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CLASSIFICATION / DISCLAIMER

The data, techniques, information, and conclusions in this report have been

prepared solely for use by Virginia Electric and Power Company (the

Company), and they may not be appropriate for use in situations other than

those for which they have been specifically prepared. The Company

therefore makes no claim or warranty whatsoever, express or implied, as

to their accuracy, usefulness, or applicability. In particular, THE-

COMPANY MAKES NO WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR

PURp0SE, NOR-SHALL ANY WARRANTY BE DEEMED TO ARISE FROM COURSE OF DEALING
I

OR USAGE OF TRADE, with respect to this report or any of the data, '

techniques, information, or conclusions in it. By making this report

availabic, the Company does not authorize its use by others, and any such
:

| use is expressly forbidden except with the prior written approval of the

Company, Any such written approval shall itself be deemed to incorporate

the disclaimers of liability and disclaimers of warranties provided i

herein. In no event shall the Company be liable, under any-legal theory

whatsoever (whether contract, tort, warranty, or strict or absolutu

Iliability), for any property damage, tiental or physical injury or death,

loss of use of property, or other damage resulting from or arising out of

; the use, authorized or unauthorized, of this report or the data, #

,

techniques, information, or conclusions in it.
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PREFACE

| The purpose of this report is to present the analysis and evaluation

of the physics tests which were performed to verify that the North Anna
i

2, Cycle 6 core could be operated safely, and to make an initial evaluation

of _ the performance of the core. It is not the intent of this report to - f

discuss the particular methods of testing or to present the detailed data :

taken. Standard test techniques and methods of data analysis were used.

The test data, results and evaluations, together with the detailed startup

procedures, are on file at the North Anna Power Station. Therefore, only

a ct.rsory discussion of these items is included in this report. The

analyses presented include a brief summary of each test, a comparison of
,

the test results with design predictions, and an evaluation of the results.

The North Anna 2, Cycle 6 Startup Physics Tests Results and Evaluation

Sheets have been included as an appendix to provide additional information

on the startup test results. Each data sheet provides the following
,

information: 1) test identification, 2) test conditions (design), 3) test [

conditions (acteal), 4) test results, 5) acceptance criteria, and 6)
comments concerning the test. These sheets provida a compact summary of

the startup test results in a consistent format. The design test

conditions and design values of the measured parameters were completed

prior to the startup physics testing. The entries for the design values "

were based on the calculations performed by Virginia Electric and Power

Company's Nuclear Engineering Group . During the tests, the data sheets1

were used as guidelines both to verify that the proper test conditions were

met and to facilitate the preliminary comparison between measured and,

predicted test results, thus enabling a quick identification of possible
.

problems occuring during the tests. The Appendix to this report contains
t

the final completed and approved version of the Startup Physics Tests ;
t

Results and Evaluation Sheets, i

v

r
*
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SECTION 1

! INTRODUCTION AND SUMMARY

On August 24, 1987 Unit No. 2 of the North Anna Power Station was

shutdown for its fif th refueling. During this shutdown, 64 of the 157 fuel
I

assemblies in the core were replaced with fresh fuel assemblies. The sixth
*

cycle core consists of 8 sub-batches of fuel: three once-burned batches,
i

two from Cycle 5 (batches 7A and 7B) and one from North Anna Unit 1, Cycle

4 (batch N1/6); two twice burned batches, one from Cycles 4 and 5 (batch

6), and one from North Anna 1, Cycles 3 and 4 (batch N1/5); one

thrice-burned batch from Cycles 3, 4, and 5 (batch SA), and two fresh

batches (bar.ches 8A and 8B). The core loading pattern and the design

parameters for each batch are shown in Figure 1.1. Fuel assembly burnups

are given in Figure 1.2. The incore instrumentatdon locations are
identified in Figure 1.3. Figure 1.4 identifies the location and number

of burnable poison rods and source assemblies for Cycle 6, and Figure 1.5

identifies the location and number of control rods in the Cycle 6 core.,

On November 3, 1987 at 0245, the sixth cycle core achieved initial

criticality. Following criticality, startup physics tests were performed
as outlined in Table 1.1. A summary of the results of these tests follows:

1. The drop time of each control rod was confirmed to be within the

2.2 second limit of the North Anna Technical Specifications 2

2. Individual control rod bank worths for the control rod banks were
8measured using the rod swap technique and were found to be within

8.5% of the design predictions. The sum of the individual control

rod bank worths was measured to be within 5.1% of the design

prediction. These results are within the design tolerance of 15%

1
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'

,

for individual bank worths (i10% for the rod swap reference bank

worth) and the design tolerance of 10% for the sum of the
individual' control rod bank worths,

i

3._ critical boron concentrations for two control bank configurations

[ were measured to be within 12 ppm of the design predictions. These

results were within the design tolerances and also met the accident

i analysis acceptance criterion,

i 4. The boron worth coefficient was measured to be within 6.2% of the

design prediction, which is within the design tolerance of 10%

and met the accident analysis criterion.

5. The isothermal temperature coefficient for the all-rods-out

configuration was measured to be within 0.4 pcm/'F of the design

prediction. This result is within the design tolerance of 13

pcm/'F and also meets the-accident analysis acceptance criterion.

S. Core power distributions for at power conditions were within

'

established design tolerances. Generally, the measured core power

distribution was within S.6% of the predicted power distribution.

The measured parameters were within the limits of the Technical

Specifications and met their respective accident analysis

acceptance criteria.

In summary, the startup physics test results were acceptable.

Detailed results, together with specific design tolerances and acceptance

criteria for each measurement, are presented in the appropriate sections

of this report.4

2
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Table 1.1

i

NORTH ANNA.2 - CYCLE 6 STARTUP PHYSICS TESTS

CHRONOLOGY OF TESTS

t

|

Reference
Test Date Tite Power Procedure

Hot Rod Drop - Hot Full Flow 11/01/87 1530 HSD 2-PT-17.2
Zero Power Testing Range 11/03/87 0335 HZP 2-PT-94.0
Reactivity Computer Che-kout 11/03/87 0348 HZP 2-PT-94.0
Boron Endpoint-ARO 11/03/87 1000 HZP 2-PT-94.0
Temperature Coefficient-ARO 11/03/87 1131 HZP 2-PT-94.0
Bank B Worth 11/03/87 1257 HZP 2-PT-94.0
Boron Endpoint-B In 11/03/87 1832 HZP 2-PT-94.0
Bank D Worth - Rod Swap 11/03/87 2125 HZP 2-PT-94.0
Bank C Worth - Rod Swap 11/03/87 2204 HZP 2-PT-94.0
Bank A Worth - Rod Swap 11/03/87 2300 HZP 2-PT-94.0
Bank SB Worth - Rod Swap 11/03/87 2333 HZP 2-PT-94.0
Bank SA Worth - Rod Swap 11/04/87 0010 HZP 2-PT-94.0
Flux Map - 30% Power 11/06/87 0713 28% 2-PT-21.1
Flux Map - Delta I Target 11/11/87 2300 50% 2-PT-21.1
Flux Map - QPTR Verification 11/12/87 0900 47% 2-PT 21.1
Flux Map - KFP 11/16/87 0950 100% 2-PT-21.1
Flux Map - RFP 11/23/87 1300 100% 2-PT-21.1
Flux Map - I/E Calibration 11/24/87 0637 100% 2-PT-22.2
Flux Map - I/E Calibration 11/24/87 1743 100% 2-PT-22.2
Flux Map - I/E Calibration 11/25/87 0854 100% 2-PT-22.2

1

3
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Figure 1.1

NORTH ANNA UNIT 2 - CYCLE 6

CORE LOADING MAP
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Figt.re 1.2

NORTH ANNA UNIT 2 - CYCLE 6

BEGINNING OF CYCLE FUEL ASSEMBLY BURUNUPS
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Figure 1.3

\

NORTH ANNA UNIT 2 - CYCLE 6

INCORE INSTRUMENTATION LOCATIONS
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Figure 1.5

NORTH ANNA UNIT 2 - CYCLE 6

CONTROL ROD LOCATIONS
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SECTION 2

CONTROL. ROD DROP TIME MEASUREMENTS

The drop time of each control rod was measured at hot full-flow RCS

conditions in order to confirm satisfactory operation and to verify that
,

the rod drop times were less than the maximum allowed by the Technical

Specifications. The hot control rod drop time measurements were run with

the RCS at hot, full flow conditions above 500'F and 2235 psig.

t The rod drop time _ measurements were performed by first withdrawing a

rod bank to its fully withdrawn position, and nen removing the movable

gripper coil fuse and stationary gripper coil fuse for the test rod. This

|

| allows the rod to drop into the core as it would in a normal plant trip.

The data recorded during this test are the stationary gripper coil voltage

and the LVDT (Linear Variablo Differential Transformer) primary coil

voltsge. The rod drop time to the dashpot entry and to the bottom of the

dashpot are determined from this data. Figure 2.1 provides an example of

the data that is recorded during a rod drop time measurement.

As shown in Figure 2.1, the initiation of the rod drop is indicated

by the decay of the stationary gripper coil voltage when the stationary

coil fuse is removed. A voltage is then induced in the LVDT primary coil

as the rod drops. The magnitude of this voltage is a function of the rod

velocity. When the rod enters the dashpot section of its guide tube, the

velocity slows causing a voltage decrease in the LVDT coil. The LVDT

voltage then reaches a minimu:a as the rod reaches the bottom of the

dashpot. Subsequent variations in the. trace are caused by the rod

bouncing. This procedure was repeated for each control rod.
,

9
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The measured drop times for each control rod are recorded on Figure ;

2.2. The slowest, fastest, and average drop times are summarized in Table

2.1. Technical-Specification 3.1.3.4 specifies a maximum rod drop time

from loss of stationary gripper coil voltage to dashpot entry of 2.2
seconds with the RCS at hot, full flow conditions. The test results met

this limit.
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Table 2.1

NORTH ~ ANNA UNIT 2 - CYCLE 6 STARTUP PHYSICS TESTS

HOT ROD DROP TIME SUMMARY

-

!

ROD DROP TIME TO DASHPOT ENTRY
|

SLOWEST ROD FASTEST ROD AVERAGE tit!E

B 06 1.86 sec. ti-04 1.42 sec. 1.60 sec.
i

j

ROD DROP TIME TO BOTTOM OF DASHPOT

| SLOWEST ROD FASTEST ROD AVERAGE TIME

B-06 2.54 sec. M-04 2.02 sec. 2.24 sec.
l

.

11

>

_ _ _ _ . . _ . _



_

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

, _ . , . . g "

{
x
G --*

h-

c
ed he n

5% aa94 5-
2 7 g .)9J g d

k k,-
.

* r8=a
w

i
E

, i
1 F"

s8 $
w a

8
E

o
E E

h" u

6

!,
< ..

as
3E E

b $ 6"
Z

*
- - - - - - - n n-- -



- _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Figure 2.2

NORTH ANNA UNIT 2 - CYCLE 6 STARTUP PHYSICS TESTS

ROD DROP TIME - HOT FULL FLOW CONDITIONS
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SECTION 3

CONTROL ROD BANK WORTH MEASUREMENTS

Control rod bank worth measurements were obtained fc-r the control and

shutdown banks using-the rod swap technique. The first step in the rod

swap procedure was to dilute the most reactive control rod bank (hereafter

referred to as the reference bank) into the core and measure its reactivity

| worth using conventional test techniques. The reactivity changes

resulting from the reference bank movements were recorded continuously by

the reactivity computcr" and were used to determine the differential and

integral worth of the reference bank (Control Bank B).

At the completion of the reference bank reactivity worth measurement,

l the reactor coolant system temperature and boron concentration were

stabilized such that the reactor was critical with the reference bank near

full insertion. Initial statepoint data for the rod swap maneuver were

obtained by moving the reference bank to its fully inserted position and

recording the core reactivity and moderator temperature. At this point,

a rod swap maneuver was performed by withdrawing the reference bank while

one of the other control rod banks (i.e., a test bank) was inserted. The

core was kept nominally critical throughout this rod swap and the maneuver

was continued until the test bank was fully inserted and the reference bank

was at the position at which the core was just critical. This measured

critical position (MCP) of the reference bank with the test bank fully

inserted is the major parameter of interest and was used to determine the

integral reactivity worth of the test bank. Statepoint data (core

reactivity, moderator temperature, and the differential worth of the

reference bank) were recorded with the reference bank at the MCP. The rod

swap maneuver was then performed in reverse order such that the reference

bank once again was near full insertion and the test bank was once again

14
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fully withdrawn from the core. The rod swap process was then repeated for

the other control rod banks (control and shutdown).

A summary of the results for these tests is given in Table 3.1. As

shown by this table and the Startup Physics Tests Results and Evaluation

| Sheets given in the Appendix, the individual measured bank worths for the

control and shutdown banks were within the design tolerance (110% for the .
,

'

( reference bank and 115% for the test banks). The sum of the individual
1

rod bank worths was measured to be within 5.1% of the design prediction.

This is well within the design tolerance of 10*, for the sum of the

individual control rod bank worths.

The integral and differential reactivity worths of the reference bank

(Control Bank B) are shown in Figures 3.1 and 3.2, respectively. The

design predictions and the measured data are plotted together in order to

illustrate their agreement. In summary, the measured rod worth values were

satisfactory.

15
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Table 3.1

NORTH ANNA UNIT 2 - CYCLE 6 STARTUP PHYSICS TESTS

CONTROL ROD BANK WORTH SUMMARY

MEASURED PREDICTED PERCENT DIFFERENCE
WORTH WORTH (%)

BANK (PCM) (PCM) (M-P)/P X 100

B-Reference Bank 1282 1367 -6.2
D 944 994 -5.0
C 715 732 -2.4
A 327 332 -1.5 <100 pcm
SB 921 953 -3.3
SA 955 1045 -8.6
Total Vorth 5144 5423 -5.1

16
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SECTION 4 -

BORON ENDPOINT AND WORTH MEASUREMENTS

Boron Endpoint

With the reactor critical at hot zero power, reactor coolant system

boron concentrations were measured at selected rod bank configurations te

enable a direct - comparison of measured boron endpoints with design

predictions. For each measurement, the RCS conditions were stabilized with

the control banks at or very near a selected endpoint position. The

critical boron concentration was then measured. If necessary, an

adjustment to the measured critical boron concentration was made to account

for off-nominal core conditions (rod position and moderator temperature).

The results of these measurements are given in Table 4.1. As shown

in this tsble and in the Startup Physics Tests Results and Evdluation

Sheets given in the Appendix, the measured critical boron endpoint values

were within their respective design tolerances. The measured values met

the accident analysis acceptance criterion. In summary, the boron endpoint

results were satisfactory.

Boron Worth Coefficient

The measured boron endpoint values provide stable statepoint data

from which the boron worth coefficient was determined. A plot of the boron

concentration as a function of integrated reactivity can be constructed

by relating each endpoint concentration to the integrated rod worth present

in the core at the time of the endpoint measurement. The value of the boron

coefficient, over the range of boron endpoint concentrations, is obtained

directly from this plot.

The boron worth plot is shown in Figure 4.1. As indicated in this

figure and in the Appendix, the boron worth coefficient of reactivity was

19



r

measured to be -6.82 pcm/ ppm. The measured boron worth coefficient is

within 6.2% of the predicted value of -7.27 pcm/ ppm and is well within the

design tolerance of 110%. The measurement result also met the accident

analysis acceptance criterion. In summary, the measured boron worth was

satisfactory.

%

(
20
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Table 4.1

| NORTH ANNA UNIT 2 - CYCLE 6'STARTUP PHYSICS TESTS

BORON ENDPOINTS SUMMARY

. _ _

Measured Predicted Difference
Control Rod Endpoint Endpoint M-P
Configuration (ppm) (ppm) (ppm)

ARO 1982 1994 -12

B Bank In 1794 1794* O
-

* The predicted endpoint for the B Bank in configuration has been
adjusted for the dif ference between the measured and predicted
values of the endpoint taken at the ARO configuration as shown in
the boron endpoint Startup Physics Test Results and Evaluation
Sheets in the Appendix.

21
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FIGUQE 4.1

NORTH ANNA UNIT 2 - CYCLE 6 BOL PHYSICS TEST
BORON WORTH COEFFICIENT
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SECTION 5

TEMPERATURE COEFFICIENT MEASUREMENT

The isothermal temperature coefficient measurement at the all-rods-out

condition was accomplished by controlling the RCS heat gains / losses with

the steam dump valves to the condenser, establishing a constant and uniform

heatup/cooldown rate, and then monitoring the resulting reactivity changes

on the reactivity computer. This measurement was performed at a very low

power level in order to minimize the effects of non-uniform nuclear

heating, thus, the moderator and fuel were approximately at the same

temperature (between 542 and $46 'F) during these measurements.

1

|

Reactivity measurements were taken during both RCS heatup and cooldown

ramps during which the RCS temperature varied approximately 3.0'F.

Reactivity was determined using the reactivity stripchart recorder and

temperature was recorded on the average RCS temperature stripchart. The

temperature coefficient was then determined from the change in these

parameters. The change in reactivity divided by the change in temperature

yields the isothermal temperature coefficent.

The predicted and measuted isothermal temperature coef ficient values

are compared in Table 5.1. As can be seen from this summary and from the

Startup Physics Test Results and Evaluation Sheet given in the Appendix,

the measured isothermal temperature coefficient value was within the

design tolerance of 13 pcm/'F and met the accident analysis acceptance

criter!.un. In summary, the measured result was satisfactory.

i

23
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Table 5.1

NORTH ANNA UNIT 2 CYCLE 6 STARTUP PHYSICS TESTS

ISOTHERMAL TEMPERATURE COEFFICIENT SUMMARY
i

i

ISOTHERMAL TEMPERATURE COEFFICIEhT
BANK TEMPERATURE BORON (PCM/*F)

POSITION RANGE CONCEhTRATION
('F) (ppm) COOL DIFFER.

HEATUP DOWN AVER. PRED. (M P)

542.8<

D/212- to 1979 -1.00 -0,20 -0.60 -0.94 0.34
,i 545.8
,

,

.

1

a

:

!

.;

i

b

.

'
,

i

b
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SECTION 6

POWER DISTRIBUTION MEASUREMENTS

The core power distributions were measured using the incore movable

detector _ flux mapping system. This system consists of five fission

detectors which traverse fuel assembly instrumentation thimbles in 47

core locations (see Figure 1.3). For each traverse, the detector output

is continuously monitored on a strip chart recorder. The output is also

scanned for 61 discrete axial points by the PRODAC P-250 process

'. computer. Full core, three-dimensional power distributions are then

determined by analyzing this data using the Westinghouse computer

program. INCORE'. INCORE couples the measured flux map data with

predetermined analytic power-to-flux ratios in order to determine the

power distribution for the whole core.
'

A list of the full core flux maps teken during the test program

together with a list of the measured values of the important power
i distribution parameters is given in Table 6.1. The measured power

distribution parameter values are compared with their Technical
|

i Specifications limits in Table 6.2. Flux Map 1 was taken at 28% power.

This flux map served as the base case design check. Figure 6.1 shows

; the resulting radial power distribution associated with this flux map.

| Flux maps 2 through 5 were taken over a wide range of power levels
'

and control rod configurations. These flux maps were taken to check the

at-power design predictions and to measure core power distributions at

various operating conditions. The radial power distributions for these

'' maps are given in Figures 6.2 thru 6.5. These figures show that the

measured relative assembly power values are generally within 5.6% of the

predicted values. Further, the measured F-Q(T) and F-AH(M) peaking

25
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In conclusion, the power distribution measurement results were
\

considerad to be acceptable with respect to the design tolerances, the

( accident analysis acceptance criteria, and the Technical Specification

limits. It is therefore anticipated that the core will continue to operate
I safely throughout cycle 6.
t

!

|

{
,

t .

I'
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TABLE 6.1
.

NORTH ANNA 2 - CYCLE 6 STARIUP PHYSICS TESTS

INCORE FLUX MAP SUMMARY

I i i I- 1 1 1 1 1 1 1 1 I I
i 1 | | BURN! I I I-Q(I) HOT I F-DH(M) HOT | CORE F(Z) I 2 I | |
| 1 | | UP | | HANK | CHANNLL IACTOR I CHNL.FACIOR I MAX X QPIR I AX1All NO.1
| MAP |MAPI DATE I MWD /IPWRI O | | 1 | | Off | OF |I DESCRIPTION INO.1 | MIU |(%)lST[ PSI I lAXIAtt I i i IAX1All | I I SET IIHIMli I i | I I IASSYlPINIPOINil F-Q(T)lASSYlPINif-DH(H)lPOINil F(Z)| MAX ILOCl (%) IBLESI
i 1.___I 1 !___I 1 l __ _ I I I l .__ I I I i 1__ I I I
I I I I I I I i i I I I I I I I I I I I
| LOW POWER | 1111-06-8TI 151 281 129 1 K131 IPl 36 1 2.265 l L131 DMI 1.549 | 37 11.386|1.0161 NWI-11.481 39 I
I i i I I I I I I I I I I I I I I I I 1
|DfLIA I IARGIT I 2111-11-811 751 501 152 l LO31 MCI 29 | 2.181 | LO38 MCI 1.486 1 30 11.38011.0191 NW1 -5.301 39 I
I i 1 1 I I I I I I I I I I I I i i I i
lQPiR VERIFICATION 1 3l11-12-871 941 471 160 i LO3! MCI 28 | 2.126 I C111 AQl 1.476 1 29 11.34911.0161 NWs -2.375 39 Ii 1 1 I i | | 1 1 1 1 I | 1 I I I I I I
|HTP I 4111-16-871 22211001 228 i LO31 MCI 36 | 1.857 i LO31 MCI 1.396 1 37 11.22311.0093 NW1 -2. % | 47 |
| 1 8 | | | | 1 1 I I i 1 I | | 1 I l l
I HI P (3) 1 5111-23-671 50211001 228 | Dill Irl 37 | 1.843 | C101 Bil 1.398 1 37 11.21411.0101 NW1 -2.531 47 |y I I

NOTES: 140T SPOT L OCAllONS ARE SPECIFif D tlV GIVINC ASSE MBLY LOCAllONS ( E.C. H-8 IS THE CENTER-Of-CORE ASSEMBLY),
FOLIOWED Elv THE PIN LOCATION DI NOf f D BY THE "Y" COORDINATE WlIH THE SEVENi[EN ROWS OF IUEL ROOS
LElifRED A THROUGH H AND THE {X" COORDINAIE DESICNATED IN A SIMILAR MANNER).
IN THE "Z" DIRECilON THE CORE IS OfVIDED INTO 61 AX1AL POINTS SIARilNG FROM THE TOP Of THE CORE.
1 F-Q(i) INCLUDES A TOIAL UNCERIAINIY OF 1.05 X 1.03

2. QPIR - QUADRANT POWER TILT RATIO.

3. MAPS 6, 7 AND 8 WERE QUARTER-CORE FLUX MAPS TAKEN FOR INCORE/EXCORE DET[CTOR CAllBRATION.

.
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Table 6.2

NORTH ANNA UNIT 2 - CYCLE 6 STARTUP PHYSICS TESTS

COMPARISION OF MEASURED POWER DISTRIBUTION PARAMETERS

WITH THElR TECHNICAL SPECIFICATION LIMITS

F-Q(T) HOT F-DH(M) HOT
CHANNEL FACTOR * CHANNEL FACTOR

MAP
NO. MEAS LIMIT MARGIN MEAS LIMIT MARGIN

(%) (%)

1 2.27 4.30 47.3 1.55 1.81 14.4
2 2.18 4.28 49.1 1.49 1.71 12.9
3 2.13 4.27 50.1 1.47, 1.73 14.5
4 1.86 2.15 13.3 1.40 1.49 6.0
5 1.84 2.15 14.4 1.40 1.49 6.0

6

* ne Technical Specification's limit for the heat flux hot
channel f actor. F-Q(T), is a function of core height. The value
for F-Q(T) listed above is the maximum value of F-Q(T) in the
core. The Technical Specification's limit listed above is'

evaluated at the plane of maximum F-Q(T). The minimum margin
values listed above are the minimum percent difference between
the measured values of F-Q(T) and the Technical Specification's
limit for each map. The measured F-Q(T) hot channel factors
include 8% total uncertainty.

28
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Figure 6.1

(. NORTH ANNA UNIT 2 - CYCLE 6 STARTUP PHYSICS TESTS

ASSEMBLYWISE POWER DISTRIBUTION

28% POWER
4 P N N L K J N 0 F t O C 8 A

................ ...................... ........ .......
PatotCit0 0.2% . 0.30 . 0.7% . Patoletto .. . ..

statutt0 . 0.2% . 0.29 . 0.26 . Mt ASV8t 0 1. . ..

. PCT Ottttat4CL. 0.9 . +3.0 . 2.3 . . PCT Olift8tMCt..

................ .................................................. ................
0.3% . 0.64 1.09 . 0.81 1.09 . 0.64 . 0.34. . .
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................................................................

. 0.36 . 1.17 . 1.34 . 1.ft . 1.30 . 1.22 . 1.34 1.17 . 0.36 ..

. 0.37 . 1.70 . 1.33 . 1.21 1.20 . 1.21 . 1.3S . 1.19 . 0.37 3
3.3 . 2.4 . *0.6 . *1.0 . *1.3 . *0.6 . 1.0 . 2.2 . 4.3 ..

.................................................................... .........

. 0.34 . 0.03 . 1.3% 1.30 . 1.39 . 1.1? . 1.39 . 1.30 . 1.3S . 0.8 . 0.36 .

. 0.37 . 0.84 1.39 . 1.30 . 1.39 . 1.17 . 1.37 . 1.30 . 1.3S . 0.4 . 0.36 . 44
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. 0.6% . 1.35 . 1.30 . 1.27 . 0.90 , 1.26 . 1.00 . 1.2% . 0.98 . 1.25 . 1.26 1.29 . 0 62 . $
1.0 . 1.0 . 0.2 . *0.6 . 1.0 . 3.7 . 3.9 . 2.6 . 0.7 . *1.8 . +3.0 . +3.9 . *k.6 ..

................................................................ 1........................................

. 0.75 . 1.09 . 1,72 . 1.39 . 1.12 . 1.22 . 1.04 1.11 . 1.04 1.22 . 1.12 . 1,39 . l.22 . 1.09 . 0.25 .. .

. 0.37 . 1.11 1.18 . 1.3s . 1.12 . 1,73 . 1.04 . 1.16 . 1.07 . 1.24 1.11 1.37 . 1,18 . 1.04 . 0.2% . f.

6.9 . 1. 9 . a l . S . *0. 0 . 0.) . 0.5 . 4.4 . 4.5 . 2. 7 . 1.8 . *0.4 . *S.t . al.S . *2.9 . =1.? ..

..................................................-..............l........I..............................0.30 . 0.01 1.30 . 1.17 . 1.13 . 1.04 1.11 . 1.11 1.11 04 1.1 1.17 . 1.30 . 0.01 . 0.30 .. .

1.16 . 1.1) . 1.06 . 1.17 . 1 15 . 1.12 . 1.06 . 1.13 . 1.11 1.2% 0.00 . 0.31 8. 0.37 . 0.02 1.75 .
6.9 . 1.4 . al.t . *0.9 . 1.s . 1.6 . 1.6 . $.0. 1.3 . 1.4 *0.6 . *S.2 . *l.S . *0.S . 1.9 .

. .

.

..........................................................................................................

. 0.2% . 1.09 . 1.22 . 1.39 . 1.12 . 1.72 . 1.04 1.11 1.04 1.22 . 1.12 . 1.39 . 1.fr . 1.09 . 0.25 ..

. 0.27 . 1.09 . 1.10 . 1.36 . 1.13 . 1.27 . 1.03 . 1.10 . 1.0S . 1.23 . 1.13 . 1.3% . 1.21 1 11 . 0.26 . 9
6.9 . *0.0 . +3.7 . *1.9 . 1.6 . 0.3 . *0.9 . *0.4 . 1.8 . 1.0 . 0.0 . *t.t . *1.2 . i.1 3.S .o .

..........................................................................................................
0.64 . 1.34 . 1.30 . 1.37 . 0.90 . 1.22 . 1.04 1.22 . 0.90 . 1.27 1.30 . 1.34 0.64.

. 0.62 . 1. 24 . 1. 2 7 . 1. 7 7 . 0. 9 F . 1.22 . 1.05 . 1. 21 . 0. 9 7 . 1.27 1.30 . 1.35 . 0.67 10

. *4.0 . **.1 *t.S . *0.7 . *0.9 . 0.1 . 0.3 . *0.6 . *1.1 . *0.? . *0.1 . 0.4 . 4.9 .

........................................................................I..d................. 0.34 1.17 . 1.34 . 1.16 . 1.27 1.17 . 1.13 . 1.12 . 1.27 . 1.16 . .3 1.17 . 0.34 ..

. 0. 3 3 . 1.18 . 1. 3 2 . 1.1$ . 1. 26 . l.it . 1.14 1.11 . 1.26 . 1.15 . 1.34 . 1.70 . 0.39 . 11

. *t.1 . *t.1 . *t.4 . *0.7 . *0.4 . 0.3 . 0.5 . *0.5 . *1.8 . *0.4 . 1.4 . 2.) . 3.4 .

............................................................................................
. 0.36 . 0.43 . 1.3S , 1.30 . 1.39 . 1.17 . 1.39 . 1.30 . 1.35 . 0.03 . 0.36 .
. 0.34 . 0.82 . 1.34 . 1.F9 . 1.36 . 1.14 1.35 . 1.27 . 1.33 . 0.05 . 0.38 . It
. + 4. 2 *0. 8 . *0. 0 . *0. 8 . * t.1 . * 2.1 . * t . S . * t . 0 . * 1. 9 . 3.1 . S9.
..............................................................................

. 0.36 . 1.11 . 1.34 1.72 . 1.30 . 1.22 . 1.34 1.17 . 0.36 ..

. 0.37 . 1.21 . 1.38 . 1.15 . 1.tt . 1.17 . 1.29 . 1.13 . 0.34 . 13
3.6 . 3.7 . 3. 7 . + S . 7 . * 4.1 . 3. 8 . * 3. 0 . 3. 7 . S.9 ..

) ...............................................................
s . 0.34 . 0.64 1.09 . 0.01 1.09 . 0.64 0.34 .4

. 0.35 . 0.67 . 1.09 . 0.60 . 1.0% . 0.62 . 0.33 . 14
3.7 . 4.5 . *0.1 . *1.1 *3.6 . at.9 . +3.7 .. .

................ .................................................. ................
StAmoaac . 0.7% . 0.30 . 0.2% . avtm act. .

. .Ctvl47f04 . 0.27 . 0.31 0.29 . . PCT OlF rtttmCE.. . .*1.676 S.O . 1.5 . *t.t . 3.2* . .

. ................. ...................... ................

SUMMARY
.......

MAP NO: N2-6*01 DATE 11/06/87 POWERt 785

CONTROL ROD POSITIONS: F Q(T) = 2.265 QPTRt

0 BANK AT 129 STEPS F=DH(M) = 1.549 NW 1.016 NC 0.996
........... ...........

F(Z) = 1.386 SW 0.993 SE 0.993

j BURNUP = 15 kniD/MTU A.0 = *11.48(%)
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Figure 6.2

( NORTH ANNA UNIT 2 - CYCLE 6 STARTUP PHYSICS TESTS

ASSEMBLYWISE POWER DISTRIBUTION

505 POWER
n p 4 m 4 a J M 0 F t 0 0 4 A

.............. . ...................... ................
PetDictt0 0.27 . 0.32 . 0.27 . Pet 01 Cit 0. . .

. Mialvet0 . 0.27 . 0.1t 0.77 Mtasvat0 1. . . .

. PCT OtFftRitCt. l.0 . *).2 . 1.7 . . PCT OffftRthCf..

... ........... .............. ................................... ................
. 0.34 . 0.64 1.11 . 0.8% . 1.11 . 0.6% . 0.34 ..

. 0.36 . 0.65 1.10 0.84 1.10 . 0.66 . 0.3% . 2.

S.9 . 9. 0 . * 0. 9 . * l . 2 . *0. 6 . l.6 . 2.6 ..

................................................................
. . 0.36 . 1.1% . 1.31 0.7% . 1.79 l.fi . 1.31 . 1.lt . 0.36 .

0.37 . 1.17 l.3% 1.20 . 9.29 1.ft 1,37 1.97 . 0.37 l. .

f.7 . f.8 . *0.0 . *0.4 . *0.6 . 0.0 . 1.3 . R.0 . 3.5 ..

* .............................................................................
. 0.36 . 0.82 . l.37 . 1.27 . 1.36 . 1.14 . 1.36 . 1.77 . 1.32 . 0.82 . 0.36 .
. 0.37 . 0.03 . 1.3% . 1.20 . 1.37 1.tf . 1.36 . l.28 . 1.33 . 0.87 . 0.36 . 43.3 . l.9 . 2.0 . 1. 4 . 0.6 . 0.5 . *0.4 0.9 . 0.4 . 0.7 . *0.2 ..

...........................................................................................0.3% . 1.1% . 1,32 . 1.14 1.27 . 1.17 , 1.14 1.17 . l.27 1.14 l.38 . 1.1% . 0.34. . .

0.3% . 1.16 . l.at 8.17 . 1.77 1.1% . 1.17 1.14 1.tt . 1.14 . l.30 1.10 . 0.33 . 5.

0.9 . 0.9 . *0.8 . *l.4 . 0.0 . P.9 . f9. 7.0 . t.) . 0.0 . *1.6 . +3.4 . *$.3 ..

.........I...........
......................................................................

0.6) . .3% . 1.ft . 1.27 1.02 . 1.24 1.06 . f.74 1.03 . 1.37 . 1.27 . 1.31 . 0.6% .. . .

h 0.65 . 1.82 . 1.26 . 1.24 . 1. 07 .. 1.t9 , 1.10 . 1.20 . l.04 9.26 . 1.24 1.76 . 0.63 . 4.

1,0 . l . 0 . *0. 7 . * t. 6 . *0. 3 . 3.t , t.1 3.0 . l.5 . *1.0 . *t.2 . *).) . *3.2 .. .

.........I.........................................I.II..........I........h............................... 0.27 11 1.21 l.36 . l.tt . 1.84 1.04 . l.06 it . 1.t 1.34 . l.tl 1.11 . 0. 2 7 .. . . . . .0.24 1.1% . 1.17 . 1.3% . 1.tr . l.it . 1.41 1.tB . l.09 . 1.77 . 1.13 . 1.31 . 1.14 . 1.04 . 0.#6 . f.

3.3 . 0.8 . al.4 . *1.7 . *0.7 . *0.3 . h.5. 4.5 . 3.0 . f.3 . 0.3 . +4.0 . *t.9 . **.? . *1.s .
...................................................,......................................................

0.32 . 0.8% . 1.30 . 1.16 . 1.e4 . 1.04 . 1.13 . 1.14 . l.18 1.04 . 1.14 . 1.14 . 1.30 . 0.05 . 0.38 .. 0 34 . s.0% . 1.0% . 1.16 1.16 . 1.04 . 1.1% . 1.17 . l.1% . 1 00 . 1.14 1.12 . 1.t6 . 0.09 . 0.83 . 8I.3. 0.0 . *) 3 . *0.6 . t.1 3t. 2.1 3.1 1.9 i9. c.1 . +4.0 . **.9 . *0.7 . 0. 7 .. . . .
..............

.I............................................................................I.I........... t . 0.87 .. 4.27 l.11 .il 1.36 . 1.12 . 1.24 . 1.06 . 9.18 . 1.06 . 1.24 . 1.12 . l.56 . 1.21. . . .

. 0.24 . 1.90 . 1.lf . 1.34 1.14 . l.25 . 4.06 . 1.13 . 1.00 . 1.26 . 1.14 . 1. 3 4 . f.20 . 1.11 . 0.37 9.

3.7 . *l.t al.F.*t.7. 2.1 . 0.9 . *0.1 *0.8 1.7 . l.6 . l.6 . *t.? . *0.6 . 0.7 . 2.6 .. . . .

........................................h.................................................................0,6% . l.31 1.27 . 1.27 . 1.0 1.24 1.06 . t.it . 1.03. 1.27 . l.tf . 1.3% . 0.6% .. . .

0.62 . 4.26 . 1.8% . 1.27 t.02 . l.75 . l.07 . 1.74 1.02 . 1.70 . 1.84 . 1.38 . 0.67 . 10. .

. +4.0 . *t.0 . *t.t . 0.1 *0.1 0.5 0.6 . 0.1 . *0.3 . 0.7 . 0.4 . l.4 3.9 .

............................................................................................

. 0.34 1.8% . 1.32 . 1.14 4.27 . 1.12 . 1.14 1.12 . l.77 . 1.14 . l.32 . 1.1% . 0.84. .

0.4.1 . +4.1.83 . 1.10 . 1.30 . 1.14
1.27 1.13 , 1.1% . 1,17 . 1.27 1.1% . 1.35 . 1.17 . 0.35 . 11

. *P.0 . 0.0 . *0.0 . 0.6 . 0.7 . *0.1 . *0.4 . 0.4 1.7 . 7.2 . 2. 7 ..

................................... ........................................................0.36 . 0.67 . 1.32 . l.if . 4.36 . t.16 . 1.36 . 1.27 . 1.32 . 0.82 . 0.36. 0.3% . 0.42 . 1.32 . 1.27 1.34 1.14 1.34 . 1.2% . 1.31 . 0.43 . 0.87 12
. *t.t . *0.0 . *0.0 . 0.0 . *l.7 . el.? . *P.0 . =1.8 . +1.3 . 3.1 . 3.7 .
.............. ...............................................................

. 0.36 . 1.1% . 1.31 1.21 I.29 . 1.21 1.38 1.1% . 0.36 .. .

0.16 . 1.1% . 1,32 . 1.1% . 1.24 1.17 . 1.27 . 1.11 . 0.37 . Il
0.0 . 0.0 . 0.9 . +4.0 . *t.l *l.6 . +3.2 . *l.0 . 3.7 .. .

................................................................. 0.34 . 0.64 I.ll . 0.8% . 1.11 . 0.64 . 0.34 ..

0.35 . 0.66 . l.10 . n.04 . 1.07 . 0.62 . 0.33 . 14.

S.9 . l.4 . *0.9 *t.4 . *l.5 . *3.1 *l.0 ..

................ ............. .............................. ..... ................
Sta40Aa0 . 0.77 . 0.32 0.27 avtaact. . , .
Dtviat:0g . o.if . 0.57 0.26 . . PCT CliftathCt.. .

et.8)9 2.1 *0.3 . =3.2 . * 1.8. . .

. . . .... .. .. .... .. . . ... ........... ....

SUMMARY
.......

MAP Not N2-6 02 Daft: 11/11/87 POWER: 50%

CONTROL ROD PO$lil0NS: F-Qlf) = 2.181 QPTR:

D BANK AT 152 STEPS F 0HIM) = 1.486 NW 1.019 NE 0.999
........... ...........

F(Z) 1.380 $W 0.986 $[ 0.996=

BURNVP = 75 WD/MTU A0= -5.30(1)
i
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Figure 6.3
,

( NORTH ANNA UNIT 2 - CYCLE 6 STARTUP PHYSICS TESTS
.

ASSEMBLYWISE POWER DISTRIBUTION

47% POWER
a P 4 M t R J H Q f ( 0 C 8 A

.

s
.............. . ....... ...... ....... ...............,PetDiCit0 . 0.27 . o.33 . 0.27 Pat 04 Cit 0. .

. .
. . WEASUaf0 . 0.77 , 0.3t . 0.37 . NEAlum(0 1

,
'

. PC f Os tigat hC*. 0.8 *3.0 1.1 . . PCI DI Ff tathCt. f
. .

.

................ .............. ...... ............................ ................0.34 0.4% . 1.11 0.86 1.11 0.65 . 0.34. .

0.14 . 0.6% . 1.10 . 0.85 1.10 . 0.6% 0.35 . t
.

S.I 0.7 *t.0 . *I.t . *0.9 . l.0 . F.4. . .

..................... ..........................................

. 0.36 . 1.14 1.30 . 1.71 1.29 . 1.21 . 1.30 . 1.14 . 0.34 ..

. 0.3f 1.f6 . 1.30 1.70 . l.26 . 1.21 . 1.39 I
I .16 . 0. 3 F . 3.

t.0 . 1.F . *0.9 *0.6 . *0.8 . *0.2 . l.0 . 7. 3.2 ..

.............................................................................. '

. 0.36 . 0,01 . 1.37 l.tf . l.36 . l.16 1.16 . 4.27 . l.32 . 0.01 0.34 .0.37 0.87 . l.l3 . 1.28 . 1.36 . 1.16 . 1.3% . 1.78 . 1,32 . 0.81 . 0.34 . 4

.

F. 7 . 1. 3 . 1.3 . 0.8 . 0.4 . 0.3 . *0.6 . 0.7 . 0.3 . 0.0 . *0.8 ..

................................... ........................................................ l0.34 1.14 1.37 . 1.14 1.27 . 1.13 . 1.14 . l.12 . 1,77 . 1.t4 1. 31i . 1.44 . 0.84 i

. .

. 0 34 . 1.15 . l.3% . 1.13 . l.78 . l.tl . l.17 1.14 1.29 . 1.14 1.30 . I t0.4 . 0.4 . *0.4 . *0.8 . 0.6 . F.6 . 7.6 . 1.8 . 1.1 *0 l . *t.?.ai.o.0.38. $ i.

.
6 . *2.7 ..

.......

........................................................................$0.0.45. !
. 0.6% . 1.30 . ..........l.27 . 1.27 1.04 1.tS . 1.06 . 1.fS . 1.04 1.27 . 1,27 1.

. 0.6% . l.31 1.77 1.27 . 1.0% . 1,29 . 1.10 . l.28 . 1.05 . 1.76 . 1,74 1.76 . 0.63 . 6
~.

0.$ . 3.4 0.2 . *0.1 l.2 . l.7 . 8.9 . f.9 . l.) . et.t . *t.4 . al.$ . *f.? .
. . .

........................................................................I.....................I..........0. 2 P . l.99 t.it . 1.36 . 1.13 1.8% . l.06 . 1.13 . l.06 . l.25 . 12 . 1.$4 . 1.21 , t. t . 0.87
.

. 0.78 . 1.11 1.17 . 1.39 . 1.13 1.P6 . 1.11 1.18 . 1.09 . 1.27 1.12 . 1.30 . 1,17 1.04 . 0.77 f
,.
I3.7 0.3 . *l.3 . *0.S . 'O.9 . 0. 6 . 4.2 . 4. 3 . 2.8 . f.0 . *0.0 . +4.4.

......................................................................................'8.1 . *t.? . *1.8 ..

. 0.39 . 0.86 . l.30 . 1.16 . 1.14 1.06 1.13 . 1.14 1.18 . 1.06 , t.14 1.16 . 1.30 . 0.86 . 0.33 .
...................,

* . 0 34 . 0.84 . 1.2% . 1.1% 1.16 . l.08 1,15 . 1.1F . 1.14 1.08 . 1.ts . 1.9% 1.76 . 0.86 . 0.8) . 8h.3.*0,1 el,3 . *0.7 . 1.9 . 1.8 . l.9 F.S . 18. 1.3 . *0.5 . +4.4 . *l.1 . *0.9 . 0.6 .
. .

. .

...................I......................................................................................0.77 . 1.11 f.t 0.36 . 1.12 , 1.25 . l.06 . 1.13 . t.06 . 1.2% . 1 It . l.36 . 1.ft . 1.11 . 0.27. ,

. 0.28 . 1.10 . 1.17 . 1.34 1.14 1.25 . 1.06 . l.12 . 1.04 . 1.26 . 1.1) . 1.33 . 1.30 1.18 . 0.38 . 9
.

3.7 . *t.t . +3.6 . =1.8 . 1.9 . 0.5 . *0.7 . *0.6 . 1,4 1.0 . l.0 . *2.0 . *0.8 . 0. 2. 3 ..

.............. ................................................................................ 5 ..

. 0.6% . l.30 . l.77 . l.27 l.04 1.25 . 1.06 . l.FS . l.04 . 1.77 1.27 . 1.30 . 0.45 .
..........

.

. 6.62 l.7) 1.74 1.27. l.03. 1.7%. 1.07 1.74 . l.03 . 1.87 1.78 . 1.47 . 0.47 . 10
. .

+4.0 . *t.0 . *P.4 *0.1 . *0.5 . 0.4 0.6 . *0.1 *0.4 0.0 . 0. 7 . 1.1 3.4 . .. . . .

..................,7
.

.....................................................................,...
. 0.34 1.14 . 1.3 1.14 1.77 1.17 . 1.14 l.12 . 1.27 . 1.14 1.82 . 1.14 0.34. .

0.33 . 1.10 . 1.29 . 1.14 . 1.27 . 1.18 . 1.05 . 1.12 . 1.27 . 1.14 1.34 . 1.17 . 0.3% . It

.
.

. *t.t . *t.t . *2.0 . *0.1 *0.4 . 0.6 . 0.7 . 0.0 +0.4 . *0.0 . 1.7 . f.0 . 2.7 .. '

.. .
.......................................................................................0.36 . 0.81 . 1.32 . 1.27 , 1.36 . 1.16 . 1.36 . 1.27 . l.32 . 0.81 . 0.36 ..

. 0.35 . 0.48 . 1.38 1.76 . 1.34 . 1.14 1.33 . 1.fS . l.30 . 0.8) . 0.37 IP. .

*t.1 . *0.2 . *0.1 , *0.1 . et.S . *1.5 . *t.t . *1.S . *t.t . f.4 . $.8 ..

(............................................ ................................

. 0.36 . 1.14 1.30 . 1.21 1,29 . 1.21
1.16 . '.30 1.14 . 0.36 ... 0.36 . 1.15 . 1.3% 1.15 . 1.24 1.76 . 1.10 . 0.37 . 13.

0. 9 . 0.9 . 1.0 . *t.8 . *t.1 . +3.9 . *l.S . =3.6 . 8.8 ..

!... ............................... ............................. 0.34 . 0.6% . 1.11 0.86 . 1.11 . 0.65 , 0.34.

. 0.39 . 0.66 . 1.10 . 0.8S . 1.07 . 0.67 . 0.33 . 14
0.9 . l.9 . *0.9 . *1.8 . 3.7 . +3.4 . *3.4 ..

.. .. ...... . ................. .................. ............. ................
tfA40APD . 0.77 . 0.33 . 0.27 AvtaAct.

Otviattog 0.28 . 0.33 . 0.76 . . .

et. ins a.6 . *0.3 . *$.: .PC7 .OttFgatect.. 1.7. . . . ................. ......,.... .... . ................

SUMMARY
.......

MAP NO: N2 6*03 DAT[t 11/12/8T POWERt 47%

CONTROL R00 POSITIONS: F.Q(T) 2.126 QPTR=

D BANK AT 160 STEPS F.0H(M) = 1.476 NW l.016 NE 1.000
........... ...........

F(2) = 1.349 SW 0.991 SE 0.993

BURNUP = 94 Hw0/HTU A.0 = 2. 37( %)
t

31



. ..

_ -- _

1
1 Figure 6.4

NORTH ANNA UNIT 2 - CYCLE 6 STARTUP PHYSICS TESTS

ASSEMBLYWISE POWER DISTRIBUTION

HFP

R P M M L k J H 0 F C 0 C 8 A

***NEbibitb'', 'b|5b***b 5E *'b|5b" 'NibibkEb''..

MEASUREO . 0.30 0.31 . 0.30 . . MEASU9t0 1. . .

.PC7 DIFFERENCE. 1.0 . 1.0 . 0.9 . .PC7 OIH EREMCC..

..... .. ... .. .. ... ...g.; ... ...g.g ... ... .. . ... ..... .

. 0.37 . 0.63 . 1.13 . 0.95 . 1.13 . 0.66 . O.36 . 2
5.5 0.0 . -0.7 0.3 -0.5 0.F 2.2.

'b|56 iIib'.'i 55 'i i9'|*i 29'|'i'19'.'i$$5' *i"Ib''b'56 ~

. .

0.37 . 1.12 . 1.24 1.18 1.27 1.19 1.26 . 1.12 . 0.38 3.

2.2 . 1.8 . 0.9 . 1.1 -1.2 -0.4 . 0.9 . 1.9 . 3.8 .. .

................................... .................................. .......
0.36 . 0.80 . 1.26 1.22 . 1.32 1.15 . 1.32 . 1.22 . 1.26 . 0.80 . 0.36 .

. 0.37 . 0.81 . 1.28 . 1.23 . 1.32 . 1.14 1.31 . 1.24 1.27 . 0.80 . 0.37 4. .

2.6 . 1.5 . 1.8 . 0.8 . 0.1 0.2 . -0.7 . 1.1 0.6 . 0.5 . 0.7 .. . .

............................................................... ............................

. 0.35 . 1.10 . 1.26 . 1.13 . 1.27 . 1.13 1.15 . 1.13 . 1.27 . 1.13 1.26 . 1.10 . 0.35

. 0.35 . 1.10 . 1.26 . 1.13 . 1.28 . 1.16 . 1.17 . 1.15 . 1.29 . 1.13 . 1.24 1.09 . 0.35 5

. 0.1 0.1 O.1 0. 3 . 0.8 . 2.2 . 2.2 . 1.8 . 1.5 . 0.2 . -1.4 . -0.9 . 1.6 .. . .

.............. ........................... ...........................,.....................

. 0.65 1.25 . 1.22 . 1.27 . 1.14 . 1.28 . 1.09 1.28 1.14 . 1.27 1.22 1.25 . 0.65 .

. 0.66 1 26 . 1.24 . 1,29 . 1.16 . 1.32 1.13 1.32 . 1.16 . 1.26 . 1.20 1.22 . 0.65 . 6
0.6 . 06. 0.9 . 1.0 . l.6 . 3.4 3.4 3.2 . 1. 7 . -0. 8 . 1.9 . -2.2 . -1.0 ..

..........................................................................................................
0.30 . 1.13 . 1.19 . 1.32 . 1.13 . 1.28 . 1.10 . 1.15 . 1.10 . 1.28 . 1.13 1.32 . 1.19 . 1.13 . 0.30 .

. 0.31 1.14 . 1.18 1.32 . 1.14 . 1.29 . 1.14 1.20 . 1.13 . 1.31 1.14 . 1.27 . 1.16 . 1.10 . 0.29 7. .

3.1 . 0.3 . 1.0 . -0.3 . 0.6 . 0.6 . 4.1 4.1 2.9 . 2.3 . 0.4 -3.7 . 2.9 . 2.8 . -2.0 .. .

........................................................................................... ..............

. 0.38 . 0.96 . 1.29 . 1.15 . 1.15 . 1.09 . 1.15 . 1.16 . 1.15 . 1.09 . 1.15 . 1.15 . 1.29 . 0.96 . 0.38
0.39 . 0.96 . 1.27 . 1.15 . 1.17 . 1.'1 1.17 . l.19 . 1.16 . 1.10 . 1.14 . 1.10 . 1.25 . 0.95 . 0.37 . 8. .

3.1 0.2 . 1.4 . 0.2 . 1.6 1.6 . 1.5 2.4 . 1.2 . 1.2 . *0.3 . *3.8 . *2.9 . -1.2 -0.0 .. .

................................... ......................................................................
0.30 . l.13 . 1.19 . 1.32 . 1.13 . 1.28 . 1.10 . 1.15 . 1.10 . 1.28 , 1.13 . 1.32 . 1.19 . 1.13 . 0.30.

. 0.31 1.12 . l.15 . 1.31 1.15 . 1.29 . 1.09 . 1.14 1.11 1.29 1.14 1.30 . 1.19 . 1.14 . 0.30 . 9. . . .

3.1 . -1.5 -3.8 . 1.0 . 1.6 . 0.7 . 1.1 . 1.1 1.1 1.0 . 0.9 . 1.8 . *0.6 . 0.3 . 2.0 .. . .

.................................................................................... ....... .............
. 0.65 . 1,25 . 1.22 1.27 . 1.14 1.28 . 1.09 . 1.28 . 1.14 . 1.27 . 1.22 . 1.25 . 0.65 .
. 0.63 . 1.20 . 1.22 . 1.29 . 1.14 . 1.28 . 1.09 . 1.28 . 1.14 1.27 . 1.23 . 1.27 . 0.67 to.

*3.8 . 3.8 . 0.7 . 1.0 . 0.3 . 0.0 . 0.1 0. 2 . =0.1 0.2 . 0.7 . 1.4 . 2.9 .. . .

.............. ............................................................................

. 0.35 . 1.10 . 1.26 . 1.13 . 1.27 . 1.13 . 1.15 . 1.13 . 1.27 1.13 . 1.26 . 1.10 . 0.35 .

. 0.35 1.09 . 1.25 . 1.13 . 1.26 . 1.12 . 1.14 1.13 . 1.27 . 1.13 . 1.28 . 1.12 . 0.36 . 11.

. -0.7 . =0.7 . 0.4 0.3 . 1.1 . -0.8 . 0.6 . 0.4 . -0.0 . 0.5 . 1.7 . 2.1 3.1. . .

.......................................... .................................................
. 0.36 . 0.80 . l.26 . 1.22 . 1.32 . 1.15 . 1,32 . 1.22 . 1.26 . 0.80 . 0.36 .

! . 0.37 . 0.81 . 1.26 . 1.21 . 1.29 . 1.12 . 1.30 . 1.21 1.25 . 0.81 . 0. 3 7 . 124 2.3 . 1.3 . 0.3 . -1,2 . -2.0 . 1.9 . -1.9 . 1.2 . -0.5 . 2.1 2.8 .
.

.

.. ....................................... .............................. ...
. 0.36 . '.10 . 1.25 . 1.19 . 1.29 . 1.19 . 1.25 . 1.10 . 0.36 .

) . 0.37 . 1.11 1.24 . 1.15 1.24 1.15 . 1.21 1.08 . 0.37 . 13. . .

1.7 . 1.0 0.8 . -3.6 3.6 . 3.8 . -3.5 . -1.2 . 2.7 ..

| ........................................................... ....
1 . 0.35 . 0.65 . 1.13 . 0.96 . 1.13 0.65 . 0.35

. 0.35 . 0.66 . 1.12 0.94 1.09 . 0.63 . 0.33 . 14
1.0 . 1.4 . 1.2

... 2.1 . - 3. 8 . - 3. 5 .
3. 7 ..

.... .. . ........ ...... ... . .. .......... .. . ....

OEviA7804 0.30 0.37 0.29 . PCT DI F FERENCE..

=1.165 1.9 0.6 . -3.4 . 1.5. . .

..... .. . . . . . ... . . ..... .

SUKiARY
.......

MAP NO: H2-6-04 OATE1 11/16/87 POWER: 100%

CONTROL ROD POSITIONS: F-Q(T) 1.857 QPTR1=

0 BANK AT 228 STEPS F-DH(M) = 1.396 NW 1.009 NE 1.003
........... ...........

F(Z) 1.223 SW 0.995 SE 0.993=

) BURNUP = 222 MWD /MTU A0= 2. 56( %)
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1
Figure 6.5

(

I
NORTH ANNA UNIT 2 - CYCLE 6 STARTUP PHYSICS TESTS

ASSEMBLYWISE POWER DISTRIBUTION

f HFP

R P w M L K J H C F t 0 C 8 A

............... ...................... ......... * *=.

PRE 01 Cit 0 . 0.30 . 0.37 . 0.30 . PREDIC7t0. . ..

MEASURED . 0.30 . 0.38 . 0.40 . NEASURED 1
. . ..

.PC7 OlFFEREtCE. 1.3 . 1.3 . 1.6 . . PC7 01 FFERt tCE..

................ .................................................. ................

. 0.35 . 0.65 . 1.13 . 0.9* . 1.13 . 0.65 . 0.35 .
0.37 . 0.65 . 1.12 . 0.95 . 1.13 . 0.66 . 0.36 . 2
S7. 0.2 . -0.5 . -0.6 . 0.0 . 1.9 . 3.0 ..

................................................................

. 0.36 . 1.09 . 1.25 1.19 . 1,29 . 1.19 . 1.25 . 1.09 . c.36 .

. 0.37 , 1.11 1.24 1.17 . 1.27 . 1.18 . 1.27 . 1.12 . 0.30 . 3.

2.1 1.7 . -1.0 -1.0 . -1.2 . -0.1 . 1.6 . 2.5 . e.1 ..

..............................................................................

. 0.36 . 0.80 1.26 . 1.22 . 1.32 . 1.14 1.32 . 1722 . 1.26 . 0.60 . 0.36 .

. 0.37 . 0.8t . 1.28 . 1.23 . 1.32 . 1.14 1.3e 1.24 1.27 . 0.80 . 0.37 . t '
. .

2.6 . 1.3 . 1.5 . 0.5 . =0.2 . 0.3 . *0.7 . 1.1 0.8 . 0.6 . 0.9 ...

..................... ................................ ........................ ............
0.35 . 1.09 . 1.26 . 1.13 . 1.28 . 1.13 . 1.15 . 1.13 1.28 . 1.13 . 1.26 . 1.09 . 0.35 ..

0.15 . 1.09 . v.26 1.12 . 1.28 . 1.15 . 1.17 . 1.15 . 1.30 . 1.13 . 1.24 . 1.09 . 0.35 . S
1.7 .f . 1.5 . 0.3 . -1,3 . *0.7 . 1.9 ...........".......... ............................-0.2 . -0.2 . 0.3 . -0,2 . 0.4 . .8..

............................ .............

. 0.65 . 1.25 . 1.22 . 1.29 1.14 . * 29 . 1.09 . 1.29 . 1.lt . 1.28 . 1.22 . 1.25 . 0.55 ..

. 0.65 . f.25 . 1.23 . 1.29 . 1.16 . 1.32 . 1.12 . 1.32 . 1.16 . 1.27 . 1.20 . 1.22 . 0.64 6
0.4 . 0. 4 . 0.S . 0.6 . 1.2 . 2. 7 . 2.8 . 2.7 . 1.6 . 0.9 . -2.1 -2.2 . 0.8 ...

.................................................................................... .....................

. 0.30 1.13 1.19 . 1.32 . 1.13 . 1.29 . 1.11 . 1.16 . 1.11 1,29 . 1.13 . 1.32 . S.19 . 1.13 . 0.30 ..

. 0.31 . 1.13 . 1.17 . 1.52 . 1.14 . 1.29 . l.14 . 1.20 . 1.13 . 1.32 . 1.13 . 1.27 . 1.15 . 1.09 . 0.29 . 7

4.3 . 0.6 . 1.0 . -6.4 0.3 . 0. 3 . 3.2 . 3.2 . 2.5 . 2.2 . 0.1 . 4.1 . 3.1 . 2.8 . -2.0 ..

..........................................................................................................

. 0.37 . 0.95 . 1.29 . 1.14 . l.15 1.09 . 1.13 1.17 . 1.16 . 1.09 . 1.15 . 1.14 1,29 . 0.95 . 0.37 ..

. 0.39 . 0.96 . 1.27 . 1.14 1.16 1.11 1.18 . 1.20 . 1.17 . 1.10 . 1.14 . 1.10 . 1.25 . 0.94 . 0.37 . 8.

4.3 . 0.6 . 1.4 . *0.1 1.2 . 1.1 1.3 . 2.2 . 0.9 . 1.0 . -0.6 . 4.1 -3.1 1.0 . 0. 3 .. . . ..

..........................................................................................................

. 0.30 . 1.13 . 1.19 . 1.32 . 1.13 . 1.29 . 1.11 1.16 . 1.11 1.29 . 1.13 . 1.32 . 1.19 . 1.13 . 0.30 .. .

. 0.31 1.12 . 1.14 . 1.31 1.15 . 1.29 1.09 . 1.14 1.11 . 1.30 . 1.14 1.30 . 1.18 . 1.13 . 0.30 . 9. . . .

4.3 . -0.9 . -3.5 . 1.2 . 1.1 0.2 . -1.7 . 1.7 . 0.9 . 0.8 . 0.8 . 1.8 . -0.4 0.7 . 2.5 .. ..

..........................................................................................................
. 0.65 . 1.2S . 1.22 . 1.28 1.14 . 1.29 . 1.09 . 1.29 , 1.14 . 1.28 . 1.22 . 1.2S . 0.65 .
. 0.63 . 1.20 . 1.21 1.29 . 1.14 . 1.28 . 1.09 . 1.29 . 1.14 1.28 . 1.23 . 1.27 . 0.67 . 10.

3.' . -3.6 . *0.7 . 0.8 . 0.0 . -0.4 . *0.3 . *0.2 . 0.2 . 0.1 1.0 . 1.7 . 3.5 ...

............................. ............................................................

. 0.35 . 1.09 . 1.26 . 1.13 . 1.28 . 1.13 . 1.15 . 1.13 . 1.28 . 1.13 . 1.26 . 1.09 . 0.35 .

. 0.35 . 1.09 . 1.26 . 1.13 . 1.26 . 1.12 . 1.14 1.13 . 1.28 , 1.13 . 1.28 . 1.12 . 0.36 . 11.

. =0.S . *0.S . *0.1 0.7 . -1.3 . 1.2 . -1.1 -0.1 -0.1 . 0.4 . 1.9 . 2.3 . 3.7 .. . .

........................... ...............................................................
0.36 . 0.80 . 1.26 . 1.22 . 1.32 . 1.1% . 1.32 . 1.22 . 1.26 . 0.80 . 0.36 ..

0.37 . 0.81 1.27 . 1.21 1,29 . 1.12 . 1.30 . 1.21 1.25 . 0.82 . 0.37 . 12. . ..

2.6 . 1.7 . 0.7 . -1.3 . -2.3 . 2.2 . *2.1 -1.3 . -0.7 . 2.3 . 3.0 ...

........................................................ .....................
. 0.35 . 1.09 , 1.25 . 1.19 . 1.29 . 1.19 . 1.25 . 1.09 . 0.36 .

0.31 1.11 . 1.24 . 1.14 . 1.24 . 1.14 1.20 . 1.04 . 0.37 . 13..

2.2 . 1.9 . -0.6 . -3.8 . *3.7 . 3.8 . 3.5 . 1.5 . 2.8 ..

................................................................
t . 0.35 . 0.65 . 1.13 . 0.95 . 1.13 . 0.65 . 0.35 .
'

. 0.35 . 0.66 . 1.12 . 0.94 1.08 . 0.63 . 0.33 . 14.

1.9 . 2.4 . -0.7 . 1.7 . -3.8 . 3.4 . -3.7 ..

................ .................................................. ...............

$7A40ARD . 0.30 0.37 . 0.30 . AvtRACE. ...

OtylAfl04 0.31 . 0.37 . 0.29 . .PC7 01FFERENCE.. .

al.214 2.9 0.0 . 3.1 e 1.6. . . . ..

, . . .... . ..... ....

SUb94ARY
.......

MAP NO: N2-6-05 DATE: 11/23/87 POWER: 100%

CONTROL ROD POSITIONS: F-Q(T) 1.843 QPTR3=

0 BANK AT 228 STEPS F-OH(M) a 1.398 NW 1.010 NE 1.003
........... ...........

F(Z) 1.214 SW 0.995 SE 0.992=

BURNUP 502 MWO/MTU A.0 = -2.53(%)=
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NORTH ANNA POWER STATION UNIT 2 CYCLE 6
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

I Test Description: Reactivity Computer Checkout
Reference Proc No /Section: 2-PT-94.0 Sequence Step No: 3r

II Bank Positions (Steps) RCS Temperature ('F):,547Test
Power Level (% F.P.): 0Conditions SDA: 228 SDB: 228 CA: 228 Other (specify): '

(Design) CB: 228 CC: 228 CD: * Below Nuclear Heating

III Bank Positions (Steps) RCS Temperature (*F): 546.9Test
Power Level (% F.P.): OConditions SDA: 228 SDB: 228 CA: 228 Other (Specify):(Actual) CB: 228 CC: 228 CD: 115 Below Nuclear Heating

Date/ Time Test Performed:
11/03/87 0348

Hessured Parameter p, = Hess. Reactivty using p-computer
IV (Description) .p = Inferred React from react periodg

-44.5 pcm +44.0 pcmp =c

Measured Value g,, -46.0 pcm M4.0 pcmp =

Test %D = -3.26% 0.0%Results
Design Value

(Actual Conditions) %D = [(p p )/p ] x 100% $ 4.0%e g g

Design Value
(Design Conditions) %D = ((p, p )/p ] x 100% 5 4.0%g g

Reference WCAP 7905, Rev. 1, Table 3.6
V FSAR/ Tech Spec Not ApplicableAcceptance

i Criteria

Reference Not Applicable
i

Design Tolerance is met : X YES NOVI Acceptance Criteria is met : x YES NOComments

* At Tbs Just Critical Position
Allowable Range = 1 44 pce

Completed By:
~

2/ #
Evaluated By:Test Engiheer

Recommended for ,4 f
Approval By : C d 44W_

hTO Engineer

g 36 -
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NORTH ANNA POWER STATION UNIT 2 CYCLE 6
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

I Test Description:
Proc No /Section: Critical Boron Concentration - AROReference

2-PT-94.0 Sequence Step No: 4
II Bank Positions (Steps)Test RCS Temperature (*F): 547

Conditions
SDA: 228 SDB: 228 CA: 228 Power Level (% F.P.): O(Design) CB: 228 CC: 228 CD: 228 Other (specify):

Below Nuclear Heating
,

III
Test Bank Positions (Steps)

RCS Temperature (*F): 545.8( Conditions
SDA: 228 SDB: 228 CA: 228 Power Level (% F.P.): 0I

(Actual) CB: 228 CC: 228 CD: 228 Other (Specify):
Below Nuclear Heating

Date/ Time Test Performed:
11/3/87 1000

Meas Parameter _

IV (Description)
(C ) 0; Critical Boron Cone - ARO3

Measured Value
(C )A 0 = 1982 ppm3Test

Results
Design Value

(Actual Cond) CB" 1994 ! 50 ppm
Design Value

__

(Design Cond) C3 =1994 i 50 ppe

Reference NE Technical Report No. 599

Y FSAR/ Tech Spec a xC
Acceptance g g 5MMpC

Criteria Reference
UFSAR Section IS.2.4 -

\

Design Tolerance is met _.-

: - t YES NO
__

Acceptance Criteria is met X _YES NO:
VI

Comments
= -7.27 pen /ppe for preliminary analysis

e
Cg

aCg " 4 '82 W |P W IO' W *1 **U*t*
__

Completed By:
Evaluated By: W- lM q

Recommended for
Approval By : C . 1w

hTO Engineer

37
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NORTH ANNA POWER STATION UNIT 2 CYCLE 6>

STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET
I Test Description: Isothermal Temperature Coefficient - AROReference Proc No /Section: 2-PT-94.0 Sequence Step No: 5
II Bank Positions (Steps) RCS Temperature ('F):'547Test

Power Level (% F.P.): OConditions SDA: 228 SDB: 228 CA: 228 Other (specify):(Design) CB: 228 CC: 228 CD: 228 Below Nuclear Heating
III Bank Positions (Steps) RCS Tempereture (*F): 544.3Test

Power Level (% F.P.): OConditions SDA: 228 SDB: 228 CA: 228 Other (Specify):(Actual) CB: 228 CC: 228 CD: 212 Below Nuclear Heating

Date/ Time Test Performed:
11/3/87 1131

Mess Parameter
IIV (Description) (af0)ARO Isothersel Temp Coeff - ARO

\
Test Measured Value (aI80)ARO = -0.6 pcm/'F (CB " 1979 ppm)g.

Results
Design Value -

(Actual Cond) (MISO)ARO =-0.9413.0 pcm/'T (CB" ppm)

;

(* ISO)ARO = -0.79 i 3.0 pea /'FT
Design Value

(Design Cond) (C3 = IH 4 ppe)
,

,

Reference NE Technical Report No. 599

IV FSAR/ Tech Spec mf0 g 3,77*pe,j T D p , ,3,73 pg,j.Fe
Acceptance
Criteria

Reference
. TS 3.1.1.4, NE Technical Report No. 599

Design Tolerance is met : - X YES NOVI !.cceptance Criteria is met : __X.YES NO
1 Coments Uncertainty on a = 0.5 pcm/*FTg

(Reference memorandum from C.T. Snow to E.J. Lozito, June 27, 1980)

'Completed By: Evaluated By: #18-Test EngYneer
Recommended for C j-Approval By :

hTO Engineer

|
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NORTH ANNA POWER STATION UNIT 2 CYCLE 6>

STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET
I Test Description:Cnti Bank B Worth Meas. Rod Swap Ref. BankReference Proc No /Section: 2-PT-94.0 Sequence Step No: 6

s II Bank Positions (Steps) RCS Temperature (*F): 547' Test
Power Level (% F.P.): OConditions SDA: 228 SDB: 228 CA: 228 Other (specify):

{ (Design) CB: Moving CC: 228 CD: 228 Below Nuclear Heating
III Bank Positions (Steps) RCS Temperature ('F): 545.5Test

Power Level (% F.P.): OConditions SDA: 228 SDB: 228 CA: 228 Other (Specify):(Actual) CB: Moving CC: 228 CD: 228 Below Nuclear Heating

Date/ Time Test Performed:
11/3/87 1257

F; Integral Worth of Catl Bank B,Measured Parameter I

(Description) All Other Rods OutIV

} Test Measured Value I F = 1281.7 pcm
) Results

-

-

Design Value

F = 13671137 pcm(Actual Conditions) I

Design Value

F = 1367 i 137 pcm(Design Conditions) I

Referencs NE Technical Report No. 599

If Design Tolerance is exceeded, SNSOC
shall evaluace impact of test result

FSAR/ Tech Spec
V on safety analysis. SNSOC may specify

! Acceptance that additional testing be performed.
Criteria

Reference VEP-FRD-36A

Design Tolerance is met : x YES NOVI Acceptance Criteria is met : x YES NOComments
i

5Completed By:
~ Evaluated By: #dCTest Engineer %

""I;;;"d:' i;", c .5 4a
hTO Engineer
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NORTH ANNA POWER STATION UNIT 2 CYCLE 6
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

I Test Description: Critical Boron Concentration - B Bank InReference Proc No /Section: 2-PT-94.0 Sequence Step No: 7
II Bank Positions (Steps) RCS Temperature (*F): 547Test

Power Level (% F.P.): OConditions SDA: 228 SDB: 228 CA: 228 Other (specify):(Design) CB: O CC: 228 CD: 228 Below Nuclear Heating
III Bank Positions (Steps) | RCS Temperature ('F): 546.7Test

Power Level (% F.P.): OConditions SDA: 228 SDB: 228 CA: 228 Other (Specify):(Actual) CB: O CC: 228 CD: 228 Below Nuclear Heating

Date/ Time Test Performed:
11/3/87 1832

Meas Parameter
IV (Description) (C ) ; Critical Boron Cone - B Bank InB

Measured Value (C ) 794 ppm=
B

. Test
Results

Design Value
(Actual Cond) Cy= 1794 + 30 ppm

Design Value
_

(Design Cond) Cg = 1806 + AC i(10 + 136.7/|aC |Dg

Reference NE Technical Report No. 599

V FSAR/ Tech Spec a
C I

B
Acceptance
Criteria Reference UFSAR Section 15.2.4

Design Tolerance is met : L YES NOAcceptance Criteria is met : 1 YES NO

VI
i Comments a NM M M NC *

g

V = (C )A 0 1994 = (1982-1994) = -12 ppmAC
B 3

Completed By: Evaluated By: #d@Test Engineer +g
Recommanded for |

Approval By : C- t-J
NFO Engineer
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NORTH ANNA POWER STATION UNIT 2 CYCLE 6
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

l I Test Description: HZP Boron Worth Coefficent Measurement) Reference Proc No /Section: 2-PT-94.0 Sequence Step No: 7|
'

II Bank Positions (Steps) RCS Temperature ('F): 547Test
Power Level (% F.P.): OConditions SDA: 228 SDB: 228 CA: 228 Other (specify):(Design) CB: Moving CC: 228 CD: 228 Below Nuclear Heating

III
Test -Bank Positions (Steps) RCS Temperature ('F): 545.8

Power Level (% F.P.): OConditions SDA: 228 SDB: 228 CA: 228 Other (Specify):(Actual) CB: Moving CC: 228 CD: 228 Below Nuclear Heating

Date/ Time Test Performed:
11/3/87 1000

Measured Parameter
IV (Description) a

CB'

Measured Value a "
C NP

3Test
Results

Design Value
(Actual Conditions) a

C
B

Design Value
(Design Conditions) a

C
B

Reference NE Technical Report No. 599
_

FSAR/ Tech Spec a xC I MMC Bg
V

Acceptance
Criteria Reference UFSAR Section 15.2.4

Design Tolerance is met : .1 YES NOVI Acceptance Criteria is met : X YES NOComments
s

.5Completed By: Evaluated By: #1@
Test Enfineer e

Recommended for jApproval By: -
hTO Engineer
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NORTH ANNA POWER STATION UNIT 2 CYCLE 6
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

I
Test Description: Cut 1 Bank D Worth Measurement-Rod SwapReference Proc No /Section:s

2-PT-94.0 Sequence Step No: 9
'

II Bank Positions (Steps) RCS Temperature (*F):
Power Level (% F.P.):,S47Test

0( Conditions SDA: 228 SDB: 228 CA: 228 Other (specify):( (Design) CB: Moving CC: 228 CD: Moving Below Nuclear Heating
III Bank Positions (Steps) RCS Temperature (*F): 546.8Test

Power Level (% F.P.): OConditions SDA: 228 SDB: 228 CA: 228 Other (Specify):(Actual) CB: Moving CC: 228 CD: Moving Below Nuclear Heating

Date/ Time Test Performed:
11/3/87 2125

Mess Parameter
(Description) If3;IntWorthofCntlBankD-RodSwap

IV
(Adj. Meas. Crit. Ref Bank

Test Measured Value IyS. 944.4 pcm Position = 149 steps)Results
Design Value (Adj. Meas. Crit. Ref Bank

(Actual Cond) ifs = 994.21 149 pc?osition = 149 steps)

RS= 9971 150 pcm (Critical Ref BankDesign Value I
(Design Cond)

Position = 148 steps)
Reference NE Technical Report No. 399, VEP-FRD-36A,

NFO TI-2.2A

If Design Tolerance is exceeded, SNSOC
shall evaluate impact of test result onV TSAR / Tech Spec safety analysis. SNSOC may specify thatAcceptance

Criteria additional testing be performed.
Reference VIP-FRD-36A

Design Tolerance is met : x YIS NOVI Acceptance Criteria is met : x YES NOComments

_

Completed By: 'b'

Evaluated By: #26 -
Test Enffneer

Recommended for dApproval By : C /. a
hTO Engineer
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NORTH ANNA POWER STATION UNIT 2 CYCLE 6
- STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

I
Test Description: Catl Bank C Worth Measurement-Rod Swape Reference Proc No /Section: 2-PT-94.0 Sequence Step No:.10|

k
II Bank Positions (Steps) RCS Temperature (*F):,547Test

Power Level (% F.P.): OConditions SDA: 228 SDB: 228 CA: 228 Other (specify):(Design) CB: Moving CC: Moving CD: 228 Below Nuclear Heating
III Bank Positions (Steps) RCS Temperature ('F): 546.8Test

Power Level (% F.P.): OConditions SDA: 228 SDB: 228 CA: 228 Other (Specify):(Actual) CB: Moving CC: Moving CD: 228 Below Nuclear Heating

Date/ Time Test Performed:
11/3/87 2204

Meas Parameter
(Description) If;IntWorthofCatlBankC-RodSwap

IV
(Adj. Meas. Crit. Ref Bank

Test Measured Value If= 714.9 pcm Position = 214 steps)
Results

Design Value (Adj. Meas. Crit. Ref Bank
(Actual Cond) If=732.2+110 pcm Position = 114 steps)

Design Value If= 731 i 110 pcm (Critical Ref Bank
(Design Cond) Position = 113 steps)

Reference NE Technical Report No. '599, VEP FRD-36A,
NFO-TI-2.2A

If Design Tolerance is exceeded. SNSOC
shall evaluate impact of test result onV FSAR/ Tech Spec

Acceptance safety analysis. SNSOC may specify that
Criteria - additional testing be performed.

Reference VIP-TRD-36A

Design Tolerance is met X YES NOVI Acceptance Criteria is met : .X,L.YES NOComments

Completed By: Evaluated By: #28Test En"gineer -c.4
~

Recommended for
Approval By : C * j- WJ

NFO Engineer

43

'

____ _ _-____



NORTH ANNA POWER STATION UNIT 2 CYCLE 6-

STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET.

I
Test Description: Catl Bank A Worth Measurement-Rod SwapReference Proc No /Section: 2-PT-94.0 Sequence Step No:,11

II Bank Positions (Steps) RCS Temperature ('F):,547Test
Power Level (% F.P.): 0Conditions SDA: 228 SDB: 228 CA: Moving Other (specify):(Design) CB: Moving CC: 228 CD: 228 Below Nuclear Heating

III Bank Positions (Steps) RCS Temperature ('F): 546.6Test
Power Level (% F.P.): 0Conditions SDA: 228 SDB: 228 CA: Moving other (Specify):(Actual) CB: Moving CC: 228 CD: 228 Below Nuclear Heating

Date/ Time Test Performed:
11/3/87 2300

Meas Parameter

RS; Int Worth of Cntl Bank A - Rod Swap(Description) I

IV
(Adj. Meas. Crit. Ref Bank.

RSTest Measured Value Ig= 327.2 pcm Position = 71 steps)Results
Design Value (Adj. Meas. Crit. Ref Bank

(Actual Cond) I 8= 332. 3+100 pcm Position = 71 steps)

Design Value IRS = 335 2 100 pea (Critical Ref Bank
(Design Cond) Position = 74 steps)

Reference NE Technical Report No. 599, VEP-FRD-36A,
NFO-TI-2.2A

If Design Tolerance is exceeded SNSCC
shall evaluate impact of test result onV FSAR/ Tech Spec

Acceptance safety analysis. SNSOC may specify that
Criteria additional testing be performed.

Referenc's VEP-FRD-36A

Design Tolerance is set : I.YES NOVI Acceptance Criteria is met : X YES NOComments

Completed By: I Evaluated By: #lCeTest Engineer
Reconnended for

Approval By : C >,-f W
NFO Engineer
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NORTH ANNA POWER STATION UNIT 2 CYCLE 6
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

I
Test D'escription: Shutdown Bank B Vorth Meas. - Rod SwapReference Proc No /Section:s

2-PT-94.0 Sequence Step Nor 12
1II Bank Positions (Steps) RCS Temperature (*F): 547Test

Power Level (% F.P.): 0Conditions SDA: 228 SDB: Moving CA: 228 Other (specify): 1(Design) CB: Moving CC: 228 CD: 228 Below Nuclear Heating i

III Bank Positions (Steps) RCS Temperature (*F): 546.6Test
Power I4 vel (% F.P.): 0|- Conditions SDA: 228 SDB: Moving CA: 228 Other (Specify):(Actual) CB: Moving CC: 228 CD: 228 Below Nuclear Heating

,

'

Date/ Time Test Performed:i

!
11/3/87 2333

Meas Parameter
(Description) Ih; Int Worth of Shutdown Bank B-Rod Swap

IV,

! (Adj. Meas. Crit. Ref Bank
Test Measured Value I = 920.9 pcm Position = 145 steps)

Results
Desigu Value1

(Adj. Meas. Crit. Ref Bank
(Actual Cond) Ih= 952.61143 pc: Position = 145 steps)

i Design Value Ih= 955 i 143 pcm (Critical Ref Bank
(Design Cond) Position = 142 steps)

1 Reference NE Technical Report No. 599, VEP-FRD-36A,| hTO-TI-2. 2A

If Design Tolerance is exceeded, SNSOC
shall evaluate impact of test result onV FSAR/ Tech Spec

Acceptance safety analysis. SNSOC may specify that
Criteria additional testing be performed.

Reference VEP-FRD-36A

Design Tolerance is met : x._YES NOVI Acceptance Criteria is met X YES NO:
Comments

Completed By: I Evaluated By: #2#-
l

Test Engfneer
Recommended for

Approval By : C -
-

h70 Engineer
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NORTS ANNA POWER STATION UNIT 2 CYCLE 6
STARTUP rHYSICS TEST RESULTS AND EVALUATION SHEET-

I
Test Description: Shutdown Bank A Worth Meas. - Rod Swap,F Reference Proc No /Section: 2-PT-94.0 Sequence Step No: 13

II Bank Positions (Steps) RCS Temperature (*F): 547Test
Power Level (% F.P.): 0f Conditions SDA: Moving SDB: 228 CA: 228 Other (specify):L (Design) CB: Moving CC: 228 CD: 228 Below Nuclear Heating

III Bank Positions (Steps) RCS Temperature ('F): 546.7
~

Test
Power Level (% F.P.): OConditions SDA: Moving SDB: 228 CA: 228 Other (Specify):(Actual) CB: Moving CC: 228 CD: 228 Below Nuclear Heating

Date/ Time Test Performed:
11/4/87 0010

Maas Parameter
(Description) I ; Int Worth of Shutdown Bank A-Rod Swap

IV
(Adj. Meas. Crit. Ref BankTest Measured Value I$= 955.2 pcm Position = '150 steps)Results

Design Value
(Adj. Meas. Crit. Ref Bank

(Actual Cond) I$=1044.5+157 pcm Position = 150 steps),

Design Value I = 1049 2 157 pea (Critical Ref Bank
(Design Cond)

Position = 156 steps)
Reference

NE Technical Report No. 399, VEP-TRD-36A,
NFO TI-2.2A,

If Design Tolerance is exceeded. SNSOC
shall evaluate impact of test result onV FSAR/ Tech Spec

I Acceptance safety analysis. SNSOC may specify that
[ Criteria additional testing be performed.

Reference VEP-TRD-36A

Design Tolerance is set : X.YES NoVI Acceptance Criteria is met : x YES NOComments

#Completed By: Evaluated By: #dM-b eTest zngui.er
Recommended for dApproval By :IU

hTO Engineer

46
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NORTH ANNA POWER STATION UNIT 2 CYCLE 6
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEETL

I Test Description: Total Rod Worth - Rod SwapReference Proc No /Section: 2-PT-94.0 Sequence Step No: 14r

)
*

II Bank Positions (Steps) RCS Temperature (*F): 547Test
Power Level (% F.P.): OConditions SDA: Moving SDB: Moving CA: Moving Other (specify):(Design) CB: Moving CC: Moving CD: Moving Below Nuclear Heating

.

III Bank Positions (Steps) RCS Temperature (*F): 545.5Test
Power Level (% F.P.): OConditions SDA: Moving SDB: Moving CA: Moving Other (Specify):(Actual) CB: Moving CC: Moving CD: Moving Below Nuclear Heating

Date/ Time Test Performed:
11/3/87 1257

Meas Parameter
{ (Description) ITotal, Int W rth of All Banks - Rod Swap

IV
Test Measured Value ITotal = 5144.3 pcm

Results
Design Value

(Actual Cond) ITotal = 5422.8 + 542 pcm

Design Value ITotal = 5434 1 543 pea
(Design Cond)

Reference NE Technical Report No. 599, VEP-FRD-36A,
{ hTO-TI-2.2A
9

If D6 sign Tolerance is exceeded, SNSOC
shall evaluate impact of test result onV FSAR/ Tech Spec

Acceptance safety analysis. SNSOC may specify that
additional testing be performed.Criteria

Reference VEP-FRD-36A '

Design Tolerance is met : X YES NOVI Acceptance Criteria is met : x YES NOComments

Completed By: #
Evaluated By: #dO wTest 16 1neer3

Reccamended for CjApproval By :
hTO Engineer

.
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| NORTH ANNA POWER STATION UNIT 2 CYCLE 6'

STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET
r I Test Description : M/D Flux Map - At power
( Reference Proc No / Section: 2-PT-21.1 Sequence Step No: 40

II Bank Positions (Steps) RCS Temperature (*F): TREF *1
[ Test Power Level (% F.P.): <30%Conditions SDA: 228 SDB: 228 CA: 228 Othat (spe-ify)(Design) CB : 228 CC : 228 CD: * Must have k 38 thimbles

III Bank Positions (Steps) RCS Temperature (*F): TrefTest Power Level (% F,P.): 28.2%Conditions SDA: 228 SDB: 228 CA: 228 Other (Specify):
(Actual) CB : 228 CC : 228 CD: 129 39 Thimbles

Date/ Time Test: 11/6/87 0713
Performed:

MAX. REL NUC ENIHAL TOTAL HEAT QUADRANTIV Meas Parameter ASSY PVR RISE HOT FLUX HOT POWER TILT(Description) % DIFF CHAN FACT CHAN FACT RATIO( (M-P)/P F-dH(N) F-Q(T) QPTR

:ra-
Maasured Value m u rtan.- 1.549 2.265 1.0156Test <*s1

Results
Design Value ,,,,g,,,

(Design Conds) re,m w ,, , ,,,
,

4 y. p. 3 NA NA 51.02

WCAP-7905 WCAP-7905Reference REV.1 NONE NONE REV.1

in '* * ** *'d 'N ' '" #V FSAR/ Tech Spec NONE 8
NAAcceptance

( Criteria
Reference NONE TS 3.2.3 TS 3.2.2 TS 3.2.4

Design Tolerance is met : ._1YES NO
Acceptance Criteria is met : XYES NOVI

Comments * As Required

Completed By: Evaluated By: ##~2 O "
Test Engineer

Recommended'for I j-Approval By : J

{ NFO Engineer
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NORTH ANNA POWER STATION UNIT 2 CYCLE 6
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

|

i I Test Description : M/D Flux Map - At power! Reference Proc No / Section: 2-PT-21.1 Se uence Step No: 42
II Bank Positions (Steps) RCS Temperature ('F): TREF *1

' Test Power Level (% y.P.): <75%Conditions SDA: 228 SDB: 228 CA: 228 Other (specify)(Design) CB : 228 CC : 228 CD: * Must have 2: 38 thimbles
III Bank Positions (Steps) RCS Temperature (*F): TrefTest

Power Level (% F.P.): 47%Conditions SDA: 228 SDB: 228 CA: 228 Other (Specify):
(Actual) CB : 228 CC : 228 CD: 160 39 thicibles

Date/ Time Test: 11/12/87 0854
Performed:

MAX. REL NUC ENTHAL TOTAL HEAT QUADRANTIV Meas Parameter ASSY PVR RISE HOT FLUX HOT POWER TILT(Description) % DIFF CHAN FACT CHAN FACT RATIO
(M-P)/P F-dH(N) F-Q(T) QPIR

wn r. z a su
Measured Value gh, y, 1.476 2.126 1.0164

Test ,y a
I

Design Value a 1st sur P,a e.0

(Design Conds) , e,,., w, ,, p.,,.,3 NA NA 51.02
,

c,

WCAP-7905 WCAP-7905
Reference REV.1 NONE NONE REV.1

V FSAR/ Tech Spec NONE b "' '

NAAcceptance
Criteria

Reference NONE TS 3.2.3 TS 3.2.2 TS 3.2.4

Design Tolerance is met : _. LYES NO
Acceptance Criteria is set : x YES NO

VI
Comments * As Required

Completed By: Evaluated By: #l#s <TestEngineer
Recommended for

Approval By : Cug
NFO Engineer
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NORTH ANNA POWER STATION UNIT 2 CYCLE 6
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

I Test Description : M/D Flux Map - HFP, ARO, Eq. XenonReference Proc No / Section: 2-PT-21.1 Sequence Step No: 44
II Bank Positions (Steps)

RCS Temperature (*F): TREF *1
Test

Power Level (% F.P.): 95 i 5Conditions SDA: 228 SDB: 228 CA: 228 Other (specify)(Design) CB : 228 CC : 228 CD: * Must have it 38 thimbles
III Bank Positions (Steps) RCS Temperature (*F): TTest reg

Power Level (% F.P.):Conditions SDA: 228 SDB: 228 CA: 228 Other (Specify): 100%
(Actual) CB : 228 CC : 228 CD: 228

47 Thimbles
Date/ Time Test: 11/16/87 0950
Performed:

'

_

MAX. REL NUC ENn!AL TOTAL HEAT QUADRANTIV Meas Parameter ASSY PWR RISE HOT FLUX HOT POWER TILT(Description) % DIFF CHAN FACT CHAN FACT RATIO
(M-P)/P F-dH(N) F-Q(T) QPTR

t ais 4, 42 At

[gg 1.396 1.857 1.0094Measured Value
.Test

Results f,t ,

Design Value , , , ,, , ,,,
m. .

,e, . u.v,., p .,(Design Conds) t . NA NA 51.02

WCAP-7905 WCAP-7905Reference REV.1 NONE NONE REV.1

"* @"" ' "V FSAR/ Tech Spec NONE NAAcceptance
Criteria

Reference NONE TS 3.2.3 TS 3.2.2 TS 3.2.4

l Design Tolerance is met xTES NO
| Acceptance Criteria is met : ;1.YES NOVI'

Comments * As Required
|

'Completed By: Evaluated By: # l # >e <Test Engineer
Recommended for C g-Approval By :

NFO Engineer

L 50
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NORTH ANNA POWER STATION UNIT 2 CYCLE 6
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

I Test Description : M/D Flux Map - NI Calibration
Reference Proc No / Section: 2-PT-22.2 Sequence Step No: 45

II Bank Positions (Steps) RCS Temperature (*F):T il
Test REF

Power Level (% F.P.): 9515Conditions SDA: 228 SDB: 228 CA: 228 Other (specify) **(Design) CB : 228 CC : 228 CD: '*
III Bank Positions (Steps) RCS Temperature ('F): TrefTest

Power Level (% F.P.): 100%Conditions SDA: 228 SDB: 228 CA: 228 Other (Specify):
(Actual) CB : 228 CC : 228 CD: 205 21 Thimbles

Date/ Time Test: 11/24/87 0637 quarter core flux map
Performed:

MAX. REL NUC EFTHAL TOTAL HEAT QUADRAh7IV Meas Parameter ASSY PWR RISE HOT FLUX HOT POWER TILT(Description) % DIFF CHAN FACT CHAN FACT RATIO
(M-P)/P F-dH(N) F-Q(T) QPTR

s s% 6 Mur,

Measured Value . g ' ' "[, NA NA NA.

Test
Results f, 9

,'p[, . a[.,y,', p.[,|3
'*Design Value

(Design Conds) g NA NA 51.02

WCAP-7905 VCAP-7905Reference REV.1 NONE NONE REV.1
.

N'**#d " '"V FSAR/ Tech Spec NONE NAAcceptance .

Criteria
Reference NONE TS 3.2.3 TS 3.2.2 TS 3.2.4

Design Tolerance is met = x YES NO
Acceptance Criteria is met : .x YES NOVI

| Comments * As Required
| ** Must have at least 38 thimbles for a full core flux asp.

or at least 16 thimbles for a quarter-core flux map.

w< eo L/Completed By:
. Evaluated By:

| Test Engineer
s

Recommended for jApproval By :
NFO Engineer

s
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NORTH ANNA POWER STATION UNIT 2 CYCLE 6
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

I Test Description : M/D Flux Map - NI Calibration
Reference Proc No / Section: 2-PT 22.2 Sequence Step No: 46

II Bank Por,itions (Steps) RCS Temperature ('F). TREF *1
Test

Power Level (% F.P.): 9515Conditions SDA: 228 SDB: 228 CA: 228 Other (specify) **(Design) CB : 228 CC : 228 CD: *
III Bank Positions (Steps) RCS Temperature ('F): TrefTest

Power Level (% F.P.): 100%Conditions SD/,: 228 SDB: 228 CA: 228 Other (Specify):(Actual) CB : 228 CC : 228 CD: 228
25 Thimbles

Deto/ Time Test: 11/24/87 1743 quarter core flux map
Parformed:

MAX. REL NUC ENTHAL TOTAL HEAT QUADRAN'IV Meas Parameter ASSY PWR RISE HOT FLUX HOT POWER TILT(Description) % DIFF CHAN FACT CHAN FACT RATIO
(M-P)/P F-dH(N) F-Q(T) QP11t

3.9% for P;kU
Measured Value NA NA NA3 g

Results '' "'#

|,$$|dUDesign Value
(Design Conds) c ,. a.,y,' ,,,,3 NA NA 51.02

WCAP-7905 VCAP-7905Reference REV.1 NONE NONE REV.1__

N #'#'* " _' " NA
V FSAR/ Tech Spec NONE

acceptance
Criteria

Reference NONE TS 3.2.3 TS 3.2.2 TS 3.2.4

Design Tolerance is met : x YES NOAcceptance Criteria is met : X YES J OVI -a

| Comments * As Required
** Must have at least 38 thimbles for a full core flux map,i

or at least 16 thimbles for a quarter-core flux map.

|

#Completed By: Evaluated By: #28sk'

Test Engineer
Recommended for 4Approval By : C <1

L
h70 Engineer,

(

(

'
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NORTH ANNA POWER STATION UNIT 2 CYCLE 6
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

I Test Description : M/D Flux Map - NI Calibration
Reference Proc No / Section: 2-PT-22.2 Sequence Step No: 48

II Bank Positions (Steps)
RCS Temperature ('F): TREF *1

| Test
Power Level (% F.P.): 95i5Conditions SDA: 228 SDB: 228 CA: 228 Other (specify) **(Design) CB : 228 CC : 228 CD: *

III Bank Positions (Steps) RCS Temperature ('F): TrefTest
Power Level (% F.P.):100%Conditions SDA: 228 SDB: 228 CA: 228 Other (Specify):(Actual) CB : 228 CC : 228 CD: 228

26 Thimbles
Date/ Time Test: 11/25/87 0854 quarter core flux map
Performed:

MAX. REL NUC ENTHAL TOTAL HEAT QUADRANTIV Meas Parameter ASSY PVR RISE HOT FLUX HOT POWER TILT(Description) % DIFF CHAN FACT CHAN FACT RATIO
(M-P)/P F-dH(N) F-Q(T) QPTR
s.ex to,. %

Measured Value j [g,y NA NA NA

Results ""

| [, . u[,y|,, %,38|UDesign Value
(Design Conds) p NA NA 51.02

VCAP-7905 VCAP-7905Reference REV.1 NONE NONE REV.1

V FSAR/ Tech Spec NONE "* * **
Acceptance NA

Criteria
Reference NONE TS 3.2.3 TS 3.2.2 TS 3.2.4

Design Tolerance is set : 1 YES NOAcceptance Criteria is met : X YES NOVI
Comments * As Required

** Must have at least 38 thimbles for a full core flux map,
or at least 16 thimbles for a quarter-core flux map.

Completed By:
- f

Evaluated By: MlA =
Test Engfneer

3,Recommended forApproval By : C. ddC
NTO Engineer

>
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