ailed fuel
clad is dependent on the activity release rate as well as the background
coolant corrosion product and def;cted fuel activity. The following indicates

the expected detector sensitivity to these contributions.
,

Source y Mev/cc see Detector Reading *
Containment Background 15 mr/hr Normal

| Normal corrosion product
3| activity level 6.7 x 10 25 mr/hr

Activity with 0.1% fuel
4c'efects 4.9 x 10 60 mr/hr

Activity with 1% fuel defects 4.9 x 10 500 mr/hr
Activity released f rom gap

5of one rod 4 5 x 10 450 mr/hr

|
* The detector will be calibrated after installation, <( Si

'
,

,

A-1

.
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FAILED FUEL DETECTION SYSTC!
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{V-161 V-292

04 Excess Flow Check 74 Excess Flow Check
Valve FR-7-4TV Valve FR-7-3-TVb 3

h FICX-9V
1/2" SS Tubing

h 9
3/8" SS Tubing [M T

'
d/p Cell PR-7-3T
Disconnected Hot Leg "L" AP

PR-7-4T,

S.C. AP
Q

Gama Detector
i ,mw i C- _ _ .

Flow Calibrated at 7 gph
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