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1.0 ABSTRACT

Startup physics tests were performed at the beginning of the fifth 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 failu: resulting from reactor vessel internals baffle-gap
wvater-jetting (see _.R 82-06), a total of 22 fuel assemblies in the

Cycle 5 core were modified to contain either three or five stainless steel
pins in place of fuel rods (see License Amendment 75, July 29, 1982).

In addition, eight of those fuel assemblies also have 2 x 8 partial 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 confirmed the validity of
this nuclear design predictionm.

This startup report is being subtmitted in order to fulfill the require-
ments of Amendment 75 of Facility Operatiag Licens~ No. NPF-1. The sub~
ject matter of this report is limited to the performance of the reacto.

core.

1.0-1



2.0 INTRODUCTION

The Trojan Nuclear Power Plant, located in northwest Oregon on the
Columbia River, is a high-power-density 4-loop Westinghouse pressurized

water reactor rated at 3423 MWt gross using 17 x 17 array nuclear fuel.

The Trojan Nuclear Power Plant completed its fourth cycle of operation
on March 26, 1982. The fourth cycle core contained two assemblies that
were modified to include three stainless steel pins in response to a
baffle-gap water—-jet impingement problem (see Topical Report PGE-1029,
"Cycle 4 Startup and Power Escalation Testing Report”, for additionmal
details). Within 3 months after the commencement of Cycle 4, evidence

of fuel failure was observed.

During a fuel inspection program at Trojan at the end of Cycle 4,

17 assemblies were found to have degraded fuel cladding. The inspection
was planned to locate fuel assemblies that were believed to be leaking,
since dose-equivalent iodine ~oolant activity had reached 80 to 85 per-
cent of the Technical Specification limit near the end-of-cvcle prior

to the shutdown for refueling. Severe damage tc eight fuel assemblies
was found by visual {rspection; portions of rodlets were amissing and
loose fuel pellets were found. After fueli sipping, nine additional

assemblies had indications of failure.

The apparent cause of most fuel damage was water-jet-induced vibration
of fuel rods in fuel assemblies that were adjacent to baffle plate joint
locations with enlarged gaps (see Figure 2-1). The apparent degradation
of the balance of the assemblies was due to minor clad defects or fuel
pellet contamination from nearby grossly failed fuel bundles which was
detected by the sipping technique. Two types of baffle-gap-related
failures were present. Type 1 is the outside corner or center injection
jetting failure. In this case, the water-jet impinges directly on the
third rod from the corner and causes it to fail in the lower axial
regions from direct water impingement combined with induced rod whirling/

wvibration.
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Type 2 of baffle-gap-related failure is the inside corner or corner injec-
tion jetting failure, whereby a jet of water flows parallel to the fuel
bundle perimeter “ace between the fuel and the baffle plate. The flow
causes fuel rod whirling to occur at the first few rod locations and

leads to severe rod failure in the upper axial regions.

Abnormal degradation had been previously discovered at the end of Cycle 2
in two fuel rods at Trojan. The apparent cause of this fuel damage was
Type | water-jet impingement on the fuel rod via an enlarged baffle plate
joint gap. Two fuel assemblies were wodified with stainless steel pins
and were located adjacent to the baffle gaps during Cycle 3. Corrective
peening action followed at the end of Cycle 3 to close the outside cornmer
baffle gaps, and the previously modified fuel assemblies were relocated
for Cycle 4. It appears that the Type 2 jetting problem with the inside
corner joints that occurred during Cycle 4 was caused by the peening oper-
ation that was performed at the end of Cycle 3. Although additional
assemblies failed during Cycle 4 by the Type 1| mechanism, they appeared
to have sustained less damage than those failing during Cycle 2 before
the peening operation. No failures were cbserved in the two previously

modified fuel assemblies with stainless steel pins.

Trajan cunducted an augmented fuel inspection program at the end cof Cycle
4 in whirih all fuel zssembli=s to be used in the subsejuent cycle were
leak checked by fuel sipping and/or visually inspected to be damage free
(see Attachuert A). Accessible ‘oose pellets and debris were retrieved
from the reactor vessel internals and refueling cavity. Damaged assem-
blies adjacent to the baffle were replaced with new modified fuel assem-
blies using three to five stainless steel pins in place of fuel rods in
order to ensure fuel integrity. In addition, 2 x 8 partial grids were
inserted at midspans ~ r eight corner injection assemblies as an interim

solution to the baffle jetting problem.

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 5 resulted in
good agreement between predicted and measured values as shown in Table
3-1. The results were much improved over those at the start of Cycle 3

and improved over those at the start of Cycle 4.

Only the quadrant power tilt at low power was measured tc be outside its
acceptance criteria. The magnitudes of Cycle 5 power disti’bution pre-
diction errors were not excessive and posed no safety concerns. The high
power quadrant was observed to be the one predicted to be the high power
quadrant. The quadrant power tilt diminished with power ascension as the

full power quadrant tilt decreased to one-~half percent.
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 | of 2

PREDICTED AND MEASURED PHYSICS PARAMETERS

Trojan Test

Acceptance
Parameter Criteria Measured Predicted
Critical Boron (ppm)
All-rods-out 1340+50 1369 1340
D bank in 1255+18 1256 1226
D + C banks in 1165+15 1160 1135
All-rods-in less one rod 760+85 755 732
Isothermal Temperature Coefficient (pcm/°F)
All-rods-out =3.343 -3.8 =3.3
D b‘nk in -606:3 -706 -606
Moderator tewmperature coefficient, ARO £+5.0 -1.6 -1.0
2=53.6
Boron Worth (pcm/ppm)
Differential boron worth, over D =9.240.9 -9.6 -9.2
Differential boron worth, over C -9.340.9 -8.4 -9.3
Integral Rod Worth (pem excepc as noted)
Contrcl D 1054+105 1085 1054
Control C 846+85 507 846
Control B 1220+122 1161 1220
=244
Control A 280+140 307 280
-28
All=tods—in less one rod 5604+2000 5320 5604
=500
All-rods-in less one rod (ppm) 608+200 614 608
-50
Doppler Coefficient (pcm/% Power)
At 3oz -17.5 to -905 -l2-6 -10.6
At “51 -1600 to -8.6 -909 -909
At 691 '13.8 to -7'7 "7.7 -901

At 97% -12.8 to -6.7 -9.3 -8.2



TABLE 3-1 Sheet 2 of 2

— -

Trojan Test

Acceptance
Parameter Criteria Measured Predicted
Low-Power Core Power Distribution, ARO
FQ 54.66*1((2) 2.48 P
FAH <1.723 1.45 1.43
F <1.97 1.60 1.47
xy —
Quadrant tilt <1.02 1.038 1.012
Axial offset La8+5% 42% 487%
-15
PAH 315.’. 9.7%
Full Power Core Pouwer Distribution, ARC
FAH £1.55 1.424 1.435
Quadrant tilt £1.02 1.005 «1.003
F £2.32%K(z) 1.725 v1.686

0




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
limits 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, arnd
core power distribution provide sufficient nuclear design parameter con-~
firmations to approve an overall nuclear design aad extrapolate or infer

all necessary reactor core operating information not explicitly measured.

The Trojan Cycle 5 Core Loading Plan is shown in Figure 4-1, and the low
power flux map results are presented in Figure 4~2. The Cycle 5 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.

The low power flux map power depression that occurred at the perimeter
of the upper left (90 to 180 degrees) quadrant during the start of Cycles
3 and 4 has disappeared since the quadrant is now loaded as the high

power quadrant.
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WESTINGHOUSE PROPRIETARY CLASS 2
FIGURE 4-1
Trojan (POR) Cycle 5 Core Loading
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5.0 POWER ESCALATION TESTING

The purpose of the power escalation physics testing program is primarily
tn monitor core power distribution at elevated power levels and to recali-
brate 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 measurements were performed during the power escalation

testing:

(1) Incore thermocouple correction factors 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) Incore-excore detector calibration relationship was
established 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 122 and 125). Quadrant tilting

decreased with increasing power level and burnup. Hot

channel factors limits were met.




TABLE 5-1

INCORE THERMOCOUPLE CORRECTION FACTORS

DATA SHEET la

T/C GCALCY
Fora

TIONS

.54/35

True RTD Hot Junction Box Temperatures: /59 &
Correct Temperature: S5 5 7 & °F (Computer UQ058, U0059)
|
Measured Temp (Meas=Truth) | Measured Temp Difference (°F)
Differerce (°F)

T/C No. | Toggle | Computer |Toggle | Computer| T/C No. [Toggle | Computer | Toggle | Computer

(A8) 1 %63.7 | 552.7 | =3.7 |—=Z.3 | (A9) 34 7.3 "3 | =0,/ | —2-1

(83) As55.7 | 5544 |—(.T | = 2.8 (All) 35 |sxB.0| 555.7 |+0:6 | = 1.7

(B810) SS- s6/.5 | -2.(|—=2.9 || (B5) J6 5 5455.6 |ro.l | —t.8

(C8) "‘55{.7 5-5‘/-4 - "-7 - » (C3) :7 :::;.4 +.’a‘ S .

(C13) N ecg5.0! $53. 6| -2.4] -2,8 (C12) 38 1%% A89.9 14 ./ -y,

(03) 6 664.0| 5§49.6| ~1.d] —=2.8 || (D7) 39 952.8! IT%. -0.6 | — 2.6

(E&4) 7 3 $57.8] —1el| <~ 2.6 | (D9) 40 |547.8| 5TJT. +0.49 —j. >

(E6) B s53.2| $52.3| =<4 —=5.( [ (E2) 4l |5 3Tl _|+o.! 2.3

(E8) Sss. 0| Ss54.2] =2.4 =3.» || (El4) &2 |swdd472.06 | ~3.4 -.-r-«*

(EL10) 10| s54.2] §540] -2.d ~3.4 | (F5) 43 . 5%.0 |te.d | =04

(F12) 11| 654, 9| 553.8| -2:.5| ~3.6 !| (F9) 44 . T D | (ol -8

(F15) 12| ssc. ol ss%. /| ~2.4| -3.83 1 (F11) 45 |55%,51 552.3 | =2.9 | =3/

52) 13| 655.8] 559-4| —1.6] —=3.0 || (G4) 46| 59®eolg5T.Y |+0.6] —=2.90

(G9) 14| §55.od] 655%.4] ~2.2 —=R.0 || (C8) & 548,3 F35.9 [+0.9 ] =(.5

(Gl1) 15| ¢c6. 2| s5¢4.+4| - 2.2 =3,0 || (15) 48 7.5 555.6 | 4o - (.8

(ROL) 16| sgea.8| s5/-61 ~d.6] =8 1| (B & (558,68 55%-2 | +(.4] —i.2

) 1116633 ss2.2l =] -2 (Hll) 50 | 557.3 55¢.3 [ —0.1 - 3. |
[(H8) 18] s¢c.3] S6Y. 8] =2.1] 2.6 §1 (Hi4) Sl 7e . £ 2,/ - (.6
[ (113) 19| 659.3] 663 4| =2.6| =0l (J7) 5215275 33. T Ol —-2:0
[ (J10) 20| 655,451 S55%.3| =-(.9 -3,/ || (X11) 53 |897. + 0 -2.3

(K3) _21] 652.8] G99.6] ~d.6| —7.8 | (13) 3 [5570 355.0 | —m0.d] =2.4

(£5) 22| €56.3| €S5S¢ =2.(] =3.21 (L2) 55| - —

"(KLS) 23| 6 3.8] S52.4] —3.6| -3.0 1 (L9) 56 55@ =0 - 1. 6
{(L1) 24| 656.51 45421 = (9] —3.%il (L14) 57 |597.31 I3, -0.1 - 2.3
| (1.8) 25| s¢S. 3 5542 —2./| =3.3 (M5) 58 |558.3| £56.0 | +0.9. _=(.3

(L12) 26 9| =/.9] X 7 (ML12) 39 | = o {

(M10) 27 -0,/ —~4,01 (N2) 60 |558.4 5-4 T *'9"% =0,
| (M13) 28 2./ =<, /]l (%8) 6l |55%.d S5¢ + .6 - (.0
e 28 —/. 6| =3./1 (Ni3) 6215574 533, 3| =p.(] ==.1

(N9) 30 -2 =3.3 || (P7) b |59B.6l 576.0 | + e —(.4

(PS) —~7/.7| =3,/ | (RS) 64 |~4%0| 556.3 + (6| —(sf

(P11) 32 " , —/s6| -2.81 (RI0) 65 5;1._91 S5 | +0.6 1 —2.2
"(ROB) 33| 553.3| -34.0 | =/.9 ] =3.41 1

Date X/ZO/?Z Time ! Beo

‘ompleted By: 97”/&44.(——- ==

Date “/2)l<4v

Engineering Supervisor: (\la. N Couid
5
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FIGURE 5-1

DOPPLER COEFFICIENT

G337~ 28

sitdinueys uep)oay Ul pasn) jue|ayaor) 1oy 2egddoq  g-prg| aunbyy

U2od AN30e2

001 ce 07 Gh 0z 0

Cl-af-§ T p

e 1 _ _ _
e 5 ! -

Y9 Oyep ¥ EMC0- = 123470 ¥3N04 AWNO ¥314200
Mpempw IATLYOIS 1SYIY LIAEAD F3200. T 310N
= pa

«t-?kow«ﬁlz\#- TNV 19701- = 123430 ¥IK04 LWNO ¥)NNS0Q 1

¥314400 IAIIVOIN ISOH LIAEND EDdah, G} JLON

1*&-.
7.
vnou\'.‘\y\s\-\ow\-\ —
Ve ..(*at 3\ }.\-‘C we T | /"
™~
2Iemandey K..a.\'\.vu:k!v\/ —
—~— @
/J /
//

_7 Nen
;/:///,/
3

o1-

-

hi-

921-

0Z-

Li3U3d 834 W34

.
i

&

2

v é’
P

s/

ﬁ
hr doA que

o Nuclear J“ ¥ a0d
B

Avgh porwer
Compu

nate ¥29/%2

By

Engineering Supervisor




FIGURE 5-2
LOOP DELTA-T (T-HOT MINUS T-COLD) VS POWER
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FIGURE 5-3

FEEDWATER FLOW VS POWER LEVEL
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6.0 CONCLUSIONS

The Cycle 5 startup test results were satisfactory and represent a sig-
nificant improvement over the Cycle 3 results and cor"l.ur. improvement
over Cycle 4 results. The more accurate treatment of individual fuel
assembly burnups, along with other improvements to the nuclear design
methods, have reduced substantially the amount of nuclear design pre-

diction 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.

6.0-1
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TROJAN EOC-4 ONSITE EXAMINATION

Summary of Examinations Performed

Binocular Examinations

Binocular examinations were performed on 180 assemblies during core
unload to assess the overall fuel condition. Examinations were
performed on 9 Region 1 assemblies, 1 Region 3 assembly, 62 Region
4 assemblies, 64 Region 5 assemblies and 44 Region 6 assemblies.

Leak Testing

Leak testing (sipping) was performed by Nuclear Assurance Corporation
on 164 assemblies from Regions 1, 4, 5 and 6. 12 assemblies (A09,
A45, D07, D58, E10, E16, E41, E43, FO2, F11, F21, F30) failed leak
testing.

TV Visual Examinations

Baffle Joint Fuel Assemblies

A total of 24 baffle joint assemblies from Region 6 were TV examined at
high and Tow magnification on the critical (baffle joint) and adjacent
faces respectively. Of these assemblies, 12 were adjacent to corner
injection joints, 8 were adjacent to center injection joints and 4 were
adjacent to both types of joints.

Fuel Assemblies Located at Baffle Joints in Cycle 3

12 Region 5 assemblies that were located adjacent to baffle joints in
the previous Cycle 3 were TV examined at high and low magnification
on the critical and adjacent faces respectively.

Other Assemblies (Non-Baffle Joint)

a) AssembI{ F33 face 2 which was adjacent to F/A F22 (suspect sipping
failure).

b) Assembliies F30, E10, E16, E41, DO7, D58, AQ9 and A45 all classified
as sipping failures.

c) Assemblies A25, A49 and A65 heavily crudded from Cycle 1.
d) Assembly A64 used as channel spacing standard.

Channel Spacing Examination

38 fuel assemblies from Regions 5 and 6 were probed for rod spacing/
movement measurements. The 16 Region 5 assemblies probed were originally
adjacent to baffle joints in Cycle 3. 8 were adjacent to center injection



joints, 4 were adjacent to inside corner joints and 4 were adiacent

to both center injection and inside corner joints 22 Region 6 assemblies,
consisting of 6 assemblies adjacent to center injection joints, 12 assemblies
adjacent to inside corner joints and 4 assemblies adjacent to both types

of baffle joints, were probed.

Examination Results

Of the 24 Region 6 baffle joint assemblies which were examined, 7 inside
corner joint assemblies (F56, F18, FO7, F05, FO4, FO3, F02) and 1 center
injection joint assembly F19 exhibited severe fuel rod damage. The
damaged area for 7 inside corner joint assemblies occurred between grid
levels 5 to 8. For F19, the center injection joint assembly, the damage
was between grids 1 and 2. Figure 1 shows the core locations for these
assemblies. The remaining 16 baffle joint assemblies had no apparent baffle
jetting related visual damage. However, F21 had one interior rod (#12
in the second row on non-baffle face 4) which was suspect since the lower
ind glug was slightly cocked and debris was sighted on the bottom nozzle
n that area.

12 assemblies from Region 5 which were located adjacent to baffle joints in
Cycle 3 (prior cycle) were TV examined on their critical faces (see Figure
2{. Assembly E43, a zipping failure, was shown by TV examinations to have
failed rod 2 and a suspected failure of rod 3. Assembly E47 exhibited

a reduction in channel spacing during probing at the bottom of grid 2
between rods 1 and 2 on face 4. This channel reduction was present at
EOC-3 and there was no change in this phenomenon after Cycle 4. Two
assemblies E05 and E15 each containing three stainless steel rods were

in good condition with the exception of light baffle spray on the grids

on face for E15. Two additional assemblies E53 and ES6 exhibited a
reduction in channel spacing at grid span 1 on their critical face. For
the remaining six assemblies (EQ2, EO4, E08, E12, E29 and ES51), the only
anomalies detected were lioht baffle marks on the critical faces for
assemblies EQ4, E29 and ESI.

F33 was examined on face 2 for visual anomalies because this assembly
was located adjacent to F22. Assembly F22 was classified as a suspect
sipping failure early in the site exam but was later classified as

a non-leaker by PGE. The TV examination of face 2 revealed no anomalies.

Assembly F30 (sipping failure) was TV examined at low magnification
on all four faces and no anomalies were noted.

Three assemblies E10, E16 and E41, all classified as sipping failures,
were TV examined at low magnification on all four faces for visual
defects. Assembly E10 had visible pellet chips on face 1 and metallic
debris on the bottom nozzle of face 2. Fuel assembly E16 had a failed
peripheral fuel rod (#15) on face 1. No anomalies were observed on
assembly E41.
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Assemblies D07 and D58, slated for reuse in Cycle 5, failed leak tes*ing.
Both assemblies were TV examined at low magnification on all four faces.
The only anomaly detected was F/Rs 2 and 3 on face 3 of D58 which were
approximately 1/4" from the bottom nozzle. These assemblies were
previously in baffie locations in Cycle 2 but were not located at joint
lccations.

Assemblies AO9 and A45 which were stored in the Spent Fuel Pit (SFP)
were designated for Cycle 5 reinsertion prior to failing leak testing.
Both assemblies were TV examined on all faces at low magnification

and no visual anomalies were found except for some non-metallic debris
(approx. 1/4" in length) on face 3 above grid 8 on assembly A09.

A65 from Region 1 was examined at the request of PGE. The assembly was
TV examined at Tow magnification on all four faces. Other than being
heavily crudded from Cycle 1, no visual anomaly was detected.

Assembly A64 which had been discharged at EOC-1 and was stored in the
SFP was used as probe spacing standard at the beginning of the site
exam. This assembly was TV examined at high and low magnification

on faces 1 and 2. Some non-metallic debris was detected in the top
nozzle on face 1. Other than being heavily crudded from Cycle 1, no
apparent visual anomalies were found.

Channel Spacing

A probe was used for examining the spacing of fuel rods at the grid
contact area. The purpose of the examination was to determine possible
side way movement of fuel rods due to fretting. This examination was
undertaken as a means if assessing the condition of the unfailed fuel.
At the request of PGE, 8 damaged assemblies (F02, FO3, F04, FO5, FO7,
F18, F56) were also probed. The examination of 30 assemblies resulted
in detection of no previcusly unsuspected failed assemblies.
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