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CLASSIFICATION/DISCLAIMER

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 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 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 2, Cycle 24 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

of the results.

The Surry Unit 2, Cycle 24 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 April 16, 2011 at 18:49, Unit No. 2 of Surry Power Station tripped off line due
to loss of offsite power. Unit 2 completed Cycle 23 at that time and began its Refueling Outage
[Ref. 1]. During this refueling, 73 of the 157 fuel assemblies in the core were replaced with 9
twice burned assemblics from Batch S2/23 last irradiated during Surry 2 Cycle 22, 36 fresh
Batch S2/26A assemblies, and 28 fresh Batch S2/26B assemblies. The Cycle 24 core consists of
9 sub-batches of fuel: two fresh batches (S2/26A and S2/26B), three once-burned batches
(S2/25A, S2/25B, and S2/25C), and four twice-burned batches (S2/23B, S2/23D, S2/24A, and
S2/24D) [Ref. 1]. S2C24 will be the first cycle to utilize the 15x15 Upgrade (Upgrade) Fuel
Design. Therefore, all fresh fuel is the Upgrade fuel product and all reuse fuel is the Surry
Improved Fuel (SIF/P+Z2) [Ref. 1].

For both fuel types, all fuel rods are supported by five structural ZIRLO grids and two Inconel-
718 grids spaced along the axial length of the assembly. These grids are attached to the guide
tubes, which are fixed to the upper and lower nozzles and thus provide structural support for the
assembly. The Upgrade fuel design is similar to and compatible with the SIF/P+Z2 design.
However, the Upgrade fuel also includes three additional ZIRLO Intermediate Flow Mixing
(IFM) grids for i}nproved thermal-hydraulic performance, ZIRLO (I-spring) structural mid grids
with new balancing vane pattern, “tube-in-tube” guide thimbles, a shorter bottom end plug
length, and the use of optimized ZIRLO fuel clad that improves corrosion resistance. The
SIF/P+Z2 design includes debris resistant features that are part of Westinghouse’s Performance+

design with ZIRLO cladding, intermediate structural grids, guide tubes, and instrumentation
tubes [Ref. 1].

This cycle uses only Westinghouse’s Integral Fuel Burnable Absorber (JFBA) fuel
product. The IFBA design involves the application of a thin (0.0003125 inch) coating of ZrB; 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 ZrB,. IFBA rods
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generate more internal gas during operation because ncutron absorption in the ZrB; 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].

Note that there are no thimble plugging devices or secondary sources inserted in Surry
Unit 2 for this cycle. The cycle design report [Ref. 1] provides a more detailed description of the

Cycle 24 core.

The S2C24 full core loading plan [Ref. 11] is given in Figure 1.1 and the beginning of
cycle fuel assembly burnups [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 number of control rods in the Cycle 24 core [Ref. 1].

According to the Startup Physics logs, the Cycle 24 core achieved initial criticality on
June 15, 2011 at 14:42 [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 S2C24 Startup Physics Testing. The tests performed are the same as in previous cycles.

A summary of the 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 Surry Unit 2 1.68 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 —3.8% of the design prediction. The reference bank (Control Bank B) worth was within
-2.9% of its design prediction. Control rod banks with design predictions greater than 600 pcm
were within +6.3% of the design predictions. For individual banks worth 600 pcm or less (only
Control Bank A fits this category), the difference was within 3.2 pem of the design prediction.
These results are within the design tolerances of +15% for individual banks worth more than 600
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pem (+10% for the reference bank worth), +100 pem for individual banks worth 600 pcm or less,
and +10% for the sum of the individual control rod bank worths.

Measured critical boron concentrations for two control bank configurations, ARO and B-
bank in, were within the design tolerances and the Technical Specification criterion [Ref. 4] that
the overall core reactivity balance shall be within +1% Ak/k of the design prediction. The boron
worth coefficient measurement was within +4.4% 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 -0.228 pem/°F of the design prediction. This result is within the design
tolerance of +2.0 pem/°F.

Core power distributions were within established design tolerances. The measured
assembly power distributions were within +4.40% of the design predictions, where a +4.40%
maximum difference occurred in the 28.7% power map in assembly B8. The heat flux hot
channel factors, Fo(Z), and enthalpy rise hot channel factors, F;\IH, were within the limits of the
COLR [Ref. 8]. Ali power flux maps were within the maximum incore power tilt design

tolerance of 2% (QPTR < 1.02).

The total RCS Flow was successfully verified as being greater than 273,000 gpm and
greater than the limit in the COLR (276,000 gpm), as required by Surry Technical Specifications
[Ref. 4]. The total RCS Flow was measured as 295,495 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.
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Table 1.1

SURRY UNIT 2 - CYCLE 24

CHRONOLOGY OF TESTS

Reference

Test Date Time | Power | Procedure
Hot Rod Drop-Hot Full Flow 06/12/11 | 1837 | HSD 2-NPT-RX-014
Reactivity Computer Checkout 06/15/11 | 1540 HZpP 2-NPT-RX-008
Boron Endpoint — ARO 06/15/11 | 1540 HZP 2-NPT-RX-008
Zero Power Testing Range 06/15/11 | 1540 HZP 2-NPT-RX-008
Boron Worth Coefficient 06/15/11 | 1950 HZp 2-NPT-RX-008
Temperature Coefficient - ARO | 06/15/11 | 1614 HZP 2-NPT-RX-008
Bank B Worth 06/15/11 | 1657 HZP 2-NPT-RX-008
Boron Endpoint — B in 06/15/11 | 1950 HZP 2-NPT-RX-008
Bank A Worth — Rod Swap 06/15/11 | 2015 HZP 2-NPT-RX-008
Bank C Worth — Rod Swap 06/15/11 | 2015 HZP 2-NPT-RX-008
Bank SA Worth — Rod Swap 06/15/11 | 2015 HZP 2-NPT-RX-008
Bank D Worth —~ Rod Swap 06/15/11 | 2015 HZP 2-NPT-RX-008
Bank SB Worth — Rod Swap 06/15/11 | 2015 HZP 2-NPT-RX-008
Total Rod Worth 06/15/11 | 2015 HZP 2-NPT-RX-008
Flux Map — less than 30% Power | 06/17/11 | 0337 | 28.7% 2-NPT-RX-002
Peaking Factor Verification 2-NPT-RX-008
& Power Range Calibration 2-NPT-RX-005
2-GEP-RX-001
Flux Map — 65% - 75% Power 06/18/11 | 0118 | 65.14% 2-NPT-RX-002
Peaking Factor Verification 2-NPT-RX-008
& Power Range Calibration 2-NPT-RX-005
2-GEP-RX-001
Flux Map — 95% - 100% Power 07/05/11 | 0853 | 99.81% 2-NPT-RX-002
Peaking Factor Verification 2-NPT-RX-008
& Power Range Calibration 2-NPT-RX-005
2-GEP-RX-001
RCS Flow Measurement ° 6/28/11 1444 HFP 2-NPT-RX-009
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Figure 1.2

SURRY UNIT 2 - CYCLE 24
BEGINNING OF CYCLE FUEL ASSEMBLY BURNUPS (GWD/MTU)
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Figure 1.3

SURRY UNIT 2 - CYCLE 24
AVAILABLE INCORE MOVEABLE DETECTOR LOCATIONS

MD - Moveable Detector
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Figure 1.4

SURRY UNIT 2 - CYCLE 24

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 T,y greater than 530 °F per 2-NPT-RX-014,
This 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.1 [Ref. 4].

Surry Unit 2 Cycle 24 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 (JRPI) 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
(RDTC) 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 RDTC can be found in [Ref. 12].

A typical rod drop trace for S2C24 is shown in Figure 2.1. The measured drop time for
each control rod is recorded on Figure 2.2. The slowest, fastest, and average drop times are
summarized in Table 2.1. Figure 2.3 shows slowest, fastest, and average drop times for Surry 2
cycles 20-24. Technical Specification 3.12.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 1.68 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 2 — CYCLE 24 STARTUP PHYSICS TESTS
HOT ROD DROP TIME SUMMARY

ROD DROP TIME TO DASHPOT ENTRY

SLOWEST ROD FASTEST ROD | AVERAGE TIME
F-06 1.39 sec. P-8,L-5 1.25 sec 1.29 sec.
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Figure 2.1

SURRY UNIT 2 — CYCLE 24 STARTUP PHYSICS TESTS
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Figure 2.2

SURRY UNIT 2 - CYCLE 24 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 24, Control
Bank B was used as the reference bank. Surry 2’s dilution rate was around 1000 pem/hr for the

reference bank measurement.

During the N1C19 startup physics testing campaign, a control rod became stuck on 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 steps withdrawn
to a range of 0 to 2 steps withdrawn. The S2C24 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
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
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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 of
the 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 of the 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 of worth greater than 600 pem, and +100 pem for test banks
of worth less than or equal to 600 pcm. The sum of the individual measured rod bank worths

was within -3.8 % 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 are plotted together in order to illustrate their agreement. In summary, the measured rod

worth values were found to be satisfactory.
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Table 3.1

SURRY UNIT 2 — CYCLE 24 STARTUP PHYSICS TESTS

CONTROL ROD BANK WORTH SUMMARY

MEASURED PREDICTED PERCENT
WORTH WORTH DIFFERENCE (%)
BANK (PCM) (PCM) (M-P)/P X 100
B - Reference 1442.64 1486 -2.9
D 1008.6 1050.9 -4.0
C 763.8 815.2 -6.3
A 332.1 3353 -1.0%
SB 988.2 1045.9 -5.5
SA 912.9 927.9 -1.6
Total Bank Worth 5448.3 5661.1 -3.8
*Note: For Bank A, (M-P) = -3.2 pem.
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Figure 3.1

SURRY UNIT 2 — CYCLE 24 STARTUP PHYSICS TESTS
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Figure 3.2

SURRY UNIT 2 ~ CYCLE 24 STARTUP PHYSICS TESTS
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SECTION 4 — BORON ENDPOINT AND WORTH MEASUREMENTS

Boron Endpoint
With the reactor critical at hot zero power, reactor coolant system (RCS) 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 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 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 4.10.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 statepoint data 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

SURRY UNIT 2 — CYCLE 24 STARTUP PHYSICS TESTS

BORON ENDPOINTS SUMMARY
Measured Predicted Difference
Control Rod Endpoint Endpoint M-P
Configuration (ppm) (ppm) (ppm)
ARO 1588.3 1620 3.7
B Bank In | 1387.5 1390.3* 2.8

* 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 2 - CYCLE 24 STARTUP PHYSICS TESTS

BORON WORTH COEFFICIENT

Measured Predicted Percent
Boron Worth Boron Worth Difference (%)
(pecm/ppm) (pem/ppm) (M-P)/P x 100
-7.18 -7.51 -4.39
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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 the RCS heat up of +3.51°F, followed by the RCS cool
down of -3.15°F. 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 pecm/°F. The calculated moderator temperature coefficient (MTC), which
is calculated using a measured ITC of -1.860 pcm/ °F, a predicted DTC of -1.80 pem/ °F, and a
measurement uncertainty of +0.5 pem/ 5F, is +0.440 pem/ °F. It thus satisfies the COLR criteria
[Ref. 8] that indicates MTC at HZP be less than or equal to +6.0 pcm/ °F.
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Table 5.1

SURRY UNIT 2 —- CYCLE 24 STARTUP PHYSICS TESTS
ISOTHERMAL TEMPERATURE COEFFICIENT SUMMARY

Surry Unit 2 Cycle 24 Startup Physics Tests Report
ETE-NAF-2011-0083, Rev. 0 Enclosure

& | TEMPERATURE ISOTHERMAL TEMPERATURE COEFFICIENT
P(?SITION RANGE (F) CONCB}’ECI)\I%%TION (PCM/F)
TEps) | LOWER | UPPER o HEAT. | COOL- | AVG. DIFFER
LIMIT | LIMIT P UP | DOWN | MEAS | PRED | (M-P)
D205 | 54596 | 54947 1581 1743 | 21977 | -1.860 | -1.632 | -0.228
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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
24. 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, Ref. 15]. 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 1
was taken at 28.7% 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 65.14% and 99.81% 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
+4.4% in the 28.7% power map, -3.5% in the 65.14% power map, and -3.7% in the 99.81%
power map. The maximum average quadrant power tilts for the three power maps are -+0.62 %
(1.0062), +0.45 % (1.0045), and +0.65% (1.0065), respectively. These power tilts are within the
design tolerance of 2% (1.02).
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The measured Fo(z) and Fgl peaking factor values for the at-power flux maps were

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

detector calibration or to confirm existing calibrations.

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 24.
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Table 6.1

SURRY UNIT 2 - CYCLE 24 STARTUP PHYSICS TESTS
INCORE FLUX MAP SUMMARY

Burn Peak Fo(Z) Hot | FX Hot(2) Core Fz . ; No.
Map Map up | Power Bank | Channel F actor (1) | Channel Factor Max o Of
Description | No. | P*° [MwD/| @) |2 o e Offset | Thimbles
MTU Steps| Assy Point| FQ@ | Assy | Fi |poi | Fz | Max | Loc (%)

Low Power 1 |06/17/11] 2 |28.66| 168 | DO5 | 30 [2.174| D05 | 1.521 | 30 j1.328(1.0062! SE ]-0.005; 50
Int. Power (4 2 |06/18/11 17 |65.14 198 | DO5 | 29 11.924| D05 | 1.477 | 26 {1.2081.0045| SE [+3.010| 50

Hot Full Power] 3 |07/05/11] 381 | 99.81 | 224 | D05 | 31 {1.836| DOS | 1.437 | 30 |1.1671.0065] SE |-0.212| 50

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 confirm existing calibrations.

(1) Fq(2) includes a total uncertainty of 8.00%

(2) FY, includes no uncertainty.

(3) CORE TILT - defined as the average quadrant power 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 2 - CYCLE 24 STARTUP PHYSICS TESTS

COMPARISION OF MEASURED POWER DISTRIBUTION
PARAMETERS WITH THEIR CORE OPERATING LIMITS

Map Peak F(Z) Hot FY, Hot
Channel Factor Channel Bastor
No. Meas. Limit Node Margin® | Meas. Limit Margin®
(%) _ (%)
1 2.174 5.000 30 56.5 . 1.521 1.894 19.69
2 1.924 3.838 29 49.9 1.477 1.723 14.28
3 1.836 2.505 31 26.7 1.437 1.561 7.94

The measured Fo(Z) hot channel factors include 8.00% total uncertainty. Measured Fy, data

includes no uncertainty.

$ Margin (%) = 100*(Limit — Meas.) / Limit

Surry Unit 2 Cycle 24 Startup Physics Tests Report
ETE-NAF-2011-0083, Rev. 0 Enclosure

Page 33 of 46




% Delta

Analytical, bottom value
(¥ - A}x100/A

% Delta =

MAP 01, 28.66% POWER
Measured, middle value

Figure 6.1 — ASSEMBLYWISE POWER DISTRIBUTION,

Top value

OWed
Q) m
~ey .
. vt
QO
i | o i i
N O 10D M (
VIO I tmaem |
SO L 10w - tmm L
. o s BRI I
L] o0 100
¢ e ! P . S | | SA—
I Nl& Mt VR (MQIA
t M@ IOMA I OO | WON
' NA < ITANN + 10O + M &
IR RIS N R
e e A 100
) 13 "
mow TOD TN | DN [ DO | DM
I B 00 Mt TR | 4O | NON 02D
men o NN « 1 MM o 1 MA « T o MM o
R PR R T Rl R
oe | e -l - oo oo
{
e voa— —— | b | s | ot | Sttt (o
DO TN NEMIANNA TODN [OMOD 1 BN (O |
N MMZ MAID 1M tOWUR 1 ONO timMN T RaN )
mm o, MM NN PN N . OO - LM
.« <O . O EOEL = BT - - T L Y N R ]
CO T i ] et el el AL o6 !
WO IR LNy I g | g @ | 0 | | NS | am | ARD | 90D | 98 R
BI° AN 198O 1 ama | oma NG 1OHW | NI | AIMIS P NO [OOM I NN 88e
WO+ TAN MM 1NN T o IR s ANA s el b M L TN (D0 .
s R AR N - PO ) e ANt - eSO N - R R - AR T
OOttt ) Ctod € Tt B I dwd [ (pdod 1 5 et 0 AT e T AT A -l [=2-]
‘
el [y [ (GOSN [PV [— '
Qo QWAL QD I MO MM | LN )
ao AN O 1 AND | M S
QA s AN NN - MmN R
2 O 1 s a0 O . 2O v oard s e
OC T 1o -t Hel T hwded T 12t
]
DD 100 (MO ¢t DA~ IO | DD
mmch ANeM IO CONS T RO | Dl
o) NN e trm 2 1OH LS .
R =] el - < 2O [y . v
-l ] v Hed Ul T Ot
NOm Oy (MDIN | MO e | 20D
SER DA% (8BR IGNR INRN {338
(=1 B RS NN TR BN o Qv
PR L R Y- R AR R AT
- - Rkl el 11_"11-
Pyt oyl o el Bl e
CwWm 1 RO |y Dy ~ w o~ 1
namIininNe | OO0 N u:ﬁu W”S <A W_
CO N . imm N b NN NN
- B R N R I R PP I I A7 - v e |
oo ST HAT e e T el T e 7 Lt G Ll 1tk 0 LT 1 OO
" ]
et vl B Tl [ S PUN— U PUN— S P S T f e ——
HOO I MRWY ILMN EMAN 1 ={MM I N0 tOYO IO I NN | OW (WRIN | OMNN TINAO
N SR TN RN TOND [NMO TN 10N | Mt } e D
mm Lals ) 1M i s 1AM, AN« T TN VT OO o 1mm
fa . c O e DT e e § e v DL Y - N Bt O R
oo T e A LA L L T A | I ) OO
|
“ 1 i
P el ([ DU J— | R Pa—
N (D00 (DN | ONG T NN [ INHG IO
AN (BN O 1O 1 WONG 1 QION | OO TORND Y
N IRAN T IRR TMM L Tam 3 O . I mm .t
IR R R RN RN - T- R DT -a
HU A T 1 Al T Il (et Y 1 OO 00.“
L]
mvain |t |t | vty § oot { e | Ao |
SIM ST L OMWD | ety e LMo
- MAA SN I NTO I D
AR i 2 NN TN $O0 o | mm .
PR~ T - - I T I S~ I T}
et b1l 11_.11..11. oo
O (Omo o | D mam
AN [ OhMm ARG (DN NN
00&.00& 000 66& 330
T AT 1 AT 1 88T 1839
'
[
OO | 00 | Moyl -
WO | IND 1 n
N MM . NN
PR E - T O
o7 (oo iooT
i
—— { —— § ——
=1 - ~N o~ - "
~ - ~ n ] ~ m -3 - - - - v -

0.819
=-0.005

1.0058

28.66%
1.0062
Page 34 of 46

Axial Offset (%)

Power

0.9955
0.9925

STANDARD DEVIATION =

QPTR

Summar

2 MWD/MTU

06/17/2011

El = 1.521
Fz= 1.328

Burnup

Fo(z) = 2.174

Date

: S2-24-01
Control Rod Position
D Bank at 168 Steps

Map No

Surry Unit 2 Cycle 24 Startup Physics Tests Report

AVERAGE ABSOLUTE PERCENT DIFFERENCE
ETE-NAF-2011-0083, Rev. 0 Enclosure



% Delta

Analytical, bottom wvalue
(M - A)x100/A

ddle value
% Delta

MAP 02, 65.14% POWER

mi

Measured,

Figure 6.2 — ASSEMBLYWISE POWER DISTRIBUTION,

Top value

e i e i i
It | OO | NG
TANMO QAN | A0
MM . MM . MM .
L R T
o0 “Oo “00
( H
MO AN ) OOM 1AM VNI | (NOD | Te )
Mmoo BT IR (OMH YOS INON I GmO 1
R R RS R R R A D R R
') . . . e « . ] . n .
[=X~] oo v e "11 [=X=1 (== “
. ‘
vt et el [ S [USNSN— [N DU DU ——
PO I FHdN | MAG I AOW ISV DM M | HOD t AN
S~ M32 Mydrd | XN E M@ MO | Mt mO OV
nem . O v NN N el v PN e LN QS vimm
L= S B N I DTS B BT - O St I (e By B I
Qo “11 -t vt il "11 et Lok O
' “ 13
e [ i § e | o ) ey | omniie } e | e | oo § e { e
T it AW | DD} Qrd | Ml DA I [ N NN [ 02
NN T OOW §F M@ (MO INGW | INBD DO [NMm I NN (it | N O
MEA T QA 2 N MO e ey TN s ENd s MM I NN e VG0 4 | A T,
[ST= T ECY - B NI [ Rt e AR R R RN R R - R T R
POl 100 ot tr L ] e "11 et R b oo oo
“ r

WAN I 2OQ [WDM LA [ NI ( MANH [ ALD LONG 1O TONG  OMNO

o MZZ WWO PR ITONNN el TRIN (N EANIN NS m (DD

M O AN o Pdod 3 NN c E N 3 Tded o EMPA L AN L eled o (NAS

24Ot L0 2O s O - D e D D e D e e 2. D

DO T bt 1 I L] T e e e - e T

¢
RN (FAD QNN (MMO I NOM | ONAN DD | Ol | 101D | 40w | MDD
&56 MOZ el | AN | RD (O I Omib LW LONA NNM (Meem
W ot 1M o NG o Ll 5 EANN o et o (PN T o SN s (P

(R - I AL - I Y - I AL R BRI T~ RN - N s B PN I - 3 . |

QO Irded | Il d ¢ Todad 1T Idad ) Trdd | Eadyt ) [ et el e et

OXIN tn HinerQl (O 1 2O (ON® | MGG | dfrd | RG | Timin

NN el O L ARND 1 OSSO 1 AN | N NMN T NO 1 IO on

QO - (AN s Vrwmt « 1AM o TN 5 | osmined OO < todwd + 1N -t M

R R AN - R A R - A - R AR - e

11._11_"11 AT et 4 Gl b T |t e Tt
1 1

e | e § e | e | i | e | e | e § e} v

Dt (Or® LN | BOD | VLW | 4OV | WNwtar OO I HEW [NOO

COH EMAIN ONA DR ORI ITNME | MO L AIMM | ) DAL O |

M T S TAN e s P c OO 2 1O 2 (OO « brid o F vt o !

- RREART-) R EIRE -~ R T - I e - N - R - R R - R R

et L] -t HrA T vt P It T PO T It 1 A T e

] )

Dy [ — C——— PR (T POV (R P P —

MR =AM NN Ot T AR I QD I PON T NN OO (OO

NNQ A | DAO I QON 1NN T AN (M AN | BNO (QOm

QO + IANAN s (ded + ITRM e TN T c TOO 2 heird « 1NN - | fAMm o

T s e O e 2D 2 cO o« aD e eS| s DN o O o | e e

el ] e "11_ el ll.nll. el T A - el

v

e | e | i [ e | oorwrens | e | mevvemers § et | e | —ewam— — —

QAN IDEM I A0 1 WOY | MEAM | Um0 | WOM I NN | OO timin a AN

VN0 QOO0 FANNO 1 HAM I 1 NOM [ v 10WO ([ NOM (™M | m s

L1 NA 1 enm » TNA o vl o )N o el o SRIN Tyl o [ NN o ) v 0w .

RS I RERE - B R - BT - AT - RO T ~ B IR - I B~ N IR S IR 2 IMPC O ™ B fra'e

OO 1t T It T et 1 I eted T J i AT ket T (e T R Bt BN o B R

1 : H { H

mmete— § e | omrmema § e [ e § mata | et | ot | e | e { e { e § s

nom ARANIIENICN gt {ONIN | 90 tinaig | MINO | NK (VWO (WM | WA

N I AN 1 @W A I I NNO et TN b S LN LN (NOW | MNSS | N

MM OO » TAN et 3 TN ctmm e o (M L TN P o FIN e (OO v I mim o

» 2O [l - IRt~ 1O . O s <O R AR LA L-] s O L + O . am

OO T (AT | el At AT eV et T e T e T LT oo

; | " “

Rt Rl Kt Brvvecr il el [ SRV (U SUNNN SIS U U S
AN N | D0 LNNW I OON | NEHD QN | OV I D Wt | M,
673.%95 LMt mmet | (YOVO G&“_ggl 235.@66_9 LI el
MM TR0« IO FmMen o (it o LRI o Lydet o 10VM o 1N - | €0 vimm .
R B RSETY ~ B Y ~ I Y - e D1 O] e O =R IR T- Y -] L=
"00_“00."11.“11. Hed | el ”11_ 11_“11..00. A= =2
! : 0 ! ' ! :
s | e | s | e | i ] e el Dot [ U DO/ D1

LAN | O LM rg 55N AOMm I -0 AR VN (1N
IR LMD | ™ N M NN L OHEM I NME NN
1M » OO + NN + (NN L Tl v TN TRN « OO 5 I e
1. .0t .0 O e D) s O s O s il s O . wO
HE A AR AT e {Ralall e e Hoo0
“ _ " " _
Wel N 1 OWW | MW QAN | VIOW [N | BAD
NN L WOWAL I sttel | MOA | oAy | WOND | NMD
M0 LW . 100 s Irrl « QO . 100 «imm .1
s 1O 0 + cQ | s 2O | s aQ | v O 3389 13sS !
QO 1 QO T {yded 1 | wivd Ir=T 100 {ooi i
| v 1
Rt o el o T [FSVORMM, PN DU
QRM | VWO | ALas
OO I 1N | it
M@ lmm . (mm o,
- R T B -]
L=A=a 00._00_
!
o - ~N m -t [}
o~ m - n ] ~ ] - - - -t - - -

4.633
1.0021
1.0045

+3.010

65.14%
Page 35 of 46

|
!

Axial Offset (%)

Power

0.9969
0.9966

»

STANDARD DEVIATION
QPTR

-
-

Summa
1.924
= 1.477
Fz= 1208
Burnup = 17 MWD/MTU

06/18/2011

&H

N

F

.

Date
Fo(2)

S2-24-02

Control Rod Position
D Bank at 198 Steps

Map No

Surry Unit 2 Cycle 24 Startup Physics Tests Report

AVERAGE ABSOLUTE PERCENT DIFFERENCE
ETE-NAF-2011-0083, Rev. 0 Enclosure




$ Delta

1, bottom wvalue

ica

Analyt
(M - A)x100/A

% Delta =

MAP 03, 99.81% POWER

middle value

Measured,

Figure 6.3 — ASSEMBLYWISE POWER DISTRIBUTION,

Top value

(e JU— G—
TR TONIN t ON (
TONNH 1O NN
1MMm atgm . tmm .1
e avd 0 o o (s ol I
oo (00 co |
\ ] ]
e | e § i | e | ey [ rvea oo | e
M@ QM t NN M“S DM LNPm | O
ANMO ENMW (N~ W IN-Tis 1Ot |
M v 100 1O s (yivd + 1 OO 2 10O « MM &
s et . LQ =R N Bt By - I R
QO 1o0O "11 il e 100 oo
“ :
DAN I He D NSO (D OO N0 | MO e | DO
AN S HON (MG | MMIN MO O N | A
OO + NN+ ITANN sl s NN D TAR 1T OO + 1 mm .
P~ e S PR -1 .. e vvd 1 e el | e et - 2y
Lk el el et bl A oo
)
[olee] WA Wit TN [ AN T Am [OWM ] DM |
10 < HON 1 Q@S (N D [OBAN 1 MO L NTO 1ODO I I |
AL 4 mm s S e TN TRl 2 1MW o I NAE s $ G0 o 4 PAM o |
L - - A B A It R T I - |
-t el bt Eabal e Lalal et oo "Oo "
] )
e § s | mmmmi | omm——t— ] et [ v | ——— o | e e |
PPN 1NN OO0 (i MO TLAIN TR 1 QNN 1MING | RO ¢
WWel 1 ANND [ NAM TR [MAG MG DO §in | =ON | mmu
11& 22& 330 11& 33& 22& 11& L =] Qn33&
I P . . . S
R e R R R R A R T R I N A I g B B 1890
! i i
Wedls (AN (O 1NNt | =MD IOW2 | POt | DD ) Ml ) ) RO
AN CAd D O (AN TANRM I MO I N-HR TODIN IO | DM
N AR RN el S ENAL s TN DTN 1M TR 2 0w .
PR AT - R R R IR - R AT - N AT - I RN I BT -1
el 4 "11_ _11_ e ! - "ll “11 et vl - oo 4
‘ t ) H
- ol Rt ol T gy (PSSR [N SO [ PRSP ovE—
@ <t <t RO NGO (OMO | 00mM | M) F 0N | AT t o O i AN ) [T O
e M PO (MO (DOM TP IR Pl 100 AN ) e D
0Q M s EAAN 3 e c OO et o TN o 1M chmted 2 1NN+ 1O
[T PR RL-ENNT-) L R AT - T - AT - S Y - T Y- I Y-
T HA T A T Ll T e T it - et v
i H —
OO N ON LN | NO! | VR {TDRO I N0 PO 1O | W0
mene NGO VNN WOW [ Matrd 1OWE INANA TONN 1990 | NAT ) NMr
e e i 1 OO s = 10O o bt ot o LN o bt o | vl o
-] - A - A L - T - A AT B APt~ I AR - S I S TN B IS4
Lt AT AT LT 10O T 1 e il AT et et b
’
¢ '
i e | e | e | rmemmo | e Py U U PU—
L ) 75& N T amm MO MM I PN (0 € OMD | ONm | IO b
N Ol Wt (Mo (O0WA ) et IR (N DN 1OHM | wNW T
(=A== L] ANA Ly 2 OO = Toded o TAINL I MM o bt - NN OO ¢
v O P-) -] - R~ T - B R - I BN - N A - T~ I ' O
ol A T T et T e et L A e R R e A e R A
{
D~ MOAQ I HON 1OMG [NON N IND0 (O (Nmm jamin t MAS
Pl Hedm tmmea 166N TNNO IRAO 1MMAD (WNN (RO 1RY | NG
100 . NN 2 ENN 2 TN s T s SN e SR o TN o TNM ot o 1O o
2 2O O QL e sQ DREL < B - « 2Ol . O v O =] =]
colt A T AT e T e i HH P At T LA T bt ¥ 1 OO T
| : H
NN P00 |ONTG I680OM WO I MOO {eMag I N I [ DOP § Dl
oM FRON NN T AN RO I NNN NN EBDN T M0 (RO | e
Mmoo Erded o TN s 1MM Tl o MM NN o] s INN 2 TV o MM o
PNy -] - R~ L~ I - T - - R AL - R AR - A e e -1 B
fel= ] ot e Rk I et .1.1 ot el | e Owl b (=2
A e | [ '
WNW [ O | =t 677.“75 =00~
mis (OO | ON IO BN NOW
NN MM e drd o TN Pt o (M
P IS - R B AR - I AT O
11_"11_ L L R A e e A A |
|
vy (| e | e | i | et | v | — o
WO [ ON | HdOW LOMN [Nt | Dt | feg
B Qedm | QOIS AN MMM I g (O o
MM s QO o+ LN « N o Tvmdrd o FOINE o (N o I
soml U vt e s O v O s S s Ty o |
(XN 01_"11_ o ] e e 11.“
" [}
Rl Bl Dl (WU WS, U SR
AN L MAD I mMO [ O | OB I NOMN T
(ANMO | VWY | M A wn r O
AR B8R 153Y 1agis3n 18
Do om |l « cOF o cO 1 « O 0 » 2@ o ot
(OO T IOOT Led il Tl 1 1 4T 10O
b § |
1 OO [ srym { winin
lefNe VDO | NN
IMm . ™M . A .
Toa awl | o s ) o avd )
"00 1 Qo “00 t “
] | 1 1
I remmmtesns | e s s ] e v e o &
~ m
~ m < n w ~ @© o = - -t - =

0.581

1.0019
1.0065
Page 36 of 46

99.81%

381.0 MWD/MTU  Axial Offset (%) = -0.212

Power

0.9954
0.9962

STANDARD DEVIATION =

QPTR

Summa

0.7

= 1.437
Fz= 1.167

Burnup

07/05/2011
Fo(z) = 1.836
Fan

Date

Map No: S2-24-03
Control Rod Position
D Bank at 224 Steps
Surry Unit 2 Cycle 24 Startup Physics Tests Report

AVERAGE ABSOLUTE PERCENT DIFFERENCE =
ETE-NAF-2011-0083, Rev. O Enclosure

15



SECTION 7 — CONCLUSIONS

Table 7.1 summarizes the results associated with Surry Unit 2 Cycle 24 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 S2C24 startup physics testing program, that the Surry 2 core will continue to

operate safely throughout Cycle 24.
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Table 7.1

STARTUP PHYSICS TESTING RESULTS SUMMARY

Measured | Predicted | Diff {M-P) or Design

R {M) {P) (M-P)/P,% Tolerance
Critical Boron Concentration

{HZP ARQ), ppm 1588 1620 -32 +50
Critical Boron Concentration

{HZP Ref Bank in}, ppm 1387.5 1390.3 2.8 +30
Isothermal Temp Coefficient

(HZP ARO), pcm/F -1.860 -1.632 -0.228 +2
Differential Boron Worth

(HZP ARO), pcm/ppm -7.18 -7.51 +4.4% +10%
Reference Bank Worth

(B-bank, dilution), pcm 1443 1486 -2.9% +10%
D-bank Worth (Rod Swap), pcm 1009 1051 -4.0% +15%
SB-bank Worth (Rod Swap), pcm 988 1046 -5.5% +15%
SA-bank Worth (Rod Swap), pcm 913 928 -1.6% +15%
C-bank Worth (Rod Swap), pcm 764 815 -6.3% 1+15%

Rod Worth < 600 pcm:
A-bank Worth (Rod Swap), pcm 332 335 -3 +100
Total Bank Worth, pcm 5448 5661 -3.8% +10%
S$2C24 testing time: 7.1 hrs
[criticality 6/15/2011 @ 1442 to end of rod swap 6/15/2011 @ 2145]
Recent Startups:
S1C24 testing time: ‘ 7.0 hrs
S2C23 testing time: 9.4 hrs
S1C23 testing time: 6.2 hrs
§2C22 testing time: 6.2 hrs
S1C22 testing time: 8.0 hrs
S2C21 testing time: 5.8 hrs
$1C21 testing time: 5.0 hrs
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APPENDIX — STARTUP PHYSICS TEST SUMMARY SHEETS
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Surry Power Station Unit 2 Cycle 24 Startup Physics Test Summary Sheet - Formal Tests (Page 1 of 6)

Dasign Date/
Criterla | Acceptance Timeof Preparer/
! Criteria Met Reviewer

‘. Accetance Critena

..... P ‘)u,u 1 of

0115/ u
NIA P
1540
il 3 e e e ‘;‘ff_iilfii'v,"-ih' ("4”&""?!]ltL’.h(hA.. .
o 9543, 15,49 pem {}(tp.- ¥l x 100% < 4.0 %°
(measured reactivity) The allowable range is st to the larger
e 95.2,"45.7F pem of the measured results or tha pre-

(prodicted reactivity) ‘Jcritical bench test, NIA

%D {(pc pt}lpt}x 100% z_re;e:mca! Benc;Test Results
Allowable range ___ /- {23

27

Ty mard

b By Dt A AU T S R C AT OO TR (BT RO IR B
(Ca) mo—i_}_.:@_.ppm (Colasio=" 1620 £ 50 ppm o lCoo 1000 par

J LhsIn
Yes @

154D %\){Y\

[T.S. 4.10.A]

{Adj. To design conds.)

A(CB)ARD;(CB)“ARO - (CB)A.RO;3 L?ppm

: Ca 7. 42 pcm{{spm

mod ooP

+ oty

0o = _~L3Z  £2 pomiF oy
where:  (0™): 6.0 pemiF [COLR 3.4} No ol
(7% o - (65" ano = 6.2 pemiF (0™ 0.5 per/F vm
(u,, °P) 1.80 pem/F

N R RN I R RC ST E e EOR DLk 30

SRR

J RN SRR L
It 14865: 10%
2.4 pem | 100x(Meas. - Des.YDas. = =2 ‘1}4 %

References 1.) ETE-NAF-2011-0055, Rev. 0 v
2.} Memorandum from C.T. Snow to EJ. Lozlto, dated June 27, 1980
3.) Westinghouse Report WCAP-7305, Rav, 1
4.} ETE-NAF-2011-0037, Rev. 0
5.} Calculation PM~1435, Rev. 0
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Surry Power Station Unit 2 Cycle 24 Startup Physics Test Summary Sheet - Farmal Tests (Page 2 of 6)

Design Date/ .
Griteria | Acceptance |Time of| Preparer/
Mat Criteria Met Test Ravlawer

Measured Value Acce

. - 2 2 l‘ r,ls ll‘-lf I.
(Ca) S _ (CB),,-’ 1422+A(CB)AR° 130 ppm
1282.8 " ppm | ACalaro= =31 7 ppm (from above)
(Ca)p™ m_ %30 ppm
(Cs) a- (Cs)a="2' £ " ppm

B 6 ard P iy TN S VS e T

(@Cy)¥= . oCe=' 7. 51075 pem/ppm N/A
-21€ _ pomippm AoCe=(0Ca)* - (0Ca) = 0:33 _perippm
ue s S s - o :,'“._‘./. ;1" !,l, i Q ",‘».i""i:,",’f;v ';-‘j"".'-:.'fi'-,'

('A )= 33_5:=_5__:t 100 pem

-

Meas Des.. =

I e D (1035) £1s. P i15%
* | 160x(Meas. - Des,¥Des. "_:&j_%

tance Criterla
: 17

Eaate e d el Tl

1950

N/A —Jé Yes| A blesyn ;AQ"

N/A

IS TR T S

Y

U= _$22.9
100x(Meas. - Des.)/Des. =

N/A

Y M {‘umu !(*'i

i ; (low)’= S 6601 +10% ° i 20115
544%.3 pem / 100x(Meas. - Des.yDas. = _~%.3 % No slstn u

References 1.) ETE-NAF-2011-0055, Rev. 0
2.y Memorandum from G.T. Snow to E.J. Lozito, dated Juns 27, 1980
3.) Westinghouse Report WCAP-7905, Rev.

4.) ETE-NAF-2011-0037, Rev. 0
5.) Calculation PM-1435, Rev. 0
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~ Sunry Power Station Unit 2 Cycle 24 Startup Physics Test Summary Sheet - Formal Tests {F"aga 3of 6)

Dasign . " Date/ :
_ . Critarls | Accaptance | Tima of [ Praparar/
Moasured Value Dasign Criteria Acceptancs Criteria Mot | 'Criterla Mot | Test | Reviewer
Map Powey Lavel (% Full Powor) <25 ¢ 7
Mux Relailve Assambly Power, SDIFF (M-PYP . )
£10% for P} 20.9 | Ve (///‘,/
%DIFF= ¥ %hrpizns 15% for P.<0.9 ' L C N heA o337
A Y (P assy power)” | 1’ ;
Nuclear Enthialpy Rise Hot Channe) Factor, FAH(N) ‘
- FAH{N)1.55(140.3(1-P)) [COLR3.7] o Yes
_ 2/ NiA NA
FAH(N)“._A_{‘_ s v Na -
Totel Hest Flux Hot Channs! Factor, FO{Z) ' 1
FdZX5K(Z) ICOLR37] i Yes DK
Paak F(Z) Hot Ch . NA . “ . NA ]
fFacor_2, /7 Misimiim Margin fo COLR Liite §6.8°% No_ :
Maxirum Posltive Incops Quadrant Powsr Tilt
Tt/ 64672 st - R ik
" :
Roddad Flux Mag Critarion (H elther critsrion Is met, A rodded flux map <30% power with rods at the insartion Bimit is not raquirad)
MaxRPD %0IFF= %Y % | - nA ' <203% A Nefh A
for P>0.9 o : : -/Yos 03:37 81{}(.
OR ' Symhesized FoH at _ NA FAH <1.56(1+0.3(1-P)) [COLR 3.7] NA - No
imiting power®_/4/ ’ '
Referances 1.) ETE-NAF-2011-0055, Rev. 0
2.) Memorandum from C.T. Snow to E.J. Lozilo, daled June 27, 1880
3.) Westinghouse Repost WCAP-7905, Rew. 1 :
4.) ETE-NAF-2011-0037, Rev. 0
5.) Calculation PM-1435, Rev. 0
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Surry Power Station Unit 2 Cycle 24 Starturp Physics Test Summary Sheet - Formal Tests (Page 4 of 6) J

Design Date/ L
Criteria | Acceptance | Time of | Preparer/

Maasured Value Design Criteria Acceptance Criferia Mot Critarla Mat | Test | Reviewer
Map Power Lavel (% F Power = £-517% _
Max Ralative Assembly Powsr, %DIFF {M-PYP . ' _ '
, £10% for P, 209 W
, o L ! ‘ §/ "
%0FF=_%, 2+ %torPl209 +15% for P08 WA No NA e
- B /o
L =S % for £<0.3 (P, = assy power)"* /e’”

JNucerEnthclp! Riss Hot Channel Factor, FAH(N) " ‘ ~ &Yy

- FAH{N)<1.66{1+0.3(1-P)) [COLR 3.7] W - o ves | J@&\.
FarNy 77 : ' " B gz
Total Heat Flux Hot Ghannel Factor, FQ[2) ‘

FolZ)$R2.5/P)K(Z) [COLR 3.7] 3 Yes

Pesk FZ) Hot Cha R . : L
Facos_ /[ 72% | Minimum Margia to COLR Limite 27215 fJ’ No.

Maximum Positive Incore Quadrant Powsr Tiit

' 5102 NA —‘é Aes NA
Ti= / ¢ 00 '?/{ No

References 1.) ETE-NAF-2011-0055, Rev. 0
' 2.) Memorandum from C.T. Snow to E.J. Lozito, dated June 27, 1980
3.Y Westinghouse Report WCAP-7805, Rev. 1 -
4.) ETE-NAF-2011-0037, Rev. 8
5.) Calculation PM-1435, Rev. 0
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Surry Power Station Uni: 2 Cycle 24 Startup Physics Test Summary Sheet - Formal Tests (Page 5 of 6)

Design
Criteria | Acceptance | Time of| Preparer/
Criteria Met
Max Relative Assambly Power, S%DIEF (M-PYP
*10% foe P 20.8 \/ Yes
Y _ A T - aNg/
%DIFE=_ 2 .0n  wiorPi20g £15% for P<0.9 No 7i5in /7
=21 " sifrPensg (P, = assy powerf . 085
Nuclear Enthalpy Rise Hot Channael Factor, FAH{N) :)3
NIA ‘ FAH(NIST.56(1+0.3(1-P)} [COLR 3.7) A \/ Ves
Fanpnge L H3T . No
Total Heat Flux Hot Channel Factar, FQ(Z}
Fo(Z)S2.8P)K(Z) ICOLR 3.7] ~ __Yes
Peck F{2) Hot Channel. NiA A
Factor=__ L. {2 Miniraum Margin to COLR Limits (0.4 ] % No
Maximum Posifive fncoro Quadrant Power Tilt
3 v~
¢ 0 $1.02 NA Y _Yes NIA
me_ 1. O0C Xo
References 1.) ETE-NAF-2011-0055, Rev. ¢
2.) Memorandum from C.T. Snow to E.J. Lozito, dated June 27, 1880
3.} Westinghouse Report WCAP-7905, Rev. 1
4.) ETE-NAF-2011-0037, Rev. 0
5.) Calculation PM-1435, Rev, &
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125t 2 Cycle 24 Startup Physics Test Summary Sheet - Formal Tests  (Page 6 of 6)

Lrmetssiakn v e

G s
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Design
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et

Acceptance | Time of| Preparei/
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Fam T
ST RS A

Fotai 2 276000 gpm [COLR 3.8] A
> Rt
295, 44s gpm 2RI TR N
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