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CLASSIFICATION/DISCLAIMER

The data, techniques, information, and conclusions in this report have
been prepared solely for use by Virginia Electric and Po@er Company (the
Company), and they may not be appropriate for use in situations other than
those for which they have been specifically prepared. The Company
therefore makes no claim or warranty whatsoever, express or impliéd, 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 other;, and any such
use is expressl& forbidden except with the prior written approval of the
Company. Any such written approval shall itself be deemed to incorporate
the disclaimers of 1liability 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, aﬁthorized or unauthorizgd, 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
which were performed to verify that the Surry 2, Cycle 15 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 test
techﬂiques and methods of data analysis were used. The test data,
results, and evaluations, coupled with fhe detailed startup procedures,
are on file at the 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 2, Cycle 15 Startup Physics Test Results and Evaluation
Sheets are included as an appendix to provide additional information on
the startup test results. Each data sheet provides the following
info;mation: 1) test identification, 2) test conditions (design), 3) test
conditions (actual), 4) test results, 5) acceptance criteria, and 6)
comments concerning the test. .These sheets provide a compact summary of
the startup test results in a consistent format. The design test
conditions and design values at these design conditions for the measured
parameters were completed prior to.the startup physics testing. The
entries for the design values were based on the calculations performed
Sy Virginia Electric and Power Company's Nuclear Analysis and Fuel
Group!. During the tests, the data sheets were used as guidelines both

to verify that the proper test conditions were met and to facilitate the
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N

preliminary comparison between 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

On October 6, ’1997, Surry Unit 2 shut down for its fourteenth
refueling. During this shutdown, 57 of the 157 fuel assemblies iﬁ the
core were replaced with 56 fresh assemblies and 1 once-burned assembly.
The Cycle 15 core consists of seven sub-batches of fuel: two fresh
batches (batches 17A and 17B); three once burned batches, two from cycle
14 (batches 16A and 16B), and one from Surry 1 Cycle 13 (batch S1/15A);
and two twice burned batches (batches 15A and 15B). The core loading
pattern and the design parameters for each sub-batch are shown in Figure
1.1. Beginning-of-cyqle (BOC) fuel assembly burnups are given in Figure
1.2.. The incore thimble locations available during startup physics
testing are identified in Figure 1.3. Figure 1.4 identifies the location
and number of burnable poison rods for Cycle 15, while Figure 1.5
identifies the control rod locations.

The Cycle 15 core achieved initial criticality at 1213 on October
30, 1997. Startup Physics tests, with the exception of hot rod drops,
were peformed after criticality as outlined in Table 1.1. Hot rod drops

were performed prior to criticality. A summary of the physics test

results follows.

1. The measured drop time of each control rod was within the 2.4

second limit of Technical Specification 3.12.C.1.

NE-1148 S2C15 Startup Physics Tests Report Page 7 of 56




The reference control rod bank was measured with the dilution
method, and the result was within 3.0% of the design predictidn.
Individual control rod bank worths were measured using the rod
swap technique?’?® and all results were within 3.6% of the design
predictions. The sum of the individual measured control rod bank
worths was within 0.67% of the design prediction. All results were
within the design tolerance of *15% for individual bank worths
(+10%2 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 concentratioﬁs for two control bank
configurations were within 3 ppm of the design predictions. The
all-rods~out (ARO) result was within the 50 ppm design tolerance,
and met the Technical Specification 4.10.A criterion that the
overall core reactivity balance shall be within *1% Ak/k of the
design prediction. The reference bank in critical boron

concentration was within its design tolerance.

The boron worth coefficient measurement was within 4.1% of the

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

The measured isothermal temperature coefficient (ITC) for the
all-rods-out configuration was wifhin 1.29 pcm/°F of the design
prediction. This result is within the design tolerance of #3
pcm/°F. The measured ITC was -1.43 pcm/°F. When the Doppler
temperature coefficient (-1.69 pcm/°F) and a 0.5 pcm/°F

uncertainty are accounted for in the +6.0 pcm/°F MTC limit of the
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Core Operating Limits Report (COLR) Section 2.1, the MTC
requirement is satisfied as long as the ITC is less positive than

3.81 pcm/°F.

Measured core power distributions were within established
acceptance eriteria and COLR limits. The average relative
assembiy power distribution measured/predicted percent difference -
was 1.8% or less for the three initial power ascension flux maps.

The heat flux hot channel factors, F-Q(Z), and enthalpy rise hot

-channel factors, F-DH(N), were within the limits of COLR Sections

2.3 and 2.4, respectively. Note that since there are no LOPAR
assemblies in this cycle, the FdH limits for all assemblies are

the same.

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 15 STARTUP PHYSICS TESTS
CHRONOLOGY OF TESTS

Reference
Test Date Time Power Procedure
Hot Rod Drop - Hot Full Flow... |10/29/97 1700 HSD [2-NPT-RX-014
Zero Power Testing Range....... '110/30/97 | 1302 HZP |2-NPT-RX-008
Reactivity Computer Checkout... }'10/30/97 1340 HZP. |[2-NPT-RX-008
Boron Endpoint - ARO........... " |10/30/97 1800 HZP |2-NPT-RX-008
Boron Worth Coefficient - ARO.. |10/30/97 1800 HZP |2-NPT-RX-008
Temperature Coefficient - ARO.. |10/30/97 1810 HZP |2-NPT-RX-008
Bank B Worth................... 10/30/97 1930 HZP |2-NPT-RX-008
Boron Endpoint ~ B in.......... 10/30/97 2330 | HZP [2-NPT-RX-008
Bank D Worth - Rod Swap........ 10/31/97 0037 HZP |2-NPT-RX-008
Bank C Worth - Rod Swap........ 10/31/97 0117 HZP |[2-NPT-RX-008
Bank A Worth -~ Rod Swap........ 10/31/97 0155 HZP |2-NPT-RX-008
Bank SB Worth - Rod Swap....... 10/31/97 0220 HZP |2-NPT-RX-008
Bank SA Worth - Rod Swap....... 10/31/97 0254 HZP |2-NPT-RX-008
Flux Map - 30% Power........... 10/31/97 | -2327 29.6% |2-NPT-RX-002
Peaking Factor Verification 2~NPT-RX-008

& Power Range Calibration _
Flux Map - 69% Power........... 11/02/97 1843 68.87% |2-NPT-RX-002
Peaking Factor Verification 2-NPT-RX-008

& Power Range Calibration

Flux Map -100% Power........... 11/07/97 1000 99.8% |2-NPT-RX-002
Peaking Factor Verification 2-NPT-RX-008

& Power Range Calibration
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Figure 1.1

SURRY UNIT 2 - CYCLE 15
CORE LOADING MAP

R [ L] [} L 4 J H [ F E D C B A
] 154 | 1SA | 15A |
| 2x3 [ ox3 | 0x9 |
1158 J 158 [ 178 | 168 | 178 |} 15B | 158 |
I 3x3 | 32 | 33L | 4v0 | 40L | 3x9 | 4x6 |
. | 158 §17A 1178 | 16a | 16B | 16A | 17B | 17a | 158
] ex2 | 29t 1's5L | 2y8 | 3v8 | 2v1 [ st | 14l | Sx0 |
| 158 {158 ) 17B | 16A | 17A | 16A | 17a | 16A | 178 ) 158 | 158 |
1 x5 ] 3x1 | 44L | 1¥5 1 o06L ) 2v6 | 1oL | ovs | 49L | 2x9 | 5x5 |
|18 J 17A | 17B 1 16A | 17A | 168 | 16B | 16B | 17A ) 16A | 17B ] 17a | 15B |
| x8 JoSL | S2t 1 OY6e } 17L .| 4¥Yl | 4¥7 | Sv6é [ 220 | 1¥7 | 36L | 26L ) ax4 |
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] 15A | 178 | 16A | 17A | 16B | 17A | 16A ] 16B | 16A | 17a | 168 | 17A | 16A | 17B | 15A |
j OX5 1 47L | ov? ] 25t | 4Ye | 12 1 ovo | 3ys | 1vée J o4aL | ey2 | 320 [ 1yl | 37t | 1%8 |
| ] 154 | 16B | 168 | 16a | 16B | 16B | 168 |S1/15A| 168 | 168 | 168 | 16A | 168 | 16B | 154 |
‘ ] oXe | SY9 |1 SYS | 2ve | 4¥6 | 6Y0 | 5Y0 | 1X5 | 4Y9 | 4¥YS | SY7 | 2Y7 | 3¥6¢ | 3¥6 | 2x8 |
1154 1 17B | 16A | 17A | 168 |1 17A | 16A | 168 | 16A | 17a | 168 } 17A | 16a | 17B | 15A ]
| 2x0 | 34L § 3vy0 | 18L | 5v2 jo2L | oy3 | Svy8 | 1vyo | 23L | 5v4 | o8L | 2ys | 430 | 2x2 |
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| ] 158 | 17A | 17B | 16A |} 168 | 16A | 17B | 174 | 15B |
] exo | 19L | 38L |} ovée | 3Y7 | 1Y2 | 48t | 31L | 3x5 |
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‘ ] 36 | 4X? | S1L | 3v9 | 350 | 4x9 | 5Xx3 |
| 15a | 18a | 15a |
o 127 | 12 | 2x6 |
{ }--> BATCH
| | I--> ASSEMBLY ID
1 [ |
FUEL ASSEMBLY DESIGN PARAMETERS
1 SUB-BATCH
S1/15A | 1SA 158 16A 168 17A 178
INITIAL ENRICHMENT 3.82 3.81 6.01 3.80 4.01 3.90 4.06
(M/0 U-235)
BURNUP AT BOC 15 22626 | 37587 | 34851 | 20129 | 18758 0 0
(HWD/HTU)
ASSEMBLY TYPE 15x15 | 15X15 | 15X15 | 15X15 | 15X15 | 15X15 | 15X1S
NUMBER OF ASSEMBLIES 1 12 28 32 28 32 24
: FUEL RODS PER ASSEMBLY | 204 206 204 204 204 204 206
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Figure 1.2

SURRY UNIT 2 - CYCLE 15
BEGINNING OF CYCLE FUEL ASSEMBLY BURNUPS
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Figure 1.3

SURRY UNIT 2 - CYCLE 15
INCORE THIMBLE LOCATIONS
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Figure 1.4

SURRY UNIT 2 - CYCLE 15
BURNABLE POISON LOCATIONS
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Figure 1.5
CONTROL ROD LOCATIONS
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‘SECTION 2
CONTROL ROD DROP TIME MEASUREMENTS

The drop time of each control rod was measured at hot full-flow
reéctor coolant system (RdS) conditions (Tave of 547+5°F) in order to
verify that the time from initiation of the rod drop to the eﬁfry of the
rod into the dashpot was less than or equal to the maximum allowed by
Technical Specification 3.12.C.1.

The rod drop times were measured by withdrawing a bank to its fully
withdrawn position and tripping all eight control rods within the bank
by opening the reactor trip breakers. This allowed the rods to drop into
the core as they would during a plant trip. The Individual Rod Position
Indication (IRPI) primary coil voltage signals were recorded fo;.each rod
in the bank to determine each rod's drop time. This procedure was
repeated for each bank.

As shown on the sample rod drop trace in Figure 2.1, the initiation
of the rod drop is indicated by the increase in IRPI coil voltage when
the reactor trip breakers are opened. As the rod drops, a voltage is
induced in the IRPI primary coil. The magnitude of this voltage is a
function of control rod velocity. As:the rod enters the dashpot region
of tﬁe guide tube, its velocity slows causing a voltage decrease in the
IRPI coil voltage. This voltage reaches a minimum when the rod reaches
the bottom of the dashpot. Subsequent variations in the trace are causea
by rod bouncing.

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
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2.1. Technical Specification 3.12.C.1 specifies a maximum rod drop time
from loss of stationary gripper coil voltage to dashpot entry of 2.4
seconds with the RCS at hot, full flow conditions. The test results
satisfy this limit. In addition, rod bounce was observed at the end of

each trace which demonstrated that no control rod stuck in the dashpot

region.
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Table 2.1

SURRY UNIT 2 - CYCLE 15 STARTUP PHYSICS TESTS
HOT ROD DROP TIME SUMMARY

ROD DROP TIME TO DASHPOT ENTRY

SLOWEST ROD FASTEST ROD AVERAGE TIME

B-06 1.35 sec. F-04%* 1.25 sec. 1.29 sec.

* Rods M-06, K-04, H-02, and P-08 also had drop times of 1.25 sec.
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Figure 2.1

SURRY UNIT 2 - CYCLE 15 STARTUP PHYSICS TESTS
TYPICAL ROD DROP TRACE
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Figure 2.2

SURRY UNIT 2 - CYCLE 15 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?’ *. The initial step of the rod swap
method diluted the predicted most reactive control rod bank (hereéfter
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 15,
Control Bank B was used as the reference bank.

After the completion of the reference bank reactivity Qorth
measurement, the reactor coolant system temperature and boron
concentrétion were stabilized with the reactor just critical and the
reference bank near full insertion. Initial statepoint data for the rod
swép maneuver were obtained by moving the reference bank to its fully
inserted position with all other banks fully withdrawn and recording the
core reactivity and moderator temperature. From this point, a rod swap
maneuver was performed by withdrawing the reference bank several steps
and then one of the other control rod banks (i.e. a test bank) was

inserted to balance the reaétivity of the reference bank withdrawal. This

~ sequence was repeated until the test bank was fully inserted and the

reference bank was positioned such that the core was just critical or near
the initial statepoint reactivity. This measured critical position (MCP)

of the reference bank with the test bank fully inserted was used to
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determine the integral reactivity worth of the test bank. The core
reactivity, moderator temperature, and the differential worth of the
reference bank were recorded with the reference bank at the MCP. The rod
swap maneuver then was repeated in reverse such that the reference bank
again was fully inserted with the test bank fully withdrawn from the core.
This rod swap process was then repeated for each of the other control and
shutdown banks.

A summary of the test results is given in Table 3.1. As shown in
this table and the St?rtup Physics Test Results and Evaluation Sheets
given in the Appendix, all of the individual measured bank worths for thé
control and shutdown banks were within the design tolerance (*107% for the
reference bank, %157 for test banks wérth greater than 600 pcm, and +100
pcm for test banks worth less than or equal to 600 pcm). The sum of the
individual measured rod bank worths was within 0.6% of the design
prediction. This is well within the design tolerance of #10% for the sum
of the individual control rod bank worths.

The integral and differential reactivity worths of the reference
bank (Control Bank B) are shown in Figures 3.1 and 3.2, respectively.
The design predictions and the measured data are plotted together in order
to illustrate their agreement. In summary, the measured rod worth values

were satisfactory.
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Table 3.1

®

SURRY UNIT 2 - CYCLE 15 STARTUP PHYSICS TESTS

CONTROL ROD BANK WORTH SUMMARY

MEASURED PREDICTED PERCENT DIFFERENCE
WORTH WORTH %)
BANK (PCM) (pcM) (M-P)/P X 100
B-Reference Bank 1537.0 1492.0 3.0 |
D 1005.0 1022.4 -1.7
C 881.0 914.0 -3.6
A 196.0 200.8 -2.4%
SB 1225.0 1243.5 -1.5
SA 803.0 809.1 -0.8
Total Worth 5647.0 5681.8 -0.6
* Difference is less than 100 pcm.
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INTEGRAL WORTH (20 PCM/DIVISION)

| o

Figure 3.1

SURRY UNIT 2 - CYCLE 15 STARTUP PHYSICS TESTS
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DIFFERENTIAL WORTH (0.2 PCM/STEP/DIVISION)

~..

Figure 3.2

SURRY UNIT 2 - CYCLE 15 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: god bank
configurations to enable a direét 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, if necessary.

The results of these measurements are given in Table 4.1. As shown
"in this table and in the Startup Physics Test Results and Evaluation
Sheets given in the Appendix, the measure& critical boron endpoint values
were within their respective design tolerances. The all-rods-out (ARO)
endpoint comparison to the predicted value met the requirements of
Technical Specification 4.10.A 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,
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the value of the DBW over the range of bofon endpoint concentrations was
obtained.

A plot of the boron concentration versus inserted control rod worth
is shown in Figure 4.1. As indicated in this figure and in the Appendix,
the measured DBW was -7.39 pcm/ppm. This is within 4.1% of the predicted
value of -7.10 pcm/ppm and is well within the design tolerance of #10%.

In summary, the measured boron worth coefficient was satisfactory. °

NE-1148 S2C15 Startup Physics Tests Report Page 27 of 56




®

Iable"4.l

‘

SURRY UNIT 2 - CYCLE 15 STARTUP PHYSICS TESTS
BORON ENDPOINTS SUMMARY

Measured Predicted Difference
Control Rod Endpoint Endpoint M-P .
Configuration (ppm) (ppm) (ppm)
ARO _1901 1898 3
B. Bank In 1693 1691* 2

3%k

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 Results and Evaluation
Sheet in the Appendix.
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REACTIVITY (PCM)

Figure 4.1

®

SURRY UNIT 2 - CYCLE 15 STARTUP PHYSICS TESTS

BORON WORTH COEFFICIENT
Measured DBW = -7.39 pcm/ppm
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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 through varying the steam generator blowdown flow,
establishing a constant heatup or cooldown rate, ‘and monitoring the
resulting reactivity changes on the reactivity computer. This test
sequence includes a cooldown féllowed by a heatup.

Reactivity was measured.during an RCS cooldown of 3.0°F and an RCS
heatup of 2.6°F. Reactivity and temperature data were taken from thé
reactivity computer and strip chart recorders. Using the statepoint
method, the temperature coefficient was determined by dividing the change
in reactivity by the change in RCS temperature. An X-Y plotter, which
flotted reactivity versus temperature, confirmed the statepoint method
in calculating the measﬁrgd ITC.

The predicted and measured isothermal temperature coefficient values
are compared in Table 5.1. As can be seen from this summary and from the
Startup Physics Test Results and Evaluation Sheet given in the Appendix,
the measured isothermal temperature coefficient value was within the
design tolerance of *3 pcm/°F. Accounting for the Doppler temperature
coefficient (-1.69 pcm/°F) and a 0.5 pcm/°F uncertainty, the moderator
temperature coefficient was 0.76 pcm/°F, which meets the requirement of
Core Operating Limits Report Section 2.1. In summary,'the measured result

was satisfactory.
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Table 5.1

®

SURRY UNIT 2 - CYCLE 15 STARTUP PHYSICS TESTS
ISOTHERMAL TEMPERATURE COEFFICIENT SUMMARY

CORE CONDITIONS

ISOTHERMAL TEMPERATURE COEFFICIENT

NE-1148 S2C15 Startup Physics Tests Report

(PCM/ F)
D-BANK TEMPERATURE BORON
POSITION RANGE CONCENTRATION| C/D H/U | AVE. DIFFER.
( F) (ppm) MEAS.| PRED. (M-P)
543.8
214/215 to 1896 -1.50) -1.35)-1.43| -2.72 1.29
548.3
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"SECTION 6
POWER DISTRIBUTION MEASUREMENTS

The core power distributions were measured using the movable incore
detector flux mapping system. This system consists of fivé fission
chamber detectors which tréverse fuel assembly instrumentation thimbles
depicted in Figure 1.3. For each traverse, the detector volfége output
is continuously monitored on a strip chart recorder, and scanned for 61
discrete axiai points by.the PRODAC P-250 process computer. Full core,
three-dimensional power distributions are deterﬁined from this data using
the CECOR code“. CECOR couples the measured voltages with predetermined
analytic signal-to-power conversions, pin-to-box factors, and average
coupling coefficients in order to determine the power distribution for
the whole core. |

A list of the full-core flux ﬁaps 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 Technical Specification limits as specified in the COLR® is
given in Tabie 6.2. Flux map 2 was taken at approximately 307 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 3
through 4 were taken near 697% and 100% 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 through 6.3. These figures show that the average

relative assembly power distribution measured/predicted percent
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difference was 1.8% or less for the three maps. The measured F-Q(Z) and
F-DH(N) peaking factor values for all flux maps were within the limits
of the Core Operating Limits Report (COLR) Sectioﬁg‘ 2.3 and 2.4,
respectively. -Flux maps 2 and 3 were used to recalibrate the power range
excore detectors. Power'range detector calibration contants based on flux
map 4 measurements verified the existing calibration from map 3 was
éati;factory. |

In conclusion, the powei distribution measurement results were
considered to be acceptable with respect to the design tolerances, the
accident analysis qcceptaqqe criteria, and the COLR 1limits. It 1is
therefore anticipated that fhe core will continue to operate as designed

throughout Cycle 15.
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TABLE 6.1

SURRY UNIT 2 - CYCLE 15 STARTUP PHYSICS TESTS
~ INCORE FLUX MAP SUMMARY

[ | [ | 1 | 1 | 2 ) | |

3 [ | BURNI | | F-Q(2) HOT | F-DH(N) HOT | CORE F(2) | POWER | ! |

MAP {nap| UP | [BANK | CHANNEL FACTOR | CHNL.FACTOR | Max | TILT | AXIAL| NO.|

DESCRIPTION. - |NO.| DATE | mwD/|PWR| D | 1 : | OFF | oF |

i | MTU | (Z)ISTEPS|ASSY | AXIAL | | ASSY | F-DH(N)IAXIAL] F(Z)| MAX -[LOC| SET [THIM|

1 ! I | POINT | F-a(2) | 1 IPOINT| | I | (%) IBLESI

i1 I __| - | | | | | [ PSRN S, U

LESS THN 30z PWR | 2 110-31-97] S 1301 19171 D11 | 19 | 2.0641 | D10 { 1.556 | 19 |1.230l1.014| NEl 6.75) 42 |

BTWN 657 AND 757 | 3 |11-02-971 29 ) 69] 211 | D10 | 19 | 1.8% | Blo | 1.503 | 19 [1.146]11.009] SE| 4.061 42 {

GRT THAN 95Z PWR | 4 |11-07-97] 178 l100] 228 | D10 |- 34 1.773 | Bl0 | 1.497 | 30 |1.088]1.011] SE| -0.72] 38 |
i l |

NOTES: HOT SPOT LOCATIONS ARE SPECIFIED BY GIVING ASSEMBLY LOCATIONS (E.G. HO8 IS THE CENTER-OF-CORE ASSEMBLY),
AND CORE HEIGHT (IN THE 2" DIRECTION THE CORE IS DIVIDED INTO 61 AXIAL POINTS STARTING FROM THE TOP

OF THE CORE).
1. F-Q(2) INCLUDES A TOTAL UNCERTAINTY OF 1.08. .

2. PONER TILT - DEFINED AS THE AVERAGE QUADRANT POWER TILT FROM CECOR.

3. EACH MAP WAS USED TO PERFORM A PEAKING FACTOR VERIFICATION AND

A PONER RANGE EXCORE DETECTOR CALIBRATION. THE FLUX MAP &
CALIBRATION VERIFIED THE EXISTING CALIBRATION.
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Table 6.2

®

SURRY UNIT 2 - CYCLE 15 STARTUP PHYSICS TESTS
COMPARISON OF MEASURED POWER DISTRIBUTION PARAMETERS
WITH THEIR CORE OPERATING LIMITS

PEAK F-Q(Z) HOT
CHANNEL FACTOR*

F-Q(Z) HOT
CHANNEL FACTOR#**

(AT NODE OF MINIMUM MARGIN)

F-DH(N) HOT
" CHANNEL FACTOR#

MAP | MEAS | LIMIT | NODE | MEAS | LIMIT | NODE | MARGIN | MEAS | LIMIT |-MARGIN
NO. (%) (%)
2 [2.041]4.501] 19 | 2.041{ 4.501) 19 54.7 | 1.556 ] 1.890| 17.7
3 | 1.836]3.270| 19 | 1.836]| 3.270| 19 43.9 | 1.503|1.706| 11.9
4 [1.773(2.324| 34 |1.728( 2.254| 19 23.3 | 1.497] 1.561 4.1

Ll

#

. The Technical Specification's limit for the heat flux hot channel

factor, F-Q(Z), is a function of core height and power level.
The values for F-Q(Z) listed are the maximum value of F-Q(Z) in
the core. The Technical Specification's limit listed above is
evaluated at the plane of maximum F-Q(Z).

> The value for F-Q(Z) listed above is the value at the plané of

minimum margin. The minimum margin values listed are the minimum
percent difference between the measured values of F-Q(Z) and the
Technical Specification's limit at that node for each map.

The measured F-Q(Z) hot channel factors include 8% total
uncertainty.

Since all fuel assemblies in the core are SIF fuel (i.e. there
are no lopar assemblies), the FdH(N) limit for all assemblies is
the same.
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SURRY UNIT 2 - CYCLE 15 STARTUP PHYSICS TESTS
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"0.493
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-0.2

1.339
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0.4

1.360
1.361
0.1
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. ~0.3

1.182
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-0.3
1.100
1.089
-1.0
1.182
1.161
-1.8
S 1286
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-3.6
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1.345
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21339
. 1322
.13
J1110
. 1.106
. -e.6
L0919
. 0.916
. C0.4

. 0.227
. 0.222
. -2.3

1.110 . 1.075
1.107 . 1.079

0.8

1.134

0.3 2.1

“1.339
1.370
2.3

1.233
1.283
4.1
1.255
1.275
1.6

1.360
1.382
1.6
1.293
1.303 . 1.293
0.8 0.7

1.286

1.102 . 1.182
1.097 . 1.165
le.4 . -1.5
1.047
1.039
‘0.8
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1.089
10
1.293
1.282
lo.8
1.255
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1.9 0.3
1.233 . 1.339
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0.3

1.100
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F-Q(Z) = 2.061

F-DH(N) =
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POWER:
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. 3.0
D 1381
< 1.400
- 1.4
S 10346
. 1371
- e
D 1.226
- 1.246
- 1e
J1less
- 1.284
- e
J1lz91
. 1.293
. Toaz
T1l2ss
. 1.278
Y
S 1l2ze
. 1.222
D03
D136
. 1.338
- Co.s

. 1.206
1.202
-0.3
0.493
0.497
0.8

29.67

1.110 . 1.206 . 1.079
. 1.262 . 1.119

0.9645 .. 0.531 . 0.325
2.8

%.9

3.7 .
1.315 .
1.348 .

2.5 .
1.297 .
1.333 .

2.7 .
1.348 .
1.362 .

11 .
1.360 .
1.358 .

Jo.2 .
1.256 .
1.259 .

0.3 .
1.360 .
1.375 .

1.0 .
1.348 .
1.373 .

1.9 .
1.297 .
1.332 .

2.7 .

‘1231570
1.366 .

2.2 .
1.079 .
1.093 .

1.3 .
0.310 .
0.313 .

1.1 .

1.0142

SW 0.9865 | SE

5.0 MWD/HTU A.0. =
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. PREDICTED
. MEASURED .
.PCT DIFFERENCE.

- AVERAGE -
.PCT DIFFERENCE.
- = 1.8 .

0.228 .
0.238 .
“.3 .
0.257 .
0.262 .
2.0 .
0.228 .
0.232 .
1.9 .



Figure 6.2

®

SURRY UNIT 2 - CYCLE 15 STARTUP PHYSICS TESTS
ASSEMBLYWISE POWER DISTRIBUTION

69% POWER
R P N H L K J H c F E ) c B A
. eREDICTED . S 6.251 . 0.288 . 0.251 . - " “prEpIcTED .
. MEASURED . 0.252 . 0.292 . 0.256 . . MEASURED .
PCT DIFFERENCE. . 0.6. 1.4. 2.2. PCT DIFFERENCE.
~0.322 . 0.514 . 0.961 . 0.845 . 0.961 . 0.514 . 0.322 . 7
. 0.317 . 0.511 . 0.965 . 0.862 . 0.984 . 0.541 . 0.333 .
. C17. ‘o.6. 0.4 1.6 . 2.6 . 5.3 . 3.2.
S 0.385 . 1.072 . 1.1% . 1.121 . 1.097 . 1.121 . 1.194 . 1.072 . 6.358 .
D 0.390 . 1.069 . 1.181 . 1.122 . 1.109 . 1.141 . 1.222 . 1.097 . 0.403 .
sl Tzl Tha sl el Tia 1.8 . 2.3 . 2.3. 4.6.
ST0.400 . 0.738 . 1.284 . 1.352 . 1.315 . 1.225 . 1.315 . 1.352 . 1.284 . 0.738 . 0.400 .
C 0.391 . 0.720 . 1.230 . 1.333 . 1.317 . 1.266 . 1.336 . 1.37¢-. 1.301 . 0.743 . 0.401 .
L 21 ‘z4. 6.2. 1.5, 0.1. 1.6. 1.6. 1.6. 1.3. o0.r. o0.2.
0326 . 1.083 . 1.291 . 1.273 . 1.323 . 1.338 . 1.257 . 1.338 . 1.323 . 1.273 . 1.291 . 1.083 . 0.326 .
D 0.320 . 1.063 . 1.270 . 1.263 . 1.316 . 1.346 . 1.255 . 1.556 . 1.338 . 1.279 . 1.281 . 1.083 . 0.337
S sl Y17l sl Cpe . 0. 1.5 . 1.3. 1.1 . 0.5. -0.8. ©0.. 3.5.
JT0.516 . 1.199 . 1.357 . 1.324 . 1.255 . 1.272 . 1.278 . 1.272 . 1.283 . 1.324 . 1.357 . 1.199 . 0.516 .
0.507 . 1.177 . 1.330 . 1.286 . 1.245 . 1.283 . 1.312 . 1.288 . 1.266 . 1.327 . 1.351 . 1.198 . 0.521 .
- 1.8. ‘19, 2o, ‘z8. -0.7. 0.8. 27. 1.2. 1.0. 0.2. -0.5. -0.1. 0.9.
CT0.251 . 0.963 . 1.123 . 1.317 . 1.338 . 1.271 . 1.181 . 1.101 . 1.181 . 1.271 . 1.338 . 1.317 . 1.123 . 0.963 . 0.251 .
- 0.267 . 0.966 ~1.106 . 1.297 . 1.321 . 1.267 . 1.192 . 1.112 . 1.178 . 1.277 . 1.337 . 1.302 . 1.120 . 0.976 . 0.254
. “1.7. -1.8. -1.7 . -1.5. -1.2. -0.3. 0.9. 1.0. <0.3. 0.5. -8.1 . -1.2 . -0.3. 1.4. 1.0.
2700288 . 0.850 . 1.009 . 1.226 . 1.257 . 1.276 . 1.099 . 1.05¢ . 1.099 . 1.276 . 1.237 . 1.226 . 1.099 . 0.850 . 0.288 .
0.283 . 0.836 . 1.081 . 1.212 . 1.236 . 1.275 . 1.101 . 1.058 . 1.103 . 1.292 . 1.740 . 1.225 . 1.088 . 0.841 . 0.267 .
. 2170 Cl.6. <l.6. -1.1. -0.1. -0.2. 0.1. 0.4. 0.&. 1.2. 0.3. -6.2. -1.0. -1.0. -0.3.
J0.251 . 0.963 . 1.123 . 1.317 . 1.338 . 1.271 . 1.181 . 1.101 . 1.181 . 1.271 . 1.338 . 1.317 . 1.123 . 0.963 . 0.251 .
. 0.266 . 0.944 . 1.101 . 1.299 . 1.331 . 1.264 . 1.176 . 1.102 . 1.185 . 1.247 . 1.340 . 1.329 . 1.132 . 0.968 . 0.252 .
D lzoo. fzoo. lzoe. C1.3 . Y05 . ‘0.5, 0.5, 0.1. 0.2. -1.9. 0.1 0.9 . 0.8. 0.5. 0.4.
''''' ST0.516 . 1.199 . 1.357 . 1.324 . 1.253 . 1.272 . 1.278 . 1.272 . 1.253 . 1.324 . 1.387 . 1.199 . 0.816 .
- 0.503 . 1.162 . 1.333 . 1.308 . 1.241 . 1.253 . 1.28¢ . 1.277 . 1.255 . 1.3¢1 . 1.395 . 1.227 . 0.531 .
. S2.6. -3.1. -1.8. -1.2. -1.0 . -1.5. 0.4. 0.4. -8.1. 1.3. 2.8. 2.3. 2.9.
CT0.326 . 1.083 . 1.291 . 1.275 . 1.323 . 1.338 . 1.237 . 1.338 . 1.323 . 1.273 . 1.291 . 1.083 . 0.326 .
. 0.319 . 1.063 . 1.271 . 1.253 . 1.310 . 1.335 . 1.272 . 1.349 . 1.319 . 1.300 . 1.331 . 1.116 . 0.336 .
. "2a. -1.8. <1.6. -1.6. -0.9. -0.3. 2.8. 0.8. -0.3. 2.1. 3.0. 3.1. 3.0.
U 0,400 . 0.738 . 1.284 . 1.352 . 1.315 . 1.225 . 1.315 . 1.352 . 1.284 . 0.738 . 0.400 .
S 0.406 . 0.731 . 1.271 . 1.339 . 1.297 . 1.230 . 1.320 . 1.3564 . 1.304 . 0.775 . 0.422 .
1.5 . <0.9 . S1.0. 1.0 . -1.6. 0.4. ©0.3. 0.1. 1.6. 5.0. 5.7.
RN 0.385 . 1.072 . 1.1% . 1.121 . 1.097 . 1.121 . 1.19 . 1.072 . 0.385 .
0.383 . 1.068 . 1.186 . 1.113 . 1.097 . 1.121 . 1.179 . 1.077 . 0.39
© 06 . ‘o4 . ‘0.6. -0.7. 0.0. 0.0. <1.3. 0.6. 2.3.
"""" ST0.322 . 0.514 . 0.961 . 0.849 . 0.961 . 0.514 . 0.322 .
. 0.33¢ . 0.513 . 0.956 . 0.851 . 0.972 . 0.513 . €.325 .
© 35, 0. ‘0.s. 0.2. 1.2. -0.1. o0.5.
S stamparn . T . 0.251 . 0.288 . 0.251 . T T averace .
. DEVIATION . . 0.243 . 0.287 . 0.253 -PCT DIFFERENCE.
. =l.o9n S 30, -0.2. 0.9. =13 .
SUMMARY
MAP NO: S2-15-03 DATE: 11/02/97 POWER: 68.82%
CONTROL ROD POSITIONS: F-Q(Z) = 1.836 QPTR:
+ D BANK AT 211 STEPS F-DH(N) = 1.503 NW 0.9916 | NE 1.0088
1
F(Z) = 1.146 SW 0.9908 | SE 1.0088
BURNUP = 29 MWD/MTU A.O0. = 4.0617
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- Figuré 6.3

SURRY UNIT 2 - CYCLE 15 STARTUP PHYSICS TESTS
ASSEMBLYWISE POWER DISTRIBUTION
100% POWER

PREDICTED . . 0.262 . 0.303 . 0.262 . - PREDICTED
MEASURED . - 0.263 . 0.306 . 0.268 - MEASURED -
.PCT DIFFERENCE. 0.6 . 1.1 . 2.3 -PCT DIFFERENCE.

. 0.327 . 0.522 0.881 . 0.974¢ . 6.522 . 0.327 .

1.182 . 1.059 . 0.389 . .
1.172 .. 1.065 . 0.398 . 1:
-0.8 . 0.5 . 2.3 .

1.108 . 1.1264
1.110 1.128

0.1 0.3

. 0.327 . 0.522 . 0.974
. 0.363 ., 0.524 . 0.974
- 4.8 . 0.4 . 0.0

0.881 . 0.974 0.522 . 0.327 .
0.886 . 0.991 0.526 . 0.329 .

0.4 . 8.5 .

14
1.7

0.6

- AVERAGE -
-PCT DIFFERENCE. 15
. = 1.4 .

- STANDARD . . 0.262 . 0.303 ., 0.262
. DEVIATION . . 0.262 . 0.305 . 0.266
. =1.314 . - 0.2 . 0.7 . 1.6

- 0.323 . 0.519 . 0.976 . 0.890 . 0.999 . 0.559 . 0.339 .
D13 . ‘0.6. 0.2. 1.0. 2.6. 7.2. 3.7.
- 0.389 . 1.059 . 1.182 . 1.124 . 1.108 . 1.124 . 1.182 . 1.059 . 0.389 .
. 0.406 . 1,062 . 1.170 . 1.123 . 1.111 . 1.145 . 1.213 . 1.081 . 0.3% .
© 44 . ‘1.7, ‘10, C01. 0.3. 1.8. 26. 20. 1.2.
S 0.403 . 0.737 . 1.264 . 1.33G . 1.306 . 1.224 . 1.306 . 1.334 . 1.264 . 0.737 . 0.403 .
S 0.39¢ . 0.721 . 1.211 . 1.314 . 1.307 . 1.250 . 1.328 . 1.360 . 1.279 . 0.738 . 0.402 .
. 2.2, -2.2. 4.2, <1.5. 0.2. 2.1. 1.9. 2.0. 1.2. @.. -0.1.
70,330 . 1.09 . 1.270 . 1.261 . 1.313 . 1.332 . 1.236 . 1.332 . 1.313 . 1.261 . 1.270 . 1.069 . 0.330 .
S 0.323 . 1.066 . 1.24% . 1.238 . 1.300 . 1.335 . 1.256 . 1.351 . 1.330 . 1.266 . 1.256 . 1.067 . 0.346 .
L 2.2, Czuz. f21 . 18, 1o 0.3. 1.6. 1.6, 1.3. 0.6 . -1.3. -0.2 . 4.2.
T0.52¢ . 1.187 . 1.338 . 1.314 . 1.275 . 1.275 . 1.281 . 1.275 . 1.275 . 1.314 . 1.338 . 1.187 . 0.524 .
- 0.513 . 1.161 . 1.307 . 1.268 . 1.261 . 1.282 . 1.306 . 1.290 . 1.292 . 1.317 . 1.329 . 1.182 . 0.525 .
D200 2zl Cza . 35l i1l (0.6 28. 1.2. 1.6 0.2. -0.7. 0.6 . 0.2 .
S 0.262 . 0.976 . 1.126 . 1.306 . 1.331 . 1.27¢ . 1.192 . 1.114 . 1.192 . 1.276 . 1.331 . 1.306 . 1.126 . 0.976 . 0.262 .
. 0.257 . 0.955 . 1.103 . 1.284 . 1.315 . 1.270 . 1.204 . 1.123 . 1.188 . 1.278 . 1.329 . 1.288 . 1.120 . 0.971 . 0.261 .
LS2a1 . C2a1 . fzuo ol Y16 T1.2 . C0.3 . 1.0 . 0.8 . 0.4 . 0.6 . -0.2 . -1.6. 0.6 . -0.4 . -0.G .
. 0.303 . 0.881 . 1.109 . 1.225 . 1.236 . 1.279 . 1.113 . 1.073 . 1.113 . 1.279 . 1.236 . 1.225 . 1.109 . 0.881 . 0.303 .
. 0.296 . 0.863 . 1.089 . 1.215 . 1.246 . 1.279 . 1.115 . 1.076 . 1.115 . 1.285 . 1.238 . 1.226 . 1.111 . 0.876 . 0.302 .
. <za . ‘21 . ‘1.8. -1.0. 0.8. 0.0. 0.2. 0.3. 0.2. 0.5. 0.2. 0. . 0.1. -0.6. -0.1.
.0.262 . 0.976 . 1.126 . 1.306 . 1.331 . 1.276 . 1.192 . 1.114 . 1.192 . 1.274 . 1.331 . 1.306 . 1.126 . 0.976 . 0.262 .
. 0.256 . 0.952 . 1.100 . 1.287 . 1.323 . 1.266 . 1.185 . 1.116 . 1.198 . 1.249 . 1.335 . 1.325 . 1.14% . 0.990 . 0.266 .
L 2.3, 2.4, ‘2.3 “1.6. -0.6. -0.6 . -0.6. 0.1. 04. -1.9. 0.3. 1.5. 1.6. 1.64. 1.7.
J0.524 . 1.187 . 1.338 . 1.314 . 1.275 . 1.275 . 1.281 . 1.275 . 1.275 . 1.314 . 1.338 . 1.187 . 0.526 . :
. 0.508 . 1.162 . 1.312 . 1.298 . 1.259 . 1.250 . 1.285 . 1.279 . 1.271 . 1.332 . 1.389 . 1.226 . 0.547 . 1
Loz . 37l fziel izl izl lziel TTesl el ezl 1. 3a. 3.3, 4.5 .
. 0.330 . 1.069 . 1.270 . 1.261 . 1.313 . 1.332 . 1.236 . 1.332 . 1.313 . 1.261 . 1.270 . 1.069 . 0.330 .
S 0.322 . 1.0648 . 1.251 . 1.245 . 1.300 . 1.326 . 1.273 . 1.341 . 1.305 . 1.278 . 1.513 . 1.111 . 0.34G . 1
4. 200 “16. 130 (1.0 ‘0.6, 3.0, 0.7. “0.7. 1.3. 3.3. 3.9. 4.1.
T Tele03 00737 L 102664 . 1.334 . 1.304 . 1.226 . 1.306 . 1.33G . 1.264 . 0.757 . 0.403 .
L 0.411 . 0.732 . 1.25¢ . 1.319 . 1.278 . 1.228 . 1.309 . 1.335 . 1.281 . 0.773 . 0.433 . L
C 2. -0.7. -0.8. -1.1. -2.0. 0.5. 0.4. 0.0. 1.6. .9. 7.5.

SUMMARY
MAP NO: S2-15-04 DATE: 11/07/97 POWER: 99.83%Z
CONTROL ROD POSITIONS: F-Q(z) =1.773 - QPTR:
D BANK AT 228 STEPS F-DH(N) ='1.497 . NW 0.9904 | NE 1.0077

|
F(Z) = 1.088 SW 0.9906 | SE 1.0112

BURNUP = 178 MWD/MTU  A.0. = -0.722%
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® . ®

| SURRY POWER STATION UNIT 2 CYCLE 15
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

1 Test Description: Zero Power Testing Range Determination

Reference Proc No / Section: 2-NPT-RX-008 Sequence Step No:
n- Bank Positions (Steps) RCS Temperature (°F): 547
Test Power Levei (% F.P.): 0
Conditions |SDA: 229 SDB: 229 CA: 229 Other (specify):
(Design) | CB: 229 cc:  * cDh: * Below Nuclear Heating
Il |Bank Positions (Steps) RCS Temperature (°F):547.4
Test Power Level (% F.P.): 0

Conditions {SDA: 229 SDB: 229 CA: 229 Other (specify):
(Actual) | cB: 229 ‘cc: 229 cp: /9Y  [Below Nuclear Heating

Date/Time Test Performed:
1c/30ja7 1302

Reactivity Computer Initial
Flux Background Reading o* amps
vV %*Buceking Currznt st 7 1.33%10%mes
Test 7 :
Results |Flux Reading At a1
Point Of Nuclear Heating 30 %16 amps
. -8 -8
Zero Power Testing Rar.ge I x 10 to 10 ¥ 10~ amps
Reference Not Applicable
Vv FSAR/Tech Spec Not Applicable
Acceptance
Criteria |Reference Not Applicable
Design Tolerance is met*™ : v YES NO
Acceptance Criteria is met** : v YES NO
Vi * At The Just Critical Position

Comments |** Design Tolerance and Acceptance Criteria are met if ZPTR
is below the Point of Nuclear Heating and above background.

Prepared By: PML_ 'P,Jémij Reviewed By: V%m-aa ?\ﬂ*A
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®

SURRY POWER STATION UNIT 2 CYCLE 15
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

Test Description: Reactivity Computer Checkout

Reference Pioc No / Section: 2-NPT-RX-008 Sequence Step No:
il Bank Positions (Steps) RCS Temperature (°F): 547
Test Power Level (% F.P.): 0
Conditions |SDA: 229 SDB: 229  CA: 229 Other (specify):
(Design) | CB: 229 cCC: * CD: * Below Nuclear Heating
i Bank Positions (Steps) RCS Temperature (°F): 54¢.5
Test Power Level (% F.P.):0
Conditions [SDA: 229 SDB: 228 CA: 229 Other (specify):
(Actual) | cB: 229 cc: 229 cD: /09 Below Nuclear Heating
Date/Time Test Performed:
10 /30 Ja” 13140
Measured Parameter pc= Measured Reactivity using p-computer
(Description) pt= Predicted Reactivity -
v
Test
Results |Measured Value pc= ~44.0, 49.9
pt= -4s5,4, 49-%
%D= -3.] , —I|.2
~ |Design Value %D= {(pc - pt)/pt} x 100% < 4.0 %
Reference WCAP 7905, Rev. 1, Table 3.6
\Y ~SAR/Tech Spec {Not Appiicable
Acceptance
Criteria |Reference Not Applicable
Design Tolerance is met v YES __No
Acceptance Criteria is met : YES NO
Vi * At The Just Critical Position
Comments The allowable range will be set based on the above results, as well as

results from the benchmark test.
Allowable RarLgf =

~- 4 pcm +o "qcl}scm

Prepz-ad By: *Z”“ﬁ ? : ﬁ “/{\

Reviewed By: ?M«o-a\ ‘béww*‘-j
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SURRY POWER STATION UNIT 2 CYCLE 15
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

Test Description: Critical Boron Concentration - ARO

Reference Proc No / Section: 2-NPT-RX-008 Sequence Step No:
l Bank Positions (Steps) RCS Temperature (°F): 547
Test Power Level (% F.P.): 0
Conditions [SDA: 229 SDB: 229 CA: 229 Other (specify):
(Design) | CB: 229 CC: 229 CD: 229 Below Nuclear Heating
m Bank Positions (Steps) - |RCS Temperature (°F): s¥2.0
Test Power Level (% F.P.): 0
Conditions |SDA: 229 SDB: 229 CA: 229 Other (specify):
(Actual) | CB: 229 CC: 229 CD: 229 Below Nuciear Heating
Date/Timme Test Performed:
/0 }; o/497 800
Measured Parameter (CB)”ARQ; Critical Boron Concentration - ARO
(Description) ' :
1\
Test
Results [Measured Value (CeMaro= l 901 ppm
(Design Conditions)
Design Value Cg = 1898 £ 50 ppm
(Design Conditions)
Reference Technicai Repoit NE-11485, Rev. C
\Y FSAR/Tech Spec jaCg x CgP| < 1000 pcm
Acceptance
Criteria  |Reference Technical Specification 4.10.A
Design Tolerance is met __/ YES ___NO
Acceptance Criteria is met : YES NO
Vi
Comments aCpg = -7.09 pcm/ppm

cg® = |(Ce)"ARO - Cgl; Cg is design value

FaWAVd)
Prepared By: W% '1M

NE-1148 S2C15 Startup Physics Tests Report
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SURRY POWER STATlON UNIT 2 CYCLE 15
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

Test Description: Isothermal Temperature Coefficient - ARO

Reference Proc No / Section: 2-NPT-RX-008 Sequence Step No:
T Bank Positions (Steps) RCS Temperature (°F): 547
Test : Power Leve' (% F.P.): 0
Conditions [SDA: 229 SDB: 229° CA: 229 Other (specify):

(Design) | CB: 229 CC: 229 CD: 229 Below Nuclear Heating
i Bank Positions (Steps) RCS Temperature (°F): 546, %
Test Power Level (% F.P.): 0
Conditions {SDA: 229 SDB: 229 CA 229 Ofher (specify):
(Actual) | cB: 229 cC: 229 cCD:2! V/ 2/5” [Below Nuclear Heating
Date/Time Test Performed: ‘
fo 7’50/94 2 /gjo
Measured Parameter (er°%)aro;  !sothermal Temperature
(Description) Coefficient'- ARO
v T
Test |Measured Value (et™%ar0= — 1.4% pem/PF
Results (Ce= /89¢ ppm)
Design Value
(Actual Conditions) (@r'%aro= ~212+3.0 pemlPF
(Ce= /896 ppm)
Design Value
(Design Conditions) (@r'*%)aro= -2.70 +3.0 pcm/°F
(Cg= 1898 ppm)
Referance Technical Report NE-1146, Rev. 0
v FSAR/COLR o*%< 3.81* pecm/°F
Acceptance ar®®F = -1.69 pcm/°F
Criteria |Reference COLR 2.1.1,Technical Report NE-1146, Rev. 0
Design Tolerance is met _ V_YES __NO
Acceptance Criteriais met : YES NO
\/! :
Comments |*Uncertainty on aTpmop = 0.5 pch°F (Reference: memorandum from

A /7]

C.T. Snow to E.J. Lozito dated June 27, 1980.)

Prepared By: 7{

NE-1148 S2C15 Startup Physics Tests Report
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Reviewed By: 7 7 /&e,ﬁ-/
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SURRY POWER STATION UNIT 2 CYCLE 15
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

| Test Description: Control Bank B Worth Measurement, Rod Swap Ref. Bank

Reference Proc No / Section: 2-NPT-RX-008 Sequence Step No:
I Bank Positions (Steps) RCS Temperature (°F): 547
Test Power Level (% F.P.): 0
Conditions |SDA: 229 SDB: 229 CA: 229 Other (specify):
(Design) | CB: moving CC: 229 CD: 229 Below Nuclear Heating
mn Bank Positions (Steps) RCS Temperature (°F): 56,5
Test Power Level (% F.P.):0

Conditions |SDA: 229 SDB: 229 CA:
(Actual)

CB: moving CC: 229 CD:

229 Other (specify):
229 Below Nuclear Heating

Date/Time Test Performed:
10/%0/97 19%0
—t

Measured Parameter

Ig7EF; Integral Worth Of Control Bank B,

(Description) All Other Rods Out
v
Test |Measured Value IgREF = / 537 pem
Resuilts

Design Value
(Design Conditions)

187 = 1492 + 149 pcm

Reference

Technical Report NE-1146, Rev. 0

\Y FSAR/Tech Spec

If Design Tolerance is exceeded, SNSOC shall
evaiuate impact of test result on safety analysis.

Acceptance SNSOC may specify that additional testing
Criteria be performed.
Reference VEP-FRD-36A
yd
Design Tolerance is met ~ : ~ YES ___NO
Acceptance Criteria is met : v YES NO

Vi
Comments

' A
Prepared By: %{/M

Reviewed By: 7/ Z/chk
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SURRY POWER STATION UNIT 2 CYCLE 15
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

Test Description: Critical Boron Concentration - B Bank In

Reference Proc No / Section: 2-NPT-RX-008 Sequence Step No:
| Bank Positions (Steps) RCS Temperature (°F): 547
Test Power Level (% F.P.): 0
Conditions {[SDA: 229 SDB: 229 CA: 229 Other (specify):
(Design) | CB: 0 CC: 220 CD: 229 Below Nuclear Heating
1 Bank Positions (Steps) ' RCS Temperature (°F): 5y, ,|
Test Power Level (% F.P.): 0
Conditions |[SDA: 229 SDB: 229 CA: 229 Other (specify):
(Actual) | cB: 0O CC:. 229 CD: 229 Below Nuclear Heating
Date/Time Test Performed:
wlzolar 1330
Measured Parameter (Ce)Mg;  Critical Boron Concentration,
(Description) B Bank In
v
Test
Results |Measured Value (CB)MB= 1649 ppm
(Design Conditions) ,
Design Value Cg= 1688 + ACg "™ £ (10 + 149.2/]aCg|) ppm
(Design Conditions) Cs= 1491 = 31 ppm
Reference Technical Report NE-1146, Rev. 0
Y FSAR/Tech Spec Not Applicable
Acceptance
Criteria |Reference Not Applicable
Design Tolerance is met _/ YES __No
Acceptance Criteria is met : v/ YES NO
Vi
Comments aCpg = -7.10 pcm/ppm

ACg "™ = (Cs)¥aRro - 1898 ppm

Prepared By: U l/l ’(,(U/wm
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SURRY POWER STATION UNIT 2 CYCLE 15
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

i Test Description: HZP Boron Worth Coefficient Measurement

Reference Proc No / Section: 2-NPT-RX-008 Sequence Step No:
| Bank Positions (Steps) RCS Temperature (°F): 547
Test Power Level (% F.P.): 0

Conditions [SDA: 229 SDB: 229 CA: 229 Other (specify):
(Design) | CB: moving CC: 229 CD: 229 Below Nuclear Heating

i Bank Positions (Steps) RCS Temperature {°F): 547.0
Test Power Level (% F.P.): 0
Conditions {SDA: 229 SDB: 229 CA: 229 Other (specify):
(Actual) CB: moving CC: 229 CD: 229 Below Nuclear Heating

Date/Time Test Performed:
10/30/a77 1S200

Measured Parameter aCs ; Boron Worth Coefficient
(Description) '
v
Test :
Results |Measured Value aCg= -7.394 pcm/ppm
Design Value aCg = -7.10 £ 0.71 pcm/ppm
(Design Conditions)
Reference Technical Report NE-1146, Rev. 0
Y FSAR/Tech Spec : Not Applicable
Acceptance
Criteria |Reference Not Applicable
Design Toleranceismet : ¥ _YES ___No
Acceptance Criteria is met : v YES NO
Vi
Comments

Prepared By: MQDL\XXQM,_, Reviewed By: v ‘A \(-G'MM'\M
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SURRY POWER STATION UNIT 2 CYCLE 15
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

|
Reference

Test Description: Contro! Bank D Worth Measurement, Rod Swap

Proc No / Section:

2-NPT-RX-008

Sequence Step No:

Bank Positions (Steps)

RCS Temperature (°F): 547

Test Power Level (% F.P.): 0
Conditions |SDA: 229 SDB: 229 CA: 229 Other (specify):
(Design) | CB: moving CC: 229 CD: moving _ [Below Nuclear Heating
nn Bank Positions (Steps) RCS Temperature (°F): 54(,.3
Test Power Level (% F.P.): 0
Conditions |SDA: 229 SDB: 229 CA: 229 Other (specify):
(Actual) CB: moving CC. 229 CD: moving Below Nuclear Heating
Date/Time Test Performed:
ie{z /a1 002377
Measured Parameter. . Ip"®; Integral Worth of Control Bank D,
(Description) Rod Swap . :
v Measured Value IDRS= | 005' pcm  (Adjusted Measured
Test Critical Reference Bank Position= 129  steps)
Results [Design Value
(Actual Conditions) IDRS= 10224 &m (Adjusted Measured
Critical Reference Bank Position = 1.9 steps)
Design Value
" |(Design Conditions) Ip™°= 1026 + 154 pcm
(Critical Reference Bank Position = 143 steps)
Reference Technical Report NE-1146, Rev. 0, VEP-FRD-36A
FSAR/T=ch Spec If Design Tolerance is exceeded, SNSOC shall
\Y evaluate impact of test result on safety analysis.
Acceptance SNSOC may specify that additional testing
Criteria be performed.
Reference VEP-FRD-36A
Design Tolerance is met _V_ YES ____NO
Acceptance Criteria is met : v’ YES NO
VI
Comments

Prepared By: DN ddoac,
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SURRY POWER STATION UNIT 2 CYCLE 15
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

Test Description: Control Bank C Worth Measurement, Rod Swap

Reference | Proc No/ Section:  2-NPT-RX-008 Sequence Step No:
I Bank Positions (Steps) RCS Temperature (°F): 547
Test Power Level (% F.P.): 0
Conditions |SDA: 229 SDB: 229 CA: 229 Other (specify):
(Design) | CB: moving CC: moving CD: 228 Below Nuclear Heating
Th Bank Positions (Steps) RCS Temperature (°F): Gub(,.5
Test Power Level (% F.P.): 0
Conditions [SDA: 229 SDB: 229 CA: 229 Other (specify):
(Actual) CB: moving CC:. moving CD: 229 Below Nuclear Heating
Date/Time Test Performed:
iof3ifa7 otz
Measured Parameter ic™S; Integral Worth of Control Bank C,
(Description) Rod Swap .
v Measured Value 1= BB pewm  (Adjusted Measured
Test Critical Reference Bank Position= {0~] - steps)
Results |Design Value : .
(Actual Conditions) |cRs= qa14.0 feM  (Adjusted Measured
Critical Reference Bank Position= |0 steps)
Design Value
(Design Conditions) Ic™= 912 + 137 pcm
(Critical Reference Bank Position = 118 steps)
Reference Technical Report NE-1143, Rev. 0, VEP-FRD-36A
FSAR/Tech Spec If Design Tolerance is exceeded, SNSOC shall
Vv evaluate impact of test result or. safely analysis.
Acceptance SNSOC may specify that additional testing
Criteria be performed.
Reference VEP-FRD-36A -
Design Tolerance is met v YE3 __No
Acceptance Criteria is met : YES NO -
\Y |
Comments

Prepared By: W {(dwun
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SURRY POWER STATION UNIT 2 CYCLE 15

STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

Test Description: Control Bank A Worth Measurement, Rod Swap

Reference | Proc No / Section: 2-NPT-RX-008 Sequence Step No:
I Bank Positions (Steps) '[RCS Temperature (°F): 547
Test Power Level (% F.P.): 0
Conditions |SDA: 229 SDB: 229 CA: moving Other (specify):
(Design) | CB: moving CC: 229 CD: 229 Below Nuclear Heating
I Bank Positions (Steps) RCS Temperature (°F): 54(.3
Test Power Level (% F.P.): 0
Conditions [SDA: 229 SDB: 229 CA: moving Other (specify):
(Actual) | CB: moving CC. 229 CD: 229 Below Nuclear Heating
Date/Time Test Performed:
ol ]a7T 018SS
Measured Parameter IaRS: Integral Worth of Control Bank A,
(Description) Rod Swap
IV |Measured Value 1A% |96 pcm  (Adjusted Measured
Test Critical Reference Bank Positon= 59  steps)
Results |Design Value
(Actual Conditions) 1aRS= 200, 5] pem  (Adjusted Measured
Critical Reference Bank Position = 3q steps)
Design Value |
(Design Conditions) IaRS= 201 + 100 pcm
(Critical Reference Bank Position = 39 steps)
Reference Technical Report NE-1146, Rev. 0, VEP-FRD-36A
FSAR/Tech Spec If Design Tolerance is exceeded, SNSOC shall
\) evaluate impact of test result on safety analysis.
Acceptance SNSOC may specify that additional testing
Criteria be performed.
' Reference VEP-FRD-36A
Design Tolerance is met A/ YES ____NO
Acceptance Criteria is met : v/ YES NO
Vi
Comments

Prepared By: S) l/l l(gd&,uw
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SURRY POWER STATION UNIT 2 CYCLE 15
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

|
Reference

Test Description: Shutdown Bank B Worth Measurement, Rod Swap

Proc No / Section:

2-NPT-RX-008

Sequence Step No:

Bank Positions (Steps)

RCS Temperature (°F); 547

Test Power Level (% F.P.): 0
Conditions [SDA: 229 SDB: moving CA: 229 Other (specify):
(Design) | CB: moving CC: 229 CD: 229 Below Nuclear Heating
1] Bank Positions (Steps) RCS Temperature (°F): SHE.Y
Test Power Level (% F.P.): 0
Conditions |SDA: 229 SDB: moving CA: 229 Other (specify):
(Actual) CB: moving CC: 229 CD: 229 Below Nuclear Heating
Date/Time Test Performed:
o/ a7 02%0
Measured Parameter Iss™>; Integral Worth of Shutdown Bank B,
(Description) Rod Swap B
v Measured Value IsgTo= 1225 pewn (Adjusted Measured
Test Critical Reference Bank Position= (T72_ steps)
Results [Design Value C
(Actual Conditions) lsaRs= 1243.5 pen~  (Adjusted Measured
Critical Reference Bank Position= |7 2. steps)
Design Value
(Design Conditions) ISBRS= 1242 £+ 186 pcm
(Critical Reference Bank Position = 186 steps)
Reference Technical Report NE-1146, Rev. 0, VEP-FRD-36A
FSAR/Tech Spec If Design Tolerance is exceeded, SNSCC shall
\) evaluate impact of test result on safety analysis.
Acceptance SNSOC may specify that additional testing
Criteria be performed.
Reference VEP-FRD-36A
Design Tolerance is met v/ YES ____NO
Acceptance Criteria is met \/ YES NO
Vi
'I-Comments

Prepared By: D IA, lmwf\
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SURRY POWER STATION UNIT 2 CYCLE 15
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

{
Reference

Proc No / Section:

Test Description: Shutdown Bank A Worth Measurement, Rod Swap
2-NPT-RX-008

Sequence Step No:

Bank Positions (Steps)

RCS Temperature (°F): 547

Test Power Level (% F.P.): 0
Conditions |SDA: moving SDB: 229 CA: 229 Other (specify):
(Design) | CB: moving CC: 229 CD: 229 Below Nuclear Heating
i Bank Positions (Steps) RCS Temperature (°F) -
Test . Power Level (% F.P.): 0 546 . ‘-f i31fa7
Conditions |SDA: moving SDB: 229 CA: 229 Other (specify):
(Actual) | CB: moving CC: 229 CD: 229 Below Nuclear Heating
Date/Time Test Performed:
10/31/97  02:54
Measured Parameter ISARS; Integral Worth of Shutdown Bank A,
(Description) Rod Swap
\Y Measured Value ISARS= 803 pem (Adjusted Measured
Test Critical Reference Bank Position= 94 steps)
Results |Design Value
(Actual Conditions) ARS= 804. / Pt (Adjusted Measured
Critical Reference Bank Positon= Q& steps)
Design Value
(Design Conditiors) Isa®= 810 + 122 pcm
(Critical Reference Bank Position = 99 steps)
Reference Technical Report NE-1146, Rev. 0, VEP-FRD-36A
FSAR/Tech Spec If Design Tolerance is exceeded, SNSOC shall
\'/ evaluate impact of test result on safety analysis.
Acceptance SNSOC may specify that additional testing
Criteria be performed.
Reference VEP-FRD-36A
Design Tolerance is met _\/_ YES ____NO
Acceptance Criteria is met : v~ YES NO
Vi
Comments
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SURRY POWER STATION UNIT 2 CYCLE 15
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

1 Test Description: Total Rod Worth, Rod Swap

Reference Proc No / Section: 2-NPT-RX-008 Sequence Step No:
1l Bank Positions (Steps) RCS Temperature (°F): 547
Test Power Level (% F.P.): 0

Conditions |SDA: moving SDB: moving CA: moving Other (specify):
(Design) | CB: moving CC: moving CD: moving Below Nuclear Heating
In Bank Positions (Steps) RCS Temperature (°F): 5465
Test Power Level (% F.P.):0
Conditions |SDA: moving SDB: moving CA: moving Other (specify):
(Actual) CB: moving. CC: moving CD: moving Below Nuclear Heating
Date/Time Test Performed:
of30/97  1Q:30

Measured Parameter Itotal; Integral Worth of All Banks,
(Description) Rod Swap
v Measured Value Hotat= 56 47 pcm
Test
Results |Design Value
(Actual Conditions) Irota= 56 81.% pcm
Design Value
(Design Conditiors) Irota= 5683 £ 568 pcm
Reference : Technical Report NE-1146, Rev. 0, VEP-FRD-36A
FSAR/Tech Spec if Design Tolerance is exceedad, SNSOC shall
\2 evaluate impact of test result on safety analysis.
Acceptance Additional testing must be performed.
Criteria .
Reference VEP-FRD-36A
Design Tclerance is met v/ YES ____NO
Acceptance Criteria is met : 7 YES NO
Vi

.| Comments

Prepared By: V A \(»d,ﬂu’w\ Reviewed By: M
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ATTACHMENT T

SURRY POWER STATION UNIT 2 CYCLE 15
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

Test Description: M/D Flux Map - At Power

Comments

Reference | Proc No / Section: 2-NPT-RX-008 ,002 Sequence Step No:
1l Bank Positions (Steps) RCS Temperature (°F): TRer £ 1
Test ' Power Level (% F.P.): <30
Conditions |SDA: 229 SDB: 229 CA: 229 Other (specify):
(Design) | cB: 229 c¢Cc: * CD: * Must have 2 38 thimbles**
I Bank Positions (Steps) RCS Temperature (°F): Trer
Test Power Level (% F.P.): 29.S5
Conditions {SDA: 229 SDB: 228 CA: 229 Other (specify): _
(Actual) | cB: 228 cc: 229 CD: i9! 42 Thimbles
Date/Time Test Performed:
10/31]97 @ 2337
Maximum Relative | Nuclear Enthalpy | Total Heat Maximum
Measured Assembly Rise Hot Flux Hot Positive Incore
Parameter Power %DIFF Channel Factor Chann'e.l Quadrant
v (Description) (M-Iﬂg FAH(N) Factor Fo(2) Power Tiit
Test Measured -5, %209 :
Results Value 8.8 7«09 .50 2.0 f.0142
Design Value 1+10% for P; 20.9
(Design +15% for Pj<0.9 N/A N/A <1.02
Conditions)  |(Pj = assy power)
Reference |WCAP-7905, Rev. 1 None None WCAP.-7905,
Rev. 1
\") FSAR/COLR None FAH(N)<1.56(140.3(1-P)) |FQ{@)<4.64°K(2) None
Acceptance
Criteria [Reference None COLR 2.4 COLR 2.3 None
Design Tolerance is met _v_YES _ NO
Acceptance Criteria is met : v YES NO
Vi * As required
** Must have at least 16 thimbles for quarter core maps for multi-point calibrations
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SURRY POWER STATION UNIT 2 CYCLE 15
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

1 Test De:cription: M/D Flux Map - At Power
Reference | Proc No/Section:  2-NPT-RX-008 ,002  Segquence Step No:
1 Bank Positions (Steps) RCS Temperature (“F): TRer £ 1
Test _ Power Level (% F.P.).65<P <75
Conditions |SDA: 229 SDB: 2289 CA: 229 Other (specify):
(Design) [ CB: 229 CC: 29 CD:. * Must have 2 38 thimbles**
i Bank Positions (Steps) RCS Temperature (°F): ~hoF * |
Test Power Level (% F.P.): ¢9.82
Conditions |SDA: 229 SDB: 229 CA: 229 Other (specify):
(Actual) CB: 229 CC: 229 CD: Zil Yz THIMBLES
Date/Time Test Performed:
n{=z2(97 1 343
Maximum Relative Nuclear Enthalpy | Total Heat Maximum
Measured Ass=mbly Rise Hot Flux Hot Positive Incore
Parameter Power %DIFF Channel Factor Channel Quadrant
v (Description) |  (M-P)P FAH(N) Factor Fo(Z) | Power Tilt
-4.2% PzoA
RZse:Itts oy e I.503 1336 | J.oog?
Design Value [£10% for Pj 20.9
(Design +15% for Pj<0.9 N/A N/A £1.02
Conditions)  |(Pj = assy power) ,
Reference |WCAP-7905, Rev. 1 None None WCAP-7905,
Rev. 1 i
\Y FSAR/COLR None FAH(N)<1.56(1+0.3(1-P)) [FQ()=2.32P KD} None
Acceptance
Criteria |Reference None COLR 24 COLR 2.3 None |
Design Tolerance is met _¥_YES ___NO
Acceptance Criteria is met : v YES NO
Vi | * As required
Comments {** Must have at least 16 thimbles for quarter core maps for multi-point calibrations
N
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SURRY POWER STATION UNIT 2 CYCLE 15

STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

Test Description: M/D Flux Map - At Power

Reference Proc No / Section: 2-NPT-RX-008 ,002 Sequence Step No:
I Bank Positions (Steps) RCS Temperature (" F): TRer £ 1
Test ' Power Level (% F.P.): 85 < P < 100
Conditions |SDA: 229 SDB: 229 CA: 229 Other (specify):
(Design) [ cB: 229 cc: 229 CD: ° Must have 2 38 thimbles™
Hi Bank Positions (Steps) RCS Temperature (°F): S13.0°F
Test Power Level (% F.P.): Q&3 %,
Conditions [SDA: 229 SDB: 228 CA 229 Other (specify): ‘
(Actual) CB: 229 CC: 229 CD z2& 32 {hien b\&s
Date/Time Test Performed:
hl ‘7/4"( | o .
Maximum Relative Nuclear Enthalpy | Total Heat Maximum
Measured Assembly Rise Hot Flux Hot Positive incore
Parameter Power %DIFF Channel Factor Channel Quadrant
v (Description) * (M-P)P - FAH(N) Factor Fa(Z) Power Tilt
T Measured |-uW.2%fR FZo. ' [-©137
Re:j:ts ?::: ~.shem teoq| 149 1.773 -
Design Value }+10% for P; 20.9
(Design +15% for Pj<0.9 N/A N/A $1.02
Conditions)  |(Pj = assy power)
Reference [WCAP-7905, Rev. 1 None None WCAP-7905,
- ' Rev. 1
Vv FSAR/COLR None FAH(N)<1.56(140.3(1-P)) |FQZ)<2.32/P"K(Z) None
Acceptance
Criteria |Reference None COLR 24 COLR 2.3 None
Design Tolerance is met _YES ___NO
Acceptance Criteria is met : ~VYES NO
Vi * As required
Comments [*° Must have at least 16 thimbles for quarter core maps for multi-point calibrations

n - 1; . P e
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