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CLASSIFICATION/DISCLAIMER

The data, te;hniqpes, information; and conclusions in this report have
been prepared solely for use by Virginia.Electric and Power Company (the
Combany), and they may not be appropriate fof use in situations other than
those for which they have been specifically pfepared. The .Company
thefefore makes no claim or warranty whatsoever, éxpress or implied, as
to their accuracy, usefulness, or épplicability. In particular, THE
. COMPANY MAKES NO WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR
PURPOSE, NOR SHA#L 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 1is expressly forbidden except with the prior written approval of the
Company. Any such written épproval shall itself be deemed to incorporate
the disclaimérs cf -1iabi1ity and disclaimers of warranties provided
herein. 1In no event shall the Company be liable, under any legal fheory
whatsoever (whether coﬁtrac:, _tort, warranty, 6r strict or absolute
liability), for zny property damage, mentai or phfsiéal injury or deéth,
loss of use of rroperty, or other damage resulting from or arising out
of the use, authorized cor unauthoriéed, of this report or the data,

techniques, infermation, or conclusions in it.
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PREFACE

This report presents the analysis and evaluation of the physics tests
which were performed to verify that the Surry 2, Cycle. 10 core could be

operated safely, and makes 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 preéent the detailed data taken. Standard test
techniques and methods of data analysis were used. The test data, results
and evaluations, together with the detailea startup procedures, are on
file at the Surry Power Station. Therefore, only a cursory discussion
of tﬁese 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 &n evaluation of the results.

The Surry 2, Cycle 10 Startup Physics Tgsts Results and Evaluation
Sheets are inciuded as an appendix to provide additional information on
the startup test results. Each data sheet provides the following
inforﬁation: 1) test identification, 2) test conditions (design), 3) test
conditions (actue:), &) test results, 5) accepfance criteria, and 6)
comments cdncerning the test. These sheets provide a compact summaronf
the startup test results in a consistent fo;mat. Tﬁe 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
Corparv's Nuclear Anzlvsis and Fuel Groupl. During the tests, the data

sheets were usec as guidelines both to verify thet the proper test

conditions were met anc to facilitate the preliminary compariscn between
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measured and predicted test results, thus enabling a quick identification

of possible problems occuring during the tests.
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SECTION 1
INTRODUCTION AND SUMMARY

Cn September 10, 1988 Unit No. 2 of the Surry Power Station shutdowﬁ
for its nmninth rgfueling. During this shutdown, 77 of the 157 fuel
assemblies in;the core were replaced with 52 fresh fuel assemblies, 17
once burned fuel assemblies, and 8 twice burnéd fuel’a§semb1ies. The
tenth cycle core consists of 10 sub-batches of fuel: five once-burned
batches, two from.Cycle 9 (batches 112 and "11B), two from Surry Unit- 1
Cvcle 6 (batches S1/8A and S1/8B), and one. from Surry Unit 1 Cycle 8
(batch S1/10); two twice burned:batches, one from Cycles 8 and 9 (batch
10), and one from Cyvcles % and & (batch 9A); and three fresh bartches
(batches 12A, 12B, and 12C). Fourteen of £he batch S1/8A and S1/8B
assemblies are recohstituted, containing a totai of 26 solid zircaloy
rods. AThe three fresh batches are of the Surry Improved Fuel (SIF)
procuct design. The core ioading pattern and the design parameters for
sach batch are shown in Figure 1.1. Fuel assembly burnups are given in
Figure 1.2. The incore movabie detector locations are identified in
Figure 1.3. Figure 1.4 iden;ifies the location and number of‘burnable
poison rods and source assemblies for Cycle 10, and figure 1.5 identifies
the location and numbér of control rods in the Cycle 10 core.

On September 16, 1989 &t 19:59, the tenth cycle core achieved initial

critvicality. TFeliowi:; criticality, startup physics tests were performed
zs cutlined in Tailie 1.1, 4 summary of the results of these tests
follows
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The measured drop time of each control rod was within the 2.4

second limit of Technical Specification 3.12.C.1.

Individual control rod bank worths were measured using the rod

® and the results were within 8.2% of the design.

swap techniquez’
predictions. The sum of tﬁe individual measured control rod bank
worths was within 0.7% of the design prediction. These results
are within the des;gn tole%ance 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.

Measured critical boron concentrations - for two control bank
configurations were within 36 ppm of the design predictions.
These results were within the design tolerances and also met the

accicent analysis acceptance criterion.

The boron worth cceificient measurement was within 3.5% of the

design precdiction, which is within the design tolerance of #10%.-

The measured isothermal temperature coefficient (ITC) for the
all-rods-out configuration was within 0.78 pcm/°F Qf the design
prediction. This resuit’is within the design tolerance of #*3
pem/°F, ard - also ‘'meets the accident analysis acceptance
c;iterion.

tvtions for eat-power conditions were within

[N
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establish design tolerances. Generally, the measured core
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power distribution was within &4.5% of the predicted power
distribution. The heat flux hot channel factors, F-Q(T), and
enthalpy rise hot channel factors; F-dH(M), were within the

limits of their respective Technical Specifications.

In summary, all startup physics test results were acceptable.
Detailed results, specific design tolerances and acceptance criteria for

each measurement are presented in the following sections of this report.
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. Table 1.1

SURRY 2 - CYCLE 10 STARTUP PHYSICS TESTS

CHRONOLOGY OF TESTS

- Reference

Test Date Time Power | Procedure

Hot Rod Drop Timing Test 9/14/89 1842 HSD 2-PT-7.2-
' Zero Power Testing Range 9/16/89 2232 HZP 2-PT-28.11
Reactivity Computer Checkout 9/17/88 0251 HZP 2-PT-28.11
Boron Endpoint - ARO ) 9/17/89 0557 HZP 2-PT-28.11
Temperature Coefficient - ARO 9/17/89 0715 HZP 2-PT-28.11
Bank B Worth 9/17/89 1124 HZP 2-PT-28.11
Boron Endpoint - B in \9/17/89 1330 HZP 2-PT-28.11
Bank D Worth - Rod Sweap 9/17/88 1420 HZP 2-PT-28.11
Bank C Worth - Rod Swap 9/17/89 1459 HZP 2-PT-28.11
Bank A Worth - Rod- Swap 9/17/89 1547 HZP 2-PT-28.11

Bank SB Worth - Rod Swap 9/17/89 1725 HZP 2-PT-28.11 |

Bank .SA Worth - Rod Swap: 9/17/85S 1808 HZF 2-PT-28.11
Flux Map - 30% Power 9/20/89 0739 30% 2-PT-28.2
Flux Map - 70% Power 10/02/89 0727 65°% 2-PT7-28.2
Flux Map - I/E Calibration 10/02/89 0937 645 2-PT-28.2
Flux Map - I/E Calibration 10/02/89 1350 647 2-PT-28.2
Flux Map - I/E Calibration 10/03/85S 0947 61% 2-PT-28.2
Flux Map - HFP 10/05/89 1638 100% 2-PT-28.2
NT-T SI7Ir Sz Phveice Tests Repors rs 10 ¢of 5%
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Figure 1.2

SURRY UNIT 2 - CYCLE 10. '
BEGINNING OF CYCLE FUEL ASSEMBLY BURNUPS !
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"Figure 1.3

CYCLE 10

SURRY UNIT 2
INCORE "MOVABLE DETECTOR LOCATIONS
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CYCLE 10

CONTROL ROD LOCATIONS

-Figure 1.5
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SECTION 2

CONTROL ROD DROP TIME MEASUREMENTS

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

reactor coolant system (RCS) conditions in order to vefify that the time
from initiation of the fod d?op to the entry of the rod into the dashpot
was less than or equal to the éaximum allowed by Technical Specification
3.12.C.1. The hot control rod drop timé measurements were run with the
RCS at hot full flow conditions (547°F, 2235 psig) and are described
below.

The rod drop times were measured by withdrawing a rod bank to its
fully withdrawn position, and then removiﬁg the movable g;ipper coil fuse
and stationary gripper coil fuse for the.particular roa cf the bank to
be dropped. This alléwed the rod to drop into the core as it would during
a plant trip. ~The data recorded during this test are the stationary
gripper coil voltage, the LVDT (Linear Variable Differential Transformer)
primary coil voltage, and & 60 Hz 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 ccil-voltage when the stationary

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

gs the rod drops. The ragnitude of this voltege is a function cf the rod
velocitv. When the roc enters the dashpot section of its guice tube, the
velocity slows causing & voltage decrease in the LVDT coil. The LVDT
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voltage then reachés.a minimum as the rod reaches the bottom of the
da;hpot. 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 éverage drop times are summarized in Table
2.1. Technical Spetifica;ion 3.12.C.1 specifies a maximum rod drop time
from loss of stationary gripper coil voltage to dashpof entry of 2.4
seconds with the RCS-at hot, full fiow:conditiohs. These test results

satisfied this limit.
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Table 2.1

SURRY UNIT 2 - CYCLE 10 STARTUP PHYSICS TESTS
HOT ROD DROP TIME SUMMARY

ROD DROP TIME TO DASHPOT ENTRY

K-06  1.22 sec. ‘M-12 1.11 sec. 1.17 sec.’

SLOWEST ROD FASTEST ROD AVERAGE TIME

ROD DROP TIME TO BOTTOM OF DASHPOT

SLOWEST ROD FASTEST ROD AVERAGE TIME

M-06 1.91 sec. P-06 1.64 sec. 1.
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Figure 2.2
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SECTION 3
CONTROL ROD BANK WORTH MEASUREMENTS

Control rod bank wbrths were measured for the control and shutdown

The initial Step of the rod swap

banks using the rod swap technique2’6.

procedure was to dilute the predicted 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 computer3 and were used to determine the
differential aﬁd in;egral worth of the reference bank.‘ For Cycle 10,

Control Bank B was used as the reference bank.

After the <completion of the reference bank reactivity worth

measurement, the reactor coolant system temperature . and boron

concentration were stabilized with the reactor just critical and the

‘reference bank near full insertion. Initiel statepcint 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 sequence was repeated until the test bank

was fully inserted and the reference bank was positioned such that the

.COoTe W&s just Ccritiial. This meesured criticel position (MCP) of the

refererce beank with the test bank fully inserted was used tc determine

rezciivity worth of the test bank. The core reactivity,

J
9]
Ve

'
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moderator temperature, and»the_differential worth of the rgference bank
. were recorded with the:reference bank at the MCP. The rod swap maneuver
was then repeated in reverse order such that the reference bank was once
again near full insertion with the test bank fully withdrawn from the
éore. This r@d swap process was then repeatéd for each of the other
control and shutdown banks.

A summary of the test results is given 'in Table 3.1; As shown by
.ﬁhis table and the Startup Physics Tests Resulﬁé and Evaluation Sheets
given in the Appendix, the individual meésured bank worths for the control
and shufdown banks were within the design tolerance (210% for the
reference bank, tlS% forreach test bank worth greater than 600 pcm, and
+100 pcm for each test Eaﬁk worth Qf less than §00'pcm). The sﬁm of the
individual measured rod bank worths waé within 0.7% of the design
prediction. Thi; is well within the design tolerance of *10% for the sum
of the individual control rod bank worths. » -

The inteérai and differential réactivity worths of the reference
bank (Control Bank E) ere shown in Figures 3.1 and 3.2, respectively.
The design predictioﬁs and the measur;d data are plotted together in order
to illustrate their ezgreement. In summary, Fhe measured rod worth values

were satisfactory.

~
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. ‘ . | |  Table 3.1

»SURRY UNIT 2 - CYCLE 10 STARTUP PHYSICS TESTS

CONTROL ROD BANK WORTH SUMMARY o
MEASURED PREDICTED PERCENT DIFFERENCE
. " WORTH - WORTH E (%)
BANK" : (PCM) © (PCM) ~ (M-P)/P X 100

B-Reference Bank 1347.9 1364.0 -1.2
D . 1154.6 1118.0 3.3
c - ' 781.4 739.8 5.6

A o 331.1 360.6 -8.2 *
- SB : 1054.2 989.7 6.5
SA 4 1018.7 1078.3 -5.5
Total Worth - 5687.9 5650.4 0.7

. L _ " % Difference is less than 100 pcm.

NI=TIT SITIT Sigrren Fruelcs Tests Reoert Page 23 ¢



INTERGRAL WORTH (PCM

Figure 3.1

SURRY UNIT 2 - CYCLE 10 STARTUP PHYSICS TESTS
BANK B INTEGRAL ROD WORTH - HZP
ALL OTHER RODS WITHDRAWN

~ MEASURED

{—— PREDICTED |

BANK POSITION (ST_EPS)
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DIFFERENTIAL WORTH (PCM/STEP)

NI-3

Figure 3.2

SURRY UNIT 2 - CYCLE 10 STARTUP PHYSICS TESTS
BANK B DIFFERENTIAL ROD WORTH - HZP
ALL OTHER RODS WITHDRAWN

X MEASURED |
— PREDICTED |7
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SECTION &
BORON ENDPOINT AND WORTH MEASUREMENTS

Boron Endpoint

With the reactor critical at hot zero power, reactor coolant systém
(RCS) boron concentrations . were measured at selected rod bank
configurations to enable a direct comparison of meaéured boron gndpoints
with design predictions. - For each critical boron‘.concentration
measurement, the RCS conditions were stabilized with the control banks
at or very near a selected endpoint position. Adjustments to the measured
critical boron concentration values were made to account for off-nominal
controli rod position and moderator temperature, if necessary.

The results of these measurements are given in Table 4.1.1 As shown
in this table and in the Startup Physics Tests Results and Evaluation

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

ct

were within their. respective design tolerances and 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 or differential boron worth (DBW)

was determined. Ev relating each endpoint concentration to the integrated

rod worth presert in the ccre et the time of the endpoint measurement,

m
02
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A pldt of_fhe‘bbron concéntration versus inserted control rod worth
is shown in Figure 4.1. As‘indicated in this figure and in the Appendix,
the Dﬁw measured was -8.07 pcm/ppm. Thié ;s within 3.3% 6f the predicted
value of -7.80 pcm/ppm and is wéll within the design tolerance of iiO%.
The - measurement result also met the accident analysis .acceptance
criterion: In summéry,. the measured boron worth coefficient was

satisfactory.




Table 4.1

SURRY UNIT 2 - CYCLE 10 STARTUP PHYSICS TESTS
BORON ENDPOINTS SUMMARY

) Measured Predicted "Difference
Control Rod ~ Endpoint : Endpoint M-P
Configuration ‘ (ppm) (ppm). (ppm)
ARO . 1581 1617 -36
B Bank In . 1414 1405% +9

e
=

The predicted endpoint - for the B Bank In configuration was
adjusted for the difference between the measured and predicted
values of the endpoint taken at the ARO configuration as shown
in the borcr endpoint Startup Physics Test Results and Evaluation
Sheets in the Appendix.
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Figure 4.1

SURRY UNIT 2 - CYCLE 10 STARTUP PHYSICS TESTS
BORON WORTH COEFFICIENT

‘Measured DBW = -8.07 pcm/ppm
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SECTION 5
TEMPERATURE COEFFICIENT MEASUREMENTS

The isothermal temperature coefficient (ITC) measurement was
accomplished by controlling.the reactor coolant system (RCS) temperature
with the steam dump valves to the condenser and/or the steam generator
blowdown, éstablishing a constant and uniform héatup/cooldown rate, and
then monitoring the resuiting reactivity changes on the reactivity
computer. This measurement was performed at a very loQ powef level in
order to minimize the effeﬁts of:non-uniform nuclear heating, thus the
moderétor and fuel wefe at approximately the same témperature during the
measu%ement. To_eliminaté the boron reactivity effect of outflow from

the pressurizer, the pressurizer level was held constant or slightly

increasing during the measurement.

Reactivity wes reasured during both the RCS cooldown and heatup while
the RCS temperature varied by approximately 5°F. Reactivity and
temperature data were taken from the reactivity computer and strip chart
recorders. Using the statepoint method, the température coefficient was
determined by‘diyidiné the change in reactivity‘by the‘éhange in RCS
temperature. An  X-Y plotter, which plotted reactivity versus
temperature,. confirmed the applicability of using the statepoint method

to calculate the measured ITC.

The grecdicrted &nd measured isothermal temperature coelficient velues
gre compéred in Table I01 s can be seen from this summzrvy and from the



s

Startup Physics Test Results and Evaluation Sheets 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 temperature coefficient was

satisfactory.

iy



Table 5.1

SURRY UNIT 2 - CYCLE 10 STARTUP PHYSICS TESTS
ISOTHERMAL TEMPERATURE COEFFICIENT SUHMARY

ISOTHERMAL TEMPERATURE COEFFICIENT

(PCM/°F)
- BANK BORON - COOL HEAT | AVE. DIFF.
POSITION CONCENTRATION | DOWN UP MEAS. (M-P)
(steps) (ppm)
D 542,
2157216 to 1380 -3.50 |[-3.44 | -3.47 4.25 +0.78
547.
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. 'SECTION 6
POWER DISTRIBUTION MEASUREMENTS o

The core power distributions were measured using the movable incore
: g

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

" chamber detectors which traverse fuel assembly instrumentation thimbles

in up to 30 core locations (seg Figure 1.3). For each traverse, the
detector voltage output is continucusly monitored on a strip char;
recorder, and scanned for'61 disCrete‘axial points by the PRODAC P-250
process computer. Full core, three-dimensional powér distributions are
determined from this data using the Westinghouse computer program,
INCQREA. INCORE couples the measured voltageé with predetermined

analytic pow

1)

r=zc-flux ratios in order to determiqe ‘the power
distribution for the whole core.

A lést of the fuli-core flux maps taken during the startﬁp test
program and the measured values of the importanf power distribution
parameters is given in Table 6.1. The measured powér distribution
parameter Values ere compared with their Technical Specifications limits
in‘Table 6.2. Flux Map 1 was taken at 36% power to verify the radial power
distribution (KPD) predictions at low power. - Figure 671 shows the
meaéured RPDs from this flux map. Flux maps 2 and 6 werektaken at 64%

and 100% power levels with different control rod configurations. These

flux maps were taken to check at-power design predictions and to measure

core power distributions at various operating conditions. The radial
power distributions Ior these maps are given In Figyres €.2 end £.3.
These figures show thzi the méasured re1atiwe zssembly power values were
generally within L.2% cf the predicted values. TFurther, the measurecd
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F-Q(T) and F-DH(N) peaking factor values for the at-power flux maps were

within the respective Technical Specification limits.

in conclusion, the  powér >distribution measurement results were
considered to be acceptablé'with respect to the dééign tolerances, the
accident anaiysis_acceptance critgria, and the Technical Specification
limits. It is therefore anticipated that the core will continue to

operate safely throughout Cycle 10.
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| | ] | | | 1 | | | i | |

| | | BURNI | | F-Q(T) HOT | F-dH(N) HOT | CORE F(2Z) | 2 | | |

MAP |MaP| I uP 1  IBANK | CHANNEL FACTOR | CHNL.FACTOR | MAX | QPTR | AXIAL| NO.I|

DESCRIiPTION INO.| DATE | MWD/IPWR] D | | | 1 | OFF | OF I

I | | MTU [(%)ISTEPS|ASSY|PINIAXIALI IASSY IPINIF-dH(N)IAXIAL| F(2)} MAX {LOCI SET |THIM!

| | Pl | | | IPOINTIF-Q(T) | | | {POINT| ] i | (%) IBLESI

i1 | I__1I I S T | | 1| | | 1 I__1 | |

|LOW POWER 1 11 9-20-891 2 | 30l 166 | H13| DCI 34 | 2.203 | E12] GHIl 1.526¢ | 31 [}.374(1.015} SE! -0.88]| 42 |

|QPTR VERIFICATION | 2 |20-62-89f 115 [ 641 180 | H13| DC! 26 | 2.006 | Ji2] DMl 1.467 | 32 [1.27811.010] SE| -1.96( 42 |

|HOT FULL POWER | 6 [10-09-89] 315 (1001 207 | F 9| AM| 33 | 1.840 | F 9] AMI 1.474 | 33 |1.214]|1.010} SE[ -1.21] 41 |
| | 1 |

|

; TABLE 6.1

SURRY UNIT 2 - CYCLE 10 STARTUP PHYSICS TESTS
INCORE FLUX MAP SUMMARY

NOTES:

1.

HOT SPOT LOCATIONS APE SPECIFIED BY GIVING ASSEMBLY LOCATIONS (E.G. H-8 IS THE CENTER-OF-CORE ASSEMBLY),
FOLLOWED BY THE PIN LOCATION (DENOTED BY THE "Y™ COORDINATE WITH THE SEVENTEEN ROWS OF FUEL RODS
LETTERED ‘A THROUGH R AND THE "X™ COORDINATE DESIGNATED IN A SIMILAR MANNER).

IN THE ~2™ DIRECTION THE CORL 1S DIVIDED INTO 61 AXIAL POINTS STARTING FROM THE TOP OF THE CORE.

F-0(T) INCLUDES A TOTAL UNCERTAINTY OF 8Z.
FAH(N) INCLUDES A& TOTAL UNCERTAINTY Of a4z,
‘OPTR - QUADRANT POWER TILT RATIO. ‘
MAPS 3 ANHL « WERE QUARTER-CORL FLU» MAPS IAKEN FOR INCORE/EXCORE CALIBRATION. (I/E CALIBRATION)

MAP 5 WAS A QUARTER-CORE FLUX MAP TAKEN OUTSIDE OF THE PHYSICS TEST PROGRAM TO MEASURE AXIAL
OFFSET.
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Table 6.2

SURRY UNIT 2 - CYCLE 10 STARTUP PHYSICS TESTS
COMPARISION OF MEASURED POWER DISTRIBUTION PARAMETERS
WITH THEIR TECHNICAL SPECIFICATION LIMITS

F-Q(T) HOT F-dH(N) HOT
CHANNEL FACTOR* CHANNEL FACTOR
MAP

NO.| MEAS| LIMIT|MARGIN| MEAS| LIMIT|MARGIN
(% _ (%)
1 [2.203] 4.640| 52.0 |1.524| 1.876| 18.8
2 [2.006] 3.566] 43.8 [1.467| 1.717| 14.6
"6 |1.840] 2.320| 20.6 |1.474| 1.550| 4.9

* 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 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
velues of F-Q(T) and the Technical Specification's limit for each
map. The measured F-Q(T) hot channel factors include 8% totail
uncertainty.
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Figure 6.1

SURRY UNIT 2 - CYCLE 10 STARTUP PHYSICS TESTS
ASSEMBLYWISE POWER DISTRIBUTION
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Figure 6.2

- ’ SURRY UNIT 2 - CYCLE 10 STARTUP PHYSICS TESTS
ASSEMBLYWISE POWER DISTRIBUTION . -
: 64% POWER .
R P N " L X J H 6 FooE D c B A
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0.66 .. 0.95 . 1.26 . 1.le . 1.23 . 1.22 . 1.25 . 1.15 . 1.24 . 1.21 . 1.23 . 1.16 - 1.26 . 0.99 . 0.46
0.46 . 0.98 . 1.25 . 1.17 . 1.2 . 1.2¢ . 1.29 . 1.19 . 1.28 . 1.24 . 1.25 . 1.16 . 1.27 . 1.00 . 0.46 8
<07 . -0.8 . -0.6. 0.6. 0.2. 2.0. 3.7. 3.4 0. 2.6. 1.8. 0.1. 0.8. 1.5. 0.8

9.61 23 . 1.26 . 1.23 . 1.15 . 1.19 . 1.21 . 1.19 . 1.15 . 1.2% . 1.29 . 1.23 . 0.6l
0.59 . 1.18 . 1.28 . 1.25 . 1.17 . 1.22 . 1.25 . 1.25 . 1.18 . 1.24 . 1.29 . 1.23 . 0.62 10
-39 . 3.9 . -6.7 . 1.8. 1.9 . 2.2 . 3.0. 3.6. 2.6 . 1.1 .-6.3. 0.1 . 0.5.
C0.3s L 1.0 1. 2o 1.as  1ias i Tiler LTilz3 i Tilon . il23 L 1.25 0 1.z L 110 . 0.39
0.36 . 1.0& . 1.25 . }.Pa . 1.2~ 1.03 .°1.25 . 1.03 . 1.26 . 1.25 . 1.25 . 1.10 . 0.39 . 1
-1.9 -1.9 -1.3 -0.u 6.7 2.1 2.0 2.7 .8 . 0.2 ¢.3 0.5 . 0.5
U R LT YT E LTI O TS RN Sy S B SSEP T DS PRSPV APy EpTPePe .
0.39 . 0.69 G . 1.26 . 1.30 . 1.18 . 1.29 . 1.29 . 1.25 . 0.70 . 0.39 12
0.1 . -0.2 . -0.5 . 0.5 . 2.0 . 2.0. 1.2. 0.5. 0.6. 1.1. 0.7
""""" 0.3 . 1.10 . 1.23 . 1.15 . 1.25 . 1.19 . 1.23 . 1.10 . 0.39 .
0.38 . 1.06 . 1.15 . 1.23 . 1.28 . 1.17 . 1.20 . 1.09 . 0.39 . a3
‘1.6 . -3.5 . -3.3 . 3.7 . 1.9 . -1.7 . -1.8 . -0.6 . 1.0
o 0.39 . 0.61 . 1.11 . 0.99 . 1.11 . 0.61 . 0.39
0.37 . 0.61 . 1.15 . 1.02 . 1.09 . 0.60 . 0.3 14
S35 . -0.5 . 3.6 . 3.3 . -1.6 . -1.7. -1.8
Cstanparn L T s elee L et LT T AVERAGE
DEVIATION . . 0.32 . 0.68 . 0.32 . .PCT DIFFERENCE. 15
=152 . . . 3.5. 3.4. 3.5. o= .
SUHMARY
MAP NO: S2-10-02 DATE: 10/02/89 POWER: 647
CONTROL ROD POSITIONS: F-Q(T) = 2.006 QPTR:
D BANK AT 180 STEPS F-dH(N) = 1.467 NW  0.9917 | NE 0.9909
|
Fiz) = 1.278 SW 1.0018 | SE 1.00%9¢
BURNUP = 115 MWD/MTU A.O0, = -1.961
STIT STt fezeranr T - Teste Peage IS of 3¢t




Figure 6.3

SURRY UNIT 2 - CYCLE 10 STARTUP PHYSICS TESTS
ASSEMBLYWISE POWER DISTRIBUTION
: 100% POWER

R P N M L K -J H G F E D c B A
. 'PREDICTED . . 0.32 . 0.48 . 0.32 . . prEDICTED
MEASURED . .. 0.32 .0.47 . 0.32 . . MEASURED
- -PCT DIFFERENCE. . -2.5 . -2.5 . -1.9 . : .PCT DIFFERENCE.

0.39 . 0.61 . 1.09 . 1.00 . 1.10 . 0.60 . 0.39 .

0.62 . 1.21 1.27 1.24 1.2 1.23 1.23 1.22 1.20 . 1.24 1.27 1.20 0.62

0.6] . 1.20C 1.26 1.23 1.22 1.26 1.2¢6 1.24 1.21 1.23 . 1.25 1.19 0.62

-2.3 -0.8 -1.2 -1.0 0.5 2.8 2.8 2.2 0.6 -0.7 -1.6 . -0.8 0.2
6.32 . 1.17 1.18 . 1.27 . 1.02 1.02 1.18 1.26 1.15 . 1.21) . 1.02 1.26 1.18 F4 0.32
G.32 1.10 1.1e 1.25 . 1.02 1.24 1.23 1.30 1.19 . 1.26 . 1.02 1.25 1.18 1.11 0.32
2.4 . -2.3 -2.3 -1.1 . -0.5 1.6 4.2 3.5 3.1 .. 2.4 . 7 -1.0 -0.4 0.6 -0.1

0.32 1.12 1.18 1.26 1.02 . 1.22
0.32 1.09 1.15 1.24 6z . 1.22 1.17 1.30 1.20 1.25 . 1.0¢4 1.25 1.19 1.1¢ 0.33
2.5 2.4 2.5 -1.7 . -0.1 . 0.7 1.7 3.3 . 6.0 2.8 . 1.7 -l.2 . 0.4 1.3 1.5 .
0.61 ..l 20 . 1.27 1.24 1.20 1.2 1.22 1.2 . 1.20 1.24 1.27 1.20 0.62
0.60 . 1.17 . 1.2¢ 1.22 1.21 1.2q¢ 1.28 1.25 1.23 1.25 1.26 1.20 0.62
-2.7 . -2.7 . -2.¢ -1.3 0.5 1.7 2.6 3.0 2.5 1.0 -1.0 -0.2 l.c
6.3 . 1.07 . 1.2¢ 1.26 . 1.2¢ 1.62 1.23 . 1.02 1.2¢ 1.26 1.22 1.07 0.3¢
0.36 . 1.%¢ 1.20 1.022 . 1.23 1.03 1.26 . 1.04 1.26 1.25 l.22 1.08 . 0.39
-1.3 . -l 1.4 -1.¢% -0.2 1.2 2.0 . 2.3 z. 1.2 0.6 0.6 . 1.0
0.39 . 0.69 1.22 . 1.27 . 1.26 1.15 1.26 1.27 1.22 0.69 ¢.39
0.3¢ C.68 1.20 . 1.26 . 1.26 1.16 1.27 1.27 . 1.23 6.70 0.39
0.0 -0.6 -1.4 . -0.8 . -0.1 1.0 1.0 0.5 . 0.9 1.4 1.1

> -0.2 1.3 3.4 3.2 . -1.7 -1.8 -1.8
TR T IPPPP e R PTIS
DEVIATION . 0.33 . 0.50 . 0.33 . .PCT DIFFERENCE.
=1.050 . . 3.4 3.3. 3.4 . . = 1l.é
SUMMARY -
MAP NO: S2-10-06 DATE: 10/09/89 POWER: 1007
CONTROL ROD POSITIONS: F-Q{T) = 1.840 QPTR:
D BARK AT 207 STEPS F-dH(N) = 1.47¢ NW 0.9925 | NE 0.998%
' |
F(Z) = 1.214 SW 0.999¢ | SE 1.009¢

BURNUP = 315 HWD/MTU A.0. = -1.212%

e tm cem - . e ce e T e Tia 2a s
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2-PT-28.11
ATTACHMENT ‘1
PAGE | OF 19

LSER e
SURRY POWER STATION UNIT 2 CYCLE 10
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEE?T

-
I ! Test Descr;ption: Reactivity Computer Checkout
Referencegj Proc No /Section: 2-PT-28.1%. . Sequence Step No: 3
o . N 7 -
II Bank Positions (Steps) RCS Temperature (°F): 547
. Test ‘ ‘ Power Level (% F.P.): 0
Conditions SDA: 225 SDB: 225 CA: 225 Other (specify):
(Design) CB: 225 -CC: 225 CD: x Below Nuclear Heating
11T Bank Positions (Steps) RCS Temperature (°F): 5%s. 3
Test - Power Level (X F.P.): 0O
Conditions| SDA: 225 SDB: 225 ‘CA: 225 Other (Specify): -
(Actual) | CB: 225. CC: 225 CD: /%0 ‘Below Nuclear Heating
DatélTile Test Performed:
702/8% 0232
T
Measured Parameter Pe = Meas. Reactivty using.p-conputer
IV (Description) Py = Inferred React from react period .
Pc = 45 - 3.
Measured Value- Peg = 7 vy, & -S4 5
Test” | - XD = L/ % ~3.37%
Results
! Design Value . )
(Actual Conditions) | XD = {(p_-py)/pys x 100X < 4.0X
Design Value
(Design Conditions) | XD = {(p_-ped/pe} x 100X € 4.0X
| Reference WCAP 7905, Rev. 1, Table 3.6
v ! FSAR/Tech Spec - 1 Not Applicable
Acceptance- 1
Criteria .
‘Reference Not Applicable
! Design Tolerance is met : T YES —NO
VI i Acceptance Criteria is met : _x YES NO

Comments ! - -
!‘ At The Just Critical Position
! Allowable Range ? ps c QS

Completed By: fgzgfjijfi;] Evaluated By: JQAi;gééffieag;c_

Test Engineer

Recommended for S &
Approval By : _T- {inng

NAF Engineer



2-24-26.11

dtcdcanment .
_ Page £ or 1t
;///”L' : ‘ - SEP ¢ - =33
_ SURRY POWER STATION UNIT 2 CYCLE 10
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET
I .| Test Description: Critical Boron Concentration - ARO
‘Reference Proc No /Section: 2-PT-28.11 Sequence Step No: 4
I1 - Bank Positions (Steps) | RCS Temperature (°F): 547
Test Power Level (X F.P.): 0
Conditions SDA: 225 SDB: 225 CA: 225 Other (specify):
(Design) CB: 225 CC: 225 CD: 225 Below Nuclear Heating
IiI. Bank Positions (Steps) - RCS Temperature (°F): SUS A
Test : ‘ Power Level (X F.P.): 0
Conditions:! - SDA: 225 SDB: 225 CA: 225 | Other (Specify):
(Actual) CB: 225 CC: 225 CD: 225 | Below Nuclear Heating
Date/Time Test'Performed:
alnfs osul
i

Meas Parameter ;

M .
IV . (Description) | (CB) AROS Critical Boron Conc - ARO
' - M ; '
.. Measured Value | (Cp) sp0 = ISR ppm
Test [ : '
Results _; Design Value | ) .
| (Actual Cond) | Cp = 16177°% SO ppm™
| Design Value
’ (Design Cond) Cp = 1612 = 50 ppm
i Reference ( NE Technical Repo;t No. 657, Rev. .1
V! FSAR/Tech Spec : aCg x Cg £ 15,115 pem
Acceptance: _ -
Criteria ' Reference ! UFSAR Section 14.2.5
o i
Design Tolerance is met . / YES —NO
Acceptance Criteria is met : ~ YES __ NO
VI _ : .
Comments aCg = -7.80 pem/ppm for preliminary analysis
*CQ:‘%oc_?-PCAMlPP'V‘ Cor foack anclys S

~Completed By:<::.-b\ t;)__.,JL~——~’ Evaluated By: V&‘fiu:\AFFJaLELSlS~—

Test Engineer
§ -

) ) Recommended for //4'x/ .
. Approval By :,74§?fi/j/§mgfé/

NAY Engineer
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SURRY POWER STATION UNIT 2 CYCLE 10

2-PT=28.11
Attacament 1
Page 4 of 19 \

SEP { : 133

STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET.

I . Test Description: Isothermal Temperature Coefficienmt - ARO
Reference Proc No /Section: 2-PT-28.11 Sequence Step No: 3
11 Bank Positions (Steps) : RCS Temperature (°F): 547
Test Power Level (% F.P.): 0
Conditions SDA: 225 SDB: 225 CA: 225 Other (specify):
(Design) CB: 225 CC: 225 CD: 225 _Below Nuclear Heating
111 ‘Bank Positions (Steps) RCS Temperature (°F): 64§
Test Power Level (%