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1.0

INTRODUCTION

On September 18, 1987, Crystal kiver Unit 3 was shut down to refuel for
Cycle 7. The Cycle 6 fuel had attained a core average exposure of
412.07 effective full power days (EFPD).

Cycle 7 has been designed for a cycle lifetime of 550 & 10 EFPD and
operation in a feed-and-bleed mode. The cycle utilizes burnable poison
rod assemblies and gray axial power shaping rods (APSRs). The final
Cycle 7 core loading pattern is shown in Figure 1.0-1. The fuel
assembly and control component identifications for Cycle 7 are shown ir
Figure 1.C-2.

This report, prepared and submitted in accordance with Technical Speci-
fication 6.9.1, describes the precritical, zero power, and power testing
performed during the Cycle 7 start up and also summarizes the results of
these tests.

Crystal River Unit 3 (CR3) was brought to Mode 3 (Mot Standby) for
precritical testing. The results of these tests are reported in Section
2.0. Zero power physics tests began after criticality was achieved on
January 8, 1988 at 2042 hours. The zero power physics testing results
are given in Section 3.0. Power escalation testing began after breaker
closure on January 10, 1988 at 1034 hours. These test results are
summarized 1in Section 4.0. The all-rods-in (ARI) temperature
coefficient, the hot zero power (MZP) ejected rod worth test, and one
intermediate power distribution test plateau were not performed during
Cycle 7 physics testing in accordance with a program for 1Tprov1ng plant
availability through the elimination of unnecessary tests.

1"Reduced Physics Testing, Task Summary Report" document by Babcock
and Wilcox, B&W document number 86-1164722-00, dated March 1987 for
BiW Owners' Group Performance Committee.



CORE LOADING DIAGRAM, CYCLE 7

FULL TRANSFEIR CANAL sy

H
|
] 3 L] ]
A LI S I & 4 Ko | =2
' fl § L] $ (] 5 ¢ ] [
103 f LES f oo f %1 3 13
1S b ] K [} B 8 § fl § &
¢ M F 32 £ K4 F K2 f it F (5]
(41| 41
[} 5 . b3 ] 2¢ 3 7 B [} ] L]
] ¢10 F (8} F 8086 f 20; F 810 f “o6 F o |co8
v
£ § (] $ - § 7% 9 7" 9 B - ] ]
f 808 ¥ "0 F AO? f A09 F W08 £ 807 | *
8 ] $ 7°® L] ¢ B 4 3 ¢ 3 7 ] g L]
¥ o1y | ci2 ¥ £o2 ¢ ) F Pos f K02 £ £l Fojcoa  |o0S
£Y2 cy?
] $ 8 $ 2% $ b4 - 7 ] 26 ] [ § i
& Fo8 ¥ 009 ¥ 831 f 808 F (3] ¥ 18 3 0o | £ £o?
3 [ $ $ $ © B 8 B 7 ) 3 ) $ v
W F K1) F K f L] 4 e ] ¥ go2 F 62 f L3 f -
e (3¢ ¢r2
¢ (] ] 8 ] 2 $ ¢ . °® 5 b4 ] 8 ] El
L09 f LR F 01 f no2 ¥ P11 ¥ s F N | f L0?
] 8 ] 7€ ] € ] 13 § x 5 ¢ ] 1 [
L N1 |02 f \62 f 31 F B} F 87 £ Lt F|ood xS
(441 ¢r2
n ] ] L) ] L] {3 3 7® $ ] - ] )
f 9 ¥ £l f (V) F 20y ¥ £06 f pe7 | F
[} 3 § ”® ] € § 7 § L] . 8
R ¢10 £ £10 ¥ 204 £ :ao f 210 3 708 I
2
8¢ 9 H § ] ] 3 3 L] %
9 AC8 f 652 f God ¥ §12 5 id 3 *01
gvd trd
» . § (] : (] ] (] ) ]
] ¥ - 4 L8 f 013 ¥ 13
B (1 B L]
t goe | 606 610 | 12
|
b4
! H 3 4 H B ? B L] 0 i1 12 |13 " 18
13 [ Baten Numder
Source: BLW Cy 7 Fuel TY |Pravious Crele Location
Design Report 22 Jerele Gut For Reinsertien

FIGURE 1.0-1
2
L R e e




FUEL ASSEMBLY and

)
L)
—

IDENTIFICATIONS

FUEL TRANSFIR A
H
|
k) 3R i33 s TN
3TA 857 3t e iTs 434 e v
Co42 | 88a8 | €207 | B8AA | €732
it T12
20¢ 482 b i3 W a4} UM a7 4EF 17
§SA5 ] Co39 | 858 | ca%y | BENQ oR | 33 LEVH
aTIX 2711 aT11 RTIX RTXZ
EIVT ) 453 3Y i48 e i3a 1345 | ¢5e I s 423 Itk
ge52 | coss | seav | alsy | BSAJ | CS84 | BSAY | AQSY €o22 | 8sa2
T RTIX (38 41 RT3 AT
487 JUN $33 1V 43K i3 32 dav i3y 458 Vs 33
Coes | 3e3T | 028 | B3f | Co40 | 8sak | (U&7 | RSB gs3x | Cost
TIX (3441 RT12 71X RTIX
3T vl N ics 45 87 1 4w 24| LAx JEse b33} 437 b1 ) UK
cols| sesa| Acsi| #sas | cos3 | 8%AS | €218 | BSAQ | CL29 AgtW | 8sAU | C21
RTIX aTLX RT1X RTIL T2
X 0 R TTN 435 P34 485 Fi4 | a2 vy 433 413 3t [} 14 Ty
B6a8| C20x ] SSAM| €250 B3aC | CCs0 | 2832 | CCi8 | Bfaw gea) | C2085 | 8349
AT RT12 RTIx AT ATz RT2 RTIX
488 N 442 JBsé | 48N P34t i45 187 48, i3 1868 | ead e a8
Coll] 8idr 10| 8SAn | £204 | BiRS §83s8 | Co48 €os2 | 3san | Co81
RTI RTIX RTIZ 1Ty T
e 43y Vo a2 ik 43 T4 N L9 ii2 TN e 459 k¥
BSA?| C204 ) 8633 | €228 | $5AG | <234 | BSAL | €3€ BiAR BSAy | Q207 | 85aC
RTIX K712 Tz AT12 712 £712 AT
3Q VA 452 7L 488 3838 | 482 F 34 dAL LT F313 a3 WS i
Coad | BSB7| AQSO | 8530 CC33 | BSAT | Qo468 | MSAm | CX9 AQSY | 8sax | €043
RTIX RTIX R712 71X ATI2
igs vl 45y 3Ty 5N N iR hd | 48M 45C nd 482
i ] 858w | €87 WsdW | CQU B342 | CC2¢ | 88k 388y | CCl
712 3641 AT12 RTI2 RTIX
3Te diK up i4) 39 43y 1880 | 48V F 3N TH é
884 (-3 | 530 | a083 | #5344 | €20 §8a7 | AJ%Y £o06 | 8543
T T (%1 1712 ATIz
iib 438 N2 45F pI¥ § 448 WF 3R iiw s
3848 4+ Bi36 | C20v | 383m | Q200 | 383§ §iad
[ 34 §1 8T11 T T (3841
3 438 N 435 1T 4By e w7
ROI13 ] €330 3840 o8 1848 hee
L1132 aT1t (883
3t vt 48] k1) b 114
|
-
1 2 3 B § ] ? ] § 19 1" 12 13 " 13
Puel 19 (33v®elatan 2; 18Pedaten 43 204.217e0g02n §; 2Y°, 32° § Joovlaten 7
- 3T, Ju® § dvesBatch B 480, 450 ) Avelaten 9)
— | Comtrsl Zoma, IS(Ce02A; 4edP534; 3e3°RU) gr Sourse [D(Redegecerative)
— | Retaingrs (L for Sourse; R7T f3r §PRA)
Source: B2&W Cy 7 Fuel
~ 4 - -
Note: WO 2refizes 41 But She Batsh 1 Fuel Agsematy [0 Wweders. cesign Report

FIGURE 1.0-2




2.0

2.1

PRECRITICAL TESTING

During all precritical testing required by Section 13.4 Table 13-2 of
the CR3 Final Safety Analysis Report (FSAR), the actual reactor power
was maintained at a subcritical level. The results of the precritical
tests are summarized in Table 2.0-1.

falibration and Neutron Response of Source Range Monitoring System

Precritical testing began following response checkout of the neutron
source range detectors. These detectors are two BF, proportional
counters which measure flux from the subcritical to séart up level.
This test verified that the source range instrumentation provided a
count rate of more than 2 counts/sec. These tests were completed in
accordance with Performance Testing Procedure PT-100.



2.2

2.8.4

Reactor Coolant Flow Test

The Reactor Coolant Flow test was performed to measure reactor coolant
(RC) flow. The results were compared with design calculations to verify
adequate core coolant flow. The test was executed in accordance with
Surveillance Procedure SP-224.

The acceptance criteria of the test are as foHows:1

Stead: state total reactor coolant system (RCS) flow (three or four
pump operation) at 532:2 °F and 21552100 psig shall be within the
following limits:

6

139.7x106

104.4x10

1b_/hr

4 RCS Pumps, Flow .
1bm/hr

>
3 RCS Pumps, Flow >
Additionally, with all 4 reactor coolant pumps in operation, steady
state loop flows shall be within 2% of each other. To account for
measurement uncertainty, the following must be true:

11,840 gpn (Max. Flow)

Measured Flow x 1.02 4
7 374,880 gpm (Min. Flow)

<
Measured Flow x 0,975 >

5
§
Method

During this test, the RCS temparature was maintained at 532:2°F with a
pressure of 21552100 psig.

The steady state temperature, pressure, and flow of the tw> coolant flow
loops were taken every minute for ten minutes. This data ':as then used
to calculate the average reactor zoolant flow for each flow lowp and for
the entire system.

Results

The total RC flow was calculated to be 153.765x106 1b_/hr. The flow
difference between loops was calculated to be 0.661%. The calculation
for measurement uncertainty was 411,077 gpm for the maximum flow and
391,024 gpm for the minimum flow. Therefore, the acceptance criteria
was met.

159-226. Section 4, Rev. 4




2.3

2:.3.1

2.3.2

Control Rod Drop Time Tests

The Control Rod Drop Time tests demonstrated that .he drop times are in
accordance with Technical Specifications requirements. The acc!ptance
criteria for these teste, per Surveillance Procedure SP-102, are:

The individual safety and regulating rod drop times from the fully
withdrawn position shall be < 1.66 seconds from power interruption
at the control rod drive breakers to three-fourths insertion, 25%
position, with T‘v > 525°F and either 3 or 4 reactor coolant pumps
operating. g

In order to check for uncoupled control rods, the individual rod drop
times were compared to their respective group average drop times. The
individual rod drop time should not exceed its group average drop time
by more than 0.05 sec.

Method

The Control Rod Drive (CRD) Orop Time tests were performed using strip
chart recorders to time the rod drops. Each control rod group was
pulled to 100% withdrawn and then dropped into the core using the manual
trip pushbutton. A zero time signal was furnished to the chart
recorders for each control rod assembly from a contact on the manual
trip switch., A second signal to indicate three-fourths insertion was
furnished by a reed switch located on the position indicator tube of
each CRD.

Results

The results of the Control Rod Drop Time tests are presented in Table
2.3-1. The average drop time by group is summarized in Table 2.3-2.

By examination of Table 2.3-1, it is found that the hortest drop time
is 1.26 secunds for CR 5-5 and CR 7-6. The longest drop time was 1.33
seconds for CR 2-2. The weighted average drop time for groups ! through
7 was 1.293 seconds.

Based on the results shown in Tadle 2.3-1, the acceptance criteria were
met by all of the control rods.

lsp-102, Section 4, Rev. 17



2.4

2.5

2.6

Chemical and Radiochemical Tests

Chemical and Radiochemical testing was not performed during this start-
up. These tests were conducted at initial startup and no plant modifi~-
cations have been made which would invalidate the results of those
tests.

Pressurizer Effectiveness Test

No Pressurizer Effectiveness testing was done this startup since no
modifications have been made to the pressurizer. Therefore, the results
of the testing done at initial startup are sti1l valid.

In-Service Loose Parts and Vit-ation Monitoring System Tests

The Loose Parts Monitoring Subsystem was calibrated during the cuurse of
the outage per Surveillance Procedure SP-152. The normal schedule of
neutron noise readirgs, combined with routine core physics and Locse
Parts Monitoring Systems, is sufficient to alert plant personnel of
degrading core internals, if it occurs.
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TABLE 2.3-1 CONTROL ROD ORIVE DROP TIME TESTS RESULTS
Precritical Testing

(Continued)
Orop Time
Control Rod Core Position (seconds)
CR 5-1 c-9 1.29
CR 5-2 £-11 1.28
CR 5-3 G-13 1.28
CR 5-4 K-13 1.30
CR 5-5 M-11 1.26
CR 5-6 0-9 1.28
CR 5-7 0-7 1.28
CR 5-8 M-5 1.29
CR 5-9 K=3 1.30
CR 5-10 G-3 1.28
CR 5-11 £E-5 1.28
CR 5-12 C-7 1.28
CR 6-1 B-a 1.29
CR 6.2 f-lo 1.29
CR 6-3 H-14 1.29
CR 6-4 L-10 1.30
CR 6’5 p.a 1-28
Ca 6'6 L-G 1.29
CR 6-7 He2 1.29
CR 6-8 F=6 1.29
CR 7-1 0-8 1.28
CR 7-2 D-12 1.28
CR 7-3 H=12 1.28
CR 7-4 N-12 1 28
CR 7-5 N-8 1.27
CR 7-6 N-4 1.26
CR 77 He4 1.29
CR 7-8 0-4 1.28

Source: SP-102

10




TABLE 2.3-2 GROUP AVERAGE CONTROL ROD DROP TIME
Precritical Testing

Number of Average Orop Time

rou Rods (Seconds)

1 8 1.30

2 8 1.31

3 8 1.29

4 8 1.31

5 12 1.28

6 8 1.29

7 8 1.28

1«7 60 Average = 1.293

11



3.0

3.1
3.1.1

- 1% P

3.2

ZERO POWER PHYSICS TESTING

The zero power physics tests (ZPPT) required by Section 13.4 Table 13-3 of
the CR3 FSAR were performed in accordance with Performance Testing
Procedure PT=110. These tests were done to verify nuclear design
parameters used in the safety analysis, operational parameters, and limits
set in the Technical Specifications.

Acceptance criteria deviation limits for the ZPPT are given in Table

3.0-1. A summary of measured and predicted values cbtained for the ZPPT
is given in Table 3.0-2.

Initial Criticality

Method

The reactor coolant conditions at criticality were 532°F, 21552100 psig,
and 1965 ppmB. In order to verify that the source range instrumentation
was operating properly, a Chi-Square Test was performed which confirmed
that a good fit to a Poisson distribution existed. The approach to
criticality began by withdrawing control rod group 8 to 25% withdrawn and
groups 5 and 6 to 100% withdrawn, Control rod groups 1 through 4 remained
at 100% withdrawn, Rod group 7 was then withdrawn until criticality was
achieved (40% withdrawn),

Throughout the approach to criticality, curves of inverse multiplicatien
versus rod reactivity worth removed were maintained. The data was taken
from two source range detectors by two people, independently. At the end
of each control rod group withdrawal, the count rate was taken from each
source range detector using the scaler-counters. The ratio of the initial
average count rate to the average count rate at the end of each reactivity
addition was plotted and the criticality point determined by extrapola-
tion.

Results

Initial criticality for Cycle 7 was achieved on January 8, 1988 at 2042
hours.

Nuclear Instrumentation Overlap

The nuclear instrumentation (NI) detectors were used throughout testing to
provide continuous reactor power information, The ‘nstrumentation
consisted of eight measuring channels divided into three ranges: source
(subcritical to startup), intermediate (startup to 150% full power), and
power (0 to 125% full power). The location of these NIs is shown in
Figures 3.2-1 and 3.2-2.

12




3.2.1

3.2.8

3.3

3.3.1

3.3.2

Technical Specifications state that:

NI Source range must overlap the intermediate range by a factor of
10 or more.

This means that before the source range count rate equals 105 cps, the
intermediate range must be on scale, If the required one decade is not
observed, the approach to the intermediate range cannot be continued
until the situation has been corrected.

Method

For this test, reactor coolant conditiors were 532°F and 2155 psig. To
verify the overlap requirements after initial criticality was reached,
core power was slowly increased until the intermediate range channels
came on scale. Detector signal response was thus recorded for both the
intermediate and source range channels. This was then repeated for
another decade.

Results
The results of the Nuclear Instrumentation overlap test are given in
Table 3.2-1. This table shows that the average overlap between the

source and intermediate range is 2.155 decades, which 4s above the
minimum one decade specified as the acceptance criterion,

Sensible Heat Determination

By determining the intermediate range current level at which the produce
tion of sensible nuclear heat occurs, the upper zero power physics test
current l1imit is established. Thus, by restricting reactor power opera-
tion to a level recuced by a conservatism factor of 3.3 below the
sensible heat level, the effects of temperature feedback are eliminated
in the measurement of physics parameters. The test rvor sensidle heat
was done according to Performance Testing Procedure PT-116,

Method

For this test, the intermcdiate range current level was increased in
one-third decade increments unti! sensible heat was detected. The
production of sensible heat in the core is indicated by an increase in
~ : 1

the RCS T‘Vg, RCS loop Thct' and makeup tank level.

Results

The point at which there was a definite heatup rate was 1.1x10'7 amps
measured on channel NI-4. This was defined as the sensible hea;spoint.
From this, the upper current limit was established at 3.33x10 amps .
This was found by dividing the sensible heat point by a 3.3 conservatism
factor,

157110, Section 10.1, Rev. 12: Tech Specs Table 4.3<1, Note §
13



3.4

3.4,1

3.4.2

Reactimeter Check

The Reactimeter is the reactivity computer manufactured by Babcock and
Wilcox which solves the one-dimensional, inverse kinetics equation with
six delayed neutron groups for core net reactivity based upon pericdic
samples of neutron flux., In addition to reactivity and neutron flux,
the Reactimeter can record 23 other analog and digital signals from the
plant.

After initial criticality and prior to the first physics measurements,
an on-line functional check of t+e Reactimeter was performed to verify
its readiness for use in the test program,

The Reactimeter check is subject to the following acceptance criterion:
The reactivity values computed from measured doubling times must
agree withia +5% of the reactivity values measured on the
Reactimeter.

Method

After steady state conditions with a constant neutron flux were
established, approximately 25 pem of negative reactivity was inserted
into the core by inserting control rod group 7. . Stop watches were used
to measure the doubling time of the neutron flux and the inserted
reactivity was determined from period-reactivity curves. The
measurements were repeated for several values of reactivity ranging from
-79.8 to +69.4 percent millirho.

Results

The reactivities determined from doubling time measurements were then
compared with the reactivities calculated by the Reactimeter.

The results of the Reactimeter verification measurements are summarized
in Table 3.4-1 The reactivity calculated by the Reactimeter was within
the acceptance criterion limit of £5% of the reactivity determined from
doubling times in each case.

1p7-110, Section 10.2, Rev. 12
14




3.5

3.5.1

3.9.2

3.6

All Rods Qut Critical Boron Test

This test was used to provide information relating to core excess reac-
tivity by determining the amount of soluble boron that must be added to
the coolant water to maintain a critical level with all control rods
removed.

This test, performed in accordance with PT-111, s subject to the
following acceptance criterion:

The measured all rods out critical boron concentration... should
be wit\in +¢50 ppmB of the value given in the Physics Test
Manual.

Method

The test meas:-ements were made at a reactor coolant temperature of
532°F and a system pressure of 2155 psig. The portion of control rod
group 7 which remained following deboration was withdrawn and the excess
reactivity measured using the Reactimeter., From this value and the
differential boron worth given in the Physics Test Manual, the all rods
ocut critical boron concentration was determined.

Results

The excess reactivity was found to be 0.0225 %\k/k. From this and the
differential boron werth from the Physics Test Manual, it was determined
that the all rods out critical boron concentration was 2033 ppmB. Since
the predicted value is 2032 ppmB, the acceptance criterion was met.

Moderator and Temperature Coefficients Measurements

The temperature coefficient of reactivity is defined as the fracticnal
change in the excess reactivity of the core per unit change in core
temperature. The temperature coefficient is normally divided into two
components as shown below.

Sr * Oy * 9

where: gy = Temperatlure Coefficient of Reactivity
ay = Moderator Coefficient of Reactivity
gy = Doppler Coefficient of Reactivity

pT-111, Section 10.1, Rev. 7

15



3.6.1

For this test, performed in accordance with PT-114, the temperature and
moderator ccefficients at hot zero power were measured. Furthermore, an
extrapolated hot full power moderator coefficient was calculated. Each
of the above coefficients was determined for an all-rods-out (ARQ)
control rod configuration, with rod bank 8 remaining at 25% withdrawn.
Previously, these calculations were repeated with regulating rod banks
5«7 1ns!rt|d. This all-rods-in (ARI) calculation was eliminated
because:

1. There is good agreement between predicted and measured
coefficients.

2. There is a very good correlation between the direction of
predicted versus measured deviation for the ARO and ARI
coefficients for a given reload cycle.

The acceptance criterion for the hot zero power temperature coefficients
is:

The calculated pot zero power temperature coefficient...shall be
within 50.4x10 Ak/k/°F of the value given in the Physics Test
Manual.

The acceptance criteria for the hot zero power moderator coefficients of
reactivity are:

The hot_czoro power moderator coefﬂci‘nt shall go greater than

=3.0x10 © Ak/k/°F but Tess than 0.9x10 ~ Ak/k/°F,
For the extrapolated moderator coefficient, the criterion is as follows:

The th full power moderator coefficient shall be less than
zero.

Method

The technique used to measure the 532°F and 2155 psig isothermal
temperature coefficient at zero power was to first establish steady
state conditions by maintaining reactor flux, reactor coolant pressure,
turbine header pressure and core average temperature cong nt. The
reactor was maintained at a critical level between 5 x 10 amps and
the upper zero power physics test current limit as defined by the
sensible heat determination experiment. Equilibrium boron concentration
was established in the reactor coolant system, makeup tank, and

1"Reduced Physics Testing, Task Summary Report" document by Babcock
and Wilcox, BAW document number 86-1164722-00, dated March 1987 for
fh. BAW Owners' Group Performance Committee.

397-114, Section 10.4, Rev. 11
4PT-114. Sections 10.1, 10.3, Rev. 11

PT-114, Section 10.2, Rev. 11l
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3.6.2

pressurizer to eliminate reactivity effects from boron changes during
the subseguent temperature swings. The Reactimeter and the brush
recorders were connected to monitor-selected core parameters with the
reactivity value calculated by the Reactimeter and the core average
temperature displayed on a two-pen recorder,

Once steady state conditions were established, a positive heatup rate
was maintained by adjusting the turbine header pressure set point, As
the reactivity changed, the controlling rod group was moved as necessary
to produce an adeguate intermediate range signal. After the core
average temperature increased by about 5°F, coolant temperature and
reactivity were stabilized. This process was then reversed, and core
average temperature was decreased by about 10°F., Finally, after
stabilizing coolant temperature and reactivity, the core average
temperature was returned to 1ts original value. The measurement of the
temperature coefficient from the data obtained was performed by dividing
the change in reactivity by the corresponding changes in core
temperature for a specific time period.

The moderator coefficient cannot be directly measured in an coperating
reactor because a change in moderator temperature causes a similar
change in the fuel temperature. However, since the moderator coeffi-
cient has safety implications, it is an important reactivity coeffi-
cient. To obtain the moderator coefficient from the measured tempera-
ture coefficient, a Doppler correction of =-0.151x10 ~ AK/k/°F must De
subtracted.

The extrapolated hot full power moderator coefficient is calculated
based on the hot zero power moderator coefficient. Added to this are
both a calculated control rod effect and a boron change effect, which
include the Doppler and xenon effects.

Results

The results of the hot zero power temperature and moderator coefficients
measurements are summarized in Table 3.6-1 along with the predicted
values which are included for comparison., In all cases, the measured
results compared favorably with the predicted values., All measured
temperature coefficiqg*s of reactivity were within the acceptance
criterion of £0.40x10 ° Ak/k/°F of the predicted value. In additioen,
calculation of the moderator coefficient indicates that it is well

within the requirements of the Technical Specification.

The extrapolated hot full power moderator coefficient, as given in Table
3.6-2, is ~1.41x10 ° Ak/k/°F for al) rods out. From this, it is seen
that the acceptance criterion of a hot full power moderator coefficient
of less than zero is met.
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3.7

3.1.1

3.7.2

Contrel Rod Group Worths

The layout of the core showing the location of the control rod grouss
and the location of the 52 incore detector strings is given in Figure
3.7-1. The number of rods in each group and the reactivity control
function of each group is listed below.

Rod Group No. No. of Rod on.rtl Function
1 8 5350 y

2 8 Safety

3 8 Safety

4 8 Safety

8 12 Power Doppler

3 8 Power Dcopler

7 8 Transient

8 3% Axia) Power Shaping
Total =

The control rod worth tests were run in accordance with Ferformance
Testing Procedure PT-112 to provide information abeut the reactivity
worths of banks 5, 6, and 7. The results are also used t2 verify rod
worth curves used during plant operation. Tha tests are subject to tha
following acceptance criteria:

The predicted reactivity worth of rod groups, 5, 6, and 7 in the
Physic! Test Manual shall each be within 215% of the measured
value.® Additionally, the predicted total reactivity worth of
the sum of rod groups 5, 6, and 7 in th} Physics Test Manual
shall be within 210% of the measured total.

Method

Measurements of contro)l rod group worths for groups 5, 6, and 7 were
made during zero power physics tests using the boron swap methed., This
method consisted of setting up a deboration rate and compensating for
the change in reactivity by small step changes in rod group positions.
The continucus calculation of reactivity was made by the Reactimeter,
The reactivity in percent millirho (PCM) from the Reactimeter and the
rod pesition were recorded on a strip chart and magnetic tape.

Results

The results of both the predicted rod group worths and the measured
group worths are tabulated in Table 3.0-2 for a reactor coolant system
temperature of B532°F and pressure of 2155 psig. Comparison betwzan
measured and predicted rod worths shows groups 5-7 were well within the
specified 15% deviation, and the sum of groups 5-7 was within 3,029%
percent of the predicted value, Therefore, all acceptance criteria were
mat,

Integral measured rod worth curves for control rod groups 5, 6, and 7 at
532°F and 215% psig are plotted in Figures 3.7-2 through 3.7-4,

;97-112. Section 10.1, Rev. 7

PT-112, Section 10.2, Rev, 7

18



3.8

3.8.1

3.8.2

3.9

Differential Boron Worth Determination

Soluble poison in the form of dissolved boric acid is added to the
moderator to provide additional reactivity control beyond that available
from the control reds. The primary function of the soludble poisen
control system is to control the excess reactivity of the fuel through-
out the 1ife of the cycle.

The differential boron worth was measured in accordance with Performance
Testing Procedure PT-112. From PT-112, the following acceptance
¢criterion must be met:

The predicted differential boron worth in tgo Physics Test Manual
shall be within 215% of the measured value.

Method

The test measurements of the boron differential worth was completed at
reactor coolant conditions of 532°F and 2155 psig. The measured value
was determined by summing the incremental reactivity values measured
during the rod worth measurements over a known boron concentration range
from 2028 to 1635 ppmB.

Results

The moaqgfcd differential boron  worth  was calculated as
=7.8117x1Q “Ak/k/ppmB, as compared to the opredicted value of
=7.60x10 “sk/k/ppmB. The deviation is therefore -2.71%, which is well
within the acceptance criteria of 215%. The results of the differential

soluble poison worth measurements are “abulated in Table 3.8-1.

Ejected Control Rod Worth Measurement

In previcus cycles, this test was performed to verify the safety
analysis calculations relating to the assumed accidental ejection of the
most reactive control rod. From the existing B&W data base, there is
good agreement botweo& the measured and predicted ejected rod worths,
It has been determined™ that the HIP ejected rod worth (ERW) test can be
eliminated if the predicted value of maximum HIP ejected rod worth is
less than 0.8 %3\k/k. Since the predicted ejected rod worth from the
Physics Test Manual is 0.434 S3k/k, the ejected control rod worth test
has been eliminated from 2ero power physics testing for Cycle 7.

%PT-IIZ. Section 10.3, Rev. ?

“Reduced Physics Testing, Task Summary Report" document by Babcock
and Wilcox, document number 86-1164722-00, dated March 1987 for the
BAW Owners' Group Performance Committee,
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3.10

3.11

3.12

Biological Shield Survey

A Biological Shield Survey was not done at hot zero power since no plant
modifications were made which would invalidate the Biological Shield
Surveys made during the Initia) Startup Testing Program.

Ffluent and Effluent ggnitgring

No Effluent or Effluent Monitor
systems have besn performing norma
no further testing was required.

ing testing was performed as these
11y since initial startup. Therefore,

Chemical and Radioch ical T

Chemical and Radiochemical testing was not performed during this start-
up, These tests were conducted at initial startup and no plant modifi-
cations have been made which would invalidate the results of those

tests.
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TABLE 3.0-1 ACCEPTANCE CRITERIA DEVIATION LIMITS BETWEEN
MEASURED AND PREDICTED VALUES

Zero Power Physics Testing

Allowable Deviation Between

re Physics Par er Measured & Predicted Values
A1l Rods OQut Boron Concentration ¢ 50 ppmB
Temperature Coefficient of Reactivity : 0.4x10" AK/k/°F

Control Rod Worths

Individual Group Worths (Groups 5, 6, & 7) + 15%
Total Group Worth (Groups 5-7) ¢ 10%
Differentia) Boron Worth ¢ 15%

2l
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Tabie 3.0-2 SUMMARY OF ZERO POWER PHYSICS TESTING RESULTS

lero Power Physics Testing

Physics Parameter (Reference) Units Measured Predicted

1.

NI Overlap (PT-110)

Sensible Heat (PT-116)
NI-3
NI-4

All Rods Out Critical
Boron (PT-111)

Temperature Coefficient
of Reactivity (PT-114)

ARO, 2030 ppmB

Moderator Coefficient
of Reactivity (PT-114)

: ARO, 2030 ppmB

decades 2.155
Amps
1.1x10 )
1.1x10
ppmB 2033 2032
Ak/k/®F
-4 -4
+0.225x10 +0.286x10
Ak/k/°F

+0.376x10°%  +0.453x107%

Acceptance Criteria

Overlap must be
greater than 1.0 decade

None

Measured value must
be within 50 ppmB
of predicted value

Measured value muat
be within 0.4x10
Ak/k/°F of the pre-
dicted value

Maximum positive
moderator coefficient
must gs greater than
=3x10 ~ Ak/Kf°F and less
than 0.9x10 ~ Ak/k/°F.

Comparison

OK (2.155)

oK (1)



TABLE 3.0-2 SUMMARY OF ZERO POWER PHYSICS TESTING RESULTS
Zero Power Physics Testing (Continued)

Physics Parameter (Reference) Units

6. Extrapo! . od Moderator Ak/k/®F

Coefficizat of Reactivity
(PT-114)

ARO

7. Control Rod Group Worth % Ak/k
(PT-112)
Group 7
Group 6
Group 5

Total

8. Differential Boron % Ak/k/ppmB
Worth (PT-112)
1831.5 ppmB

Percent Deviation is calculated as follows:

% Deviation =

Predicted Value - Measured Value

Measured Predicted
-1.41x10"°
-0.837% -0.881
-0.8320 -0.927
-1.4005 -1.355
-3.071 -3.163
-7.812x1073 -7.60x10">

x 100

Measured Value

Acceptance Criteria

Extrapolated hot full
power moderator coeffi-
cient must be less than
0.0

Percent deviation of
group worth must be less
than 15%

Percent deviation of
total worth must be
less than 10%

Percent deviation must
be less than 15%

Comparison

0K (5.13)
0K (11.42)
0K (3.25)

0K (3.029)

0K (-2.71)



TABLE 3.2-1 NUCLEAR INSTRUMENTATION OVERLAP TEST RESULTS
Zero Power Physics Testing

Case | Source Range (SR) Indication | Intermediate Range (IR) Indication
Number| NI-1 (CPS) NI-2 (°*") NI-3 (Amps) Ni-4 (Amps)
4 4 -11 ~11
i 6x10 6x10 7x10 7x10
2 7%10° 7%10° 7x10719 7x107 10
3 2x10° 2x10° ax10” 19 P

Average SR
Indication
(CPSH
[SSaa—-

61104

7x105

2x10°

Average IR
Indication
(Amps )

7x10” 1

7110-10

sx10” 10

Overlap*
(Decades)
j NC——

2.067
2.000

2.398

Average Overlap = 2.155

*Overlap between the Source (SR) and Intermediate Range (IR) average indications is obtained using the following

equation:

Source:

PT-110, Enclosure 4, Attachment 1, Console Values

Overlap = (6 - Log (Average SR)) + (Log (Average IR) + 11)







TABLE 3.6-1 COMPARISON OF MEASURED AND PREDICTED REACTIVITY COEFFICIENTS

Tero Power Physics Testing

Control Rod Greoup Average] RCS Boron |  Reactivity Coefficients ( Ak/k/“F)

Rod (Group Position, % Withdrawn)| Temp |Concentration| Temperature Coefficient Moderator Coefficient
Configuration| ! 2 3 4 516 1 8 (°F) {(ppm) Measured Predicted Measured Predicted
D e I T i [ _SUSURTREEDE B Sy

ARO 100{1001100{100]100|100| 90| 25| s32 2030 +0.225x10"% |+0.286x10”% [+0.376x107% |+0.453x107"

= All Rods Out

. 1-114, tnclosure 1



TABLE 3.6-2 EXTRAPOLATED MOT FULL POWER MODERATOR

Rod Configuration

A1l Rods Out

COEFFICIENT OF REACTIVITY

lero Power Physics Testing

Predicted Hot Full Power Moderator
Coefficient of Reactivity (\k/k/®F)

-1.41x10"°

Source: PT-114, Enclosure 2



TABLE 3.8-1 DIFFERENTIAL BORON REACTIVITY WORTH TEST RESULTS

Zero Power Physics Testing

Control Rod Group Measured Average Delta Boron Differential Boron Worth

(Group Position, % Withdrawn Boron Conc.|Boron Conc.| Boron Conc. | Worth (%\/k/ppmB )

1 2 314 5 6 7 8 (ppm) (ppm) (ppm) (1}&/&) Measured Predicted
Dl BT B o Bad e L B B P -
100{100§100J100§100J100} 89125.0 2028
100{100{100{100] ©f 0] 0}25.0 1635 1831.5 -393 -3.070 | -7.8117x1073 | -7.60x102

Source: PT-112, Enclosures 1 and 4
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4.0

4.1

4.2

4.3

4.4

4.5

FULL POWER ESCALATION TESTING

Full power escalation tests were performed to verify the validity of the
safety analysis assumptions and, therefore, the acceptability of the
core design. Testing was performed at two major power plateaus; 75% and
95-100% full power (FP). In previous cycles testing was performed at
three major power platesaus, but one intermediate power distribution test
plateau was eliminated as explained in the Introduction (Section 1.C)

Turbine/Reactor Trip Test

No Turbine/Reactor Trip testing was performed during this startup since
no modifications were made which would invalidate the original testing
results.

Integral Cortrol System Test

Since no modifications were made to the Integrated Control System (ICS)
during this outage, no specific ICS testing was done during this start-
up. Minor adjustments were made to the ICS under normal maintenance and
caiibration procedures.

Unit Loss of Electrical Load

No Loss of Electrical Lcad testing was performed since no modifications
were made which would invalidate the original testing results.

Unit Load Transient Test

No specific Unit Load Transient testing was performed since no modifica-
tions were made to invalidate the results of previous tests. No major
problems were encountered during transient operations throughout the
testing program,

Reactivity Coefficients At Power Test

The purpose of this test was to determine reactivity coefficients at
100% full power, and to verify that they were conservative with respect
to the FSAR. ihe following coefficients were either measured or

3%



4.5.1

8,.9:1:1

calculated from the data cbtained:

a. Temperature coefficient of reactivity, defined as the fractional
change in the reactivity of the ccre per unit change in fuel and
moderator temperature.

b. Moderator coefficient of reactivity, defined as the fractional
change in the reactivity of the core per unit change in moderator
temperature,

¢. Power Doppler coefficient of reactivity, defined as the fractional
change in the reactivity of the core per unit change in power.

d. Fuel temperature Doppler coefficient of reactivity, defined as the
fractional change in the reactivity of the core per unit change in fuel
temperature.

Acceptance criteria specified for the Reactivity Coefficients at Power
Test are listed below:

1. The modgrator coefficient of reactivity shall be less positive than
0.9x10 5k(§/°F at power levels below 95% full power, less positive
than 0.0x10 " Ak/k/°F at power_hpvels at or above 95% full power
and less negative than -3.0x10 ° Ak/'.‘°F at rated thermal power.

2. The fuel temperature Dggp1er ;oef§1cient of reactivity shall be more
negative than =0.90x10 ~ Ak/k/°F.

Method

Reactivity coefficient measurements were made during the power
escalation test program at 100.0% full power,

Differential rod worth measurements were performed during the reactivity
coefficient measurement in order to generate rod worth data for the
specific test conditions. For temperature coefficients, average reactor
coolant temperature was increased and decreased about 5°F and data
recorded, For power DQDoppler coefficients, power was increased and
decreased about 5% full power and data recorded. From the measured
temperature and power Doppler coefficients, the moderator and fuel
temperature Doppler coefficients were calculated.

Differential Rod Worth at Power. The method by which the differential
rod worth was determined at power is the fast insertion/withdrawal
method. In this measurement, the controlling rod group is inserted for
six seconds, followed immediately by a withdrawal for six seconds.
Since the total elapsed time is on the order of the primary loop
recirculation time, the moderator temperature effects are eliminated and
the reactivity versus time is essentially a combination of the effects
due to the control rod motion and the fuel power variation.

1p7.120, $a~tion 10.2.7, Rev. 11
pr-120. Section 10.2.8, Rev. 11
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4.5.1.2

Determination of tie differential rod worth was then found by using the
mneasured reactivity and rod positions, compensating the data by a
predicted fuel power correction factor. The fuel power corection factor
accounts for the time delay involved in fuel temperature change during
the measurement.

Temperature and Moderator Coefficients. The temperature coefficient of
reactivity is defined as the fractional change in the reactivity of the
core per unit change in fuel and moderator temperature. The temperature
coefficient is normally divided into two components as shown in equation
4.5-1.

EQ. (4.5-1)

8, = 4y * Gy

Where: oy = Temperature Coefficient of Reactivity (Ak/k/°F)
gy = Moderator Coefficient of Reactivity (aAk/k/°F)
@ = Doppler Coefficient of Reactivity (Ak/k/°F)

The moderator coefficient cannot be directly measured in an operating
reactor because a change in *he moderator temperature also causes a
similar change in the fuel temperature. Therefore, the moderator
coefficient must bSe calculated using equation 4.5-1 after the
temperature and Doppler coefficients have been determined.

Temperature, moderator, and Ooppler coefficients were theoretically
predicted as shown in Table 4.5-1 using the distributed moderator and
fuel temperatures instead of the isothermal values which were used for
zero power physics predictions. For these predictions, the normal mode
of operation with cri*tical doron and rod conditions was assumed which
set the average core moderator temperature to 579°F.

The measurement method used at power is to change the reactor coolant
temperature setpoint at the reactor control station with the integrated
control system in automatic effecting an approximate 5°F change in the
reactor coolant temperature. The reactivity change caused by the
temperature change of the core was measured by recording the change in
the position of the controlling control rod group and converting this
change to reactivity using differential rod worth values measured during
the test. Prior to running the test, steady state equilibrium xenon
cenditions, including a stable boron concentration and no significant
control rod motion during the last 30 minutes prior to taking dzta, were
required as prerequisite system corditions.

The fuel temperature Doppler coefficient relates the change in core
reactivity to a corresponding change in fu2l temperature. A theoretical
prediction of the fuel temperzture Doppler coefficient was made using
the PDQ code with thermal feedback, and is presented in Table 4.5-1.

The measurement method used was to change the reactor power level 5%
full power. This change in power level was initiated by manually
decreasing the reactor power at the reactor master sontrol station,
After obtaining approximately ten minutes of steady state data at 2tre
reduced power level, reactor power was returned to the initial power,
The calculation of the power Doppler coefficient uses the measured
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4.13

4,13.1

4.13.2

Nuclear Instrumentation Calibration At Power Test

The Nuclear Instrumentation Calibration test was performed "to verify
the ability to ca11brate power range nuclear instrumentation to measured
core conditions". This test was performed 1in accordance with
procedures PT-120 and SP-113, and in conjunction with Surveillance
Procedure SP-312.

The acceptance criteria for this test are:

The power range nuclear instrumentation (NI) is calébrated to with=
in 2% of the power calculated in the heat balance.

The higg level bistable trip is set to trip within the specified
limits.

The absolute difference between the out-of-core detector axial
power imba1anc04and the in-core detector axial power imbalance is
less than 2.5%.

Furthermore, the Technical Specifications regquire that the overlap
between the intsrmediate and power range nuclear instrumentation be in
excess of one decade.

Method

Reactor power was increased to the specified power level, while
continuosly monitoring all the parameters that indicate power level
change. A heat balance was then performed. Based on the results of the
heat balance, the sensitivity of the linear amplifiers for each power
range channel was adjusted, if nesessary, and another heat balance was
performed. This process continued until indicated power and heat
balance power were within 2% of each other,

This test was performed at each of the major power plateaus; 75% FP and
95-100% FP.

Results

The results of the NI calibration met the acceptance criteria.

éFSAR, Table 13-4, #13

3PT-IZO, Section 10.2.1, Rev. 11
4SP-113. Section 9.3, Rev. 43
SP=113, Section 9.4, Rev. 43
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Maximum LHR (kW/ft) and Worst Case Minimum DNBR

MAXIMUM LHR AND WORST CASE MINIMUM ONBR VS FULL INCORE OFFSET
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