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CLASSIFICATION/DISCLAIMER

The data, techniques, information, and conclusions in this report have
been prepared solely for use by the Virginia Electric and Power Company
(the Company), and they may not be appropriate for use in situations other
than those for which they were specifically prepared. The Company

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

their accuracy, wusefulness, or applicability. In particular, THE

COMPANY MAKES NO WARRANTY OF MERCHANTABILITY OR FITNESS
FOR A PARTICULAR PURPOSE, NOR SHALL ANY WARRANTY BE DEEMED
TO ARISE FROM COURSE OF DEALING OR USAGE OF TRADE , with
respect to this report or any of the data, techniques, information, or
conclusions in it. By making this report available, 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 herein. In no event shall
the Company be liable, under any legal (heory whatsovever (whether

contract, tort, warranty, or strict or absolute liability), for any

property damage, mental 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 2,
Cycle 4 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 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 cursory discussion of these items is included in this report. The
analyses presented includes a brief summary of each test, a comparison of

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

The North Aina 2, Cycle 4 Startup Physics Tests Results and
Evaluation Sheets have been included as an appendix to provide additional
information on the startup tasts results. E£ach datz sheet provides the
foilowing information: 1) test idertification, 2) test conditions (design),
3) test conditions (actual), 4) test results, 5) acceptence criteria, and 6)
comments concerning the test. These sheets provide a ccmpact summary
of the startup tests results in a consistent format. The design test
conditions and design values of the measured parameters were completed
prior to startup physics testing. The entries for the design values were
based on the calculations performed by Vepco's Nuclear Enginearing
Group'. During the tests, the data sheets were used as guidelines both
to verify that the proper test éonditions 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 the final completed and
approved version of the Startup Physics Tests Results and Evaluation

Sheets.

vi



Section 1
INTRODUCTION AND SUMMARY

On August 2, 1984, Unit No. 2 of the North Anna Power Station was
shut down for its third refueling. During this shutdown, 4 of the 157
fuel assemblies in the core were replaced with fresh fuel assenblies. The
core loading pattern and the design parameters for each b24:h are shown
in Figure 1.1. Fuel assembly burnups are given in Figure 1.2. The
incore instrumentation locations are identified in Figure 1.3. Figure 1.4
identifies the location and number of burnable poison rods in the Cycle 4
core. Figure 1.5 identifies the location and number of control rods in the

Cycle 4 core.

On November 2, 1984, at 0820, the fourth 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. Individual control rod bank worths for all control rod banks
were measured using the rod swap technique? and were found to
be within €.3% of the design predictions. (The measured worth
of 383 pcm for Control Bank A was only 43 pecm, or 11%,
different from the predicted worth.) The sum of the
individual control rod bank worths was measured to be within
1.6% of the design prediction. These results are within the
design tulerance of :15% for individual bank worths (:10% for
the rod swap reference bank worth) and the design tolerance of
+10% for the sum of the individual control rod bank worths.

3. Critical boron concentrations for two control bank

configurations were measured to be within 23 ppm of the design



predictions. These results were within the design tolerances

and also met the accident analysis acceptance criterion.

. The boron worth coefficient was measured to be within 2.7% of
the design prediction, which is well within the design
tolerance of :10% and meets the accident analysis criterion.

. The isothermal temperature coefficient was measured to be
within 0.60 pcm/°F of design prediction. This result is
within the design tolerance of 3 pcm/°F and also met the
accident analysis acceptance criterion.

. Core power distributions for various HZF and at-power
conditions were generally within 8% of the predicted power
distributions. For all maps, the hot channel factors were
measured to be within the limits of the Technical
Specifications. However, at 50% power, there were violations
of the Radial Peaking Factor, Fxy(RTP), surveillance limit,
and at 4% power, a quadrant power tilt ratio of 3% was
measured. Generally, all measured parameters met their
respective design tolerances. All measurement parameters met

their respective accident analysis acceptance criteria.

summary, all startup physics tests 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.




Table 1.1

NORTH ANNA 2 - CYCLE 4 STARTUP PHYSICS TESTS
CHRONOLOGY OF TESTS

Reference

Test Date | Time | Power | Procedure
Hot Rod Drop-Hot Full Flow 11/01/84 | 2103 HSD 2-PT-17.2
Reactivity Computer Checkout 11/02/84 | 1141 HZP 2-PT-94.2
Boron Endpoint-ARO 11/02/84 | 1513 HZP 2-PT-94.3
Temperature Coefficient-ARO 11/02/84 | 1605 HZP 2-PT-94 .4
Bank B Worth 11/02/84 | 1827 HZP 2-PT-94.5
Boron Endpoint-B In 11/02/84 | 2352 HZP 2-PT-94.3
Bank D Worth - Rod Swap 11/03/84 | 0028 HZP 2-PT-94.7
Bank C Worth - Rod Swap 11/03/84 | 0158 HZP 2-PT-94.7
Bank A Worth - Rod Swap 11/03/64 | 0333 HZP 2-PT-94.7
Bank SB Worth - Rod Swap 11/03/84 | 0401 HZP 2-PT-94.7
Bank SA Worth - Rod Swap 11/03/84 | 0429 HZP 2-PT-94.7
Flux Map - ARO, 4% Power 11/03/84 | 1101 4% 2-PT-21.1
Flux Map - 50% Power 11/10/84 | 1150 50% 2-PT-22.2
Flux Map - I/E Calibration 11/12/84 | 0022 70% 2-PT-22.2
Flux Map - I/E Calibration 11/12/84 | 0612 75% 2-PT-22.2
Flux Map - I/E Calibration 11/12/84 | 1044 75% 2-PT~22.2
Flux Map - HFP, Eq. Xenon 11/16/84 | £978 | 100% 2-PT-21.1
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Figure 1.2
NORTH ANNA UNIT 2 - CYCLE 4
BEGINNING OF CYCLE FUEL ASSEMBLY BURNUPS
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Figure 1.3

NORTH ANNA UNIT 2 - CYCLE 4
INCORE INSTRUMENTATION LOCATIONS
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Figure 1.4
NORTH ANNA UNIT 2 - CYCLE 4
BURNABLE POISON AND SOURCE ASSEMBLY LOCATIONS
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Figure 1.5
NORTH ANNA UNIT 2 - CYCLE 4
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 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 control rod drop time measurements were run with the RCS at hot,

full flow conditions ( 547 °F, 2235 psig) and are described below.

The rod drop time measurements were performed by first withdrawing
a rod bank to its fully withdrawn position, and then 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, tne LVDT (Linear Variable Differential Transformer) primary coil
voltage and a 60Hz timing trace which are recorded via a visicorder. 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 minimum 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.

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. All test results met

this limit.

10



Table 2.1

NORTH ANNA UNIT 2 - CYCLE 4 STARTUP PHYSICS TESTS
HOT ROD DRCP TIME SUMMARY

ROD DROP TIME TO DASHPOT ENTRY

SLOWEST ROD FASTEST ROD AVERAGE TIME

B=6, 1.77 Sec. M-4, 1.38 Sec. 1.60 Sec.

ROD CROP TIME TO BOTTOM OF DASHPOT

SLOWEST ROD [ FASTEST ROD AVERAGE TIME

B-6, 2.43 Sec. M-4, 1.98 Sec. 2.23 Sec.




Figure 2.1

TYPICAL ROD DROP TRACE

NORTH ANNA 2, CYCLE 4 BOL PHYSICS TEST
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Figure 2.2

NORTH ANNA UNIT 2 - CYCLE 4 STARTUP PHYSICS TESTS

ROD DROP TIMES - HOT FULL FLOW CONDITIONS
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Section 3

CONTROL ROD BANK WORTH MEASUREMENTS

Control rod bank worth measurements were obtained for all 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 computer* 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, the
reactor coolant system temperature and bYoron 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

14



once again fully withdrawn from the core. The rod swap process was
then -epeated for all of 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
all of the control and shutdown banks were within the design tolerance
(£10% for the reference bank and :15% for the test banks). The sum of
the individual rod bank worths was measured to be within 1.6% 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, all measured rod worth values

were satisfactory.



Table 3.1

NORTH ANNA UNIT 2 - CYCLE 4 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 1372 1399 -1.9

D 1036 1070 -3.2

C 801 851 -5.9

A 426 383 11.2 (43 pem)

SB 853 9510 -6.3

SA 1103 1068 33

Total Worth 5591 5681 -1.6

16
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FIGURE 3.2
NORTH ANNA UNIT 2 - CYCLE 4 BOL PHYSICS TEST
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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
to enable a direct comparison of measurad 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, such as rod position and

moderator temperature.

The results of these measurements are given in Table 4.1. As shown
in this table and in the Startup Physics Tests Results and Evaluation
Sheets given in the Appendix, all measured critical boron endpoint values
were within their respective design tolerances. All measured values met
the accident analysis acceptance criterion. In summary, all 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 bhoron endpoint
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concentrations, is obtained directly from this plat.

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
measured to be -7.80 pcm/ppm. The measured boron worth coefficient is
within 2.7% of the predicted value of -7.60 pcm/ppm and is well within the
design tolerance of :10%. The measurement result also met the accident

analysis acceptance criterion. In summary, this result was satisfactory.
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Table 4.1

NORTH ANNA UNIT 2 - CYCLE 4 STARTUP PHYSICS TESTS
BORON ENDPOINTS SUMMARY

Measured Predicted Difference
Ceontrol Rod Endpoint Endpoint M-P
Configuration (ppm) (ppm) (ppm)
ARO 1676 1699 -23
B Bank In 1500 1494% 6

*The predicted endpoint for the B Bank in configuration has been adjusted
for the difference between the tnasured and predicted values of the
endpoint taken at the ARO configuration as shown in the boron endpoint
Startup Physics Test Results and Evaiuation Sheets in the Appendix.
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Section 5

TEMPERATURE COEFFICIENT MEASUREMENTS

The isothermal temperature coefficient measurements were 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. These measurements were performed at very low power levels
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 546 °F) during these measurements. To eliminate the borcn
reactivity effect of outflow from the pressurizer, the pressurizer level
was maintained constant or slightly increasing during these

measurements.

Reactivity measurements were taken during both RCS heatup and
cooldown ramps during which the RCS temperature varied approximately
3°F. Reactivity was determined using the reactivity computer and was
plotted against the RCS temperature on an x-y recorder. The
temperature coefficient was then determined from the slope of the plotted
lines. The X-Y recorder plot of reactivity change versus RCS

temperature for the all-rods-out configuration is shown in Figure 5.1.

The predicted and measured isothermal temperature coefficient 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 3 pcm/°F and met the accident analysis

acceptance criterion. In summary, the measured result was satisfactory.



Tadle 5.1

NORTH ANNA UNIT 2 - CYCLE 4 STARTUP PHYSICS TESTS
ISOTHERMAL TEMPERATURE COEFFICIENT SUMMARY

' | ISOTHERMAL TEMPERATURE COEFFICIENT
BANK TEMPERATURE BORON (PCM/°F)
POSITION RANGE CONCENTRATION

'HEATUP| DOWN |AVER. |PRED. | (M-P)
All 542.4 '
Kods to 1669 -2.5 |-3.4 [-2.95 |-3.55 | 0.60
Out 545.6

|
|
\
(°F) (PPM) | cooL DIFFER
|
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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 50 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 all the full-core flux maps taken during the test program
together with a list of the measured values of the important power
distribution parameters is given in Table 6.1. The measured power
distribution parameter values are compared with their Technical
Specifications limits in Table 6.2. Flux map 1 was taken at 3% power.
This flux map served as the base case design check. Figure 6.1 shows
the resulting radial power distribution associated with the flux map. Map
1 indicated a quadrant power tilt value that was slightly above the
established design tolerance for HZP flux maps (the measured power tilt
was 1.030 compared to the 1.020 design tolerance). However, there is no
Technical Specification limit for power tilt below 50% power. All
subsequent measurements of power tilt above 5% power were within the

full-power limits.



Flux maps 2 through 7 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 hot channel factors, to establish a target
delta flux for operation, and to measure core power distributions at
various operating conditions. These maps also provide incore/excore

detector calibration data for the nuclear instrumentation system The

radial power distributions for the full-core maps taken during the

escalation to 100% power are given in Figures 6.2 through 6.5 These
figures show that the measured relative assembly power values are
generally within 6% of the predicted values. At 50% power, a violation of
the Radial Peaking Factor, Fxy(RTP), surveillance limit was measured

However, at higher power levels, the values of Fxy were within the limit

In conclusion all power distribution measurement results were
considerad to be acceptable with respect to the design tolerances and the
Specification limits It is therefore anticipated that the core

perate safely throughout Cycle 4
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TABLE 6.1

NORTH ANNA 2 - CYCLE 4 STARTUP PHYSICS TESTS

INCORE FLUX MAP SUMMARY

| sy | i 1 | 3

| B | BURN | F-Q(T) HOY |  F=DH(N) HOT | CORE F(Z)

| Y | up | BANK CHANNEL FACTOR | CHNL.FACTOR | MAX 3 QPTR AXIAL| NO.
\ MAP IMAP| DATE | MWD/|PWR| D € ToAl ~yl | | F(XY) OFF | OF

| DESCRIPTION INO. | | MTU |(%)ISTEPS] I 1AXIAL | 0 AXTAL] MAX SET |THIM
| } : : : :ASSY=PIN=POINI= F-Q(I):ASSY:P!N{f—Dﬂ(N)'POINTI F(Z) MAX =Loc (%) IBLES
| (Lo e s e, Sler Cepmatl EAkCIR e SRS TN e AN

| | | | | | | | | | |

:ARO : 1=1|~ 3-&&: o' 3: 211 nns: oc: 18 : 2.499 : N1 oo: 1.508 18 1.575'1.596 1.030: NWl 31.601 46

=D£LIA | TARGET : 2::1-to-au| 65: 5u= 162 : 113} xo: 29 : 2.001 : L13] xo: 1.487 30 11.31511.548 1.011: NWl -4.50] 47

:orta VERIF ICAT ION = 3:1!-11-au| 77: 50: 155 } uos: oc: 3 : 2.027 ‘ NOS | oc: 1.487 36 11.33411.556 |.019= NWl =7.91| 47

:n/c CAL. : u:ll-l?-ahf az: 70: m : nus: oc: 30 : 1.931 : NO5 | oc: 1,448 30 '\.29a=1.517 i.015= NWl -4.61] 47

IMFP, EQ. XENON (5)] 7111-16-84] 2301100f 216 | Po7| 0G| 37 | 1.789 | PO7| 0G| 1.420 37 11.20311.49311.015| NW| =2.47| 46

NOTES: HOT SPOT LOCATIONS ARE SPECIFIID BY GIVING ASSEMBLY LOCATIONS (E.G. H-8 IS THE CENTER~OF-CORE ASSEMBLY),

F
L
|

2.
3.
L.
5.

OLLOWED BY THE PIN LOCATION (DENOTED BY THE "Y" COORDINATE WITH THE SIVENTEEN ROWS OF FUEL RODS
ETTERED A THROUGH R AND THE "X" COORDINATE DESIGNATED IN A SIMILAR MANNER).
N THE "Z" DIRECTION THE CORE IS DIVIDED iNTO 61 AXIAL PCINIS STARTING FROM THE TOP OF THE CORE.

F=Q(m
F=DH(N)

INCLUDES A TOTAL UNCERTAINTY OF 1,05 X 1.03.

INCLUDFS A MEASUREMINY UNCERTAINTY OF 1.04,
F(XY) 1S THE MAXIMUM UNRODDED F(XY! AND INCLUDES A TOTAL UNCERTAINTY OF 1.0% X V. 03.
QPTR - QUADRANT POWER TILT RATIO.

FLUX MAPS 5 AND 6 WERE QUAFTER-CORE MAFS TAKEN FOR EXCORE DETECTOR CALIBRATION,




Table 6.2

NORTH ANNA UNIT 2 - CYCLE 4 STARTUP PHYSICS TESTS
COMPARISION OF MEASURED POWER DISTRIBUTION PARAMETERS
#TH THEIR TECHNICAL SPECIFICATION LIMITS

: F-Q(T) ¥OT F-DH(N) HOT F(XY) MAX?
NO.! CHANNEL FACTOR® CHANNEI. FACTOR?

———

HEASi LIMIT|MARGIN| MEAS| LIMIT|MARGIN HEASIAXIAL LIMIT |MARGIN

%) 5 POINT (%)
2 | 2.00| 4.37 | 54.2 | 1.49] 1.78 | 16.6 | 1.73] 11 1.3 {+k.2
3 2.03] 4.40 | 53.7 | 1.49] 1.78 | 16.5 $:758) 1Y | .31 }=R:1)
4 1 1.93}).5.16 | 38.8 | 1.45] 1.69 14.4 | 1.66] 10 | 1.71 31
7 1.79! 2:20 | 18.7 1 1.62] 1.55 8.4 { 1.49] 52 | 1.61 | 7.3
1 The Technical Specification's limit for the heat flux hot channel

[}

factor, F-Q(T) is a function of core height. The value for F-Q(T)
listed above is the maximum of F-Q(T) in the core. The Technical
Specification's lirit listed above is evaluated at the plane of
maxiwum F-Q(T). The wianimrm 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. All measured F-Q(T) hot
channel facters include 3% measurement uncertainty and 3% engineering
ancertainty.

The weasured values for the enthalpy rise hot channel factor,
F-AH(N) includes 4° measurement uncertainty.

All neasured F(XY) MAX values include 5° measurement uncertainty and
% engineering uncertainty. For maps 2, 5, and 4, the rodded F(XY)
values and limits are shown There were no rodded F(LY) values for
map 7, therefore, the unrodded value and limit are shown.
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ARO, 4% POWER

FIGURE 6.1
NORTH ANNA UNIT 2, CYCLE 4
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FIGURE 6.2
NORTH ANNA UNIT 2, CYCLE 4

ASSEMBLYWISE POWER DISTRIBUTION
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FIGURE 6.3

NORTH ANNA UNIT 2, CYCLE 4
ASSEMBLYWISE POWER DISTRIBUTION
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FIGURE 6.4
NORTH ANNA UNIT 2, CYCLE 4

ASSEMBLYWISE POWER DISTRIBUTION
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FIGURE 6.5
NORTH ANNA UNIT 2, CYCLE 4
ASSEMBLYWISE POWER DISTRIBUTION
HFP, EQUILIBRIUM XENON

2 . . PREDICTED
L ) MLASURLD . '
9. PCT DIFFERINCE .

PREDICTED
’ Mt ASUR O “ ‘ .
LPCT DIFFERENCE . » W

"

" AVERACGE *
rcY DH:(I!K(. 15
g . ' «

SUMMARY
MAP NO: N2-4~- 7 DATE: 11/16/84 POWER: 100%
CONTROL ROD POSITIONS: F=Q(T) = 1.789 QPTR:
D BANK AT 216 STEPS F=DH(N) = 1,420 NW 1,015 | NE 0.996
Fz) = 1.203 W 1.001 | SE 0.988
FI(XY) = 1,492
BURNUP = 230 MWD/MTU A0 = <~2.47(%)
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NORTH ANNA POWER STATION UNIT 2 CYCLE 4

STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

Test Description: Reactivity Computer Checkout
Raference Proc No /Section: 2-PT+94.2 Sequence Step No: 3
194 Bank Positions (Steps) RCS Temperature (°F): 547
Test Power Level (% F.P.): 0
Conditions| SDA: 228 SDB: 228 CaA: 228 Other (specify):
(Design) CB: 228 CC: 228 CD: + A Below Nuclear Heating
e Bank Positions (Steps) RCS Temperature (°F): S¥3.5°F
Test Power Level (% F.P.): 0
Conditions| SDA: 228 SDB: 228 CA: 228 Other (Specify): -
(Actual) CB: 228 CC: 228 CD:,geo Below Nuclear Heating
Date/Time Test Performed:
n/a/e4 Hey
Measured JParametar h Meas. Reactivty using p-compurer
v (Description) ”r " [nferred beact frem react period
Pe = ‘3.5,0-\ -w’cu
Measured Value p, = 644 pem -~ 52 pem
Test ws LY% -3.8% E
Resulcs !
Design Value :
(Actual Conditions) | %D = [('c"t)/':' x 100% S 4.0% 1
Design Value .
(Design Conditions) | %0 = [(’c"t)/’:’ x 100% $§ 4.0%
Reference WCAP 7905, Rev. |, Table 1.5
v FSAR/Tech Spec Not Applicable '
Acceptance )
Criteria }
Reference Not Applicable :
Design Tolerance is met . 2YES __NO :
VI Acceptance Criterid is met 2\’!3 - 5
Comments
* At the just critical pesition
Allowable Range = = §p pem™
PR / ’
Compleced lYf/Z_——//Z/ Evaluated By: M

Test Engineer
Recommended for
Approval By

P

NFO Engineer

A.l




NORTH ANNA POWER STATION UNIT 2 CYCLE 4
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

I Test Description: Critical Boron Concentration  ARO
Reference | Proc No /Section: 2-PT-94.3 Sequence Step No: 4
II 8ank Positions [Steps) RCS Temperature (°F): 547
Test Power Level (% F.”.): 0
Conditions| SDA: 228 SDB: 228 CA: 228 Other (specify):
(Design) CB: 228 CC: 228 CD: 228 Below Nuclear Heating
1944 Bank Positions (Steps) RCS Temperature (°F): SYS%
Test Power Level (% F.P.): 0
Conditions| SDA: 228 SDB. 228 CA: 228 .| Other (Specify):
(Actual) CB: 228 CC: 228 CD: 228 Below Nucleer Heating
Date/Time Test Performed:
n/2)84 1573
Meas Parameter
Iv (Description) (C')A:o; Critical Boron Concentration - ARO
Measured Value | (Cp) N = /476 PP
Test
Results
Design Value
(Actual Cond) C' =1699 £ 50 ppm
Design Value
(Design Cond) CB =1699 £ 50 ppm
Reference NE REPORT NO. 385
v FSAR/Tech Spec 8 X CB S 24,000 pem
| B
Acceptance
Criteria Reference UFSAR Section 15.2.4
Design Tolerance is met : YES __NO
Acceptance Criteria is me:c : :ESYES —N0
VI
Comments

@, = ~7.60 pcm/ppm for preliminary analysis
B

“ca s - 280 /oa/,’n for Finsl Iﬂ./’.ﬂ'{.

) l’/ ~
Completed By: / 4_/2(/ /’1é;,:f3

Y sl d

Test Enginevr

Kecomminded for
Appeovval By .
NFO Engineer

A.2



NO
STARTUP

RTH ANNA POWER STATION UNIT 2 CYCLE 4
PHYSICS TEST RESULTS AND EVALUATION SHEET

Test Description: [sothermal Temparature Coafficient - ARO

Reference Proc No /Section: 2-PT-94.4 Sequence Step No: §
194 Bank Positions (Steps) RCS Teamperature (°F): 547
Test Power Level (X F.P.): 0
Conditions| SDA: 228 SDB: 228 CA: 228 Other (specify):
(Dasign) CB: 228 CC: 228 CD: 228 | Below Nuclear Heating
I Bank Positions (Staps) RCS Temparature (°F): SYSOF
Test Power Level (%X F.P.): 0
Conditions| SDA: SDB: 228 CA: 228 Other (Specify):
(Actual) CB: 228 CC: 228 CD: 222 | Below Nuclear Heating
Date/Time Test Parformed:
n/a/e4y léos
Meas Parametar
v (Dascription) (ztg.o)m [sothermal Temp Coeff - ARO
Tast Measured Value (a‘%o)m = -2-’5'9«/'!‘ (Cg = 166 Tppa)
Results
Design Value
(Actual Cond) | (a'3%) 00 = ~2.5627%5ca/*F (C, = /4% ppm)
(‘I!O.
T 'ARO = -3.25 £ 3.0 pea/'F
Design Valua
(Design Cond) (C' = 1699 ppm)
Reference NE REPORT NO. 385
v FSAR/Tach Spec .K%O $-2.12 "pea/°F cagp = <2.12 pen/°F
Acceptance
Criteria
Refearence TS 3.1.1.4, NE REPORT NO. 385
Design Tolerance is met g ?s -
VI Acceptance Criteria (s met YES __NO
Comments |* A measured value more positive than -2.12 pem/°F requires
‘mplementation of control rod withdrawal limics.
/7 s
Complectad 'YQ - /L’ Evaluated By: M
- Test Engineer

Recoamended for
Approval By
NFO Engineer



NORTH ANNA POWER

STATION UNIT 2 CYCLE 4

STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

I Test Descripcion:Cacl Bank B Worth Meas.,Rod Swap Ref. Bank
Refearence Proc No /Section: 2-PT-94.§ Sequence Step No: 7
It Bank Positions (Steps) RCS Temparature (°F): 547
Tast Power Lavel (X F.P.): 0
Condicions| SDA: 228 SDB: 228 CaA: 228 Other (specify):
(Dasign) CB:Moving CC: 228 CD: 228 Balow Nuclear Heating
111 Bank Positions (Steps) “ | RCS Temperature (°F): SYS °F
Test Power Level (S F.P.): 0
Conditions| SDA: 228 SDB: 228 CaA: 228 Other (Specify):
(Actual) CB:Moving CC: 228 CD: 228 Below Nuclear Heating
Date/Time Test Parformed:
/2 /84 1827
Measured Paramatar t'ﬁ’;tnucul Worth of Catl Bank 8,
- (Description) All Other Rods Out
Test Measured Value llf' = 1372 pem
Results
Design Value
(Actual Conditions) IR? « 1399% 90 pem
Deasign Value
(Design Conditions) t".:r = 1399 ¢ 140 pea
Refarance NE REPORT NO. %8s
[f Design Tolerance is exceeded, 3NSCC
shall evaluate impact of cest resul:
FSAR/Tech Spec on safecty analysis. SNSOC say specify
v that additional ctesting be performed.
Acceptance
Criteria
Reference VEP-FRD-J6A
Design Tolerance is met ; ggs N0
vI Acceptance Crite a is met : *“YES __NO
Comments
Completed 8y: .;',*.,«/ égj/tulund By: / /'

Test Engineer

Recommended for
Approval By

NFO Engineer

A4
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NORTH ANNA POWER STATION UNIT 2 CYCLE 4
STARTUP PMYSICS TEST RESULTS AND EVALUATION SHEET
Test Description: Critical Borom Concestration - 8§ Bank %
Reference Proc No /Section: 2-PT-94.) Sequence Step No:
134 Bank Positions (Steps) RCS Teamperature (°F): 547
Tast Power Level (% F.P.): O
Condicions| SDA: 228 SDB: 228 CA: 228 Other (specify):
(Design) Cs: 0 CcC: 228 Cp: 223 Below Nuclear Heating
[t Sank Positions (Staps) RCS Temperature (°F): l"l'l';
Test Power Lavel (S F.P.): 0O
Condicions| SDA: 228 SDB: 228 CA: 228 Other (Specify):
(Actual) Cs: 0 CC: 228 cCD: 228 Balow Nuclear Heating -
Date/Time Test [erformed:
n/2/84% 2352
Meas Parameter
v (Description) (C.);; Ceicical Boron Concentration - 8 Sank Ia
Measured Value (C'): = /Soo ppm
Test
Reiults s Vet
esign Value
(Actual Cond) | Cp = (4 94 + 28pP~
Design Value
(Dasign Cond) | Cy » 1517 + 4P¥®¥ 5010 » 139.5/ lag_| Jope
Refarence NE REPORT NO. 38¢ ;
v F3AR/Tech Spec IC' x C' $ 26,000 pem
Acceptance
Criteria Reference UFSAR Section 15.2.4
Design Tolerance is met %S -
Acceptance Criteria (s met : *VYES __ VO
vt .
Commencs 'C. = +7.60 pca/ppm for preliminary analysis
Prev h ]
“ig s -2.80 pempppm For Frol snslyus.
Complated 8y: Evaluated Ay f/

Test lnguur’

A.S

Recommended for
Approval By

NFO Engineer

. ew



NORTH ANNA POWER STATION UNIT 2 CYCLE 4

STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

I Test Descripeion: HZP Borom Worth Coefficent Measurement
Reference | Proc No /Section: 2-PT-94.$ Sequence Step No: 8
I Bank Positions (Steps) RCS Tc-potatln. (‘r). 547
Test Power Lavel (% F t O
Conditions| SDA: 228 SDB: 228 CA: 228 Other (specify):
(Design) CB:Moving CC: 228 CD: 228 Below Nuclear Heating
1§41 Bank Positions (Scteps) RCS Temperature (°F): SY5 0%
Tasc Power Level (X F.P.): 0
Conditions| SDA: 228 SDB: 228 CA: 228 Other (Specify):
(Actual) Ch:Moving CC: 228 CD: 228 Below Nuclear Heating -
Dace/Tise Test Parformed: .
H-2- BgY 1573
Measured Parameter
v (Description) cc' » Boron Warth Coafficieat
Heasured Value cc' = .80 L Y/ abt
Test
Resulcs S :
s Value
(Actual Conditions) ‘C. « -7 60 o, 7(,:-///00
Design Value
(Cesign gnda:xon-) 'C. = «7.60 2 0.76 nem/ppm
Referanca NE REPORT NO. 2185
FSAR/Tech Spec . X C' £ 14,000 pem
)
v
Aczeptance
Criteria Reference UFSAR Section 15.2.4
Design Tolerance is met ..5'!8 J—
vl Acceptance Criterid (s met SZVES N0
Comments

R 7
Sl dtr”
Complated By: -
- Test Enginear

Evaluaced By /‘/ M‘”

Recommended for
Approval By: '
NFO Enginear

A6



NORTH ANNA POWER STATION UNIT 2 CYCLE 4
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

Test Description: Cacl Bank D Worth Measuremeat-Rod Swap
Refarance Proc No /Section: 2<PT-94.7 Sequence Step No: /O
I Bank Positions (Steps) RCS Temperatuze (°F): 547
Test Power Level (X F.P.): 0
Conditions| SDA: 228 SDB: 228 CA: 228 Other (specify):
(Design) Ch:Moving CC: 228 CD:Moving| Below Nuclear Heating
1§44 Bank Positions (Steps) RCS Temperature (°F): SYY.5°F
Test Pover Lavel (S F.P.): 0
Condicions| SDA: 228 SDB: 228 CA: 228 Other (Specify):
(Actual) CB:Moving CC: 228 CD:Moving| Below Nuclear Heating
Dace/Tine Tast Performed:
I/3/84 oceoae
Meas Parametaer
(Description) t:’;tn: Worth of Catl Bank D-Rod Swap -
v (Adj. Meas. Crit. Ref Bank
*Tast Measured Valua Ig'- 1036 pem Position = /62 steps)
Result.
Deasign Valua (Adj. Meas. Crit. Ref "ank
(Actual Cond) I:" 10 70-?/”prnuton = /62steps)
Design Value :ss- 1067 £ 160 pem (Critical Raf Bank
(Design Cond) « Posicion = (75 sceps)
Reference NE REPORT NO. 385, VEP-FRD-16A, NFO-T1-2.24
[f Design Tolerance .s exceeded, SNSOC
shall evaluate impact of test result on
v FSAR/Tech Spec | safety analysis. SNSOC may specify that
Acceptance additional testing be performed.
Ceiteria
Reference VEP-FRD-16A
Design Tolerance ie met : ZYES __NO
VI Acceptance Criteria (s met . 4 TES __ VO
Commencs Pre—
. gé o
g /, L
Completed By: e / 4’/ Evaluated By: !/ '

~" Test Enginesr

Recommended for

Approval dy
NFO Engineer



NORTH ANNA POWER STATION UNIT 2 CYCLE 4
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

Test Descripcion: Catl Bank C Worth Measurement-Rod Swap
Reference Proc No /Section: 2-PT-94.7 Sequence Step No: |/ i
1 Bank Positions (Steps) RCS Temparatuce (°F): 547 :
Test Power Level (X F.P.): 0 t
Conditions| SDA: 228 SDB: 228 CaA: 228 Other (specify): |
(Design) CB:Moving CC:Moving CD: 228 Below Nuclear Heating i
1331 Sank Positions (Steps) RCS Temparature (°F): SYY.7 % :
Test Power Level (% F.P.): 0 !
Conditions| SDA: 228 SDB: 228 CA: 228 Other (Specify): .
(Actual) CB:Moving CC:Moving CD: 228 Below Nuclear Heating
Date/Time Test Performed:
1(-3-8Y o8 !
Meas Parameter
(Dascription) | I3°;Iat Woreh of Cacl Bank C-Rod Svap
1
v (Adj. Meas. Crict. Ref Bank i
Test Measured Value xg’- sol PE™M Position = /27 staps) i
Resulcs
Design Value - (Adj. Meas. Crit. Ref Bank
(Actual Cond) 12‘3- 85/t lA8pmp,gicion = /27 steps)
i
Design Value 25s 852 £ 128 pea /Critical Ref Bank :
(Design Cond) Position = 149 sceps) :
Reference NE REPORT NO. 385, VEP-FRD-36A, NFO-TI-2.2A
[f Design Tolerance is exceeded, SNSOC i
shall evaluate impact of test result on I
v FSAR/Tech Spec | safety analysis. SNSOC may specify chat ;
Acceptance addicional testing be performed. .
Criteria '
Refereance VEP-FRD-304A {
Design Tolerance (s met . YES . :
VI Acceptance Criteria is met .._7%3 . -
Comments

, 7 -
Completed l@/f’%/ Evaluated dy: (.ﬂa ‘)“’;‘j

= Test Engineer

Recommended for C j
Approval By L
NFO Engineer




NORTH ANNA POWER STATION UNIT 2 CYCLE 4
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET
Test Description: Catl Bank A Worth Measurement-Rod Swap
Reference | Proc No /Section: 2-PT-94.7 Sequence Step No: /2
It Bank Positions (Staps) RCS Temperaturs (°F): 547
Tast Power Level (% F.P.): O
Conditions| SDA: 228 SDB: 228 CA:Moving| Other (specify):
(Design) CB:Moving CC: 228 CD: 228 Below Nuclear Heating
1894 Bank Positions (Steps) RCS Temperature (°F): SYY. 2 °%F
Tast Power Lavel (%X F.P.): 0
Conditions| SDA: 228 SDB: 228 CA:Moving| Other (Specify):
(Actual) CB:Moving CC: 228 CD: 228 Below Nuclear Heating
Date/Time Test Performed:
Hn-3-84 o©333
Meas Paramecsr
(Descripeion) | I3°;lac Worth of Cacl Bank A - Rod Swap
v (Adj. Meas. Crit. Ref Bank
Tesc Measured Value I:s' 426 pem  position = B24ceps)
Results
Design Value (Adj. Meas. Crit. Ref Bank
(Actual Cond) 123- 383t /0 pem pogicion = B2 steps)
Design Value 1852 391 £ 100 pea (Critical Ref Sank
(Design Cond) LPosicion = 95 staps)
Reference NE REPORT NO. 385, VEP-FRD-36A, NFO-TI-2.2A
[f Design Tolerance is exceeded, 35NS0C
shall evaluate impact of test result on
v FSAR/Tech Spec | safacy analysis. SNSOC may specify that
Acceptance additional testing be performed.
Criteria
Reference VEP-FRD-36A
Design Tolerance is met ;|
VI Acceptance Criteria is met : _&YES ___NO
Comments

Completed By:

Test Engineer

Recommended for

A.9

a2t

Approval By :
NFO Engineer

= .

Era
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NORTH ANNA POWER STATION UNIT 2 CYCLE 4
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

I Test Description: Shutdown Bank 8 Worth Meas. - Rod Swap
Reference Proc No /Section: 2-PT-94 .7 Sequencs Step No: 3
194 Bank Positions (Steps) RCS Temperacture (°F): 547
Test Power Level (% F.P.): 0

Conditions| SDA: 228 SDB:Moving CA: 228 Other (specify):
(Design) CB:Moving CC: 228 CD: 228 Below Nuclear Heating

1944 Bank Positions (Steps) RCS Temperature (°F): S94.2°%
Test Power Lavel (% 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:
1-3-89 ovot

Meas Parametar

- ———_— - -

(Descriptton) I::;In: Worth of Shutdown Bank B-Rod Swap
]
i
v (Adj. Meas. Crit. Ref Bank :
RS 853 ;
Test feasured Value | [ ™ Position = (3 steps) i
Resulcs
Design Valua (Adj. Meas. Crit. Ref Bank

(Actual Cond) | 133% /0% /37 pem pogicion = 134 staps)

- -————— . b, -

Design Value I33® 917 & 138 pem (Cricical Ref Bask
(Design Cond) Position = |57 staps)
Reference NE REPORT NO. 385, VEP-FRD-36A, NFO-TI-2.2

[f£ Design Tolerance is exceeded, 3NSOC :
shall evaluate impact of test result on }

v FSAR/Tech Spec | safety amalysis. SNSOC may specify that :
Acceptance additional testing be performed. ;
Criteria L

Reference VEP-FRD-36A ;
Design Tolerance is met ! EIR D :

Vi Acceptance Criterim is met : &~ ¥ES ___ VO

Comments

Completed IJQ///ﬂ Evaluaced By: (ld d

Test Engineer

Recommended for
Approval B8y :
NFO Eagineer

A.10




NORTH ANNA POWER STATION UNIT 2 CYCLE 4
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

I Test Description: Shutdown Bank A Worth Meas. - Rod Swap
Reference Proc No /Sectionm: 2-PT-94.7 Sequence Step No: |4
IT Bank Positions (Steps) RCS Teamperature (°F): 547
Test Power Level (% F.P.): 0
Conditions| SDA:Moving SDB: 228 CaA: 228 Other (specify):
(Design) CB:Moving CC: 228 CD: 228 Below Nuclear Heating
1444 Bank Positions (Steps) RCS Temperature (°F): §Y¥.2°F
Test Power Level (% F.P.): 0
Conditions| SDA:Moving SDB: 228 Ca: 228 Other (Specify): %
(Actual) CB:Moving CC: 228 CD: 228 Below Nuclear Heating
Date/Time Test Performed:
/1-3- 84 o429
Meas Parameter
(Descripeion) Ig;rnc Worth of Shutdown Bank A-Rod Swap
v (Adj. Meas. Crit. Ref Bank
Test Measured Value Ig- O3 pem  position = /77 staps)
Resulcs
Design Value (Adj. Meas. Cric. Ref Bank
(Actual Cond) I::- (068 t/‘of“l'ouuon = [73steps)
Design Value t§281067 2 160 pem (Critical Ref Bank
(Design Cond) , Position = 175 scaps)
Reference NE REPORT NO. 185, VEP-FRD-36A, NFO-TI-2.24
[f Design Tolerance is exceeded, 3N30C
shall evaluate impact of test resul: on
v | TSAR/Tech Spec | safety analysis. SNSOC may specify that
Acceptance additional testing be performed.
Criteria
Refarence VEP-FRD-36A
Design Tolerance is met ! JEIES YO
Vi Acceptance Criteria is met : _TES __ VO
Comments
=7
L O Tl
Complected 3y: Evaluated By: (. :

Test Engineer

Recommended for
Approval By :
NFO Engineer

A.11
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NORTH ANNA POWER STATION UNIT 2 CYCLE 4
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

Test Dascription: Total Rod Worth - Rod Sw

ap
Reference No /Section: 2-PT-94.7 Sequance Step No: /4
144 Bank Positions (Steps) RCS Temperature (°F): 3547
Testc Power Level (X F.P.): 0
Conditions|SDA:Moving SDB:Moving CA:Moving| Other (specify):
(Design) | CB:Moving CC:Moving CD:Moving| Below Nuclear Heating
1494 Bank Positions (Steps) RCS Temparature (°F): SY¥$5:0 *F
Tesc Power Level (% F.P.): 0
Conditions|SDA:Moving SDB:Moving CA:Moving| Other (Specify): =
(Actual) | CB:Moving CC:Moving CD:Moving| Below Nuclear Heating
Dace/Time Test Parformed:
1-2-84 /827
Meas Para.ater
(Descripcion) IT““;!at Worth of All Banks - Rod Swap
tv -
Test Measured Value | I, .. = 55 9/ e
Resulcs :
esizn Value -
(Aczual Cond) | Ly . = 568¢ = 548 pcm
Design Value IToul = 569] £ 569 pem
(Design Cond)
Reference NE REPORT NO. 385, VEP-FRD-36A, NFO-TI-2.24
[f Design Tolerance is exceedad, SNSOC
shall evaluate impac: of test result on
v F5AR/Tech Spec | safecy analysis. 3SNSOC may specify that
Acceptance additional tescing be performed.
Ceiteria
Reference VEP-FRD-36A
Design Tolerance is met | SZYES __NO
VI Acceptance Criteria is met : _&YES __NO
Comments

convis sy Ll LT s s C ATl

Test Engineer

Recommended for
Approval By
NFO Engineer

-—




NORTH ANNA POWER STATION UNIT 2 CYCLE 4
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

I Test Descripeion : M/D Flux Map - HZP, ARO
Reference Proc No / tion: 2-PT-21.1 Sequence Step No: 42A
It Bank Positions (Steps) RCS Temperature ('r):rm 31
Test Power Lavel (X F.P.): ~ 3
Conditions| SDA: 228 SDB: 228 CA: 228 Other (specify)
(Design) CB : 228 CC : 228 CD: 228 Must have 2 18 chimbles
$4¢ Bank Positions (Steps) RCS Temperature(®F): SY7°F
Test Power Lavel (S F.P.): 3% r
Conditions| SDA: 228 SDB: 228 CaA: 228 Other (Specify):
(Actual) CB : 228 CC : 228 CD: 211 Yeé bhimbles
Date/Time Tesc: (1/3/8Y
Parformed: liol
MAX. REL | NUC ENTHAL TOTAL HEAT| QUADRANT |  RADIAL
v Meas Parameter| ASSY PWR RISE HOT | FLUX HOT ' POWER TILT PEAKING
(Description) % OIFF CHAN FACT |CHAN FACT RATIO FACTOR
(M-P)/P F-dH(N) F=Q(T) Q?TR F-XY
7% Jor
Yeasured Valua| WLV | ) 508 | 2. 499 | | o3 1.576
Test yr »-
Resulcs ~ : - - ’ —
esign Value :, -:‘t:: AP e Wiy i ev s AL, XA
(D..‘n Conds) u...:'... ‘.Il.ﬂv , ‘ s : $ 1.02 J :-_-_-.-f:.‘a
WCAP- 7908 | | WCaP-7908 |
| Reference | REV.L | NOME | NONE | REV.L : NONE
! ! ! | . !
v l FSAR/Tech sa«| NONE l NA | NA * NA | NA
Acceptance :
Ceitertia | ) | |
| Reference | NONE l 8 3.3.3 1 T8 3.2.2 TS 3.2.¢ { T8 ¢.2.2
|
| o , e
esign Tolerance is met -—ibd ZNO

. . Aczeptance Criteria is met : 2 YES __NO
v

Comments | # 7Ae te? veswlhs gve accaptoble a5 LJicated by
Neovth Anny [fovar Stotion Devigtioa Repot Mo, BY- /oS,

Complaced By: ui')////"/ Evaluated By: 7/ ‘

=" Test Lagineer ~

Recommended ‘for
Approval By:
NFO Engineer

* The final limit for unrodded Fxy was 1.61,

A.1)




NORTH ANNA POWER STATION UNIT 2 CYCLE 4
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

I Test Description : M/D Flax Map-At Power, NI Calibration
Reference | Proc No / tion: 2-PT-22.2 Sequence Step No: &4 3
11 Bank Positions (Steps) RCS Temperature ('t):'rm, t1
Test Power Level % F.P.): ~ 50
Conditions| SDA: 228 SDB: 228 CaA: 228 Other (specify)
(Design) CB : 228 CC : 228 CD: w
111 Bank Positions (Steps) RCS Temperature(®F): TRes
Test Power Level (% F.P.): 5O./ %
Conditions| SDA: 228 SDB: 228 CA: 228 Other (Specify):
(Actual) | CB : 228 CC : 228 CD: /62 47 thimbles
Date/Time Test: M /1o/84
Performed: Hso
MAX. REL | NUC ENTHAL|TOTAL HEAT| QUADRANT RADIAL
v Meas Parameter| ASSY FWR RISE HOT | FLUX HOT |POWER TILT PEAKING
(Description) % DIFF CHAN FACT |CHAN FACT RATIO FACTOR
(M-P)/P F-dH(N) F-Q(T) QPTR F-XY
% 4:? »
” Measurcd Value ﬁ"’;; /. yg7 1 2.001l\| |, eie7| | 730
est '
Results faa s 241
Design Value | immstes
(Design Conds)| @ +en '~ NA NA s 1.02 NA
WCAP-7905 WCAP-7905
Reference REV.1 NONE NONE REV.1 NONE
s e w101 "";:::'m' BT —
v FSAR/Tech Spec|  NONE | e ma e NA s
Acceptance
Criteria
Reference NONE 78 3.2.3 | T8 3.2.2 | T8 3.2.4 78 4.2.2
1 [ | N
Design Tolerance is met : .:_4_!40
Acceptance Criteria is met : __YES LSO
VI
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.
i C0 #wl
Completad By: 5 Evaluated By: L. :

Test Engineer

Recommended for

&

Approval By: :
NFO Engineer

# A violation of the FR'P Technical Specifications |

it occured, but was deemed

acceptable as per North Anna Power Station Deviation Report B84~1663.

A 14



NNA POWER STATION UNIT 2 CYCLE 4

NORTHLA
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

j'w»

Test Description : M/D Flux Map-At Power,

NI Calibration

F

Refarence Proc No / Section: 2-PT-22.12 Sequence Scep No: ‘/4
1§ Bank Positions (Staps) RCS Temperature ('l'):‘!'m 31
Test Power Lavel (X F.P.): ~ 70
Conditions| SDA: 228 SDB: 228 CA: 228 Other (specify)
(Design) Ch : 228 CC : 228 CD: +»
111 Bank Positions (Steps) RCS Temperature(*F): Ther
Test Pover Level (X F.P.): §9.5%
Conditions| SDA: 228 SDB: 228 CA: 228 Other (Specify):
(Actual) Ch : 228 CC : 228 CD: v/ ‘/7 thoh‘/CJ
Date/Time Tese: /1289
Performed: oo
MAX. REL | NUC ENTVAL TOTAL HEAT QUADRANT RADIAL
Iv Maas Parametar| ASSY PWR RISE HOT | FLUX HOT |POWER TILT PEAKING
(Description) % OIFF CHAN FACT |[CHAN FACT RATIO FACTOR
(M-P)/P F-dH(N) F-Q(T) QPTR F-XY
g
roe | Measured value fe s 20| ) 4B [.93] | 1.o150 | 1. 517
Results ¥ T L . 1
Design Valua | ;o= ‘
(Dasign Conds)! w «um'm ) NA ‘ NA $1.02 WA
lvcn-nos : WCAP-790S8
Reference REV.1 : NONE | woME REV.1 NCONE
| L e | e AN AR
v FSAR/Tech Spec| NONE | o | NA e
Aczeptance; X ' -
Criteria | . 4
| Reference l vost | 18 a.2.3 18322l 18 8 4.2.2
' |
‘
Design Tolerance is met : _‘_/;ts N0
- Acceptance Criteris is met $ 0
Comments | Must have at least 38 thimbles for a full-core flux map or,

at least 16 thiables for & quarter-core flux aap.

*As Required

i w2l LS

Test Engineer

Evaluated By: M

Recommended for
Approval By:




NORTH ANNA POWER STATION UNIT 2 CYCLE 4
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

I Test Description : M/D Flux Mep-At Power, NI Calibration
Reference | Proc No / Section: 2-PT-22.2 Sequence Step No: 15
Il Bank Positions (Steps) RCS Temperature ('I’):Tm sl
Test Power Lavel (% F.P.): =~ 70
Conditions| SDA: 228 SDB: 228 CA: 228 Other (specify)
(Design) C3 : 228 CC : 228 CD:
11 Bank Positions (Steps) RCS Temperature(®F): TAes
Test Power Level (X F.P.): 74.8%
Conditions| SDA: 228 SDB: 228 CA: 228 Other (Specify):
(Actual) €8 : 228 CC : 228 CD: )@y 25 t‘!'."“,"
. Wfta /84
3:::2’..«‘":’“' ,/‘,{; (Pecorter-core Flux Mep
MAX. REL | NUC ENTHAL TOTAL HEAT QUADRANT RADIAL
v Meas Parametar| ASSY PWVR RISE HOT | FLUX HOT |PCWER TILT PEAKING
(Description) % DIFF CHAN FACT |CHAN FACT RATIO FACTOR
(M=P)/P F-dN(N) F-Q(T) QPTR F-XY
Bt | WAt | wa’| wa® | wa®
el i
A Measured Value| A3 €2 0 N A N A NA N A
Results =
Design Value | FET 5t
(Design Conds)! o, + wew 'y NA NA € 1.02 NA
WCAP-7905 | WCAP-7905
Reference REV.1 | NONE NONE REV.1 NONE
| ' oo 'f‘mu.-vom- l ALK, AR W
v FSAR/Tech Spec| NONE | —— NA | -
Acceptance ' . '
Criteria . | i
Reference ot | 1$3.2.3 [ts3z:!Tsaie | T8Ss.2
| | |
Design Tolearance is met : ‘z/gl -0
Acceptance Criteria is set 3 ¥
vl
Comments | Must have at least 38 cthimbles for & full<«core flux map or,

at least 16 chimbles for a quarter-core flux man.

*As Required

&%

2l LA

Completead By:

Tast Engineer

Evaluated By: ﬁ%

Recommended for
Approval By:

2 TZC“ f‘r‘m.f‘d Sre an? VCw""J u‘.‘q’ I
Pocbialccore mop obtoned For NI calbration,

OIb

_C_:;..ZA::.)_

NFO Eagineer




NORTH ANNA POWER STATION UNIT 2 CYCLE 4
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

L 5

Test Description : M/D Flux Map-At Power, NI Calibration
Reference Proc No / Section: 2-PT-22.2 Sequence Stap No: 46
194 Bank Positions (Steps) RCS Temperature (’V):T“, £l
Test Power Level (%X F.P.): ~ 70
Conditions| SDA: 228 SDB: 228 CaA: 228 Qther (specify)
(Design) CB : 228 CC : 228 CD: =
1494 Bank Positions (Steps) RCS Temperature(*F): Tgep
Tesc Power Level (% F.P.): 924.5%
Conditions| SDA: 228 SDB: 228 CA: 228 Other (Specify):
(Actual) €3 : 228 CC : 228 CD: )72 /9 tA-'m‘,“
Date/Tine Test: I /i12/8Y m
Performed: 10494 CPurrder - core Flux v
MAX. REL | NUC ENTHAL|TOTAL HEAT| QUADRANT RADTAL
v Meas Paramecar! ASSY PWR RISE HOT | FLUX HOT |POWER TILT PEAKING
(Description) % OIFF CHAN FACT |CHAN FACT RATIO FACTCR
(M-P)/P F-dH(N) F-Q(T) QPTR F-XY
:.‘ co™ N A z : ‘-‘ z £
Measured Value "wa »
Test % foroy NA NA N A
Results ,
Design Value | :;:::.::: |
(Dasign Conds)! 's s mm e NA NA $1.02 \ NA
| WCAP-7905 | | wcap-7905 |
faferenca | REV.1 NONE ! NONE f REV.1 . NONE
| ! Pt e ey :"ﬂl.!.ﬁl“ll' ‘u"_-‘"-.
v FSAR/Tech Spec| NONE | e | | va TS
Agclvcanco; . . " "
e TS ATLA : :
[ Aatorencs | Nt ! 18323 {18322l Tsias ! o7saza
| | | | ! !
| : e
[ Design Tolerance is met (N, ; 4 G
Acceptance Criteria is met S O
vl
Commeants | Must have a4t least )8 chimbles for a full-core flux map or,

at leasc 16 chimbles for a quarter-core flux map.

*As Required

Complecad 8y: ' .

Z These

/

Tast Lngineer

are not

faumctou

Evaluated 8y:

Recommended for
Approval 3y: :

L0 Zanna

NFO Eagineer

ver Frled d!o'n’

Map cbtaned For NI colbration.

o portinl con

Y



NORTH ANNA POWER STATION UNIT 2 CYCLE 4
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

I Test Description : M/D Flux Map - HFP, ARO, Eq. Xe
Reference | Proc No / Section: 2-PT-21.1 Sequence Step No: &4 7
194 Bank Positions (Steps) RCS Temperature ('r):rm. £
Test Power Level (N F.P.): 95 £ 5§
Condicions| SDA: 228 SDB: 228 CaA: 228 Other (specify)
(Desiga) €) : 228 CC :t 2280 CO: * Must have 2 138 thimbles
199 Sank Pesitions (Staps) RCS Temperature(°F): Ther
Tesc Power Level (% F.P.): soo%
Condl.txlnu gl: gg: ggl: :;: ccg: 223: Octher (Specify):
Act H H s
i HE thimbles
Date/Tize Tesc: VI //i/8Y
Performed: ° o728
MAX. REL | NUC ENTHAL TOTAL HEAT! QUADRANT RADIAL
v Meas Parameter| ASSY PWR RISE HOT | FLUX HOT | POWER TILT PEAKING
(Descziption) | % DIFF | CHAN FACT |CHAN FACT | RATIO FACTOR
| (M=2)/P | FedH(N) | FeQ(T) QPTR FeXY
4.85% S | i 7 | ST
Measured Value| fp7* /1Y I. 420 |/ 767 l.OlS [ 473
Test ﬁ"{"? “w
Resulcts . :
Design Value | ''ni=)ie) ' | ‘
(Dasign Conds)! 's e NA I wa | $1.02 NA
iwcu-nos l { WCAP-7905 |
Referenca REV.1 NOMNE ; NCNE ; REV.L a NONE
| f‘u Wi iy ' ".'.u Ly, E M |?.' v ..-
v FSAR/Tech Spec! NONE - NA | e w o
Accaptance A
crisecia i , P
Refarence ; NONE i T8 3.2.3 ™ 3.2.2 ' 1% 3.2.6 8 6.3.2
| I |
Oesign Tolerance is met ! SLYES ___NO
" Acceptance Criteria is met : _VES __NC
v
Commencs | *As Required
/ 7 F g - A ) e s
Completed By: : Evaluated 3y: 4 o
Test Eagineer
Recommended for

Approval 3y




