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CLASSIFICATIONIDISCLAIMER

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

solely for use by Dominion (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 CaMPANY 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 theory whatsoever (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

This report presents the analysis and evaluation of the physics tests that were performed

to verify that the Surry Unit 1, Cycle 23 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 present the detailed data taken. Standard testing techniques

and methods of data analysis were used. The test data, results and evaluations, together with the

detailed startup procedures, are on file at Surry Power Station. Therefore, only a cursory

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

ofthe results.

The Surry Unit I, Cycle 23 startup physics tests results and evaluation sheets are 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 results, 3) acceptance criteria

and whether it was met (if applicable), 4) date and time of the test, and 5) preparer! reviewer

initials. These sheets provide a compact summary of the startup test results in a consistent

format. The entries for the design values were based on calculations performed by Dominion's

Nuclear Analysis and Fuel Group. The acceptance criteria are based on design tolerances or

applicable Technical Specification and COLR Limits.
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SECTION 1-INTRODUCTION AND SUMMARY

On 19 April 2009, Unit No.1 of Surry ~ower Station completed Cycle 22 and began

refueling [Ret 1]. During this refueling, 65 of the 157 fuel assemblies in the core were replaced

with 61 :fresh Batch 25 assemblies and four twice-burned S1I22B assemblies. The Cycle 23 core

consists of 12 sub-batches of fuel: four fresh batches (SI/25A, Sl/25B, S1I25C, and SI/25D),

four once-burned batches (SI124A, S1I24B, S1I24C, and SI/24D), three twice-burned batches

(S1I23A, S1I23D, and S1I23E) last irradiated in SIC22, and one twice-burned batch last

irradiated in Sle2l (S1/22B). All batches are of the SIFIP+Z2fuel type [Ref 1, Ref. 8].

The Westinghouse SIFIP+Z2 fuel assembly design incorporates ZIRLO fuel cladding,

intermediate grids, guide tubes, instrumentation tubes, and debris resistance features that arepart

of the Westinghouse PERFORMANCE+ design. SIFIP+Z2 assemblies are of the same basic

design as SIFIP+Z, but use a slightly longer (0.2 inch) fuel pin and bottom end plug to enhance

resistance to fretting wear, along with other small dimensional changes [Ref. 1].

This cycle uses only Westinghouse's Integral Fuel Burnable Absorber (IFBA) fuel

product. All physical changes for IFBA are internal to the fuel rod cladding, with no apparent

difference from discrete BP fuel assemblies in any external features. The IFBA design involves

the application of a thin (0.0003125 inch) coating of ZrB2 on the fuel pellet surface during

fabrication. Pellets with the IFBA coating.are placed in specific symmetric patterns in each fresh

assembly. typically affecting from 16 to 148 rods per assembly. The top and bottom 6 inches of

the fuel pellet stack in the IFBA rods will contain pellets that have no IFBA coating, and have a

hole in the center (annular). This additional void space helps accommodate the helium gas that

accumulates from neutron absorption in Zr~. IFBA rods generate more internal gas during

operation because neutron absorption in the ZrB2 coating creates helium gas in addition to the

fission gas created during irradiation of the fuel. Therefore, the initial pressure is set lower so the

internal pressure early in lifetime may be lower [Ref. 5].
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Note that there are no thimble plugging devices or secondary sources inserted in Surry

Unit 1 for this cycle. The cycle design report [Ref I] provides a more detailed description of the

Cycle 23 core.

The S1C23 full core loading plan [Ref. 8 and Ref. 11] is given in Figure 1.1 and the

beginning of cycle fuel assemblyburnups [Ref. 6] are given in Figure 1.2. The available incore

moveable detector locations used for the flux map analyses [Ref. 7] are identified in Figure 1.3.

Figure 1.4 identifies the location and numberofcontrol rods in the Cycle 23 core [Ref. 1].

According to the Startup Physics logs, the Cycle 23 core achieved initial criticality on 11

May 2009 at 01:02 [Ref. 14]. Prior to and following criticality, startup physics tests were

performed as outlined in Table 1.1. This cycle used the FTI Reactivity Measurement and

Analysis System (RMAS) to perform startup physics testing. Note that RMAS v.6 [Ref. 9] was

used for S1C23 Startup Physics Testing. The tests performed are the same as in previous cycles.

A summary ofthe test results follows.

The measured drop time of each control rod was within the 2.4 second Technical

Specification [Ref. 4] limit, as well as the 1.93 second administrative limit [Ref. 10].

Individual control rod bank worths were measured using the rod swap technique [Ref. 2].

For the purpose of this test, a bank. was defined as 'fully inserted' when it was 2 steps off the

bottom of the core [Ref. 13]. The sum of the individual measured control rod bank worths was

within -2.3% of the design prediction. The reference bank (Control Bank: B) worth was within 

3.2% of its design prediction (corresponding to 41.8 pcm). The other control rod banks were

within ±4.2% (-4.2% was recorded for Shutdown Bank B, which corresponds to a difference of

48.9 pcm) of the design predictions. For individual banks worth 600 pcm or less (only Control

Bank A fits this category), the difference was within -fJ.7 pcm of the design prediction. These

results are within the design tolerances of ±15% for individual banks worth more than 600 pcm

(±lO% for the reference bank worth), ±100 pcm for individual banks worth 600 pcm or less, and

±10% for the sum of the individual control rod bank worths.
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Measured critical boron concentrations for two control bank configurations (ARO and B

bank in) were within +22 ppm of the design predictions. These results were within the design

tolerances and also met the Technical Specification [Ref. 4] criterion that the overall core

reactivity balance shall be within ±1% &ik: of the design prediction. The boron worth

coefficient measurement was within -1.6% of the design prediction, which is within the design

tolerance of ±10%.

The measured isothermal temperature coefficient (ITC) for the all-rods-out (ARO)

configuration was within -0.420 pcmfF of the design prediction. This result is within the design

tolerance of ±2.0 pcmf'F.

Core power distributions were within established design tolerances. The measured

assembly power distributions were within ±5.1% of the design predictions, where a +5.1%

maximum difference occurred in the 26.1% power map in assembly B7. The heat flux hot

channel factors, FQ(z), and enthalpy rise hot channel factors, F~, were within the limits of the

COLR [Ref.B]. All power flux maps were within the maximum incore power tilt design

tolerance of2% (QPTR~1.02).

The total RCS Flow was successfully verified as being greater than 273000 gpm as

required by Surry Technical Specifications [Ref. 4]. The total RCS Flow was measured as

286190 gpm,

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.

NE-1578 Rev. 0 S1C23 Startup Physics Tests Report Page 11 of Sl



Table 1.1

SURRY UNIT I-CYCLE23
CHRONOLOGY OF TESTS

Reference
Test Date Time Power Procedure
Hot Rod Drop-Hot Full Flow 05110/09 1057 HSD I-NPT-RX-014
Reactivity Computer Checkout 05/11/09 0158 HZP I-NPT-RX-008
Boron Endpoint - ARO 05111/09 0158 HZP 1-NPT-RX-008
Zero Power Testing Range 05111/09 0158 HZP I-NPT-RX-008
Boron Worth Coefficient 05/11/09 0158 HZP I-NPT-RX-008
Temperature Coefficient - ARO 05/11/09 0247 HZP I-NPT-RX-008
Bank B Worth 05/11/09 0331 HZP I-NPT-RX-008
Boron Endpoint - B in 05111/09 0547 HZP I-NPT-RX-008
Bank A Worth - Rod Swap 05/11109 0550 HZP I-NPT-RX-008
Bank SA Worth - Rod Swap 05/11/09 0550 HZP I-NPT-RX-008
Bank C Worth - Rod Swap 05/11/09 0550 HZP I-NPT-RX-008
Bank D Worth - Rod Swap 05/11109 0550 HZP 1-NPT-RX-008
Bank SB Worth - Rod Swap 05111/09 0550 HZP I-NPT-RX-008
Total Rod Worth 05/11/09 0550 HZP I-NPT-RX-008

FluxMap-less than 30% Power 05/11/09 2024 26.10010 I-NPT-RX-Q02
Peaking Factor Verification I-NPT-RX-008
& Power Range Calibration I-NPT-RX-005

Flux Map - 65% - 75% Power 05/13/09 0246 67.50% 1-NPT-RX-002
Peaking Factor Verification I-NPT-RX-008
& Power Range Calibration I-NPT-RX-Q05

Flux Map - 95% - 100% Power 05/15/09 1638 99.89% I-NPT-RX-002
Peaking Factor Verification I-NPT-RX-008
& Power Range Calibration I-NPT-RX-005

RCS Flow Measurement 06/01109 1400 HFP I-NPT-RX-009
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Figure 1.1

SURRY UNIT 1- CYCLE 23
CORE LOADING MAP

VEP-NES-l'fl\!!' A B c D

SURRY UNIT 1 - CYCLE 23
FULL CORE LOADING PLAN

REVISION NO. 0
II P G M J K L M II

I'lIGE 1 of 1

P R

/lpproveO. By, ~-::::::';;;:";:;"__--'-;Date:~

4

2

6

e

9

7

10

13

11

12

15

Date.!':ConcurrQllce lly,~

(211 16K 43K
Rec ICC RCC

48H 59M 40lt 1211: 38lt 4611 58H
!ICC RCC

39M 48K 3411: 0111: 12J OSK 3011: 52K 34K
RCC IICC RCC acc

36K 04K 18lt 20J l8J "J 43J 19J 20K 01K (OK

RCC Ree
SOH OK 24K 46J SlJ '9IC 25J so. SSJ 47J 17K !lOll: 4!1H
1l.CC RCC RCC ace RCC ace IICC
51)1 31X 14J S4J 2CJ 34J 09.7 33J 24J SOJ 13J 32K S2K

!lCC RCC Rec RCC
59G 39K 15lt 42J 5S1t 29J 2SIC l1J 2811. 3SJ SOK UoJ 13K 4:ZK 44G

RCC RCC RCC RCC

15H 16K D6J 52J 22J 07J OSJ 2SK 02J 08J 21J 53J 03J 00. 11K
ReC ace !ICC Ree

540 .&3lt 101t 37J 58K 36J 26K lDJ 271t 3lJ 61K 40J 1411: UK 3lG
lICe RCC RCC R<:C ace IICC ROC·

.7H 33lt 17J 57J 23J 32J 04J 30J 28J GOJ lSJ 371t 4'"
I\CC lice

UK 491: 21K 48J UJ 5411: 2701 57K 58J 45.:1 221C Slit SSH

IICC ReC lICe RCC

3SH 03K 23lt 16J 41J 5601 44J 18J 19K 02lt 33H
Pr:lOftS~ ROC IlCC

1lllD 38H 53K 3SK 091t DlJ 081t 361t UK 37M
RCC ROC RCC

5411 GOll 4U 11K 4SIC 56K 53l!

440H 12K UN
•

27t1'

~
180

Prepared By DatQ'~~
. Reviewed By: Date.~

Approved By: • Dat.. , .\112./0'

NOR'l'II i

NE-1578 Rev. 0 S1C23 StartupPhysics TestsReport Page 13 of 51



Figure 1.2

SURRY UNIT 1 - CYCLE 23
BEGINNING OFCYCLE FUEL ASSEMBLY BURNUPS (GWDIMTU)
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Figure 1.3

SURRY UNIT 1 - CYCLE 23
AVAILABLE INCORE MOVEABLE DETECTOR LOCATIONS
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Figure 1.4

SURRY UNIT 1 - CYCLE 23
CONTROL ROD LOCATIONS
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SECTION 2 - CONTROL ROD DROP TIME MEASUREMENTS

The drop time of each control rod was measured in hot shutdown with three reactor

coolant pumps in operation (full flow) and with Tave greater than 530 OF as per I-NPT-RX-014.

'Ibis verified that the time to entry of a rod into the dashpot region was less than or equal to the

maximum allowed by Technical Specification 3.12.C.l [Ref. 4].

Surry Unit 1 Cycle 23 used the rod drop test computer (RDTC) in conjunction with the

Computer Enhanced Rod Position Indication (CERPI) system. The CERPI system equipment

replaced the Individual Rod Position Indication (IRPI) system. The rod drop times were

measured by withdrawing. all banks to their fully withdrawn position and dropping all of the 48

control rods by opening the reactor trip breakers. This allowed the rods to drop into the core as

they would during a plant trip.

The current methodology acquires data using the secondary RPI coil terminals (/3 & /4)

on the CERPI racks for each rod. Data is immediately saved to the rod drop test computer

(ROTC) which computes the rod drop time automatically. Original data is also saved as an

ASCII file and burned to a CD-R. Further details about the ROTC can be found in [Ref. 12].

A typical rod drop trace for S1C23 is shown in Figure 2.1. 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.l2.C.1 [Ref. 4] specifies a maximum rod

drop time to dashpot entry of 2.4 seconds for all rods. These test results satisfied this technical

specification limit as well as the administrative limit [Ref. 10] of 1.93 seconds. In addition, rod

bounce was observed at the end of each trace demonstrating that no control rod stuck in the

dashpot region.
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Table 2.1

SURRY UNIT 1 - CYCLE 23 STARTUP PHYSICS TESTS
HOT ROD DROP TIME SUMMARY

ROD DROP TIME TO DASHPOT ENTRY

SLOWEST ROD FASTEST ROD AVERAGE TIME

P-8 1.39 sec.
N-7, L-5, P-6,

1.26 sec 1.29 sec.
K-4, M-12
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Figure 2.1

SURRYUNIT 1 - CYCLE 23 STARTUP PHYSICS TESTS
TYPICAL RODDROP TRACE
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Figure 2.2

SURRY UNIT 1 - CYCLE 23 STARTUP PHYSICS TESTS
ROD DROP TIME - HOT FULL FLOW CONDITIONS
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SECTION 3 - CONTROL ROD BANK WORTH MEASUREMENTS

Control rod bank worths were measured for the control and shutdown banks using the rod

swap technique [Ref. 2]. The initial step of the rod swap method diluted the predicted most

reactive control rod bank (hereafter referred to as the reference bank) into the core and measured

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. For Cycle 23, Control

Bank B was.used as the reference bank. Surry 1 targeted a dilution rate of 1100 pcmIhr for the

reference bank measurement.

During the N1C19 startup physics testing campaign, a control rod became stuck 011 the

bottom eventually forcing a reactor trip to fix the problem. A theorized potential cause of the

stuck rod issue was the presence of debris near the upper core plate interfering with the rod

grippers when the control rods were manually inserted to the fully inserted position of 0 steps

withdrawn. A possible solution to this issue for startup physics testing was to avoid requiring

control rods to be manually inserted to 0 steps. To accomplish this, an evaluation of the startup

physics testing process was performed [Ref. 13], concluding that the definition of fully inserted

for control rod positions used in startup physics testing could be changed from 0 stepswithdrawn

to a range of 0 to 2 steps withdrawn. The S1C23 startup physics testing campaign used 2 steps

withdrawn for all conditions requiring control rods to be manually fully inserted.

After completion of the reference bank reactivity worth measurement, the reactor coolant

system temperature and boron concentration were stabilized with the reactor near critical and the

reference bank near its full insertion. Initial statepoint data (core reactivity and moderator

temperature) for the rod swap maneuver were next obtained with the reference bank at its fully

inserted position and all other banks fully withdrawn.

Test bank swaps proceed in sequential order from the bank with the smallest worth to the

bank with the largest worth. The second test bank should have a predicted worth higher than the

first bank in order to ensure the first bank will be moved fully out before the second bank:is fully
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inserted. The rod swap maneuver was performed by withdrawing the previous test bank (or

reference bank: for the first maneuver) several steps and then inserting the next test bank to

balance the reactivity of the reference bank withdrawal. This sequence was repeated until the

previous test bank was fully withdrawn and the current test bank was nearly inserted. The next

step was to swap the rest of the test bank in by balancing the reactivity with the withdrawal ofthe

reference bank, until the test bank was fully inserted and the reference bank was positioned such

that the core was near the initial statepoint condition. This measured critical position (MCP) of

the reference bank with the test bank fully inserted was used to determine the integral reactivity

worth ofthe test bank.

The core reactivity, moderator temperature, and differential worth of the reference bank

were recorded with the reference bank at the MCP. The rod swap maneuver was repeated for all

test banks. Note that after the final test bank:was fully inserted, the test bank was swapped with

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

withdrawn. Here the final statepoint data for the rod swap maneuver was obtained (core

reactivity and moderator temperature) in order to verify the reactivity drift was within procedural

limitations for the rod swap test.

A summary of the test results is given in Table 3.1. As shown in this table and the

Startup Physics Test Summary Sheets given in the Appendix, the individual measured bank

worths for the control and shutdown banks were within the design tolerance of ±10% for the

reference bank, ±15% for test banks ofworth greater than 600.pcm, and ±100 pcm for test banks

of worth less than or equal to 600 pern. The sum of the individual measured rod bank worths

was within -2.3% 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 [Ref. 1] and the measured.

data areplotted together in order to illustrate their agreement. In summary, the measured rod

worth values were found to be satisfactory.

NE·1578Rev. 0 SlC23 Startup PhysicsTests Report Page 22 of51



Table 3.1

SURRY UNIT 1- CYCLE 23 STARTUP PHYSICS TESTS
CONTROL ROD BANKWORTH SUMMARY

MEASURED PREDICTED PERCENT
WORTH WORTH DIFFERENCE (%)

BANK (PCM) (PCM) (M~P)IPX 100
D 1073.2 1094.2 -1.9
B - Reference 1275.2 1317 -3.2
C 942.0 973.8 -3.3
A 229.3 230.0 -0.3*
SB 1108.0 1156.9 -4.2
SA 905.1 892.2 +1.4
Total Bank Worth 5532.6 5664.1 -2.3

*Note: For Bank A, (M-P) =-0.7 pern.
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SECTION 4 - BORON ENDPOINT AND WORTH MEASUREMENTS

Boron Endpoint

With the reactor critical at hot zero power, reactor coolant system (ReS) boron

concentrations were measured at selected rod bank configurations to enable a direct comparison

of measured boron endpoints with design predictions. For each critical boron concentration

measurement, the Res 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 control rod position and moderator temperature, as

necessary.

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

the Startup Physics Test Summary Sheets given in the Appendix, the measured critical boron

endpoint values were within their respective design tolerances. The ARO endpoint comparison

to the predicted value met the requirements of Technical Specification 4.l0.A [Ref. 4] regarding

core reactivity balance. In summary, the boron endpoint results were satisfactory.

Boron Worth Coefficient

The measured boron endpoint values provide stable statepointdata from which the boron

worth coefficient or differential boron worth (DBW) was determined. 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 DBW over the range of boron endpoint concentrations was

obtained.

A summary of the measured and predicted DBW is shown in Table 4.2. As indicated in

this table and in the Appendix, the measured DBW was well within the design tolerance of

±10%. In summary, the measured boron worth coefficient was satisfactory.
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Table 4.1

SURRYUNIT 1 - CYCLE23 STARTUP PHYSICS TESTS
BORON ENDPOINTS SUMMARY

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

ARO 1645 1623 +22

B Bank In 1473 1470* +3

II: 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 boron endpoint Startup Physics Test Summary Sheet in the Appendix.
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Table 4.2

SURRY UNIT 1 - CYCLE 23 STARTUP PHYSICS TESTS
BORON WORTH COEFFICIENT

Measured Predicted Percent
Boron Worth Boron Worth Difference (%)
(pcm/ppm) (porn/ppm) (M-P)fP x 100

-7.41 -7.53 -1.6
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SECTION 5 - TEMPERATURE COEFFICIENT MEASUREMENT

The isothermal temperature coefficient (ITC) at the all-rods-out condition is measured by

controlling the reactor coolant system (RCS) temperature with the steam dump valves to the

condenser, establishing a constant heatup or cooldown rate, and monitoring the resulting

reactivity changes on the reactivity computer.

Reactivity was measured during RCS heatup of +3.14l>p, followed by RCS cooldown of

-3.3l<Jp. Reactivity and temperature data were taken from the reactivity computer. Using the

statepoint method, the temperature coefficient was determined by dividing the change in

reactivity by the change in RCS temperature.

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 Summary Sheet

given in the Appendix, the measured isothermal temperature coefficient value 'Was within the

design tolerance of ±2 pcrnf'F. The calculated moderator temperature coefficient (MTC), which

is calculated using a measured ITC of -1.682 pemJ OF, a predicted DTC of -1.80 pcm/ OF, and a

measurement uncertainty of +0.5 pcm/ OP, is +0.62 pcm/ OF. It thus satisfies the COLR criteria

[Ref. 8] that indicates MTC at HZP be less than or equal to +6.0 pcm/0p.
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Table 5.1

SURRYUNIT 1- CYCLE 23 STARTUP PHYSICS TESTS
ISOTHERMAL TEMPERATIJRE COEFFICIENT SUMMARY

BANK
TEMPERATURE

BORON
ISOTHERMAL TEMPERATURE COEFFICIENT

RANGE ("F) O:CMfF)
POSITION CONCENTRATION

LOWER. UPPER HEAT- COOL- AVG. I DIFFER(STEPS)
LIMIT LIMIT

(ppm)
UP DOWN MEAS PRED i (M-P)

I
D/205 546.04 549.38 1636 -1.801 -1.563 -1.682 i -1.262 -0.420
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SECTION 6 - POWER DISTRIBUTION MEASUREMENTS

The core power distributions were measured using the moveable incore detector flux

mapping system. This system consists of five fission chamber detectors which traverse fuel

assembly instrumentation thimbles in up to 50 core locations. Figure 1.3 shows the available

locations monitored by the moveable detectors for the ramp to full power flux maps for Cycle 23.

For each traverse, the detector voltage output is continuously monitored on a recorder, and

scanned for 610 discrete axial points. Full core, three-dimensional power distributions are

determined from this data using a Dominion-modified version of the Combustion Engineering

computer program, CECOR [Ref. 3]. CECOR couples the measured voltages 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 [Ref. 7] taken during the startup test program and the

measured values of the important power distribution parameters are given in Table 6.1. A

comparison of these measured values with their COLR limits is given in Table 6.2. Flux map I

was taken at 26.1% power to verify the radial power distribution (RPD}predictions at low power.

Figure 6.1 shows the measured RPDs from this flux map. Flux maps 2 and 3 were taken at

67.5% and 99.89% power, respectively, 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 for these maps are given in Figures

6.2 and 6.3.

The radial power distributions for the maps given in Figures 6.1, 6.2, and 6.3 show that

the measured relative assembly power values deviated from the design predictions by at most

+5.1% in the 26.1% power map, ~3.4% in the 67.5% power map, and +3.2% in the 99.89%

power map. The maximum quadrant power tilts for the three power maps are +0.46 % (1.0046),

+0.28 % (l.0028), and +0.30% (1.0030), respectively. These power tilts are within the design

tolerance of2% (1.02).
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The measured FQ(z) and F~ peaking factor values for the at-power flux maps were

within the limits ofthe COLR [Ref. 8]. Flux Maps 1,2, and 3 were used for power range detector

calibration or to confirm existing calibrations. The flux map analyses are documented in [Ref

7].

In conclusion, the power distribution measurement results are considered acceptable with

respect to the design tolerances, the accident analysis acceptance criteria, and the COLR [Ref 8].

It is therefore anticipated that the core will continue to operate safely throughout Cycle 23.
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Table 6.1

SURRYUNIT 1- CYCLE 23 STARTUP PHYSICS TESTS
INCORE FLUX MAP SUMMARY

I
Burn

Bank
Peak FQ(Z) Hot F~ Hot (2) CoreFz

Core Tilt (3)
No.

Axial
Map Map up Power Channel Factor (1) Channel Factor Max Of

Description No.
Date

MWD/ (%)
D Offset ThimblesAxial Axial

Max ILoeI MTU Steps Assy
Point

FQ(Z) Asrry F~ Point
Fz (%)

LowPowcr 1 05/11109 1 26.1 173 Lll 25 2.263 M7 1.521 26 1.375 1.0046 SE +6.275 46
Int. Power (4) 2 05/13/09 19 67.5 195 Il2 23 1.970 Ell 1.493 21 .1.234 1.0028 SE +5.720 46

Hot Full Power 3 05/15/09 102 99.89 227 Ell 33 1.866 Ell 1.482 30 1.168 1.003C SE +3.281 46

NOTES: Hot spot locations are specified by giving assembly locations (e.g. H-8 is the center-of-core
assembly) and core height (in the "Z" direction the core is divided into 61 axial points starting
from the top of the core). Flux Maps 1, 2, and 3 were used for power range detector calibration or
were used to confum existing calibrations.

(1) FQ(Z) includes a total uncertainty of 8%

(2) F~ includesno uncertainty.

(3) CORE TILT - definedas the average quadrantpower tilt from CECOR. "Max" refers to the maximum
positive core tilt (QPTR> 1.0000).

(4) Int Power - intermediate power flux map.
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Table 6.2

SURRY UNIT 1 - CYCLE 23 STARTUP PHYSICS TESTS
COMPARISION OF MEASURED POWER DISTRIBUTION
PARAMETERS WITH THEIR CORE OPERATING LIMITS

Peak FQ(z) Hot FQ(Z) Hot F~ Hot
Map Channel Factor* Channel Factor** Channel Factor

(At Node ofMinimwn Margin)

No. Meas, Limit Node Meas. Limit Node Margin" Meas. Limit Margin"
(%) (%)

1 2.263 4.570 25 2.263 4.570 25 50.48 1.521 1.906 20.20
2 1.970 3.368 23 1.967 3.334 19 41.00 1.493 1.712 12.79
3 1.866 2.323 33 1.835 2.264 21 18.95 1.482 1.561 5.06

*The Core Operating Limit for the heat flux hot channel factor, FQ(z), is a function of core
height and power level. The value for FQ(z) listed is the maximum value of FQ(Z) in the core.
The COLR [Ref. 8] limit listed is evaluated at the plane of maximum FQ(z).

**The value for FQ(Z) listed above is the value having the lowest margin to the limit. The
minimum margin values listed above are the minimum percent difference between the measured
values ofFQ(Z) and the COLR limit for each map.

The measured FQ(Z) hot channel factors include 8% total uncertainty. Measured F1'H data

includes no uncertainty.

$ Margin (%) = 100*(Limit- Meas.) / Limit
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Figure 6.1 - ASSEMBLYWISE POWER DISTRIBUTION
26.1% POWER
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Figure 6,2- ASSEMBLYWISE POWER DISTRIBUTION
67,5% POWER
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Figure 6.3 - ASSEMBLYWISE POWER DISTRIBUTION
99.89% POWER
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SECTION 7 - CONCLUSIONS

Table 7.1 summarizes the results associated with Surry Unit 1 Cycle 23 startup physics testing

program. As noted herein, all test results were acceptable and within associated design

tolerances, technical specification limits, or COLR limits. It is anticipated, based on the results

associated with the S1C23 startup physics testing program, that the Surry 1 core will continue to

operate safely throughout Cycle 23.

The Programs Review Checklist (PRC) and Controlled Documents Summary (CDS) were

reviewed as a part of this technical report in accordance with NDCM 3.11, Rev. 12. No impact

to any programs or controlled documents was identified as a result of the review; therefore a PRe

and CDS will not be attached to this technical report or to any associated engineering transmittal.

The data herein is simply intended to summarize the S1C23 startup physics testing program for

information only and meet the requirements of Surry Technical Specification 6.6.A.1. This

report does not have any impact on the Surry Operating License, Technical Specifications, or the

design, the function, or any calculation associated with a SSC. Furthermore, this report does not

perform or involve any test or temporary modification. Activity screening (in the form of an

Activity Checklist) is thus not required. Because the PRC and CDS review did not flag any

programs or controlled documents as impacted by the data herein, no Activity Checklist will be

attached to this technical report or any associated engineering transmittal per NDCM 3.11, Rev.

12.
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Table 7.1

STARTUP PHYSICS TESTING RESULTS SUMMARY

Measured Predicted Diff (M-P) or Design

Parameter
(M) (P) (M-P)/P,% Tolerance

Critical Boron Concentration
(HZP ARO), ppm 1645 1623 22 ±50

Critical Boron Concentration
(HZP Ref Bank in). POOl 1473 1470 3 ±27

Isothermal Temp Coefficient
(HZP ARO), pcm/F -1.682 -1.262 -0.420 ±2

Differential Boron Worth
(HZP ARO). pcm/ppm -7.41 -7.53 -1.6% ±10%

Reference Bank Worth
(B-bank dilution), pcrn 1275 1317 -3.2% ±10%

S8-bank Worth (Rod Swap), pcm 1108 1157 -4.2% ±15%

SA-bank Worth (Rod Swap), pcm 905 892 1.4% ±15%

D-bank Worth (Rod Swap), pcm 1073 1094 -1.9% ±15%

C-bank Worth (Rod Swap), porn 942 974 -3.3% ±15%

Rod Worth s 600 pcm:

A-bank Worth (Rod Swap), porn 229 230 -1.0 ±100

Total Bank Worth, pcm 5533 5664 -2.3% ±10%

S1C23 testing time: 6.2 hrs

[criticality 05/11/09 @ 0102 to end of rod swap 05/11/09 @0715]

Recent Startups:

S2C22 testing time: 6.2hrs
S1C22 testing time: 8.0 hrs

S2C21 testing time: 5.8 hrs

S1C21 testing time: 5.0 hrs

S2C20 testing time: 8.0 hrs

51 C20 testing time: 7.6 hrs
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APPENDIX - STARTUP PHYSICS TEST SUMMARY SHEETS
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