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Dear Mr. Keppler:

This letter and its Attachment transmit a summary report of the Unit 1
Cycle 8 startup and power escalation testing.

This submittal is being made in compliance with Technical Specification No.
6.9.1.1, Items 2 and 3. ‘
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I Introduction

The Unit 1 Cycle 7-8 outage began with reactor shutdown on
July 16, 1983, after a twenty-eight (28) day power coastdown re-
sulting in a total cycle 7 buxrnup of 10,446.8 MWD/MTU and final
boron concentration at essentially zero ppm. One-hundred per-
cent (100%) RTP was again reached on November 7, 1983. Startup
testing was completed on November 8, 1983, with a full power flux
map. ‘ '

The fuel shuffle sequence for this outage was the typical
shuffle. The fuel shuffle began on August 18, 1983, and was
completed on August 23, 1983. Other than typical mechanical
problems and one fuel shuffle sequence error, the shuffle was
uneventful with no damaged fuel assemblies detected.

A total of eighty (80) Westinghouse Optimized Fuel Assembles
(OFA) were placed in the core with sixty-eight (68) of these fuel
assemblies containing Wet Annular Burnable Absorbers (WABA). For
the first time in Unit 1, the fresh assemblies were loaded into the
core in a low neutron leakage pattern. Also for the first time, as a
a result of the WABA placement, the irradiated secondary sources
were placed in fuel assemblies on the periphery of the core near the
source range detectors. The placement of the secondary sources re-
sulted in extensive analysis of their effect on the Inverse Count
Rate Ratio (ICRR) during the approach to criticality.

The approach to criticality started with shutdown banks with-
drawal at 0133 hours on October 19, 1983. Dilution toward criticality
was halted at approximately 1700 ppm pending Plant Manager's approval
prior to entering Mode.2. As a result of a problem with the Rod
Position Indicators'(RPI's), dilution to criticality from 1700 ppm
was delayed approximately thirty (30) hours. Dilution resumed at
1812 hours October 20, 1983, and criticality was achieved at 2103
hours, October 20, 1983.

After stabilizing the reactor, data was obtained to determine
the Zero Power Physics testing range and the point of nuclear heat.

Zero Power physics testing began at 0600 hours on October 21,
1983, and included the usual all rods out (ARO) Isothermal Temperature
Coefficent (ITC), control rod worth, boron worth and boron endpoint
tests along with ARO flux map. The measured ARO ITC was essentially
the same as the design value, therefore, no rod withdrawal limits
were required to ensure a negative MTC above 70% RTP. All rod worth
and boron endpoint measurements compared favorably with design values.

Power ascension testing followed, starting on October 24, 1983,
" with a 30% RTP flux map, followed by a 48% RTP incore/excore cross
calibration, Moderator Temperature Coefficient, Doppler Power Co-
efficient, AT/AP ratio measurements and several flux maps. Power
ascension went smoothly with the only uplanned hold being at 95%
RTP, as the three-dimensional analytical factors were unavailable
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for flux map processing. On November 4, 1983, the three-dimensional
analytical factors were used in processing the 95% RTP flux map
which resulted in an allowable power level (APL) greater than 100%
RTP. The reactor power level was subsequently increased to 100% RTP.

Y ! ~ N

In general, all startup tests were relatively routine. They

were conducted in a timely and expedient manner and resulted in
accurate startup information and data that compared favorably with
design expectations and met acceptance criteria.

As stated in section 6.9.1.2 of Unit 1 Technical Specifica-
tions, the tests identified in the FSAR shall be addressed in the
Startup Report. The tests in the FSAR are tests which were
performed at the beginning of Unit 1 Cycle 1. Not all these tests.
need to be performed on a reload cycle. The FSAR tests that were
required to be performed on this reload core are addressed in de-
tail in this report. Those FSAR tests not required to be pexrformed
on this reload core are addressed in the Unit 1 Cycle 1 Startup
Report.

»
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II CORE LOADING AND FUEL INSPECTION

"ty

The Unit 1 Cycle 8 fuel assembly shuffle sequence commenced
at 1250 hours on August 18, 1983, and was completed at 2245 hours
on August 23, 1983. Eighty (80) depleted fuel assemblies (sixty-
five [65] region G and fifteen [l15] region H, all Exxon 15 x 15)
were removed from the core. The depleted assemblies were replaced
with eighty (80) Westinghouse 15 x 15 (region K) assemblies. The
Westinghouse fuel assemblies are of the Optimized fuel assembly (OFA)
design and many contain the recently designed part length Wet Annular
Burnable Absorbers (WABA's). Both the OFA's and the WABA's are
designed to increase the neutron economy and the cycle length
of the core. Westinghouse's safety analysis of the reload fuel has
shown the OFA's are mechanically and hydraulically compatible with
the Exxon fuel assemblies, and with the control rods and reactor
internals interfaces. A more detailed description of the new OFA's
and WABA's is in the attached Appendix II A. The remaining one-
hundred-thirteen (113) assemblies consisted of forty-nine (49)
region H and sixty~four (64) region J fuel assemblies, all Exxon
15 x 15. Core loading diagrams for Unit 1 Cycle 7 and Cycle 8 are
shown in Figures II.1l and II.2 respectively. (Core loading pattern
diagrams, illustrating the difference between Cycle 7's core de-~
sign and Cycle 8's new low-leakage core design, are shown in
Figures II.3 and II.4 respectively.)

The first fuel shuffle problems occurred at approximately
1330 hours on August 18, 1983. The "frame down" light would not
activate although the upender frame was down. and the winch had
shut off. After several seconds, the light activated, however,
the winch cable then fell off the winch into the water. Apparently
the cable had unwound to a point such that the "ball"” that holds
it was able to fall out.. A diver was sent down to repair the
winch while repairs were made to the .limit and proximity switches.
The system was declared operable at approximately 0100 hours on
August 19, 1983.

At approximately 0630 hours on August 22, 1983, an error was
discovered in the fuel shuffle procedure. An unusual pattern for
the shuffle had been necessary because of the new WABA loading
pattern and the addition of two (2) new secondary sources. This
pattern, however, would not allow core subcritical behavior to be
properly monitored on both source range channels while an activated
secondary source, SS5, was absent from the core. Minor changes to
the procedure corrected the error and the shuffle continued. This
problem again occurred in the sequence involving SS6 and was handled
in similar manner.

II-1
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' At approximately 0800 hours on August 23, 1983, a problem
developed with'the fuel transfer system. The pneumatic system air
pressure dropped as the transfer cart traversed from containment to
the spent fuel pit. Later, this same problem developed on the re-
verse path. After much discussion, it was decided to resume the
shuffle to complete the remaining steps (approximately 10) without
repairing the system. Problems later developed with the solenoid,
which had to be repaired. The final steps consumed a. great deal
of time as the system further degraded. At this time, repairs
have been made to the transfer system. The solenoid has been
replaced with a new solenoid.

Westinghouse Fuel Assembly Handling Deviation Reports, FAHDR's,
numbered approximately the same as the Cycle 7 fuel shuffle (27
versus 24). With the exception of the previously noted inci-
dents, the majority of the reports involved problems associated
with the insertion of assemblies into their specified core posi-
,tions because of minor bowing or because of in-place assemblies
leaning into open core locations. Some FAHDR's were the result
of minor adjustments of the manipulator crane index.

Binocular inspection of new and irradiated assemblies took
place both in the containment and in the spent fuel area, thus
optimizing inspection conditions. All irradiated assemblies were
observed .from as many angles as possible as they were removed
from the core. Additionally, those assemblies discharged to the
spent fuel pit and all new assemblies underwent a more thorough
inspection in the spent fuel pit. Each assembly was slowly rotated,

thus allowing the observer a more careful inspection. All assemblies

placed into the core were inspected as they were inserted as a final
check for any damage. The binocular inspection of the assemblies
revealed no structural damage or abnormalities.




FIGURE II.1.
C..COOK UNIT 1 CYCLE 7
CORE LOADING DIAGRAM
_ (INITIAL» CONDITIONS)
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' FIGURE II.2 '

C. COOK UNIT 1 CYCLE 8
CORE LOADING DIAGRAM
(FINAL CONDITIONS)

g
R P N M L K J4d H 6 F E D C B A
A B T e B P st e o I
bbb b i7s fsse tpxosmisezateexosnieopzat oy ¢ i b} %y
Poop o, b b bW DKk 1KSS Gk Pkn ik i i
’ 3 3 1 L} ] ’ ] ' . [] ] ] ] 1
b 128 176 GI2PKIOL R3S GA2PKITI AT I2K32I RS M2 ¢ b1 i i o
P b dHo2 FU31 ki3 3USL KA PRIS P KOL P4 kIS § 4TSS i
0 [} 1) ) [} [} ’ ] ] l ) [ . L] ] ]
t D11 L ROS I12PKIB! R33 DI4PKOSE RE6 PIEPK2ST RIS GIPKI2 R2S IZPK22 R29 102 & i
PoiH0 D015 [KAB §J05 DKM K32 XIS KO3 KA0 §J09 §Kes §J35 PS i
b1 O3 BAZPKISIRIO ! &8 B A7 LLPKOSI RIS PIEPKIS S9 f 38 RO3 I12PKZ0P 110 ! P o
43Sk EKs0 3020 §U3s P2 K10 P PXI PN PIa9 1025 PRey 38 i
D9 I2PKIGY RI2 132 PSS GLGPKIIT IS3 391§ R IMPKISI 21 170 RON GUZPK2TE 122 | g
PHI8 PKSE 18 § U2 DHI0 Pkoz §HAS 1305 WAL 32 idso |00 §3Sh iKks |3
18081 17 R28 TLEPKISE 71. PIEPKO9! R20 IZPKOSI RS :I2PKOTI RIS ILEPKIG: 5B GISPKI4! RIT 18081 8% o
PXES {043 PK39 G USS {K33 (HS2 Kl PRI8 PKIS MG ik22 §J03 §Ka8 1% PKM3
HIPKO2LL 20620} R2] LGPKOS) R2B HLZPKSi 07 SSIZ 403 I1ZPKISH 158 1GPKIZ: RIS SIZPKOSLAPROTL: -
PKT DKI6 P HS fXa3 P H27 P KIS G M8 i1 1007 PKIS G HAT D KOS § M4 § K36} KO
{077 11 A5 IGPKOSS RO7 | 128 G RAB G LLL B3 G 16 iR + 105 |21 CLEPKOS OB GROII B g
PRSI PHEB fkal U2 fJ24 M6 3USS [HOS iJor [Hls §J30 {Ja iKkes §H KS2 |
PKISHZP0B] R02 HIEPKIOH 97 HZPKIIL 18§24 %92 L1ZPKZ0L RAD LGPRZ0L RES LIZPESLLPROITL 9
K76 1 K2 D HSE PKIT G HOb K27 §Jdo iJon i3z Koy imee X3l PHO7 K3 DKM
{B0ST 1 U1 HLEPKOLS 78, LEPKZHL RID LL2PK29L ROI LLZPROZL RAZ \LGPKIS| 22 (1GPKZSI A2 BL 8 4o
PXIS {017 1K0B } 27 iK23 | ML iX08 iHeA iX07 M2l 1Ko }Jl0 1K HJ22 lKed
Y87 MOPKOBI ROS 3 0B 3 9B MAPK21} R36 !SSP IS4 P1PKATE 66 1 SO R22 LZPK28I 69§ 44
P H33 PK74 102 §UST I HSS K12 §HE4 §JRA P H2S 0T § AL 3o 5351 PR63 | KOy
e v e e e P R T R L R b 12
P45 kg0 J58 §J59 fU12 K4 §J23 ika9 fJIS P JS8 PJ19 iKs9 § ST |
SR GRIAG RS0 PKZSS R0 GPROTS RAT Hepk27i R32 fZPKOSE RN 29 S g
PHSS P14 (K47 $0s3 K3 M2 iK1 §HI9 PKS4 1029 {KS3 fJod IS | :
C b7z 150 PIPKOST RA9 DA2PK2AT RIS P12PKO1} RSL MZPKiS} (18 148 1 44
(330 {3417 1K P2l iK20 §HAO i KO iS4 K10 :USS i HAY
TTTUTT i gs i8I0 84PKOSLIBOBI $14PKOSZE SSS 129 i 15
{H22 §Kel §XSB I KE2 §KS7 :KIB i HAT
[] ] ] ] ] 1] ] ]
160 .
; 107 /
90 —#-- 270 ey (-=em===  NORTH
: fo___0i \

*0OFA THIMBLE PLUG

Rl

.

s




. T FIGURE II.3
T . R . ‘
. T3
UHIT 1 CYCLE 7
g ’ CORE LOADING DiAGRAN
i — )
1800 -
RPHHLKJH?FEDCBA
| | ! .
1
N
1
.
1
}
5
61 .
7-——.
Ve 900 g 2700
. * 9—
10—
N—
12
13
14 __
15 )
Earichment 00 . .
Region 2 2.903 — Region 9 - J '
Region 8 2.905 — Pegion 8 - H . ‘
. Region 7 2.507 -~ Reqion 7 - 6 :




FIGURE II.4
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Appendix II A

Westinghouse Optimized Fuel Assemblies (OFA's) and
Wet Annular Burnable Poison Absorbers (WABA's)

"y
Westinghouse, in order to demonstrate compatibility of the
OFA with ENC fuel, chose the following approach. ENC, in es-
tablishing their fuel design,” demonstrated compatibility with
the Westinghpuse LOPAR fuel used in Unit 1 Cycle 1. Westinghouse
has shown compatibility of the 15 x 15 OFA design with the LOPAR
design. Thus, compatitbility between OFA and ENC fuel was shown.

The purpose of the new OFA design was -to improve the utili-
zation of Uranium while allowing operating margins to be maintained
The 15 x 15 OFA design is similar to the 15 x 15 LOPAR (low parasi-
tic) design which was the initial Unit 1 fuel. The major difference
in the two designs is that the five intermediate inconel grid straps
of the LOPAR fuel were replaced with zircaloy grid straps. The very
low thermal neutron cross-section of zircaloy makes it less parasitic
and hence results in better neutron economy. The zircaloy straps
are wider and thicker than the inconel grid straps in order to
duplicate the inconel grid strength. The ENC grid straps are
bi-metallic, consisting of zircaloy-4 straps with inconel springs.
The grid heights of both OFA and ENC assemblies are equal. A com-
parison of Westinghouse 15 x 15 OFA and Exxon 15 x 15 assemblies
appear in Figure II.5 and Table II.l. The OFA rods use the same
design as the LOPAR rods.

As the zircaloy grid straps are thicker than the inconel,
there has been a reduction in grid strap cell size. This reduction
resulted in the OFA guide thimble tubes inner diameter above the
dashpot being smaller than the ENC thimble tube inner diameter.
Below the dashpot, the dimensions are the same. The reduced dia-
metexr provides sufficient space for all inserts; however, the
Technical Specification rod drop time limit has been increased to
allow for anticipated increases in rod drop times. All accident
analyses used the lengthened rod drop -time.

Minor differences between ENC assemblies and OFA's include
1) the overall height of top and bottom nozzles, 2) the adapter
plate flow-slot configuration and holddown leaf springs. These
differences have no adverse affect on the interaction of the two
(2) types of assemblies. The OFA's use a 3-leaf holddown spring
design (as previously used in LOPAR's) which provides additional
holddown force margin compared to the 2-leaf ENC assembly spring.
The OFA bottom nozzle, although similar in design to the ENC bottom
nozzle, has a reconstitutable feature. This feature allows it to
be easily removed. (See Figure II.5) The OFA design utilized a
locking cup to lock the thimble screw of a guide tube in place,
where as the LOPAR design utilized a lock-wire. This feature
facilitates remote removal of the nozzle and relocking of the
thimble screws as the nozzle is reattached.
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The burnup dependent rod bow for the OFA design was conserva-
tively assumed to be the same as for the LOPAR design. Significant
rod bow is mainly caused by rod-grid and pellet clad interaction
forces and wall thickness variation. OFA fuel rods and LOPAR rods
are the same, thus eliminating the rod consideration. Grid forces
are reduced because of the zircaloy springs in OFA, thus rod bow
can be predicted to decrease.  Fuel rod cladding wear is dependent
on grid support and flow environment. Hydraulic tests between ENC
and LOPAR assemblies and OFA and LOPAR assemblies showed similar
crossflows between the two sets. The results showed small cross-
flow between assemblies and no significant rod wear due to vibration.
Extrapolation showed that clad wear would not impair fuel rod
integrity. .

The purpose of the new WABA design was to reduce residual
poison penalty at the end of cycle. This in turn could 1) aid in
reducing initial boron concentration and thus maintain a negative
beginning of cycle moderator temperature coefficeint and 2) aid in
extending cycle length. Additionally, the-WABA's aid in flattening
the power distribution and in controlling power peaking. The im-
proved WABA's are different from the older burnable poison rods in
the following ways: 1) aluminum oxide-boron carbide is used instead
of Borosilicate glass, 2) tubings are made of zircaloy instead of
stainless steel, 3) the annular plenum contains helium instead of air
and 4) the inner tube is open-ended allowing the reactor coolant flow
through it instead of being filled with air. Additionally, the WABA
rods are reduced in 1length to 123 inches and its centerline is
positioned 1.5 inches above the fuel rod centerline. Thus the
design benefits of the WABA are betteér neutron economy from the less
parasitic zircaloy tubes, the increased water fraction in the cell
which increases the thermal flux in the cell which increases the
effect of the poison and the reduction on the end of cycle boron
penalty. '
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" . ‘ APPENDIX

Table II.1

Comparison of OFA and ENC Assembly Design

15x15 W 15x15
Optimized Fuel ENC Fuel
Parameter Assembly Design Assembly Design
Fuel Assembly Length, in. 159.765 n 159.71
Fuel Rod Length, in. 151.85 152.07
Assembly Envelope, in. 8.426 8.426
Compatible with Core Internals Yes Yes
Fuel Rod Pitch,. in. 0.563 0.563
Number of Fuel Rods/Ass'y 204 204
Number of Guide Thimbles/Ass'y 20 ‘ 20
Number of Instrumentation Tube/Ass'y 1 1
Compatible with Movable , Yes Yes
In-Core Detector System
Fuel Tube Material } ‘ . Zircaloy-4 Zircaloy-4
Fuel Red Clad 0D, in. - 0.422 0.424
Fuel Rod Clad Thickness, in. . 0.0243 0.030
Fuel/Clad Gap, mil 7.5 . 7.5
Fuel Pellet Diameter, in. 0.3659 ' 0.3565
Guide Thimble Material Zircaloy-4 Zircaloy-4
Guide Thimble ID, in.* . 0.499 0.511
Structural Material - Five Inner Zircaloy-4 : Zircaloy-4 Straps

Grids Inconel Springs

*Above’ dashpot

-
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- " FIGURE II.5

\

SCHEMATIC OF WESTINGHOUSE 15X15 OFA

159.765 (W) REF.

159,710 {ENC) 2238 (W) REF o
- 272 (ENC) "
e 161.85 (W} REF, -
152.07 {ENC)
3 = == | =t
L= = = == N
3 q] == = = D -1
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ﬁE%r z = 23
= ] 3 = -
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3.48 (ENC} — . < 13463 : 6.645 (ENC) T
15331 () REF,  REF. REF. REF,
i 153.26 (ENC)

W - WESTINGHOUSE 15X15 OPTIMIZED FUEL ASSEMBLY (OFA] DIMENSION
ENC - EXXON NUCLEAR COMPANY (ENC) 15X15 FUEL ASSEMBLY DIMENSION

NOTE: OFA AND ENC ASSEMBLY MID-GRIDS HAVE IDENTICAL AXIAL SPACINGS

-

G GRIDTYP

ENC GRID HEIGHT - 2.25

WESTINGHOUSE TOP & BOTTOM GRID HEIGHTS 1.5
WESTINGHOUSE MID GRID HEIGHT - 2,25

“y

Comparison of ENC Fuel Assembly Dimensions With Westinghouse 15X15 OFA Schematic
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III INITIAL CRITICALITY

Unit 1 Cycle 8 achieved initial criticality at 2103 hours
on October 20, 1983. The All Rods Out (ARO) Boron was cal-
culated to be 1572.4 ppm, as compared to a design value of
1534 ppm. sy

The approach to criticality began with the withdrawal of
the Shutdown Banks. Shutdown Bank withdrawal began at 0133 hours
and was completed at 0219 hours on October 19, 1983. The next
step was to withdraw control banks in overlap, as shown in
Figure III.l. The withdrawal of the control banks started at
0240 hours and was finished at 0400 hours on October 19, 1983,
with Control Bank D-(CBD) at 190 Steps (CBD at 190 Steps corres-
corresponded to approximately 100 pcm of negative reactivity still
inserted in the core).

At 0420 hours, after the withdrawal of CBD to 190 Steps, RCS
-dilution began from approximately 2220 ppm to approximately 1700
ppm, at a dilution rate of 60 gpm. Because of the anticipated
behavior in the Inverse Count Rate Ratio, ICRR, due to secondary
source placement in the core, see Section IVc, the dilution rate
was cut to 30 gpm at 0600 hours on October 19, 1983. Dilution
was stopped, pending Plant Managers approval to enter Mode 2,

at 1032 hours on October 19, 1983, at a boron concentration of
1729 ppm. While awaiting the Plant Managers approval to enter
Mode 2, Control and Instrumentation (C&I) personnel performed

THP 6030 IMP.038, A.R.P.I. Coil Stack Voltage Data. During the
performance of this procedure, four (4) rod position indicators
(RPI's) were determined to be out of specification. After a hold
approximately 30 hours, during which Nuclear Section personnel
performed a "glitch" test to verify the actual rod height of

the RPI's in question and  C&I personnel completed a recalibration
of all of the RPI's, permission to dilute to critical was granted.
Dilution to critical was reinitiated at a rate of 45 gpm at 1812
hours on October 20, 1983. Mode 2 was achieved at 1930 hours

and the Unit was subsequently declared critical at 2103 hours on
October 20, 1983. The Reactor's stable critical conditions were

CBD at 169 steps, flux level at 10"8 amps, and a boron concentration

of 1552 ppm. During the dilution to critical Inverse Count Rate
Ratio, ICRR, data vs. Boron Concentration, Primary Water, and
. time wexe plotted, and is shown in Figures IIIX.2, III.3, and 1
- IIX.4, respectively.

After the Reactor was stabilized at 10"8 amps, data was ob-
tained to determine the Zexro Power Physics Testing Range and
. Nuclear Heating Level. CBD was maneuvered between 169 and 176 .
Steps, at different flux levels, in oxder to obtain reactivity
changes, (see Table III.l) From the data obtained, the.Zero
Power Physics Testing Range was determined to be from

3 x 1078

Heating was determimed to be at approximately 7 x 10_7 amps.

amps to 3 x 10”7 amps. See Figure III.5. Nuclear

III-1
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Nuclear Heating determination is made by observing a decay in
the reactivity trace on the reactivity meter strip chart. At
the same time, an increase in RCS temperature is noted, as the
flux is slowly raised. The physics testing range is typically
approximately two (2) decades above the y background level,
and approximately one (1) decade below Nuclear Heating. The ¥
. background is measured prior to the introduction of positive
reactivity for the approach to critical. At lower flux levels
the reactivity changes is affected by small variations in
flux. See Figure III.5. This is due to the fact that the
background remains constant while the f£lux can be varied. At
lower flux levels the background is more predominate. As the
flux is 1ncreased, the background becomes less s;gniflcant A
plateau is reached where the background does not have a 51gn1—
ficant effect on the observed reactivity.

III-2




Table III.1l

Subcritical Data - .
Induced current wlth 1000. V appliled ='-+ 0.14 x 10-.8 anmp
90% value = 0.126 x 10~ % amp

50% value = 0.07 x 10 % amp

Zero Power Physics Test Range Data

CBD initial position 169 steps, CBD final position 176 steps
A =(A;;,:pcm, for various compensating currents)

Flux Level, amps - Disconnected 50% value 90% value
x5 x 10> ~ 21.6 : 24.5 27,7
1 x10°° . 24.3 " 25.5 26.2
=5 x 1073 26.1 27.0 26.0
s 1x 1077 26.5 26.0 26.0
=5 x 107/ 26.5. _ 25.7 25.2
1 x 107° 25.7 25.4 24.7
s 2 x 1077 25.6 - 26.0 25.0

CBD initial position 203 steps, final CBD position 211 steps

7

0.3 x 10~ 26.1 27.0 27.4

0.3 x 107° 26.4 25.8 26.25

*

Nuclear Heating Level

Flux Level = 7 x 1077 amps

Zero Power Physics Testing Range¥*

Flux Range = 0.03 x 10~ ° amp to 0.3 x 1076 amp

*Due to the quality of the data obtained, no compensating
current was required during zero power physics testing.
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FIGURE III.1

CONTROL BANK WITHDRAWI\L IN OVBRLAP
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FIGURE III.S Unit 1 Cycle 8
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IVa ZERO POWER PHYSICS TESTING

Zero power physics testing commenced at 0600 hours on
October 21, 1983, and was completed on October 22 at 1025
- hours. The testing program consisted of

1) ARO Isothermal Temperature Coefficient
2) ARO Flux Map

3) Individual Control Bank Worths

4) Boron Endpoints and Boron Worths

5) Control Banks. Worth in Overlap

The testing program was routine and was completed with
no problems. -‘The data presented in the following tables and
figures shows compliance with design values and acceptance
criteria. The Moderator Temperature 8oeff1c1ent calculated
from the ARO ITC tests was 2.8l pcm/ ~F, therefore, no rod
withdrawal limits were required to ensure a negative MTC
above 70% RTP. All control bank rod worth data presented
here has been adjusted in accordance with Westinghouse's rod
conflguratlon B /A correction factors. The design data
utilized in this report has been taken from Westinghouse's
Unit 1 Cycle 8 Core Physics Characterlstlcs, WCaP-10376.

The Zero Power Phy81cs testlng is performed for the
following reasons:

1) To determine the MTC and therefore, assure the MTC
is less than the Technlcal Specification of 5 pcm/ F
below 70% RTP.

2) To measure control rod worths to assure an adequate
shutdown margin.

3) To ensure power distribution is close enough to
design values to permit power escalation.

A summary of the measured data and design predictions
is given in Table IVa.l with more detailed data presented
in the following tables and figures:

Parameter : Table
Boron Endpoints Iva.2
Rod Worths Iva.3
Boron Worths IVa.4
Isothermal Temperature Coefficient Iva.5
Power Distribution, ARO, HZP r Iva.6

Relative Errors in Theoretical Factors, HZP, ARO 1IVa.7
Nuclear Peaking Factors for Enthalpy Rise, HZP,
ARO IVa.8
Nuclear Peaking Factors for Heat Flux, HZP, ARO Iva.9
Relative Errors in F HY from Theoretical Factors,
HZP, ARO 1IVa.loO

Iva-1

-,



- The graphical results of the integral rod worths and
‘ reactivity vs. boron concentration are given as follows:

) : Figure

Reactivity Inserted vs. Boron Concentration Iva.l

Integral & Differential Overlap Rod Worth, HZP,
BOC Iva.2

Integral & Differential Worth of Control Bank D,
. HZP,BOC 1IVa.3

Integral & Differential Worth of Control Bank C,
. HZP, BOC 1IVa.4

Integral & Differential Worth of Control Bank B,
HZP, BOC 1IVa.5

Integral & Differential Worth of Control Bank A,
HZP, BOC 1IVa.é6

Iva-2

=y
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Table IVa.l
D. C. Cook Unit 1 Cycle 8

Summary of Zexo Power Physics Data

BORON ENDPOINT
S Design (ppm) * Measured (ppm)
ARO 1534 1578.7 -
CBD in 1407 1450.5
CBC in (D in) ) 1328 1374.2
CBB in (C, D in) 1264 1293.0
CBA in (B, C, D in) 1135 , 1168.2
- ROD WORTH
Corrected
' Design (pcm) Measured (pcm) -‘Measured (pcm)*
CBD 1168 1191.3° 1201.3
CBC (D. in) 725 740.1° ) 741.3
CBB (C, D in) . 596 ‘ 609.7 610..1
CBA (B, C, D in) 1190 1207.0 1179.6
Control Banks Total 3679 3748.1 3732.3
Contrxol Banks Overlap 3679 3683.8 3668.2
BORON WORTH
Design (pcm/ppm) ~ *.Measured (pcm/ppm)
HZP BOL -9.22 -9.13
1Iic :
Design (pcm/°F) Measured (pcm/°F)
HZP BOL 0.71 0.70
FLUX MAPS ‘
E ek , FQ** F, (Coxe av)
Design  Meas. Design  Meas. Design Meas.

HZP ARO 1.532 1.6296 2.027 2.2964 1.321 1.3546

* Adjusted for Westinghouse rod configuration B/A correction
factors. )

*¥* Measured, unpenalized.



Table IVa.2
Unit 1 Cycle 8 Startup Tests

Boron Endpoint pata !

ROD Cg (ppm) C; (ppm) - 4C, (ppm)
CONFIGURATION  INDIVIDUAL DESIGN MEASURED-DESIGN,
ARO . 1572.4 1534 38. 4
ARO . 1585 1534 51 -
i
ARO avg 1578.7 1534 44.7
CBD IN 1 1450.5 1 . 1407 ' 43.5
CBC IN 1374.2 1328 46.2
CBB IN 1293.0 : 1264 29.0
CBA IN | 11682 | 1135 33.2
1

The boron endpoint is the just critical
boron concentration for the particular
rod configuration.
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Table IVa.3
UNIT 1 CYCLEH§ STARTUP TESTS

ROD WORTH DATA

-

(in pcm)
\
g/t '
Bank Measured Corrected :rDesign $Exrxor
Worth Worth Woxth
CBD 1191.3 1201.3 . 1168 +2.77
CBC 740.1 741.3 725 +2.20
CBB 609.7 . 610.1 596 +2.31
CBa 1207.0 1179.6 1190 -0.88
CONTROL
BANKS 3748.1 3732.3 3679 +1.43
TOTAL
CONTROL
BANKS IN | 3683.8 3668.2 3679 -0.29
OVERLAP

1. Adjusted for Westinghouse 8/A Configuration
Correction Factors. Tables A.lb and A.lc,
Unit 1 Cycle 8 Design Manual (WCAP-10376).

_ Corrected Worth — Design Worth
2. ®Error = ~ Corrected Worth x 100%
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Table IVa.4
UNIT 1 CYCLE 8 STARTUP TESTS
BORON WORTH DATA .

4 .

BANK BORON BORONWORTH DESIGN

BANK worrH! EwppoinT2  “CB (pem/ppm)  BORON  grpo o3
(pcm) (ppm) (ppr) WORTH
(pcm/ppm)
ARO 1578.7 ’/,,/*’///
CBD 1201.3 1450.5 128.2 -9.37 -9.22 +1.60
CBC 741.3 1374.2 76.3 -9.72 -9.20 +5.35
CBB 610.71 1293.0 81.2 -7.51 -9.27 -23.44
CBA 1179.6 1168.2 124.8 -9.45 -9.24 +2.22
LEAST
SQUARE - -- - -9.13 -9,22 -0.88
FIT
1. Adjusted for Westinghouse 8/)2 Rod Configuration Factors:
Tables A.1lb and A.lc, Unit 1 Cycle 8 Desxgn Manual
(WCAP-10376) .
2. From Table Iv.1 .
3. $ERROR = Calculated (measured) Worth - Design Worth % 100

Calculated (measured) Woxrth
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Table IVa.5S

Unit 1 Cycle 8 Startup Tests’

ARO Isothermal Temperature Coefficient

ITC (pcm/°F)

TEST :
HEATUP COOLDOWN AVERAGE .
NUMBER! pesten -
. 1TC ERROR* ITC ERROR* ITC ERROR*
1 |0.7L #:3.0{ 0.67 0.04 0.75 ~0.04 0.71 0.0
2 [0.71 & 3.0] 0.58 0.13 0.78 -0.07 0.68 0.03
*Brror = Design - Measured




Table IVa.b6

Unit 1 Cycle 8 HZP Power Distribution

. Axial j
CBD N P T N T ‘
MAP (steps) FQ FQ FQ FAH FAH Ofg)set
108-01 226 |2.2964 1 2.4835| 3.8310| 1.629611.9278 18.933
P Measured, penalized by 1.05 and 1.03 ’
- N Measured, upenalized
T Technical Specification Limit
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| RELATIVE ERRORS IN DETECYOR THEORETICAL FACTORS:
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. 10801 10/21/83 2% RTP s8OL, HZP, ARG, 3D-ANALYTICAL FACTORS
. AEP - THINBLE TATA
«HUCLEAR PEAKING FACTORS FOR ENTHALPY RISE FOR ASSEMBLAGES IN THE POHER NORMALIZATION

R p N n L K J H G F E D C B A

1 - ‘. 0.401 1.044 1.193 1.267 1.216 1.085 0.WM17

2 .0.248 0.560 1.09; 1.251 1.430 1.120 1.447 1.319 1.124 0.561 .0.254

3 0.250 0.667 1.12% 1.137 1,321 0.995 1.234% 0.987 1.318 1.155 1.147 0.679 0:256
- Y 0.565 1.121 1.112 t.146 1,038 1:170 1.077 1.142 1.056 1.184 }.13“ 1.155 0.576

] 0.401 1,106 1.148 1.178 0.863 1,003 0.833 0,998 0.839 1.016 0.882 1.184 1.182 1,126 0.412

6 1,047 1.260 1.307 1.03%9 1.040 0.808 1.017 0.786 1.038 0.817 1,002 1.084% 1.310 1.286 1.0732
7 1.1%6 1,409 0.989 1.123 0.827 1.035 0.910 0.874 0.924 1.024% 0.845 1.129 0.956 1.%05, 1.189
.8 1.248 1.113 t:zqo 1.096 0.97% 0.763 0.876 0.691 0.877 0.76% 0.966 - 1.093 1.21S 1.082 1.257

9 1.196 1.44t 1.018 1.148 0.833 1.04%1 0.925 0.890 0.930 1.030 0.836 1.126 0.973 1.437 1.2N

10 1.083 1,298 1.318 1.022 1.029 0.830 1.052 0.789 1.07% 0.819 1t.017 1.027 1.288 1.280 1.092

11 0,410 1.151 1.138 1,150 0.870 1.02% 0.83% 0.996 0.843 1.035 92.853 1.148 1.140 1.136 0.411

12 0.%72 1.148 1,122 1.1%9 1.03% 71.1“0 1.093 1.132 1.047 1.165 1.119 1.132 0.%67 R
13 g.2%2 0.679 1.146 1,150 1,313 0,984 1.238 0.989 1.319 1.149 1.1489 0.675 0.255
. a t e
] . -
' 1y e 0.251 0.%568 1,111 1.26% 1.46% 1.103 1.42% 11.272 t.t2t 0.570 0.2%6 ‘ v

‘18 0.416 1.102 1.217 1.284 1.205 1.030 0.406 ) . -
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Table IVa.9:
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v ax

3D-ANALYTICAL FACTORS™
AEP - THINBLE DATA

‘NUCLEQR PEAKING FACTORS FOR HEAT FLUX, F SUB Q» FOR NSSENBLAGES IN THE PONER NORMALIZATION

P
n

10

11

12

13

R

0.548

1.46%

1.610

t.723

t.64%

1.492

0.560

P M

0.340

0.339 :0.909

0.764 1.%20
1.501 1.53%0
1.719 1.730
1.911 1.32%
1.507 1.663
1.9528 ij;68
t.7792 1.769
1.563 1.%68
0.7;7 1.%6%

0.344 0.923

*0.346

M

0.765

1.533

1.502

1.593

1.391

1.496

1.47%

1.533

1.371

1.556

1.524

1.3%60

0.7717

L

0.549

1.494

1.533

1.546

1.143

1.379

1.103

1.313%

1.112

1.369

1.1

1.572

1.569

1.527

0.577

v

K
1.442
1.713
1.779
1.388
1.329
1.082
1.395%
1.03%
1.403
1.113
1.31

1.389

-~

1.776
1.742

1.54%

J

1.636
1.93%
1.331
1.353
1.110
1.378
1.239
1.212
1.264
1.431
1.122
. 541
1.330
2.018

1.703

H
1.748
1.511
1.650
1.437
1.339
1.053

1.197

1.074
1.360
1.496
1.673
1.514

1.806

G

1.679

1.968

1.318

1.517

1.119

1.393

1.2350

_1.198

1.249
1.460
1. 1_37
1.53?
1.34%¢
1.9%5%

1.679

F

1.517

1.809

1.791-

1.4912

1.356

1.094%

1,383

1.027

1.380

1.091

1.390

1.420

1.791

1.7%1

1.%24

E

0.577

1.550

1.593

1.636

1.180

1.346

t.121

1.294

1.106

1.348

1.147

1.%91

1.569

1.532

0.558

D

C.774

1.578

1.566

1.636

1.448

1.498

1.451

1.487

1.374

1.561

1.538

1.567

0.783

0.347
0.931
1.578
1.594
1.7%52
1.270
1.624
1.294
A.717
1.5%1
1.5%0
0.924

0.351

0.35%0

0.782

1.527

1.745

1.892

1.456

1.9%¢

1.735

1.3545

0.771

0.34%

0.559

1.469

1.62%

1.724

1.700

1.508

¢.561
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10801 10/21/83 2% kfb BOL» HZP, ARO, 3D-AHALYTICAL FACTORS

aLe

- THINBLE DATA
RELATIVE ERRORS IN F SUB DELTA H CALCULATED FROHM HEIGHTED THEORETICAL FACTORS,

(CALC.~HEAS.)/HEAS.

v Wals

v s e

P

R P N n L K J H G F E ) c B A

1 0.001 -0.001 -0.034 -0.056 -0.052 -0.039 -0.036

2 0.028 0.015 0.015 0.001 -0.042 -0.063 -0.053 -0.051 -0.012 0.012 0.005 .

3 0.023 0.023 0.032 0.028 -0.029 -0.034 -0.059 -0.026 -0.027 .0.012 0.012 0.005 -0.00%

Y 0.006 0.036 0.032 0.045 0.027 -o;oqv -0.015 -0.014 0.009 0.011 0.011 0.006 -0.01Y4 .
R 0.002 0.005 0.;18 0.016 0.058 0.064 ©0.044 -0.016 0.036 0.051 0.035 0.611 -0.011 -0.013 -0.026

6 -o.;oq -0.006 -0.019 0.025 0.027 o.o;; 0.070 0.039 0.049 0.057 0.065 -0.017 -0.021 -0.026 -0.028

>

7 -0.003 -0.027 -0.028 0.004 0.051 0.053 0.075 0.067 0.060 0.064 0.029 -0.002 0.006 -0.025 -0.031

8 -0.042 -0.057 -0.063 -0.032 0.007 0.070 0.065 0.069 0.065 0.069 0.016 -0.030 -0.044 -0.031 -0,0%9

9 -0.037 -0.049 -0.056 -0.019 0.043 0.06 0.058 0.049 0.052 0.057 0.040 0.001 -0.012 -0.046 -0.064

10 -0.037 -0.035 -0.027 0.042 0,038 0.041 0.035 0.035 0.01% 0.054 0.050 0.038 -0.005 -0.022 -0.04%

11 -0.020 -0.035 0.010 0.041 0.049 0.041 0.042 -0.01% 0.031 0.032 0.069 0.043 0.026 -0.022 -0.023

12 -0.008 0.012 0.022 0.033 0.033 -0.012 -0.035 -0.005 0.018 0.027 0.025 0.026 0.001

13 0.011 0.004 0.013 0.017 -0.024 -0.023 -0.062 -0.028 -0.028 0.018 0.011 0.010 -0.000

14 0.018 0.00%1 -0.000 -0.010 -0.065 -0.048 -0.038 -0.016 -0.009 -0.004 -0.004%

15 =0.035 -0.053 -0.053 -0.069 -0.043 -0.044 -0.010 oL oL .
THE WEAN VALUE = 0.0033  AND THE STANDARD DEVIATION = 0.0365 FOR THE ABOVE 193 VALUES -

'
%rus NEAN OF THE ABSOLUTE VALUES 2
| S

0.0307 . THE MAXINUM HAGNITUDE = 0.0751 AT 7 -4 . THE NAX. NEG. = '0;0686 AT 15-H .
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FIGURE 1IVa.3

D.C. Cook Unit 1 Cycle 8
Differential and Integral Rod Worth of D-Bank, HZP, BOC
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Bifferential Rod Worth (pcm/ppm

FIGURE IVa.4

D.C. Cook Unit 1 Cycle 8
DifFerent}al and Integral Rod Worth of C-Bank, HZP,BOC
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Differential Rod Worth (pcm/ppm)

FIGURE IVa.5

D.C. Cook Unit 1 Cycle 8
DiFFerential and Integral Rod Worth of B-Bank, HZP, BOC
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Differential Rod Worth (pcm/ppm)

FIGURE 1IVa:6

D.C. Cook Unit 1 Cycle 8
Differential and Integral Rod Worth of A-Bank, HZP, BOC
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"IV b Low Leakage Loading Pattern (L3P)

The core design for Unit 1 Cycle 8 is characterized as
a low leakage design. By comparing the Unit 1 Cycle 7 and
Unit 1 Cycle 8 design manual core loading diagrams, the
difference becomes apparent.-., The core periphery locations
in Cycle 7 were composed entirely of fresh assemblies. In
contrast, the Cycle 8 core design includes once and twice
burned fuel loaded into periphery locations. A comparison
of the two (2) loading patterns can be seen in Figures IVb.la
and IVb.lb. The effect of loading lower "worth" fuel into the
core periphery is to cause these locations to run at a lower
power as compared to the previous cycle. This is illustrated
quite well in Figure IVb.2 (see attachments). This figure was
obtained  directly from power distribution maps from the cycle
design manuals. The values listed represent relative assembly
powers. A value of 1.00 indicates an assembly producing a
powexr equal to the average assembly power. It follows that a
value less than'1.00 is a low power assembly and a value greater
than 1.00 a high power assembly. It can be seen from Figure IVb.2 -
that for the same power level the periphery assemblies for
Cycle 8 are producing significantly less power than the same
locations in Cycle 7. In Figure IVb.3 a comparison can be seen of
actual measured, power distributions for 90% RTP conditions with

MWD MWD
burnups of 152 MTO and 168 VTG for the U1lC7 and UlC8 cores res

pectively. The figure was obtained from a flux map output map
of the nuclear enthalpy rise hot channel factor FﬁH' By

definition, Fﬁﬁ
the computer generated relative assembly powers shown in Figure IVb.2.

A comparison of Figures IVb.2 and IVb.3 show excellent agreement.

represents essentially the identical quantity as

An assembly producing less power is undergoing fewer fissions
pexr second and, therefore, producing fewer neutrons per second.
Based on the neutron diffusion length, peripheral assemblies can
be shown to be the significant contributors to neutron leakage flux
from the core. Based on the core power distribution maps and the
two (2) important statements above it becomes apparent that at
the same power level the Cycle 7 core had a much greater leakage
flux than the Cycle 8 core.

Since all nuclear instrumentation protective functions
supplied by the excore instruments rely on the leakage flux, it
was important to consider the low leakage core design effects on
the excore detectors. ' Of particular concern was obtaining a
method to generate excore detector calibration factors for
initial startup. Work on this problem was pursued independ-
ently at D. C. Cook, AEPSC and Westinghouse.
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All of the approaches were quite similar, using an
equation of the general form: .

N
> k* Pg
i 1

2k Py

i=1
Ic8 = Calculated Cycle 8 current at 0.0% A.O.
I.; = Cycle 7 current from last In/Ex at 0.0% A.O.
Kkt = Assembly i weighting factor
Pg = Assembly i Cycle 8 power
P; = Assembly i Cycle 7 power

R8/7 = Weighting ratio

This equation essentially represents a ratio of integrated
corner power which will consequently represent a ratio of
leakage fluxes. The approach actually used for the problem
involved using EOC UlC7 excore currents generated by the last
Incore/Excore calibration and an applied weighted ratio. Com-~
paring the results of their independent studies, D. C. Cook,
AEPSC and Westinghouse agreed to ‘also apply a geometric .weight-

ing factor (kl) based on the number of exposed faces. Assem-

blies with two (2) exposed faces were assigned a value of 1,

one (1) exposed face a value of 1/3, and 0 exposed faces a

value of 1/6. ' These values were then multiplied by the appropriate
computer generated relative assembly power for BOC 8 and by
measured power distribution for EOC 7. Then taking the ratio

of these values (EQQQ) the weighting ratio was found to be

0.5645. EOCY

Also of concern for initial startup was the effect of the
low leakage core design on trip set points. The initial cali-
bration factor obtained from the analysis previously discussed
ensured conservative operation of power range (PR) excore detectors
with respect to trip set points. To ensure conservatism of the
power range trip set point due to uncertainty of the initial cali-
bration, the PR trip was set at 80% RTP until after the 50%

IV.b-2




Incore/Excore calibration. The normal setpoint is 109% RTg.

Based on the expected power distribution on the 0° and 180° flats,
the Intermediate Range (IR) trip set points were not expected to be
~affected significantly by the low leakage core design. To monitor
the affect on the IR detectors, step 8.20 was added to **12 THP 6040
"~ PER.359, Zero Power and Ascension Testing. This step required IR
detector current readings takKen at various AT power levels. The IR
current was plotted versus AT power to ensure our IR trip setpoint
of 25% RTP (30% maximum allowed) was not violated. Figure IVb.4

is the data that was taken during power ascension.
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FIGURE IV b.la i FIGURE IV b.lb
&
Unit 1 Cycle 7 Unit 1 Cycle 8
Core Loading Diagram Core Loading Diagram
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FIGURE IV;h.2
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FIGURE IV.Db. 3
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Intermediate Range Detector Current (amps)

FIGURE IV.-b.4
I.R. DETBCTOR CURRENT VS. AVERAGE
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IvVc 1& Plot Shapes for Unit 1 &le 8

, Due to constraints imposed by RCCA and BPRA locations in'
the Unit 1 Cycle 8 core design, there were only a few locations
in which secondary neutron sources could be placed. It can

be seen from the core loading patterns in the fuel shuffle
portion of this report that the sources went from a location
two assemblies in from the core edge at H3 and H15 to the core
periphery locations (F15 and K1) in the Cycle 7 to Cycle 8

- transition. This movement put the secondary sources closer to

the source range (SR) nuclear instrumentation. The SR detectors
are used to monitor subcritical multiplication during plant

.. shutdown and approaches to criticality.

-

When the sources were moved from their Cycle 7 to Cycle 8
locations an increase in counts of 20 to 30 times was observed on
the source range instruments. Based on this information, an in-~
vestigation by D. C. Cook Nuclear Engineering personnel was

initiated to study the effects of this source range placement on

ICRR (1/M) plots used during approaches to criticality. An ICRR

. . initial counts
plot is simply the ICRR ( counts }
parameter that increases keff toward criticality. Some examples

of ICRR plots are given in Figure IVc.l. The plot is considered
conservative if it underpredicts criticality and non-conservative
if it overpredicts critical conditions. In a situation where the
source range detector is dominated by artificial source neutrons
a non-conservative shape can be expected. The secondary neutron
source dominates the SR detector and the detector can not detect
changes in core neutron population accurately. This is sometimes
referred to as source shine. The sources in Unit 1 Cycle 8 are
situated in such a fashion.

) plotted versus any

A simple relationship was established to calculate the ICRR
values for different values of baseline counts. The model
was based on data from Unit 1 Cycle 7 initial criticality.
The following equation was used to generate predicted curve
shapes for UlC8 initial approach to criticality:

A‘Co
CRR = xc_+n
0 »
A = Constant which the UlC7 baseline is multiplied

by (ex. 10 x, 20 x, etc.).

S

M

UlC7 baseline counts

UlC7 multiplication at some dilution level. ,
(counts - baseline)

Based on this analysis, the expected curve shapes were quite non-
conservative. To compensate for this expected effect, two (2)

'cuts in dilution rate were added to **12 THP 6040 PER.357 to

give operators a slower approach to criticality. In anticipation

IVe-1l
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of future startups following Blant trip, a new sourcé range de-
tector N-33a was installed 90  from the current detector locations.
It is important to note that when criticality is close the counts
on N33a will be approximately equal to Channels N31 and N32.
Figures IVc.2 and IVc.3 represent actual data taken from (N31

or N32) and N33a respectively.
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ICRR

FIGURE IVc.l.

ICRR Plot Shapes
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Ivd Problems Associated with Flux Mapping System

On October 18, 1983, during Zero Power Physics Testing, the
flux mapping system leak detection alarm began to alarm inter-
mittently. An Emergency Job Order was written to investigate
whether there was a leaking thimble or a malfunction in the alarm
system. Upon entering the seal table area, water was observed
flowing from detector C's ten-path rotary transfer device (see
Figures IVd.l and IVd.2). The technicians investigating the situa-
tion conducted a temperature determination on the guide tubes running
from detector C's ten-path rotary transfer device to the isola-
tion valves and. found thimble J~1 to be leaking (see Figure IVd.3).
The J-1 isolation valve was subsequently closed and the water
flow ceased.

An inspection of the ten-path rotary transfer devices asso-
ciated with the other five (5) detectors was conducted on Octo-
ber 19, 1983, to determine if borated water had "backed up" those
ten-path rotary transfer device drains. All six (6) ten-path
rotary transfer device drains are connected to a common line which
contains the leak detector. Water was found in three (3) of the
five (5) ten-path rotary transfer devices. As the potential
existed for water to have gotten into the bore of the thimbles
associated with these ten-path rotary transfer devices, and the
detector C ten-path rotary transfer device, NUS Corporation was
contracted to dewater and air-dry these thimbles as an interim
step until they could be properly cleaned.

On October 26 and 27, 1983, between flux maps of the Power
Ascension 50% Incore/Excore Calibration, NUS Corporation dewatered
and air-dried the thimbles associated with the four (4) ten-path
rotary transfer devices which contained water. Only the nine (9)
thimbles of C's ten-path rotary transfer device had water within
their thimble bore. No water was discharged from the thimbles
associated with the three (3) other ten-path rotary transfer
devices. :

During the dewatering and air-drying, on October 27, 1983,
a problem arose with thimble H-3 (see Figure IVA.3). During the
dewatering/air-drying process the isolation valves of the suspect
thimbles were disconnected from the guide tube frame assembly
(see Figure IVd.2). When H-3's isolation valve was disconnected,
the reactor coolant system pressure forced the thimble approxi-
matley four and one-half (4.5) inches out of the core through the
seal table middle high pressure seal (see Figure IVd.4). The iso-
lation valve was secured to the guide tube frame assembly via rope
and the dewatering/air-drying of the remaining thimbles was .
completed. ’ ‘ *
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H-3's isolation valve remained tied to the guide tube frame
assembly until November 30, 1983. Prior to the cleaning of the
Unit's thimbles by NUS Corporation, plant personnel reseated
the H-3 thimble and tightened the middle high pressure seal.
Thimble cleaning was completed on December 1, 1983.
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Va POWER ASCENSION TESTING

The Unit 1, Cycle 8 power ascension testing commenced at 1221
hours on October 24, 1983, and was completed at 1021 hours on
November 8, 1983. Figure Va.l displays the power ascension testing
program as a function of time. The power ascension testing consisted
of the following:

1) Core power distribution measurements
2) Incore/excore detector cross calibration
3) MTC, DPC, AT/AP testing

Flux maps were obtained at various power levels in the course of
power ascension. Maps were taken at approximately 30%, 48%, 68%, 89%,
95% and 100% RTP. The power distributions were calculated by the
DETECTOR code, using data obtained with the incore moveable detector
system and analytical factors supplied by Westinghouse. For all of
the flux maps, the power distribution measurements were in compliance
with Technical Specification limits. A summary of the peaking factors
at the mentioned power levels is given in Table Va.l.

At 30% RTP, a flux map was taken with control bank D positioned
at the 100% RTP Rod Insertion Limit (182 steps on CBD). The flux map
was taken with this configuration to verify that the Rod Insertion
Limits need not be revised. Results of this map are given in
Table Va.l.

At 48% RTP, four (4) full core flux maps, 108-03, 04, 05, and 06,
were obtained with axial offsets ranging from -26.88% to 21.30%. The -
reduced data of the four (4) flux maps was used for the incore/excore
detector cross calibration. Figures Va.2 through Va.5 give the excore
current vs. the incore axial offset for channels N-41 through N-44
Figure Va.6 shows the incore axial offset vs. the excore axial offset
for channels N-41 through N-44. Table Va.2 gives the calculated
detector upper and lower currents, at selected incore axial offsets,
using the least square fit program. ’

After C&I calibrated the NIS, making use of the reduced data,
power was raised to approximately 68% RTP. Power was held constant
for 24 hours to condition the fuel and to obtain a flux map. After
the 24 hour hold, the MTC, DPC, and AT/AP tests were conducted. The
MTC and DPC tests were performed by control rod substitution. For
the MTC, control bank D, CBD, was inserted or withdrawn while holding
power constant which resulted in a temperature change. 1In the DPC
test, the temperature was held constant for CBD insertion or with-
drawal which resulted in a power change. The changes in temperature
and power along with the reactivity change due to rod insertion or
withdrawal were used to calculate the MTC and DPC. The AT/AP test
was performed by increasing or decreasing turbine load to acquire
a temperature and power change simultaneously. Table Va.3
gives a summary of the MTC, DPC and AT/AP tests results.

Va-1



-(35) to the measured (-

The MTC test was performed to assure a negative moderator

* temperature coefficient exists when ‘power is raised above 70% RTP.

The Doppler Power Coefficient test was performed to compare

measured data .to the design.
n

The ﬁg test was performed to check data con51stency. By
comparing the:* measured Ag to the measured (—DPC) and the measured

?gg), a check on the reliability of the
measurements can be made. The ITC is derived from the measured
MTC. See Table Va.3. .

L4

Due to the introduction of the WABA's in Cycle 8, the American
Electric Power Service Corporation, AEPSC, detemined that the use
of three-dimensional, 3-D, theoretical factors was necessary for
providing a better estimate of the measured local heat f£lux factors
Prior to power ascension, plant personnel and AEPSC personnel detected
errors in the Westinghouse generated 3-D theoretical factors. Con-
sequently, the 89% RTP flux map was analyzed using the conventional
Westinghouse generated two-dimensional, 2-D, theoretical factors.
As recommended by Westinghouse, the following penalties were applied
to the heat flux hot channel factors, FQ, Technical Specification

limits when using the 2-D theoretical factors during power ascension:

1) 15% reduction in the FQ limit for the top and

bottom ten, 10, percent of the core,
2) 2% reduction for the next 10%, and

3) 1% reduction for the center sixty, .60, percent
of the core.

The Allowable Power Level, APL, of the 89% RTP flux map was
sufficient to allow power ascension to 95% RTP. On November 4, 1983,
Westinghouse prov1ded a set of corrected 3-D theoretical factors.
After a thorough review of the 3-D theoretical factors, by AEPSC, the
89% RTP and 95% RTP flux maps were reprocessed using the corrected
3-D theoretical factors. The APL of the 89% RTP and 95% RTP flux
maps, when using the corrected 3-D theoretical factors, was suffi-
ciently high enough to allow power ascension to 100% RTP.

From an incore power distribution standpoint, power ascension
went well, with little time lost due to APL (Allowable Power Level)

. restrictions.
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Power Ascension Testing

Map #

108.02
108-03
108-07
108-08
108-08
108-09
108-10

-

Powexr (%) A.0. (%) .
30 -5.983°

48 -3.455
68 1.719
89 -2.262
89 -2.292
95 -1.428
100 -2.568

Penalized

L

APL

1

2

3

4

5

Table Vva.l

CORE POWER DISTRIBUTION

Penalized
Q

2.1483 -

F

1.9611
1.7950
1.8006
1.7656
1.7263
1.7238

= 3D Factors

FL

Q

3.9400

3.?301
2.8556
2.1964
2.2184

2.0838

1.9726

Measured Value x 1.05 x 1.03
Technical Specification Limit
Allowable Power Level

2D Factors for 50%, BOL

Rod Insertion Limit

APL . (8)4
80.9
gg.2!
95.5
96. 32
99.2

101.1

w w W

102.3

2D Factors for HFP, penalized K(2)

APL calculated for *5% Target Band

FCFM 108-02 was obtained at the 100%

Unit 1 Cycle 8

FAH

1.5146

1.4455
1.4196
1.3944
1.3639
1.3687

1.3612.

FL

AH

1.8033
1.7232.‘

1.6348
1.5401

1.5401

1.5144
1.4906
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Table Va.2 Unit 1 Cycle 8.

~ - » E—

INCORE AND EXCORE DET. CAL 10/26/83?10/27/83 BASED ON MAPS 10803, 04, 05 and 06

DETECTOR CURRENTS IN y AMPS CALCULATED FROM THE LEAST SQUARE FIT

Incore Axial Offsets

20-.0 . 30‘;09

-30.0 -20.0 -10.0 0.0 10.0

UPPER CURRENTS FOR DETECTOR 41 69.5917 74.8268 80.0619 85.2970 90.5322 95.7673 101.0024
LOWER CURRENTS FOR DETECTOR 41 113.9109 106.6792 99.4474 92.2157 84.9839 77.7522 70.5205
UPPER CURRENTS FOR DETECTOR 42 91.0223 98.3774 105.7325 113.0877 120.4428 12722979 135.1531
LOWER CURRENTS FOR DETECTOR 42 133.3245 125.3725 117.4205 109.4685 101.5165 793;5645 '85.6125
UPPER CURRENTS FOR DETECTOR 43 94.2801. 101.7934 109.3067 116.8201 124.3335‘ 131.8468 139.3602
LOWER CURRENTS FOR DETECTOR 43 133.9680  125.8832 117.7983 109.713§ 101.6286 93.5438 85.4590 ]
UPPER CURRENTS FOR DETECTOR 44 85.0729 92.0106 98.9483 105.8860 112.8237 119.7613 126.6990
LOWER CURRENTS FOR DETECTOR 44  130.8142 122.9700 115.1258 107.2816 99.4374 91.5931

.

83.74‘



MTC (pcm/°F)
DPC (pcm/%)
rR? (°F/%)

R'S(°F/%)

NOTES:

1

Table Va.3 - Unit 1 Cycle 8

Summary of MTC, Dopplef Coefficient
and AT/AP Test Data at <70% RTP

1 2 3 4 Avg. Design Deviation3
~1.14 ~2.64 -1.67 ~2.59 2,01 ~2.96" ~0.95
~10.33 -10.88 - ~ - -10.61 ~11.25% ~0.64
-8.42 ~4.49 -6.24 - -6.38 -5.28°2 1.10
~4.73 ~2.52° ~3.50 ~ ~3.58 -3.002 0.58

- Values were calculated from the vendor's design report, ARO condition

2 Values were calculated using available measured test results
(i.e., MTC, DPC, etc.)

3 Deyiation = Design value - Measured data -

rd

- AT _ _ DEC ( Doppler Power Coefficient )
AP MTC 'Moderator Temp. Coefficient

- AT' _ _ DPC , Dopplexr Power Coefficient )
AP I%C (.[

sothermal Temp. Coefficient

ITC = MTC + DPC
DPC

-3.54 pcm/°F
-1.53 pcm/°F
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FIGURE Va.

Unit 1 Cycle 8 Power Ascension vs., Time
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FIGURE Va.3

Unit 1 Cycle 8
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Vb Plant Chemistry History

The Unit 1 refueling outage began on July 16, 1983. Prior
to’ this refueling outage, the reactor coolant system activities
in general, and dose equivalent iodine-131 in part:.cular, were quite '’
low. Dose equivalent iodine-13l1 was approx. 1.00 x 10-% pCi/cc.
No fuel defects or leaks were suspected. After the shutdown, maximm
coolant system dose equivalent iodine-131 was 1.20 x 10-! uCi/cc.
Reactor coolant system degassing was complete in 39 hours in preparation
for the refueling and in particular, the addition of hydrogen peroxide
for Co-58 solubilization. Once degassed and the reactor coolant system
less than 180°F, 30% hydrogen peroxide was added to the primary coolant
to "clean up" the core. A total of four (4) gallons of 30% hydrogen
peroxide was added with a maximum detected reactor coolant Co-58
activity of 1.14 uCi/cc. Cleanup via maximum CVCS letdown
purification flow tock approx. 52 hours of critical path time and
resulted in the removal of just over 300 curies of Cobalt-58. This
standard cleanup operation results in the steam generator area '
radiation levels remaining at relatively low levels cycle after cycle.
Maximum radiation level detected was 8 R/hr. Following this "cleanup”,
the unit continued into its refueling operation.

Reactor coolant system monitoring during the subsequent startup has
detected no new source of activity and the fuel integrity seems as sound
as the previous cycle.

The secondary system chemistry prior to shutdown was fairly good.
Minimal adverse affect was noted due to condenser inleakage based on
specifications in effect during that cycle. Steam generator limits
during this cycle were <2.0 urho cation conductivity with <100 ppb
sodium contamination. Steam’ Jet air ejector flow was 25-30 scfm
actual with no specification in effect. When the new secondary cycle
specifications were drafted, they were an initial effort to meet all
the Steam Generator Owners Group Guidelines published by EPRI. The
new specifications included reduction of the steam generator cation
conductivity' to 1.5 mmho's, steam generator sodium to 20 ppb and
established a 10 scfm limit on the steam jet air ejector, among
other changes. In order to meet the new, more restrictive power
operation specifications, limits were written for various steps during
the startup. For example, prior to entering mode 2, prior to turbine
roll, 30%, 50%, and 75% power. The 75% power specifications were later
ammended to be in effect at 80% power or greater. Full power operation,
as far as secondary chemistry specifications, was defined at greater
than 80% power.

As is standard practice during refueling outages, the steam generators
were sludge lanced to remove accumulated deposits from the tube sheet.
This operation succeeded in removing 445, 140, 445, and 140 lbs. of
sludge from steam generators 11l through 14.
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As a means of achieving these new specifications, a program of steam
generator crevice flushing was initiated in mode 4. This basically
involves rapid depressurization of the steam generators while at
280-300°F, causing agitation (boiling) at the tube sheet and hopefully
in the crevices. The exact procedural method for performing this
activity remains in question; several methods were attempted not
only at this site but by other utilities and no "standard" method
exists to date. (EPRI is hoping to.issue a standard method for
testing in Maxch, 1984.) The crevice flushing activities created a
48 hour hold until the flushing was complete.

Startup and power ascension was delayed due to holds caused by the new
chemistxy specifications. Operational experience gained during this
initial application of the new secondary system specifications should
be used to minimize holds in future startups.
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"V_c__ PLANT RADIATION SURVEYS

The adequacy of the shielding design for the reactor and associated primary
coolant system was verified during the initial plant start-up. Surveys during
subsequent start-ups were performed for the following purposes:

1. Verify the adequacy of any radiation and shielding that has been sig-.
nificantly modified since the last start-up.

2. Verify the adequacy of radiation shielding systems that have been
significantly modified such that the source term may have changed,
thus changing the shielding adequacy.

3. Verify that general plant radiation levels have not significantly
changed due to variations in sources that may have been affected by
feed changes.

No significant modifications were made to primary shielding or the primary
coolant systems such that the source term for existing shielding would have
been changed.

As in past refueling periods, surveys of accessible areas were performed
during the transfer of fuel from the refueling cavity, through the transfer
tube, and into the spent fuel pool. No significant differences were found
from previous similar surveys. However, because of the rate at which fuel
moves through the transfer tube, there was some doubt that all areas of ra-
diation Teakage had been identified. In an effort to locate any radiation
leaks that might only exist for a few seconds during normal transfer tube us-
age, a spent fuel element was "parked" in various locations of the transfer
tube to allow a more thorough search for radiation leakage points.

Increases were seen inside some of the already posted high radiation ar-
eas, especially in the annulus near the Reactor Coolant Drain Tank. On the
633' level, at the junction of the Containment dome and the Auxiliary Building,
maximum Jevels went from 0.2 mR/hr to 50 mR/hr with fuel in the transfer tube.

The most significant radiation level increases were noted inside the Con-
tainment Building at the 612' area between the ice condenser walls. During
the time the fuel bundle was at rest in the transfer tube, the shield walls
on either side of the transfer tube read a maximum of 17 R/hr. Althouah the
time-weighted average exposure rate with fuel moving normally through the tube
would not require posting the area, rope boundaries were established such that
outside the boundaries the instantaneous dose-rate was less than 100 mRem/hr.

The routine surveys and Shield Survey conducted at the start-up following
refueling did not show significant differences from previous start-up surveys.
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e evd Reactor Coolant Flow Measurement "

The primary purpose of this test was to determine the total reactor coolant
flowrate independent of the reactor coolant flow transmitters. The reactor
coolant flowrate was computed from a steam generator heat balance calculation
utilizing steam generator secondary side parameters.

In addition, it was also the purpose of this test to recalibrate the reactor
coolant flow elbow tap differential transmitters, as required, based on the
computed reactor coolant flow rates and elbow tap differential pressure data.

The total coolant flowrate was determined at both the 48%, 68% and 100% levels
of reactor thermal power. The table below indicates that the total reactor
coolant flowrate fell within the acceptable region of the Technical Specification
Graph 3/4.2-11.

Table Vd.l
Computed Reactor Coolant System Flowrates
at 48%, 68% and 100% Reactor Thermal Cutput

Flow @ 48% Flow Q@ 68% Flow @ 100%
(#/hr) (#/hx) (#/hr)

Loop #1 3.42 x 103 3.52 x 102 3.43 x 102
Loop #2 3.94 x J.O8 3.92 x 108 3.82 % 108
Loop #3 3.55 x 108 3.61 % 108‘ 3.78 x 108
Ioop #4 3.38 x 108 3.48 x 108 3.6l x% 108
Total Flowrate 14.28 x 10 14.53 x 10 14.40 x 10

Table Vd.2

Average Value of Plant Parameters
Used in Flow Determination

Parameter .Value @ 48% Value @ 68% Value @ 100%
RCS Pressure 2232 2234 2232
RCS T Hot (F) 570.4 580.4 595.6
RCS T Cold (F) 541.3 539.7 537.4
Main Steam Pressure (psia) 878.3 840.9 789.6
Feedwater Pressure (psia) 898.1 . 867.5 827.5
Feedwater Temperature (F) ' 370.9 401.0 433.7

Feedwater Flow (PPH) 1530696. 2292028. 3510713.

The computed reactor coolant flowrates and the elbow tap differential
pressure data, obtained as part of the 100% power data set, were used to
recalibrate the reactor coolant flow elbow tap differential transmitters.

va-1
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Each ‘reactor coolant loop flowrate was computed by performing heat balance
calculations around the shell and tube side of the loop's associated steam
generator. As is shown in Figure Ve-1 steam generator primary and
secondary side pressure and temperature data was simultaneously trended

to provide the required inputs to the heat balance equations. All of

the required data was obtained while the unit was in a steady state

. rode of operation and steam generator blowdown was secured. The feedwater

flow, corrected for specific weight of the fluid and associated piping
characteristics, was calculated from the venturi differential. The steam
generator thermal output was then computed from the feedwater flow and the
associated increase in enthalpy. Finally, this thermal output value was
transferred to the primary side where it was used in conjunction with the
reactor coolant enthalpy drop to calculate reactor coolant flow. The
total reactor coolant flow was simply the sum of the individual loop

flowrates.

Table Vd.l summarizes the calculated flowrates. The total RCS flowrate
was verified by Nuclear Section to fall within the acceptable region of
Technical Specification Graph 3/4.2-11.

Table Vd 2 lists the primary and secondary side plant parameter average
values used in the reactor coolant flow determinations.

The reactor coolant flow determination was made at 48%, 68%, and 100%

power levels. At each level the flow determination and the reactor

coolant flow elbow tap differential pressure data (trended simultaneously
with the pressure and temperature data used in the heat balance equations)
were used to evaluate the accuracy of the elbow tap differential transmitters.

The current trip point for the indicated RCS flow is 93%. Since the actual

RCS flow is greater than the indicated flow the 93% trip point is conservat:.ve
and a transmitter recalibration was again deemed unnecessary.
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Sy e g!r;t Thermal Power Calibration

The purpose of this test was to determine reactor thermal power by
measuring secondary system feedwater flow and steam parameters, and to
verify the accuracy of the following computer outputs:

1. Reactor thermal power

2. Feedwater flows

3. Feedwater temperatures

4. Nuclear power range instrumentation

By measuring the secondary side parameters the reactor thermal output
can be calculated. The parameters that are measured for this power
determination are feedwater flow, feedwater tenperature, feedwater
pressure, and steam pressure.. The power determination has been completed
at power levels of 48%, 68% and 100%.

% Power Computer Value (U-1118) Calculated Value
483 47.86 ‘ 47.37
68% 67.90 67.36

100% 99.50 99.09

During the initial power ascension: program the reactor thermal output
was calculated at various power levels by measuring secondary side
parameters. These parameters are summarized in Table Ve.l.

By measuring the feedwater parameters before the steam generators and
the steam parameters after, the amount of energy added by the steam
generators was detexrmined. The energy gained by the steam side of the
steam generator is the equivalent energy given off by the reactor coolant
system. By knowing the heat transferred by each of the four steam
generators, the total heat added to the secondary side of the reactor
coolant system is determined. This total heat added to the secondary
side minus the heat added by RCP operation and RCS system losses is the
actual .xeactor power.

All measurements taken for this thermal power measurement were from .
instruments calibrated specifically for this test independent of computer
points. The pressure measurements were-read using dead weight testers,
feedwater flows were measured at the local transmitter for each loop and
temperatures were read using thermocouples installed in test wells for
each loop's feedwater piping.

Before the test is begun the steam generator blowdown is isolated and
all plant parameters are as stable as possible. These conditions prevailed
throughout the test.

The computer thermal power is monitored during the actual thermal power

test. After the test is completed, a comparison is made between the
computexr value and the actual measured value. )
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THERMAL POWER CALIBRATION DATA

=

FW TEMPERATURE (OF)

STM. PRESSURE (PSTA) -

$ POWER FW PRESSURE (PSIA)
COMPUTER N
CALCULATED | oo 1 2 3 4 1 2 3 4 1 2 3 ‘é’
(U-1118)
47.37 47.86 897.72 | 897.72 | 898.22 | 898.82 | 369.70 | 371.20 | 371.49| 370.32 ) 878.7| 877.9| 878.11.878.3
67.36 67.90 866.42 | 866.52.| 866.52 | 867.52 | 400.24 | 401.45{ 401.79| 400.80 | 841:5| 840.4| 839.4| 842.1
99.09 99.50 827.68 | 826.48 | 825.38 | ©30.58 | 433.31 | 434.42 | 434.21] 433.00| 788.6| 785.9| 783.2| 789.6
TABLE Ve.l
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. 1
= Hf=(359.1)dECEa(1f7)(WtH20)(;"T:TETUT’ )
Yihere: . d= throat diametar of venturi {inches) i
C= coefficient-of discharge
' Fa= venturi thermail expansion facter R
Y= specific weight of feedwatar (#/7%3)-
LH20= differential pressure across venturi (inches)
D= pipe diameter at inlet pressure tap (inches)
Steam Generator Thermal OQuigut = Bs H?(hs—hf)

Where: hg enthalpy of steam (3Tu/#)
. hf = enthalpy of feedwater (8TU/%)
Reactor Coolant Loop Fiow = Bs/ (hy- hc)

- Where: hy = enthalpy hot leg (BTU/#)
hc = enthalpy cold leg (8Tu/2)

Total Reactor Coolant Loop Flow = sum of the loop

Tiows







