








1.l DESCRIPTION OF PROGRAM

1.1 PROGRAM OBJECTIVE

The objectives oi the Saxton Core 111 irradiation program are to:

| validate fuel element design code predictions, including determination
of power/burnup failure limitsj

*re

demonstrate performance capability of Zircaloy clad oxide fuel

element. over a broad spectrum of burnups and pover levels; and

3, obtain depletion characteristics and transuranic isotopne generation
data for high burnup, mixed cxide fuel.

Because the Saxton Core II mixed oxide fucl rods were designed for
relatively .ow peak burnups (20,000 MWD/MTM) and operation at power
densities < 16 kw/ft, there is a significant risk of failure of certain l‘
of these rods i{n 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! “ce with the
reactor license Technical Specifications.

1.1.2 SCOPE

The linear power objectives are achieving cxpected peak kw/ft of 21.2 in
the "looee lattice" assemblies and 17. 6 In the load follow aslemblics. The
corres;;;E;hE—a;:lgn linear power 1ncluding 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 III and will be achieved at a core design power less
than 26 MWt.
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1.3 OPERATING CONDITIONS

The fuel and moderator temperature coefficients and kinetic parameters for
Core 111 are intermediate to those of previous cores., Therefore, Core 111
represents no extrapolation from previous operation except for the increased
peak linear power ratiugs. Operation is restricted to prevent center melt
aud to maintain margin to DNB., As in Core II 35 MWt Operation, the reactor
voolant pump will be operated from the motor-generator set to benefit from
the increased pump inertia. The operating préssure for Lore I11 will be
increased from 2200 psia to 2250 psia to more closely simulate conditions

in current PWR's, o

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/ft)

and approximately B0 fuel rods will operate within 10% cf the peak linear power
in the load follow assemblies (deaign peck linear power 19.9 kw/ft), Ihg_sgre 11

e

—

for lower peak burnups and lower linear power than they will experience

in Core 1!} As a result certain qﬁ thg:f rqﬂ:.mtz feii due to excessive

clad strain and internal gas pressuie at the high linear power and burnups

to be achieved in Core II1. The probable mode of failure will be short

cracks or local blisters having no significant “balloonin;" which could
restrict coolant 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.

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 beta/gamma counter and a delay loop connected across C}f
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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 eystem is B0 seconds which will give early warning of activity
release through defected fuel clad,

1-3-2

B e T R R R R RN I N R E PR E R SRR A RN T RErOR=I=™= prosaps



























Parameter

-
- Delayed Neutron

Fraction, Beff

Prompt Neutron Life

Doppler Coefficients

TABLE 2.2-1

SUMMARY OF SAXTON REACTOR PHYSICS PARAMETERS

Core 1

0.0063

Sl T e

5

~1.6 x 107~ Ak/k°F

5

0.4 x 10~ Ak/k/°F

Moderator Temperature Coefficient

Beginning of Life
at BO°F

at not operating conditions*

End of Life at Hot Conditions

Pressure Coefficient
at 80°F

at Hot Tonditions

* The moderator temperature was 530°F for Core 1 operation.

+1.0 x 10°° Ak/k/°F Borated

-1.0 x 10°% Ak/K/°F Rodded

5.3 x 10‘:

-2.0 z 10°

2k /k/°F Borated
Ak/k/°F Rodded

4.6 x 10°° Ak/K/°F
1.0% 10% o 42.7220°°
Ak/k/psi

1.9 x 10°° pr/k/psi to
5.1 x 10°° Ak/k/psi

Core 11 . Core 111
0.0049 0.0049
-5 -5 :
1.15 x 10 “sec 1.5 x 10 sec
-1.25 x 10-S Ak/k°F 1.6 x xn‘s Lk/k°F
1.0 x 107 Ak/k/°F 0.4 x 10 AR/K/°F
-4 o -4
40.3 x 107 Ak/K/°F +1.0 x 10 Ak/K/°F
Borated &
0.5 x 10 Ak/K/°F
Lz Rodded
-2.7 x 16 ak/k/°F (1000 ppm) -1.0 x 10 k/k/°F (BOL)
-4 i -4 4 |
4.1 x 107" Ak/k/°F 4.6 x 107 ‘k/k/°F |

-1.0 x 10:2 Ak/k/psi to
2.7 x 10°% sk/k/psi

+3.5 x 10-6 Ak/k/psi (1000 ppm) 1.9 x 10 _ Ak/k/psi to
5.1 % 10°°

Ak /k/psi

This value was also used in Core 11 design analysis. |
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Figure 2.2-2

Belative Peak Tod Power As a Function of
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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,
felt to be conservative. There exists a high degree of assurrance that
actual conditions will not be nearly ar severe as predicted in this analysis.

¢.3.3 THERMAL AND HYDRAULIC ARALYSIS

The best estimate radial assembly povr distribution which was etployed

for this Saxton Core 111 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 assenmblies
D~3 and E~3. These two assemblies contain the peak fuel rode of both the

loose lattice rod and load follow rod types. In the analyses for these

assemblies an B% nuclear uncertainty factor was applied.

(1) Hot Channel Factors

The total hot channel factors for heat flux and entbalpy rise are defined
a8 the maximum-io-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 maxitum 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 neutren flux distridbution and an engineering hot channel
factor tuv allow for variations from design conditions. The engineeriyLg

hot channel factors account for the efifects of flov conditions and fabrication
tolerances and are made up of nubfsctors accouanting for the influence of

the variations of fuel pellet diameter, density, and enriclment; fuel rod
diameter; pitch and bewing; inlet flow distribution; flow redistribution;

and flow mixing.

2.,-2
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(a) Engineering Hot Channel Factors

The engineering hot channel factors are essentially identical to those
used In the evaluation of Saxton 35 Mkt operation, The heat flux
efigineering hot channel factor, Fz. remains 1.045 and the rinis redined

to 1,12 due to the benefit of coolant mixing obtained by the use of

the THINC code (1). Table 2.3~1 {¢ a tabulation of the design engineering

het channel factors.
(2) Departure From Nucleate Boiling

The evaluation of the Saston Core 111, DNB conditions have been made using
the W-3 cotrolatioun(z). The W-3 DNB design minimum value of 1,30 has been
choosen statistically to insure & 951 probability that DNB will not ~ccur
¢ith a confidence level of 95%, For fuel channels adjacent to the assembly
enclosure, the prescence of the unheated wall effects the amount and degrio
of coolant mixing inside the channel. The effect of the unheated wall on
the DNE ratio has been considered (modified W~3 correlation uoed)(3) in

the design analysis using experimental data.
’3) Thermal and Hydraulic Design Paramenters

Table 2.3-2 presents the thermsl and hydraulic characteristics for operation
of Core 111 at its peak power level of 28 MWT. 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.

§y) Chelemer, H,, Weisman, Jiy Tonr . L.S. "Subchannel Thermal Analysis of
Rod Bundle Cores", WCAP-7015, January ivé7,

(2) L.S. Tong. "Prediction of Departure from Nucleate Boiling for an
Axially Non-Uniform Heat Flux Distribution", J. of Nuc. Energy Vol, 21
pp 2411248, (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 lLine Contact with an Unheated
Wall", ASME 67-<WA/HT-29 (1967).
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Total Core

Total Heat Output

Total Heat Output

Heat Generated in Fuel

System Pressure -~ Nominal

System Pressure = Minimum ~ Steady State
Total Flow Rate *

Effective Flow Rate for Heat Transfer

Flow area for Yeat Transfer Flow (unit cell)
Average Velocity Along Fuel Rods

Loolant Temperatures

Nominal Inlet

Maximum Inlet Including Instrument
Exrors and Deadband

Average Rise in Vessel

Average Rise in Core

Average in Vessel

Average in Core

Heat Transfer

Active Heat Transfer Surface Area
of Fuel Rods

Average Heat Flux

Average Thermal Output

Maximum Clad Surface Temperature
at Nominal Pressiure

* At 63 cycles,

28,0 MWt

95,56 x 10° Bru/hr
97.43

2250 psia

2200 psia

3.21 x 10° 1o/nr
2,73 x 10° 1b/nr
2.2 2

6 B3 ft/sec

480 F

485 ¥
26,0 F
30.5F
493.0 F
495.2 F

376.2 ft°
220,400 Btu/hr-ft?
6.62 kw/ft

657.4 F
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SUMMARY OF POWER RATINGS AND BURNUPS EXPECTED

TABLE 2,5-1

FOR SAXTON CORE 111

e B e B e e e B e e T e e Bl

Nominal Peak Peak Peak

Group Linear Heat No. of Initial Burnup, Expected "EOL Burnup,

No. Rating, kw/ft Kods MWD MTF MWDMTF
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 17,4-14.3 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 16,000-21,0004*
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 10,500-14,700 %+

* 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 II1 life, the peak burnup values for the
high linear power rods will be slightly reduced from the tabulaced values.

A S S o P Sy Vg S e ey e
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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 111 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 considering:
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 cencer temperature due to irradiation
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 showing the
design-overpower limits for different initial peak pellet burnups. These
curves in combinaticn with the proposed power schedule (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
melt during Core III operation.

Poncelet, C.G., "Laser - A Depletion Program for Lattice Calculations
Based Upon MUFT and THERMOS", WCAP-6073, April 1966,
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3.3 LOSS OF COOLANT

The loss of coolant accident has been re-analyzed for Core 111 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 0

Break Size _Clad Melt Reaction

Doybled Ended Severance = 1,28 £t 9.1 12.3

Intermediate - 0,172 ftz 6.8 9.7

Surge Line 0,0375 ft’ 1.5 1.1

Figures 3.3-1 through 3.3-6 show the clad temperature transients for 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 roas are those for
the assemblies or the core periphery which operate at 33.1% of the peak 24 kw/ft.
The per cent clad melt and per cent z:-uzo reaction are greater chan tnose
calculated for Core 11 35 MWt operation because of the increased power density.
The clad melt is limited to 9.12 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 11
35 MwWt, 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.

Jesign and fabrication standards of the Saxton Reactor Coolant System
have been reviewed and were found comparable to those currently in use.(l)

An inspection program was proposed supplementing the existing program

to give increased assurance of system 1ntegrity.(1) The safety injection
system design and operation were reviewed and a post-accident recirculation

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

protect the public,

(1)"Saxton - Loss of Coclant Accident Prevention and Protectiom.”

3. 3-1
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APPE!DIX 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.

The system utilizes the pressure differential across tne 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
includeu in the line.

The valve is provided to give a transport time of 45 seconds from 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
enitting fission and corrosion products and has a range of .0l mr/hr to

10 r/hr. The sensitivity in determining activity release from failed fuel
clad is depeadent 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 sec Detector Reading*
Containment Background 15 mr/nr Normal
Norm~1l corrosion product 3

activity level 6.7 x 10 25 mr/hr
Activity with 0.1% fuel 4

defects 4.9 x 10 60 mr/hr
Activity with 1% fuel defects 4.9 x 10° 500 mr/hr
Activity released from pap 5

of one rod &« 5x 10 450 mr/hr

* The detector will be calibrated after installation.

A-1






