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ADDENDUM TO PALISADES CYCLE II START-UP REPORT

The measured reactivity worths reported in the Palisades Cycle II start-up report
were significantly smaller than the calculations predicted. It has been found
that much of the error can be attributed to an underestimate of the effective
delayed neutron fraction, Baeffective, Which has a direct bearing on measured
reactivity worths. '

Berr Wwas originally computed using delayed neutron data from Reference 1 which
was published in 1965 and used in the industry for many years. However, more
recent evaluations based on measurements performed over the last ten years, such
as the one in Reference 2, show a significant increase in the values of delayed
neutrons per fission for all the important isotopes of uranium and plutonium.
Berfr was recalculated using the data from Reference 2 yielding a value of .00727
versus the old value of .0069Q0, representing an increase of 5.4%. Since Berfr is
used to convert reactivity in cents from the reactivity computer to % Ap, this
change represents a 5.4% increase in the measured reactivity worths.

It was found that, upon applying this correction, the measured values of dropped
rod worth, ejected rod worth, moderator temperature coefficients and soluble boron
worth are all still within the predetermined acceptance criteria. However, the
differences between the measured and predicted control rod bank worths, which
previously had exceeded the acceptance criteria, are significantly reduced.

Table 1 showing the corrected rod bank worths compared to caléulated values is
similar to Table 5 from the start-up report. )

As can be seen from the table, the differences between the revised measurements

and calculations for the individual rod bank worths (4 through B) are within the
acceptance criteria of either 0.2% Ap or 15% difference and the total rod worth

is within the acceptance criterion of 10%.

The reéiéed—measufeduﬁotéi rod ﬁofth Wﬁen factored intc the shutdown margin table
results in a 0.43% Ap increase in net shutdown rod worth at end of cycle. The
attached Table 2 is similar to Table 6 contained in the start-up report.

This increase results in 36 inches more allowable control rod insertion at zero
power. Unfortunately, the allowable insertion is still not within the envelope
outlined by the Technical Specifications PDIL curve because of the 10% uncertainty
penalty on the measurement. The new PDIL curve is shown as Figure 1.

The sharp drop at about T5% of Group 3 is where the shutdown margin curve inter-
sects the existing Technical Specifications curve. Because the power defect
assumed in this analysis conforms to our submittal regarding operation at in-
creased pressure, the curve is applicable to 2100 psi operation as well as 1800.




Table 1

Measured Group Rod Worths

Control Rod Measured ‘ Calculated Difference/
Group Worth __Worth Difference Calculated, %
n .66 .70 -.0k -5.7
3 .91 .95 -.0k -4.2
2 .8k .72 +.12 +16.6
1 1.92 2.20 -.28 -12.7
Total Regs 4.33
Regs (Overlap) . 4.20
Regs (Average) 4,26 k.57 -.31 -6.8
B 1.5k 1.55 =.01 ; -0.6
Regs + B 5;80 6.12 -.32 -5.2
A 3.19% 3.37 -.18 -5.3
A1l Rods 8.99 9.49 -.50 -5.3

¥The Group A worth was estimated from the calculation and the total observed
calculation/measurement difference for Groups 1, 2, 3, 4 and B.

3.37 x (1 -.052) = 3.19




Table 2

Palisades Cycle II Shutdown Margin

BOC EOC
HZP HFP HZP HFP
Total Measured Full Length Rod Worth 8.99 8.99 9.15%  9,15%
Stuck Rod Worth 3.22 3.22 3.52 3.52
Total Minus Stuck Rod 5.77 5.77 5,63 5.63
Uncertainty .58 .58 .56 .56
Net Shutdown Rod Worth 5.19 5.19 5.07 5.07
Doppler Defect 0 1.00 0 1.00
Moderator Temperature 0 .20 0 .80
Moderator Void Defect 0 0 0 .10
Axial Flux Redistribution 0 o} 0 .50
Required Shu‘bd;own_ Margin 3.40 2.00 3.40 2.00
Total Reactivity Allowances *3.b0 3.20 3.40 L. 4o
Available For Maneuvering 1.79 1.99 1.67 0.67
PDIL Rod Insertion 1.43 0.07 1.67 0.15
Excess Margin 0.36 1.92 0.00 0.52
BOC Measured

*EOC Rod Worth = EOC (Calculated) x

BOC Calculated .



Table 3

5.07

Net Shutdown Required Sum of
Power Rod Worth. Margin Power Defects*
% hae _%4e pa¢
0 5.07 3.40 0
10 5.07 3.26 0.24
20 5.07 3.12 0.48
30 5.07 2.98- 0.72
4o 5.07- 2.84 0.96
50 5.07 2,70 1.20
60 5.07 2.56 1.hk
70 5.07 2.k2 1.68
80 5.07 2.28 1.92
90 5.07 2.1 2.16
100 2.00 2.40

*Doppler + Moderator Temperature + Voigl + Axial Flux Redistribution

Palisades PDIL Calculation for End of Cycle II

Allowable Red Rod
; Insertion  Position Insertion
%80 in, %

1.67 3@24 3 @ 81.8
1.57 3e@e3l 3 @ 76.5
1.h7 3@ 39 3 @ 170.5
1.37 3@Lu8 3 @ 63.6
1.27 ‘3esT 3 @56.8
1.17 3 @68 3@ L48.5
1.07 3@76 3@ k.l
0.97 h @ 05 L @ 9.2
0.87 L @13 L @ 90.2
0.77 he2ra L4 @841
0.67 Le3o Ler77.3
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