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1.0 ABSTRACT

O 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

j values used in the safety analysis were conservative.

Due to fuel failu:- resulting from reactor vessel internals baffle-gap

water-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 prediction.

O.

This startup report is being submitted in order to fulfill the require- *

sents of Amendment 75 of Facility Operating License No. NPF-1. The sub-

ject matter of this report is limited to the performance of the reactor

core.

O
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2.0 INTRODUCTION

1

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 additional

details). Within 3 months af ter 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 coolant activity had reach 6d 80 to 85 per-

cent of the Technical Specification limit near the end-of-cycle prior

to the shutdown for refueling. Severe damage to eight fuel assemblies

iwas found by visual irspection; portions of rodlets were missing cnd

loose fuel pellets were found. After fuel sipping, nine cdditional '

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 adjacene to baffle plate joint

locations with enlarged gapa (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 /
wibration.

O
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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 face 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 I water-jet impingement on the fuel rod via an enlarged baffle plate

joint gap. Two fuel assemblies were codified 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 corner

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 Cyt.le 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 observed in the two previously

modified fuel assemblies with stainless steel pins.

Trajan conducted an ausmanted fuel inspection program at the end of Cycle
,

4 in which all fuel assemblies to be used in the subsequest cycle werei

( '

| leak cSecked by fuel sipping and/or visually inspected to be damage free

(see Attachment A). Accessible loose 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 midspant ''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.

l
1
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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 to be outside its

acceptance criteria. The magnitudes of Cycle 5 power distsibution 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
I

reload startups.

O
.

e

ie

s

O
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TABLE 3-1 Sheet 1 of 2

PREDICTED AND MEASURED PHYSICS PARAMETERS

Trojan Test

i
Acceptance

Parameter Criteria Measured Predicted

Critical Boron (ppm)

All-rods-out 1340150 1369 1340

D bank in 1255118 1256 1226

D + C banks in 1165115 1160 1135

All-rods-in less one rod 760+85 755 732

Isothermal Temperature Coefficient (pcm/*F)
:

All-rods-out -3.313 -3.8 -3.3

D bank in -6.613 -7.6 -6.6

Moderator ten.perature coefficient, ARO G5.0 -1.6 -1.0

_-53.6>

1

, Boron Worth (pcm/ ppm)

O .

I Differential boron worth, over D -9.2_+0.9 -9.6 -9.2

| Differential boron worth, over C -9.310.9 -8.4 -9.3 <

Integral Red Worth (pes excepc_as ncted)
a

Contrcl D 10541105 1085 1054

Control C 846165 807 846

i Control 3 1220+122 1161 1220

|
-244

| Control A 280+140 307 28 0

-28

tal-tods-in less one rod 5604+2000 5320 5604
-500

All-rods-in less one rod (ppm) 608+200 614 608

|
-50

Doppler Coefficient (pem/% Power)

At 30% -17.5 to -9.5 -12.6 -10.6

At 45% -16.0 to -8.4 -9.9 -9.9

At 69% -13.8 to -7.7 -7.7 -9.1'

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

,

!

i
l
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Trojan Test'i- *
.
'Acceptance '

Parameter Criteria Measured Predicted j

Low-Power Core Power Distribution, ARO

F ' 4.64*K(z) 2.48 2.55
Q ~

,

i.
<1.523 g 1.45 1.43

. ,
F iaH

F <1.97 1.60 1.47xy - <

Quadrant tilt -<1.62' I 1.038 1.012
'

1

Axial offset _48+5% s 42% 48%<

- 15'.
'

'
,

F <15%t 9.7%AH ,.
,

'
,,

Full Power Core Power Distribution. ARO ., ,

,
,,

F <1.55 1.424 1.435aH
,

Quadrant tilt <1.02 1.005 <1.003g. ,

. 3
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4.0 LOW POWER PHYSICS TESTING
OU-

The purpose of the low power physics testing program is to assure Plant
, inanagement 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, and
core power distribution provide sufficient nuclear design parameter con-
firmations to approve an overall nuclear design and 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.g

U
'

The low power flux map power depression that occurred at the perimeter

of the upper lef t (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.

! O
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WESTINGHOUSE PROPRIETARY CLASS 2

FIGURE 4-1

Trojan (POR) Cycle 5 Core Loading
,
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TH0JAN FluA MAP dial UH/23/82 3% Hulo I CVS 09217 CVS PDL -HAIR

WJ lte r SOOHCf NUCLC4H FRf PDINT SuOHCE NutLEAu Far

1 RH2 L 2NM 2.U251 J1 225 N JLK l.56S2
2 272 MllMN 1.6403 J2 282 L 2NM l.5d43
3 272 ellMN 1.$995 J3 282 L 2NM l.7392
4 Sil ll2NE l.S7ei 34 282 L 2NM !.5H43
5 272 hllMN 1.5361 35 256 M SMO 1.5440
6 Sl3 El?nE I.S434 J6 22S N JLK l.SFS6
i 3SH J 4FE 1.4804 JF 258 M 5MD I.5392
4 513 EI2NE I.4797 J8 225 N 3LK 1 53JS
9 58J El2NE 1.46u3 39 2$2 M 2NM 1.6006

10 34H"J 4FF 1.4624 46 225 N 3tk I.5774
(JR J24 K 5EN 1.4399 41 282 L 2NM l.7479

12 3sn J 4FL 1.4265 42 282 L 2NM l.6039
13 25h 4 5M0 1.4254 43 258 M SMO l.5709
14 2SH H SMD 1.4457 44 225 N 3LK l.5485
15 22S N 3Lk 1.4712 45 282 L 2NM l.5570
14 20M P 74F I.4543 46 252 M 2NH 1.5948
IF 225 N 3tK 1.46JI 47 25H M SMO 1.S223
18 225 N 3Lk 1.46v3 004 225 N 3LK 1.SSS6
19 225 N 3LK 1.4777 49 282 L 2NM 1.5400
20 225 N 3tn 1.4826 S0 258 M SMu I.4A26
21 252 M 2NM 1.5S06 bl 22S N 3tn 1.53ns
22 225 N 3tM 1.4973~ 52 25A M SMD 1.5297
23 225 N 3LK 1.5J95 53 2S8 M SMO 1.S407
24 3S2 J 2FM l.S$33 54 194 R 50M 1.S62M
25 2H2 L 2NM l.52H8 55 492 F 4NM l.S102
26 22S M 3LK 1.5169 56 258 M SMu l.4944
27 2SB 4 SMO 1.5165 57 282 L 2N4 1.6263
28 225 N 3tk 1.5359 58 214 P 9ML 1.Sh07
29 25n M SMH 1.5075 59 282 L 2N4 1.6045
30 225 N 3Lk 1.5463 60 282 L 2NM 2.304S

NOTE = VALUES ARE HEST ESTIH4Ti AND 00 NOT INCLUDE ENGINEERING OR NUCLE AR UNCERT AINTY.
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5.0 POWER ESCALATION TESTING

O4

The purpose of the power escalation physics testing program is primarily

to 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.

.

O
5.0-1

. _
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TABLE 5-1

INCORE THERMOCOUPLE CORRECTION FACTORS

O DATA SHEET la
T/C QALCU TIONS
S/7d /~ESW|$S

,

True RTD Hot Junction Box Temperatures: /5 9 5' I
Correct Temperature: S f 7. 4/ *F (Computer U0058, U0059) t

Measured Temp (Meas-Truth) Measured Temp Difference (*F)
Difference (*F)

T/C No. Toggle Computer Toggle Computer T/C No. Toggle Computer Toggle Computer
;

(A8) 1 553.7 SS)./ - 3, '7 - S. 5 (A9) 34 (57.3 SSS. 3 -O,/ - 1. /

(B3) 2 555.7 SS% 4, - /, 7 -28 (All) 35 fSg,0 555,7 + 0,6 - / ,7

(310) 3 SSS-3 SS% f -7.( -z9I (BS) 36 557,5 555,6 +o,/ -I.3
(C8) 4 SSS. 7 SSy.// -t.7 - 3. o (C3) 37 55%o S54. 5 +/,6 - p,9

(Cl3) 5 eqS. o 553. (, - 2 . '.( - 3,8 (Cl2) 38 S5g, f SSS,9 4 f, / _. f , 5'
,

(D3) 6 SS6.o 5 54. (, - f .4 ~ 2,9 (D7) 39 Sfg; .g SSc/,3 - a . 6. -26

(E4) 7 SS4 3 5 58/.8 -I e f -26 (D9) 40 55 7.6 655. V +o.4 -Zo

(E6) 8 SS3. ,Z SS".2 3 - V. 1 ~ fe l (E2) 41 ff9,f $35,/ .t- o a t - 1, 3

(E8) 9 SSS. <7 SS E .2 - 2. V - 3. s (E14) 42 ffy,a 4S z . o - 3.4 - g, 4f

(E10) 10 SSS.g SSI/. O - 2 2. -34 (F5) 43 gg7,g Sgr., , o +a.y -t.V
(F12) 11 SS% 9 SSJ.8 - 2 4' ~3 6 (F9) 44 fj),f 555,9 +(,f - /.f

j (F15) 12 SSS. o S s a/. / - 2.V - 3,3 | (Fil) 45 S$%S 572 3 - z ,9 - S.I

'(G2) 13 SSS.s SSWV -/.6 -3,o I (G4) 46 S$F,a Sfy, V .+. o , 6 - 2. , d

. ./( G9 ) 14 555.2 SS%V - Z . 2. .3 . a (G8) 47 $53,3 SSg,3 +p ,9 - / , S'

(Gil) 15 S 5 5 . 42 SS% V - 2. 1. - 3.o (H5) 48 5S7,5 555,6 i. o . ( - t ,9

(HOL) 16 Se ,:2.S SS/. (., - c./, 6 f.g (H9) 49 Syg.g SSs, 2. +t,4 i,>

(H3) 17 SS3. 3 SS.2.;2 4./ - S. L (H11) 50 S57.3 S56,3 --0 / - 3. I

(H8) 18 SrS. 9 5 5 3/. 8 -2.l 26 (H14) 51 gS7,5 55F.S ./. p , / - /,6I

(H13) 19 SSV.3 F5 3. 4' -Z.6 - J. o (J7) 52 557.5 5SS.V +0t -Z.0

(J10) 20 . SSS. S 5S4/. 3 -/.9 -3./ (Kil) 53 f57.f SSS ,( +p,( -E.3

| (K3) 21 SS).g Syf. 6 V.6 - 7, 8 (X13) 54 557.o 555.0 - o .4 z. . V

(KS) 22 SSS. 3 q s M at ~2.I - 3 2- | (L2) 55' --

(K15) 23 q5 7.g 552. y - 3. 6 - 5, o (L9) 56 Sf'/.f fSS. 8 +.0,I - t. 6

i (L1) 24 SSS. S SSd/ a - / ,9 _. 3 1 L (Ll4) 57 SSr7. 3 SSS ( - a.1 -25

(L8) 25 555.3 55 d/. J. -2./ - 3 21 (MS) 58 556 3 53~6. I +o.9 - t.3
-3,51 (M12) 59 - -(L12) 26 55 5.5 gS3.9 /,9 .

(M10) 27 $f13 f9.V - 9. / - f.o I (N2) 60 , $S S.c 55$ ,4 +0*6 - I.8

(M13) 28 .fgY.3 ff3.5 -Z./ - V,/ (N8) 61 ' $5'/,el .5 f4. V +r.6 - I .o

(N3) 29 fff.6 $#4.3 '-/,6 - 3. / (N13) 62 557.3 5S5.3 - p. / - 7. 1

(N9) 30 SSS. A ,SSV, t .-2.4 - 3, 3 (P7) 63 65P,4f gyg,o + i . 4. (,4

(PS) 31 ffS.'7 gSV,3 /.7 ~3,/l (R5) 64 f57.o $54 3 +t.4 - /. (

(P11) 32 S30f*.8 SYV.4 -/,& - 2. A | (R10) 65 S5g.o SS5,1 J.a.6 - 2, 2 .

(R08) 33 55f,5. f5y,o - /. 9 -5,VI !

.

.Eo!Tr2 Time /88Completed By: % *( -- Date

Engineering Supervisor: O.da D. CO Date 4/2.1 lh
I h

- ___ __ _ - _ .. . ._ - . ._ _ . .- . .



__ _ _ __

s

%

TABLE 5-2 Sheet 1 of 4

INCORE/EXCORE DETECTOR CALIBRarION AND POINTS ANALYSIS SHEET

ip0JAN titfCLFaR PL ANT
ituttia un CatIt4H411:lN also POINlS AN ALys t$ Seit El

64HY *1 A lld
IssuJass e AP5 I/t,14 6,124 50$ 314 8 4,23n 8 0 3518 0,156 41t5,100% tf Alli H/Ju/HP

I*e+> ell uni 4
lese Otatitet L CuHW NI HallIUte CHANNLL LIIPRENI

An el 44 4J 4. 41 42 43 44

15.4 115.0 124.0 112.0 124.0 104.0 10F.0 100.0 112.0 Mt AStsHt0
IS.4 3?n.7 369.1 341.u 34ts .9 297.3 309.9 294 0 324.1 NOs<hallltis
/o.n AS.o 9 8 . ti tit . o 91.8s F4.0 F3.0 Fo.o F9.0 **E A50ett u
2 0. ta li .F Joo.7 .s33.9 .s eo . b 291.3 J02.3 285.1 Jll.4 NO84M AL I Zt.O

t.4 1%4.o lun.o 15t.o 16J.0 154.0 159.0 151.0 168.o totASuwth
P.4 31J.d 341.7 310.5 34o.3 311.5 327.3 3 014. 5 346.7 N0+4e4Altitu
t/.o 160. it fle.o 151.0 In9.4 141.0 152.0 144.0 160.0 HL ASUHt u
le.0 37o.3 331.1 37/.9 350.3 299.7 311.9 290 1 332.2 NORMAllltu
1.4 157.0 11u.0 155.0 106.0 150.0 156.0 147.0 165.0 MEASOHED
F. s lan.1 3 1.9 317.1 342.5 jus.9 320.1 3n1.3 J40.5 NOHMatiltin

,

2./ 211.0 23u.0 (27.0 /4J.o 2.s0.n 239.0 224.c 254.0 MEASuHto
2.7 313.7 342.0 '311.6 313.9 312.3 327;G 307'4 349.1 h04NAll2EO.

-1.4 30 ts . o 3Jo.o .s u e . o Jart. o 31 st. o 333.o 315.0 355.0 HE asuht es
'

- 1. .t loH.o J3n.0 304.0 32re. 0 31 et . 0 333.0 315.0 35S.o NOHMAllitH

rLux relF F siaF.vCF *tF I t et Wallif S
T ues re 4'tht L e40! ION CHANNEL

4ts .I 42 43 ** 41 42 4J 44

10.9 t//.o 352.1 s/u.6 .e 4 rs . 3 40 1.2 316.3 29&i.4 J14.F h0HeiaL ilt h
-10.n 24 ti . s 14,.1 tv4.s JIJ.5 441.5 344.J 324.F sb9.5 nUHMatiltu
do.4 115.o r ihn.i J s s.1 Jt.5.1 291.0 307.3 2665. 5 317. 3 teuHM AL i tt ts

-ro.o / n. t .s l o . F ral./ <9n.1 .sj9.7 35et . J 3 3 7.es J et te.9 wowM aL i ttil
Jo.o 147./ 'l s e . e. 34 n . as tri s.1 274.4 Patis. 2 2Ft.2 299.9 e40HMAt t le et

-to.a /14.1 e ve..n e n re . u < t. . ; J >l .9 3F2.3 351.o .pa.J reownsL i f t h



. - - , , _ -

4

%
0 %NNNN%N *99999* nontnbb cCcDCCC

=A 'e e e a g ee NNNNNN% % % %% ~~% DDDDCDD
nr CCDCCDC 9999999y 2E &DCCCCC N N (n n n n DNNNN NNNNN%N NNNNNNN27 NNNNNNN

J 2333333 3333333 3333333 3333333
U = e e o e e e e e e e e e e e e o e e e e e o e o e e e e
W %g 3333333 3333333 3333333 3333333
W D

A
W

MMmmmm9 acconoc OccoeOO tettttt
LA 28tQtL3 CDQuDeC ======= ======m
CE C&GeeCD eseetew %%%%%%% D?tDDDD
-! NNNNNNN NNNNNNN NNNNNNN NNNNNNN

O 9333330 3333333 3333330 3333303
= e e e e e e e e e e e e e e e o e o e o e o e e e e e e
%g 3-393330 3333303 3303933 3333333
>

N
t
% 4
3 J 3333333 3033c33 0393333 3333333
9 40 e o e o e e e o e e e o e e e e o e e e e e e o e o e e
N *t 444C444 ??????? ??????? 999M*99
2 Ou NNNNNNN CodeC@@ ======= sttSSES

"= &44CCC4 &G&&CCG CCC&GCC CCC& CCC
E t
* =
e
t

9
3
3

m = DW MAACNN 23OM97 PNNNam AAAes%
a * * #27=4# 3==e?4 ==mem3 =4pNee
w D 4J Scamm?N3 37NNmem 37NN=DN 3=NN2%3
Z N m3 e e e e e e e e e e e e o e e o e e e e e e e e e o e e
A = JD 3333N99 3332M9e 333399e 3=33 mea

a e 9 4 6 4 4 0 0 I t I t 4
A * 3

1=

+ n
> e
J 2
4 m

Z *
4 ? M r.c3=NN Ma%?d-N MCtte>% * t 3 C *r m s

9 =P 9=99 ten *%N9Amm 9% N9=ts *?=pt?t

=A * 2" 97Ne% ?e *tN4?m% nt%e?3% R% Nammt
= v J e e e o e e e e e e e o e e e e e e o e e e e e e o e e:

= eO 2% C3??C 2%23 Pet 2% 2ttat 4% 2tosp4ZN J= d 3 > m = ==
| 1 10 A
t O 1 Ni

i "I 2 *
l W 40=4

a sL4=
JeZNm J =

| < '7>= af 92=f*S9 F=C==?N MCSCa*% FNe%N*/
h 1024 .3 = 9 tA M M 4 3 % 9299532 *?eN9As 93e=ce*.

-4 = mJ 9m+Nt% N m%eN~e9 9% eN% ee 9?eNm=?
Z Cf og C es e e e e e e e o e e a e e e e e e e o e e e e e e e e
e "4 e >> t|38tC43 ttCKCCC SttSC40 33CL<CC
72 e = m = =

0: N
: = =

4=J *
e m edut%fC f. f *e ents ?4=Cth* C49tf?4 %
g N w es e e e e e e e e e e e e e e e e e e e e e e e e we

- 3 St?tN4== ce==N3 0 99? tea 3 %PC=Cfr 3%
= e 1N % en % Tef? ?% ?t% C? % er. C % ett N7=%=N* Ne

% t= 999metN 999949% 9M9Ree% 99 e4?DN et
NCN =e . e'0 04 -

*T z d 02% 3%93 *=mted2 DspCf%NC =f?*4=t 1Nm

J f g v3 e e e e e e e e e e e e e e e e e e e e e e e e o e e e =

4 1 ==3 P'P=?SC9 SNee93% = e% A3% 9 %?C% ST S f
O e T= = >==%% e, 9-N9J3 e = 73=%% 9 PN ef9* f &=

T * N 9 9 9 9.N 9999 men 9%999*N **9* ee% f= '

e4
s

a 8 9
4 W TTmeON O #9fehMe 74%%3=f 3%*f*%3
9 = e o e e e e e e e e o e e e e o e e e e e o e e e e e e vA

O N %m%f% 27 p t = = -3 N C E79e33% N#9 3*%=
x %= %?% C Pt 3%mS=%= Ct% C??C s?%S?07% CC
= 17 9 999*No gepe997 999*NNe 9e**MNO 4 4

04 211 =0 eVf#PC# Ofa% C?N
C .Ol 5 24 CVmet%C m ? ? #. .C 4 C-vc e e e e e e e e e e e e e o e e e e e e e e e o e e e .

=3 C Ce% f?9 t C N e'D t N % e=RZ*? C*2DN9e
tm =N=3fe2 m f e P N C .% ChmCget *?*% fem sa

*mM9NYM MMM9NNe M**M%N9 M***N%e ==
M e
22

>>
mm

JJ
..= O?333CDe 0 0 3 0'3 3 8 =33323e COSTOne #4

| yg. e e e e e e e e e e e e o e e e e e e e e e e o e e 22
| : =t c*m9ps? 3999f37 3**91.3 7 C***tt? . .e

* 1 ### 13a l e 'f f14ffm O fff =vw e
. -

| | | C i 0 0 t: <s mm
~ 11

==
we
4 !k

__v 2
47 ======= NNNNNNN 999*9** eeett se se
2> efeded e **eeefe dedred e eeeegee ww

OU # # 8 9 # 8 9 8 9 9 9 9 3 9 9 1 0 0 6 0 0 0 0 I I I 8 I .J
vu ZITTIIT TTTITIZ ZZITTIT IIITTTT ww

I
w= vvvvvvv vvvvvvv vvvvvvv vvvvvvv 2cr

*bI
-

1

- _- - - . , . _ . . - _ . - - . _ . - - - . . . - - -- .,, -- - --_



. . _ _ .

e
%T ,#

=
== D?3 PEW 7+3 e7/%' Q 3A3A3
4e

6 e e e e e
* N O N ft S?O33*"=*SM == ,

.J # I 30333?3ea
g m O 3 ** 3 3 3.% 3 3 E

: D e e e e e e e e e
G w ======pp=
Q

J M
v3 e

E
= *l =e 3 == 9 3 9 3 3 3 *1 2 3 3
4. * N O IN # 3 M 3 3 3 "9 r, 3 3

N = 3 == N O d == ? A *1 2 3 O
( e e e e e e O e e e e e e e e e

#N3N# # 4 9 *l *) N =* == f p =*4 ==

J 4 4 2
e
O

%
D D D P 4 D am 2 t
% N 3DDN*977
3 e 2 S == N N D N 3 3 2
*) 2 == e o e o e o e e e
% = = 034= u6 O == 3 3 *9 4 ? ? p
D aa 7?8?7 0 I l I

== 33 3 ==
g d e e e e e

#N39#== ==

4 =/ I I
' 5 6

*
"

323S39=93
3 3 3333?3 ec
3 ** O 3 P= 3 3 3d\ 3 3 &
-e e J e e e e e e o e e
. 2 w ===========pA==
p == 3p2D2
N 4 743eP

473?3.=.
=

E e e e e e
*1 == 3 == *) S *t 3 3 3 *9 3 3 3N A ==

# s 8 6 31*le 3 O M E S C
== ** 4d 3f=?A89?33
. . J. 9 0 e e e e e e e e e
. O e a 9 al *l N = =e e p ==

ZZ =

t *
f

T *

= = = e 333O3 > N N N 4 == *t M
w == U == 3 333 3 -e===eg og 3 e p

0 33333 2 3 ? N N == A N N N4 == =
.g g A 3 e e o e e = e e e e e e e e e

* N *1 4 D W 3 S O 3 .*t M ef#LT ft 4,

CN L N 1 8 8 8

| == *

m 9 .J 4
4 =

JW Mg y =e
M O4 =
stl 2 15 3 ? 8 2 o *9 = 9 3
( a 3 3 333373 eD
p = c O 3% 33ON3oe

<: e c e e e e- o e o e e
*) r w ========-e== ti o =
0 .4 N
1L =

== 1 e
=*c
N 3 * 3 3 S *9 3 S 3 *t O

% -e 3**33 3 *t t 3 3 > 0?

O f = ?.d * P 3 3 g f eI .
#== N N O ig "*e o e e e e o e e 2

a % * W M .* * N -e == e p == .
N9 73 2L ==

7 *1 9 == F tl

/ 3%PD C == f. 3
1 E T, 3 P == e * *
a a= * e == 2 3 3 *t *l 7 == == =% as N =0

3 =*** * > e 4 I O *1O y N % == e = ,P PZ % CC3
== 7. A e

? 3 3 3 ==
.,,*e e e e
== e e e o e e e e e 2 2N

4 t.o 2 2 3 3t* * 4 4 4 0 t
"9"" 0 0 0 0 *

0 2 7 r*1 *
- * * *3
% 3N==

3%eJ Y NP
P * % == 0 te 'l
* 7 t 't 2 t em.

J 3 fO= o 7 3 3 3 9 == * 3 0 3N
== # C* r# 3 3333373er

#. * * ? O O *= 3 3 O N 3 3 C *= in N*
e o e e ; e e e e e e e e < = e o e=======.o O e == t e?NNNNN= w

O 9

| J 8 r~
-e r=, =.

4 e t *
3**S33*9333 W == # 3N

==9*== = 3*l333*233 O P 3 t. &
# # == 0 3 4 == ? 't * ? O = 44 e e e *

, O e e e e o e e e e L I C3% A1 3%@ =

I ** e .? O 4 * W '" = 'l N == == 4 / = 0 4 =.
I r CCh 'l 2 - 4. *r

2 3SC A /7
e e e e u?
333S ; IN

"9 f A E N N O & 2 O 01
# ? ? == e # ? 'P O 42e O

? c *: == == .9 Nr?Y U e * * **
== e e e e e e e e e or ** 3 N =

,

i 4. 3 3 3 S N 9 "" at at m ** f% 2
9 I t I N 'h 4

==N** 6 ee == d'
* ** e 3 / : 0
77 J O *=

_ 'LA 7333CCCe3C t.i 'ei

00e e e e o e e e e Z\ T UsO e = **='t 3 7 3 c -i

( A == 8 e I. p 4 C
B e 8

-. - - - - - - - - . _ _ .-_-. ,- - - - -, - - - - -- -- -



. _ - - -. -. _ - - - _ - - - - - -

-

TABLE 5-2 Sheet 4 of 4

i

1840.jase mist.[,) Aee VL Asel

InoJa.e e %r5 t u. se te lc .Sublicl A.ew.st. sus to. f 56s te5.a uus esa H n/Ju/aia
,

|

J

k

i '

.......sl5 I N I t.least p l a it H4Nbt Cr14telat l C ALCut. A l l ONS. . . . . . . . . .

ra J5 f a ss t voetes elfkuA vs a si s. NJ6 FutL PositH e4 t CHisamed = **v.
,

|

re s5 //t le le tassent eel siltku AHPs a es s. 1 +- et.1 .eJo 424 INIP CupkENI MICHUAMP5 a 99. (4- 9.)*

i

I ra n so n ovr eet.uws<t. tai nichuAmeS = 114. njb JoS OVFHCUHkENT MICHOAMP% a lb.
I

' b l .~ 6 4- ts . ) m3h 10% htdFI CuNNErsi MICNOAMPb J 72. (4- 9.3w as tres eat se l CasuwFhl MICH0amed =

i
|

WJ5 //s Iwle votla6e a b . e,51 too.047 -u.054) gjo 22s THIP vot.I Abt = n. Fog (+o.047 -0.uses

se h ses6 ovFnvut.Tabi a n . rt l 9 N30'304 UWt'94WOLTAbE = ts.vlt

#4 n ins. ne st i vot i a s,t = a.*in g.u.ub. -0.ul2) NJ6 165 HESfl VOLIA6t_ a u.57) (*0.064 -o.ulti

_ ., -
._ _ _ _ _ _



FIGURE 5-1
,

|

DOPPLER COEFFICIENT

.T i 8

D g !. ,
A- ,fn o. ., m.,-

4, % *- .,

*f. hdaphk 4 s%$ C "

.h )
,
z

@,

i d 1 - -

/ =

-??
n.

*(Ww

./ 4 'I 2
o ,- -

4 5'. 5 -

/ t* d u
/ g' <''

/9 .-u .., it - e,

Ym D w' "
E

f{.
| CU UU
[ h$ $$ 5ge_

w 2s s . . --

2 / in. 5.2 Ti .1

3 gz

LO LO 5 1: /
A / @ ME ME 9 o
D 5. 5. g; u

~l .3 . - d9 "~%
/

- -

= : tt ut E"ha 58.. = ' -

/ :
e -

e.. ..

/ : ?
| - - 0
| ./ e ? o
1

-

- n
,

./ o'
*
~

/
/ } i'.

//I l ! I (1 I | I I }e
~"

| 9 9 4 4 4 4 9 9 9

E"0J L'G333d ' ad Wodd
- . . -

! nue/eer </wp & w fA fs -up,

dtnp ).m ruals 'Asylm Anf pafna ,.s & A e -

|
M*Elod*t note 9rh7/92.nr

|
,

Engineering Supervisor ,/h. M _ Date 6/.1/ /es
n _



_ _ _ . _ _ _ _ _

FIGURE 5-2

LOOP DELTA-T (T-HOT MINUS T-COLD) VS POWER
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6.0 CONCLUSIONS

O The Cycle 5 startup test results were satisfactory and represent a sig-
nificant improvement over the Cycle 3 results and coatiuueo 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.

|
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TROJAN E0C-4 ONSITE EXAMINATION

O
1.0 Summary of Examinations Performed

1.1 Binocular Examinations

Binocular examinations were perfomed 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.

1.2 Leak Testing

! 1.2.1 Leak testing (sipping) was perfomed by Nuclear Assurance Corporation
on 164 assemblies from Regions 1, 4, 5 and 6. 12' assemblies (A09,
A45, D07, D58, E10, E16, E41, E43, F02, Fil, F21, F30) failed leak4

testing.

1.3 TV Visual Examinations

1.3.1 Baffle Joint Fuel Assemblies

A total of 24 baffle joint assemblies from Region 6 were TV examined at
high and low magnification on the critical (baffle joint) and adjacent
faces M spectively. Of these assemblies,12 were adjacent to corner

| O injection joints, 8 were adjacent to center injection joints and 4 were
| adjacent to both types of joints.

| 1.3.2 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.

1.3.3 Other Assemblies (Non-Baffle' Joint)

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

b) Assemblies F30. E10, E16, E41, D07, D58, A09 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.

l.4 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

___ _ _ _ _ _ _ _ . . _ _ . ._. -- - . _ . __- ._ .



. -

.

'

.

2

O
joints, 4 were adjacent to inside corner joints and 4 were adjacent
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.

2.0 Examination Results

2.1 Of the 24 Region 6 baffle joint assemblies which were examined, 7 inside
corner joint assemblies (F56, F18, F07, F05, F04, F03, 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
end plug was slightly cocked and debris was sighted on the bottom nozzle-

in that area.

2.2 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 sipping 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"EOS 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 E56 exhibited a
reduction in channel spacing at grid span 1 on their critical face. For
the remaining six assemblies (E02, E04, E08, E12, E29 and E51), the only
anomalies detected were lioht baffle marks on the critical faces for
assemblies E04, E29 and E51.

2.3 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.

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

2.5 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 onO assembly E41.

|
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2.6 Assemblies D07 and D58, slated for reuse in Cycle 5, failed leak testing.

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 assemblibs were
previously in baffle locations in Cycle 2 but were not located at joint
locations.

2.7 Assemblies A09 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.

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

2.9 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.

3.0 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 detennine possible
side way movement of fuel rods due to fretting. This examination was
undertaken as a means of assessing the condition of the unfailed fuel.
At the request of PGE, 8 damaged assemblies (F02, F03, F04, F05, F07,
F18, F56) were also probed. The examination of 30 assemblies resulted
in detection of no previously unsuspected failed assemblies,

l
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