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1.0 ABSTRACT

Startup physics tests were performed at the beginning of the sixth fuel
cycle at the Trojan Nuclear Power Plant in order to verify that the basic
static and kinetic characteristics of the core were as expected and that

values used in the safety analysis were conservative.

Due to fuel failures resulting from reactor vessel internals baffle-gap
water-jetting (see LER 82-06), a total of 22 fuel assemblies in the
Cycle 6 core were modified to contain either three or five stainless
steel pins in place of fuel rods (see License Amendment 82, July 11,
1983). 1In addition, eight of those fuel assemblies also have 2 x 8 par-
tial grids at the seven midspans on the baffle-jet side of the assembly
to reduce the likelihood of jetting fuel failure.

The effect on power distribution of the fuel assembly modification was
expected to be small. Startup physics tests cunfirmed the validity of

this nuclear design prediction.

This startup report is being submitted in order to fulfill the require-
ments of Amendment 82 of Facility Operating License No. NPF-1. The sub-
ject matter of this report is limited to the performance of the reactor

core.
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2.0 INTRODUCTION

The Trojan Nuclear Power Plant, located in northwest Oregon on the
Columbia River, is a high-power-density 4-loop Westinghouse pressucized
water reactor rated at 3423 MWt gross using 17 x 17 array nuclear fuel.

The Trojan Nuclear Power Plant completed its fifth cycle of operation on
January 22, 1983. The fifth cycle core contained 22 assemblie: that were
modified to include three or five stainless steel pins in response to a
baffle-gap water-jet impingement problem (see Topical Report PGE-1035,
"Cycle 5 Startup and Power Escalation Physics Texting Report"”, for
additional details).

During a fuel inspection program at Trojan at the end of Cycle 5, all
fuel assemblies from the core were visually examined with underwater
television and binoculars by Portland General Electric Company during
fuel transfer from the co~e to the spent fuel pool. Selected fuel
assemblies were examined with underwater television in the spent fuel
pool by Portland General Electric Company and Westinghouse Electric
Corporation personnel. Special attention was given to the 22 fuel
assemblies that had been modified to wit“stand baffle-jetting. The fuel
assemblies, including all modified assemblies, appeared to be in good
condition (see Attachment A). Since the fuel assemblies appeared to be
in good condition and Cycle 5 radiochemistry did not indicate further
baffle-jotting fuel failure, no fuel-sipping was conducted. The Cycle 6
core loading pattern returned to the baffle-jet locations the same 20
modified fuel assemblies for another cycle of irradiation. The two
modified assemblies that were on the interior of the Cycle S core were

returned to other interior locations.

The effect of the stainless steel rods and partial grids on the nuclear
design of the core was expected to be small. Startup physics tests were
performed to confirm the analytical predictions as described in the fol-

lowing sections.
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3.0 DISCUSSION

The reload startup physics tests at the beginning of Cycle 6 resulted in
excellent agreement between predicted and measured values as shown in

Table 3-1. The results werc the best to date for a reload core.

The quadrant power tilt at low power was measured to be less than
2 percent (1.5 percent in the high power quadrant). The magnitudes of
Cycle 6 power distribution prediction errors were small and posed no

safety concerns.
The other nuclear design parameters were well within acceptance criteria

and were more accurately predicted for this reload startup than for past

reload startups.
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TABLE 3-1 Sheet 1 of 2

‘ PREDICTED AND MEASURED PHYSICS PARAMETERS

Trojan Test

Acceptance
Parameter Criteria Measured Predicted
Critical Borou (ppm)
All-rods-out 1486450 1500 1486
D bank in 1357421 1359 1343
D + C banks in 1237418 1231 1221
All-rods-in loss one rod 8714114 879 858
Isothermal Temperature Coefficient (pem/°F)
All-rods-out <2.543 -1.6 -2.5
D bank in -6.043 ~-4.9 -6.0
Moderator temperature coefficient, ARO <+5.0 +0.7 -0.2
>-53.6
oron Worth (pcm/ppm)
Differential boron worth, over D -8.8+0.9 -8.9 -8.8
Differential boron worth, over C -9.0+0.9 -8.4 -9.0
Integral Rod Worth (pecm except as noted)
Control D 12734127 1263 1273
Control C 11114111 1073 1111
Control B 11934119 1140 1193
-238
Control A 7994300 847 799
-160
All-rods-in less one rod 552342000 5560 5523
-500
All-rods-in less one rod (ppm) 6284200 621 628
-50



TABLE 3-1
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Trojan Test

Acceptance
Parameter Criteria
Doppler Coefficient (pem/% Power)
At 30% -17.5 to -9.5
At 45% -16.0 to -8.4
At 69% -13.8 to -7.7
At 97% -12.8 to -6.7
Low-Power Core Power Distribution, ARO
FQ <4.64%K(z)
FAH <2.001
ny <1.84
Quadrant tilt <1.02
Axial offset <4645%
~-15%

FAH <15%
Full Power Core Power Distribution, ARO
FAH <1.55
Quadrant tilt <1.02
F <2.32*K(z)

Q2

Measured Predicted

-14.9
-10.1
-9.4
-1.2

2.63
357
1.72
1.015
30.1%

12.7%

1.467
1.006
1.782

-10.6
-9.9
-9.1
-8.2

2.89
1.54
1.84
1.025
46%

1.466
~1.008
~1.769




4.0 LOW POWER PHYSICS TESTING

The purpose of the low power physics testing program is to assure Plant
management that the reactor core is operating properly within design
limils and safety assumptions, and to redetermine operating parameters
related to the reactor system. The measurements of critical boron con-
centrations, rod worths, temperature coefficients, boron worths, and core
power distribution provide sufficient nuclear design parameter confirma-
tions to approve an overall nuclear design and extrapolate cor infer all

neccssary reactor core operating information not explicitly measured.

The Trojan Cycle 6 core loading plan is shown in Figure 4-1, and the low
power flux map results are presented in Figure 4-2. The Cycle 6 startup
physics test results continued the improvement trend begun at the start
of Cycle 4. The improved nuclear design methods were responsible for the
improvement in predicted vs measured parameters. Most of the improvement
was due to a more accurate assessment and handling of individual fuel

assembly burnup values.
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FIGURE 4-1

TROJAN CYCLE 6 CORE LOADING
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FIGURE 4-2 Sheet 1 of 9

FLUX MAP 131 (3 PERCENT POWER)
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5.0 POWER ESCALATION TESTING

The purpose of the power escalat on physics testing program is primarily
to moniter core power distribution at elevated power levels and to
recalibrate instrumentation settings for important Plant parameters that

may vary with core loading, power level, or other Plant changes.

In addition, the nuclear doppler/power coefficients are measured to fur-

ther confirm the nuclear design.

The following measurement: were performed during the power escalation

testing:

(1) 1Incore thermocouple correction facters were obtained (see
Table 5-1).

(2) Doppler coefficient was measured (see Figure 5-1).

(3) Delta temperature correlation was realigned (60°F equals

100 percent power, see Figure 5-2).

(4) Feedwater flow correlation was confirmed linear (see

Figure 5-3).

(5) 1Incore-excore detector calibration relationship was estab-
lished for incore and excore axial offsets (see Table 5-2

and Figures 5-4 through 5-15).

(6) Core power distributions were taken (see Figures 5-16 and
5-17 for Flux Maps 132 and 133). Quadrant tilting
decreased with increasing power level and burnup. Hot

channel factors limits were met.

5.0-1
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FIGURE 5-2
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FIGURE 5-3

FEEDWATER FLOW VS POWER LEVEL
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6.0 CONCLUSIONS

The Cycle 6 startup test results were satisfactory and represent con-
tinued improvement over previous cycle startup test results. The more
accurate treatment of individual fuel assembly burnups, along with other
improvements to the nuclear design methods, have reduced the amount of

nuclear design prediction error.

The startup tests also showed that the modified stainless steel pin fuel
assemblies, with and without 2 x 8 partial grids, do not have a signifi-
cant impact on core power distribution and that they can be accounted for

in normal fuel management schemes.
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