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CLASSIFICATION/DISCLAINER

The data, techniques, information, and conclusions in this report have
been prepared solely for use by Virginia Electric and Power 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 claia 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 authcrize 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 Corpany 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
which were performed to verify that the Surry 1, Cycle 15 core could be
operated safely, and sakes 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, coupled with the 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 1, 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
information: 1) test identification, 2) test conditions (design), 3) test
conditions (actual), &) 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
by 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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preliminary comparison between measured and predicted test results, thus
enabling a quick identification of possible problems occuring during the

tests,
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INTRODUCTION AND SUMNARY

On March 7, 1997 Surry Uait 1 shut down for its fourteenth refueling.
During this shutdown, 62 of the 157 fuel assemblies in the core were
replaced with 60 fresh assemblies and 2 once-burned assemblies. 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 Cycle 13 (batch 15A); two twice-burned batches from

Surry 1 Cycles 13 and 14 (batches 15A and 15B); and one thrice-burned

batch from Surry 1 Cycles 12, 13, and 14 (batch 14B). The fresh fuel is
of a similar design to the §1/16 fuel (fresh fuel in Cycle 14), and the
burnable poison rod assemblies and flux suppression inserts are the same
design used in the previous cycle. Note that 51C15 is the first Surry 1
core loaded without secondary sources.

The core loading pattern and the design parameters for each sub-batch
are shown in Figure 1.1. Beginning-of-cycle (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 and flux
suppression insert locations for Cycle 15, while Figure 1.5 identifies
the control rod locations.

The Cycle 15 core achieved initial criticality at 1224 on April 28,

1997. Prior to and following criticality, startup physics tests were
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performed as outlined in Table 1.1. A susmary of the physics test results

follows

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

second limit of Technical Specification 3.12.C.1.

fhe reference control rod bank was measured with the dilution
method, and the result was within -0.8% of the design prediction
Individual control rod bank worths were measured using the rod
swap technique®'? and all results were within 13.1% of the design
predictions The sum of the ir'ividual measured control rod bank
worths was within -4.8% of the design prediction All results
were within the design tolerance of #15% for individual bank

worths (210% for the rod swap reference bank worth) and the design

tolerance of £10% for the of the individual control rod bank

Measured critical boron concentrations or two control bank
configurations were within 14 ppm of the design predictions The
was within the 50 ppm design tolerance,
cal Specification 4.10.A criterion that the

ictivity balance shall be within %1% Ak/k of

The reference an n ¢ {tical b

de




The measured isothermal temperature coefficient (ITC) for the
all-rods-out configuration was within 0.53 pca/*F of the design
prediction. This result is within the design tolerance of %3
pem/*F.  The measured ITC was -0.85 pcw/'F. When the Doppler
temperature coefficient (-1.69 pen/*F) and a 0.5 pen/*F
uncertainty are accounted for in the +6.0 pem/*F MTC limit of Core
Operating Limits Report (COLR) Section 2.1, the NTC acceptance

criteria is satisfied as long as the ITC is less positive than

3.81 pen/tF.

Measured core power distributions were within established
acceptance criteria and COLR limits. The average relative
assembly power distribution measured/predicted percent difference
was 2.4% 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.

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 1 - CYCLE 15 STARTUP PHYSICS TESTS

CHRONOLOGY OF TESTS

Reference
Test Date Time Power | Procedure
Hot Rod Drop = Hot Full Flow. . 4/27/97 1256 HSD [1-NPT-RX-014
Zero Power Testing Range....... L/28)97 1250 HZP |1-NPT-RX-008
Reactivity Computer Checkout... | &/28/97 1445 HZP |1=NPT-RX-008
Boron Endpoint = ARO........... L/28/97 1710 HZP |1-NPT-RX-008
Boron Worth Coefficient = ARO.. | 4/28/97 1710 HZF  [1-NPT-RX-008
Temperature Coefficient = ARO.. L/28/97 1822 HZP |1-NPT-RX-008
BORE B MOPEN. ¢ s v vnnmavidisdnri L/28/97 1927 HZP  |1=NPT-RX-008
Boron Endpoint = B dn.......... 4L/28/97 2250 HZP |1-NPT-RX-008
Reactivity Computer Checkout... | 5/01/97 1115 HZP |1=NPT-RX-008
(ke-verification)
Bank SA Worth - Rod Swap....... 5/01/97 1445 HZP  [1-NPT-RX-008
Bank 8B Worth - Rod Swap....... 5/01/97 1516 HZP  [1=NPT-RX-008
Bank A Worth = Rod Swap........ 5/01/97 1554 HZP  [1-NPT-RX-008
Bank C Worth - Rod Swap........ 5/01/97 1644 HZP  |[I-NPT~-RX-008
Bank D Worth *~ Rod Swap........ 5/01/97 1738 HZP  |[1-NPT-RX-008
Flux Map - 29% Power........... 5/02/97 2302 28.5% [1-NPT-RX-002
Peaking Factor Verification 1=NPT-RX-005
& Power Range Calibration 1=-NPT-RX-008
Flux Map - 68% Power.....,..... 5/08/97 0950 68.5% [1-NPT-RX-002
Peaking Factor Verification 1=NPT-RX-005
& Power Range Calibration 1-NPT-RX-008
Flux Map = 100% Power.......... 5/16/97 1442 |100.0% [1-NPT-RX-002
Peaking Factor Verification 1-NPT=RX-005
1-NPT-RX-008

Note: Due to problems with the rod control system, startup physics
testing was suspended during the initial start of rod swap bank
worth measurements. After the rod control system was fixed,
startup physics testing was resumed beginning with a
re-verification of the reactivity computer checkout.
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Figure 1.1
CORE LOADING MAP

SURRY UNIT 1 - CYCLE 15
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Figure 1.2

SURRY UNIT 1 - CYCLE 15
BEGINNING OF CYCLE FUEL ASSEMBLY BURNUPS
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Figure 1.3

INCORE THIMBLE 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
reactor coolant system (RCS) conditions (Tavg of 54725°F) in order to
verify that the time from initiation of the rod drop to the entry of the
rod into the dashpot was less than or equal to the maximum allowed by
Technical Specification 3.12.C.1. This test was performed at
approximately 2217 psig.

The rod drop times were -gasured 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 stationary gripper coil
voltage and the Individual Rod Position Indication (IRPI) primary coil
voltage signals were recorded for 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 decay of the stationary gripper coil
voltage when the stationary gripper coil fuse is removed. 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 the guide tube, its velocity slows causing a voltage
decrease in the IRPI coil. This voltage reaches a minimum when the rod
reaches the bottom of the dashpot. Subsequent variations in the trace

are caused by rod bouncing.

NE=1132 81C15 Startup Physics Tests Report Page 16 of 57




The measured drop times for each control rod are recorded on Figure
2.2. The slowest, fastest, and average drop times are summarized in Table
2.1. Technijcal 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,

NE-1132 S1C15 3Startup Physics Tests Report Page 17 of 57




Table 2.1

SURRY UNIT 1 - CYCLE 15 STARTUP PHYSICS TESTS
HOT ROD DROP TINE SUMNARY

ROD DROP TIME TO DASHPOT ENTRY

SLOWEST ROD FASTEST RODS AVERAGE TIME

F-08 1.37 sec. H-02/P-10 1.25 sec. 1.29 sec.
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Figure 2.1

SURRY UNIT 1 - CYCLE 15 STARTUP PHYSICS TESTS
TYPICAL ROD DROP TRACE
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SECTION 3

CONTROL ROD BANK WORTH MEASUREMENTS

Control rod bank worths were measured fo: 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 (hereafte:
referred to as the reference bank) into the core and weasured 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 worth
the reactor coolant Ssystem temperature and boron

concentration were stabilized with the reactor near critica! and the

reference bank near full insertion Initial statepoint data for the rod

swap maneuver were obtained by moving the reference bank to its fully
i 8

position with all other banks fully withdrawn and recor

re reactivity and moderator temperature From this point, a rod swaj

maneuver was performed by withdrawing the reference bank several steps




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 Star:up Physics Test Results and Evaluation Sheets
given in the Appendix, all of the individual measured bank worths for the
control and shutdown banks were within the design tolerance ($10% for the
reference bank, $15% for test banks worth greater than 600 pcm, and $100
pem for test banks worth less than or equal to 600 pem). The sum of the
individual measured rod bank worths was within 4.8% 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 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 1 =~ CYCLE 15 STARTUP PHYSICS TESTS
CONTROL ROD BANK WORTH SUMMARY

MEASURED PREDICTED PERCENT DIFFERENCE
WORTH WORTH (%)
BANK (PCM) (PCH) (M-P)/P X 100

B-Reference Bank 1392.5 1404 .0 -0.8

D 100..4 1080.0 7.2

C 595.5 684 .9 *13.1

A 372.7 378.8 -1.6%

SB 862.2 957.7 =10.0

SA 1169.8 1163.9 0.5

Total Worth 5395.1 5669.3 4.8

* Difference is less than 100 pcm.
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Figure 3.1

SURRY UNIT 1 - CYCLE 15 STARTUP PHYSICS TESTS
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DIFFERENTIAL WORTH (.25 PCMWSTEP/DIVISION)

Figure 3.2

SURRY UNIT 1 = CYCLE 15 STARTUP PHYSICS TESTS
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SECTION &

BORON ENDPOINT AND WORTH NEASUREMENTS

Boron Erdpoint

With the resctor critical at hot zero puwer, 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 anks
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 Kesults and Evaluation
Sheets given in the Appendix, the measured critical boron endpoint values
were withiu their respective design tolerances. The all-rods-out (ARO)
endpoint comparison to the predicied value met the requirements of
Technical Specification & .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 boron endpoint concentrations was

obtained.

A plot of the boron concentration versus inserted control rod worth
{8 shown in Figure 4.1. As indicated in this figure and in the Appendix,
the measured DBV was =7.22 pem/ppm. This is within 0.3% of the predicted
value of =7.20 pen/ppm and is well within the design tolerance of $10%.

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

SURKY UNIT 1 = CYCLE 15 STARTUP PHYSICS TESTS
BORON ENDPOINTS SUMMARY

Measured Predicted Difference
Control Rod Endpoint Endpoint M-P
Configuration (ppm) (ppm) (ppm)
ARO 1960 1974 “14
B Bank In 1767 1765% 2

* 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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Figure 4.1

SURRY UNIT 1 ~ CYCLE 15 STARTUP PHYSICS TESTS
BORON WORTH COEFFICIENT
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SECTION &

TEMPERATURE COEFFICIENT MEASUREMENT

The isothermal temperature coefficient (I1TC) at the all-rods-out
condition is weasured by controlling the reactor coolant system (RCS)
temperature through varying the steam generator blowdown flow,
establishing & constant heatup or cooldown rate, and monitoring the
resulting reactivity changes on the reactivity computer. This test
sequence includes a cooldown followed by a heatup.

Keactivity was measured during an RCS cooldown of 3.2'F and an RCS
heatup of 3.4°F. Reactivity and temperature data was taken from the
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 tempercture. An X-Y plotter, which
plotted reactivity versus temperature, confirmed the wstatepoint method
in calculating the measured I1TC,

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 23 pem/*F. Accounting for the Doppler temperature
coefficient (=1.69 pem/°*F) and a 0.5 pcl/'F uncertainty, the moderator
temperature coefficient was 1,34 pem/*F, which meets the requirement of
Core Operating Limits Report Section 2.1. In summary, the measured result

was satisfactory,

NE-1132 S1C15 Startup Physics Tests Report Page 30 of §7



Table 5.1}

SURRY UNIT 1 « CYCLE 15 STARTUF PHYSICS TESTS
[SOTHERMAL TENPERATURE COEFFICIENT SUMMARY

!

[SOTHERMAL TEMPERATURE COEFFICTENT
(PCM/*F)

DIFFER
(M-P)

KANGE ONCENTRATION ah ‘ AV}
(*F) | {ppm)

PRE]

[ TEMPERATURE BOKON | ]
|

‘\‘llt




SECTION 6

POWER DISTRIZLTION ME2SUREMENTS

The core power distributions vere measured using the movable incore
detector flux mapping system. This systes consists of five fission
chamber detectors which traverse fuel assemsbly instrusentation thimbles
dopicted in Figure 1.3, For each traverse, the detector voltage output
is continurusly monitored on a strip chart recorder, and scanned for 61
discrete axial points by the PRODAC P-250 process computer. Full core,
three-dimensional power distributions are determined 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 maps 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 is given in Table 6.2. Flux
map 2 was taken at approximately 29% power to verify the radial power
distribution (KPD) predictions at low power, Figure 6.1 shows the
measured RPDs from this flux map. Flux maps & and 5 were taken near 68%
and 100% power, respectively, with different control ro. 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, These figures show that the average relative assembly power

distribution measured/predicted percent difference was 2.4% or less for
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TABLE 6.1

SURRY UNIT 1 « CYCLE 15 STARTUP PHYSICS TESTS
INCORE FLUX MAP SUMMARY
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Table 6.2

SURRY UNIT 1 = CYCLE 15 STARTUP PHYSICS TESTS
CONPARISON OF MEASURED POWER DISTRIBUTION PARAMETERS
WITH THEIR CORE OPERATING LINITS

PEAK F-Q(Z) HOT F~Q(Z) HOT
CHANNEL FACTOR* CHANNEL FACTORMH
IDE OF MINIMUM MARGIN)

F-DH(N) HOT
CHANNEL FACTOR

LIMIT

(%)

|
|
|
t
|
|

{
NODE LIMIT | NODE HM.IN:
|
l
|

{fication's limit for the heat
is a function of core height an
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hnical Spel ification's limit
plane of maximum F-Q(Z)

. { above is the value
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cent difference between the measured values
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Figure 6.2

SURRY UNIT 1 ~ CYCLE 15 STARTUP PHYSICS TESTS
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SURRY POWER STATION UNIT 1 CYCLE 15

STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

|
Reference
-

Test Description: Zerov Power Testing Range Determination

Proc No / Section 1-NPT-RX-008 Sequence Step No

I
Test
Conditions
_(Design)

Cank Posit.ons (Steps) RCS Temperature (UF) 547
Power Level (% F P.). 0
Other (specify)

Below Nuclear Heating

SDA 227 SDB
CB: 227 cC

227

i
Test
Conditions

»{Ar tua‘

AY)
Test
Resulls

Critena

Prepared By

FSAR/Tech
Acceptance

o=

Ban(?’osmom (Steps) 5

RCS Temperature (NF)
Power Level (% F P) 0
Other (specify)

Below Nuclear Heating

SDA 227 SDB 227

cB ¢( CC_ 7

Date’Tm Test Performed
/i85 1350

Reactivity Computer Initial
Flux Background Reading

Flux Reading Al 9
$.6x 17

Point Of Nuclear Heating amps

b e e e e 4 e i b

% ¥

lx/L

Zero Power Testing Range to 10 L1 L

ﬂnl‘»s

Reference

N'ﬂ Applic able

Spec

Not Applicable

Reference

Not A{,'phf_ able

V. YES

v YES

* Al '“Q“Ju\‘(fﬂl\d F\‘Vl)\

[)ew' Tolerance is met**

Acceptance Criteria is me!

** Design Tolerance and Acceptance Criteria are met if ZPTR

s below the F’u".l of Nuclear Heating and above backgro

Ts )

,-T .,.n.-» e e S S e P —

- J (“/ / ", {(\(‘ { o

Reviewed By




" SURRY POWER STATION UNIT 1 CYCLE 15

STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

Test Description: Reactivity Computer Checkout

Reference | Proc No / Section:  1-NPT-RX-008 Sequence Step No:
] Bank Positions (Steps) RCS Temperature (‘?)z 547
Test Power Level (% FP) 0
Conditions |SDA 227 SDB 227 CA 227 Other (specify).
(Design) | CB 227 ¢ * €O ° Below Nuclear Heat
I Bank Pos‘ions (Steps) RCS Temperature ('F). §45.7
Test | Power Level (% FP) 0
Conditions [SDA 227 SDB. 227 CA 227 Other (specify):
(Actwal) | ce 227 cc 227 co. D& _ |Below Nuciear Heating
Date/Time Test Performed:
“4j29 /87 1445
Measured Parameter p.= Measured Reactivity using p-computer
(Descripticn) p& Predicted Reactivity
v ,
Results |Measured Value pe= ‘“‘f‘oi *5% 9
0@ T | ) * 62.
%D, - 1-0’0‘- ""7‘
Design Value %= {(pe-p)/pd x 100% 5 4.0 %
Reference WCAP 7805, Rev. 1, Table 3.6
1 \Y FSAR/Tech Spec Not Applicable
Acceptance
Criteria |Reference Not Applicable
Design Tolerance is met | YES NO
Acceptance Criteria is met YES NO
/I * 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

_, Allowgble Range =

Prepared By //[ é/ /Z’E (éféé’

NE-1132

Reviewed Byv7 o Ales .
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SURRY POWER STATION UNIT 1 CYCLE 15

STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

Acceptance

Criteria

Comments

epared By

| T-es! Description: Critical Boron Concentration - ARO T
Reference Proc No / Section 1-NPT-RX-008 Sequence Step No
i Bank Positions (Steps) RCS Temperature r‘F) 547
Test Power Level (% FP) 0
Condttions |SDA ~-2;’7 SDB 227 CA 227 Other (specify)
|__(Design) | CB 227 CC: 227 COD. 227 Below Nuclear Heatfrng e
1] Bank Positions (Steps) RCS Temperature ("F) 545, a
Test R Power Level (% F.P.). 0
Conditions |SDA 227 SDB 227 CA 227 Other (specify)
(Actual) | CB 227 CC 227 CD.__ 227 __ |Below Nuclear Heating
f)d‘e Time Test Performed
4/aslar 100 -
Measured Parameter (Ce)¥ano. Critical Boron Concentration - ARO
(Description)
AY) ~ I T T L - —
Test
Results |[Measured Value t,(f,‘luk.. + 190 ppm
(Design Conditions)
S —— FE— PRe—
Design Value Cyg= 1074 1« 50 ppm
(Design Conditions)
Ea Reference i " |Technical Rpr\on NE- 111“4 Rev. 0 S
=V IFSAR/Tech Spec _ ||aCs % Co'| 5 1000 pom S

ht‘fewm.

Tec hn Hn‘;e( m(an..a 10 A

Design

Tolerance 18 mel v YES

NO

Acceptance Criteria 1s met NO

|

« Cgl. Cp is design vaive

\ A - - u_,..r?r__ s 7"
Faamude © oo Reviewed By ,//LC" 2




" SURRY POWER STATION 'UNIT 1 CYCLE 15

STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

Test Description: HZP Boron Worth Coefficient Measurement

Reference Proc No / Section: 1-NPT-RX-008 Sequence Step No:
I Bank Positions (Steps) RCS Temperature PF): 547
Test Power Level (% FP.): 0
Conditions |SDA 227 SDB. 227 CA 227 Other (specify):
(Design) | CB. moving CC: 227 CO 227 _ |Below Nuclear Heati
1] Bank Positicns (Sieps) RCS Temperature ("F). S48, 2
Test Power Level (% FP.) 0
Conditions |SDA 227 SDB. 227 CA 227 Other (specify):
(Actual) | CB. moving CC. 227 COD 227 Below Nuclear Heating
Date/Time Test Performed:
4/28)a7 110
Measured Parameter aCy . Boron Worth Coefficient
(Description)
v
Test
Results [Measured Value aCe= ='7,28  pem/ppm

Design Value aCy = «7.20 2 0.72 pem/ppm
(Design Conditions)
Reference Technical Report NE-1118, Rev. 0

Vv FSAR/Tech Spec Not Applicable
Acceptance
Criteria  |Reference Not Applicable
Design Tolerance is met _YES .. NO
Acceptance Criteria is met v YES e NO
Vi
Comments

Prepared By'?'wsgg. PMS
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SURRY POWER STATION UNIT 1 CYCLE 15

STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

| Test Description. Isothermal Temperature Coefficient - ARO
‘Bzieveh ce Proc No / Section 1-NPT-RX-008 £t Sequence Step No:
g .l_l_ oF Bank Positions (Steps) RCS Temperature (r'F) 547
Test Power Level (% F.P.). 0
Conditions EUA 227 SDB: 227 CA 227 Other (specify)
’,rﬁ(['esg'n ce 227 CC 227 CD 227 Below Nuclear Heanvl'r\:i_w___m“_____4
1] Bank Positions (Steps) RCS Temperature (“F) SY1.4
Test Power Leve! (% F.P.) 0
Conditions T{)ﬂ 227 SDB. 227 CA 227 Other (specify)
(Actual) CB 227 CC 227 CD 208 Below Nuclear Heating
o Date/Time Test Performed
| 4o, 1520 -
Measured Parameter (ay")amo,  Isothermal Temperature
(Description) Coefficient - ARO
v ' .
Test Measured Value (g™ Jano = ~0.€5 pem/“F
Results (Ce* 1955 ppm)
[Design valve |
(Actual Conditions) (:x,"'”)mf =38 +30 0 pem/°F
(Ce= 4SS ppm)
Besign Valve o T
% (Design Conditions) (@y Dano ® +1.20:3.0 pem/F
I (Ce= 1974 ppm)
i _|Reference " ITochnical Report NE-1118. Rev 0 |
] " FSAR/COLR ay 381 pom/“F
}, Acceptance | .__.A__._‘..._,,_w-_~__.4ﬁ_“::‘;___l_(_,f_wmﬁ'F |
| Criteria hefc ence COLR 2.1.1, Technical Report NE-1118, Rev. 0
i
[ [Design Tolerance is met . . YES NO
E Acceptance Criteria is met v _ YES NO
| . L ales o sbie AU o S — : d
ll Comments |*Uncertainty on ¢ Tuap = 0.5 pt m/°F (Reference: memorandum from
CT Snowto E.J Lozito dated June 27, 1880)
—— _,\) — -. . ,,_.,._-:,. I — ———————— S— p L
Prepared By vty /050 ey Reviewed By #/lor | P/
N , tartup Phy I Rej Page {




SURRY POWER STATION UNIT 1 CYCLE 15
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

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

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

Conditions |[SDA 227 SOB. 227 CA 227

‘Dufgnz CB cC: 227 co. 227
I Bank Positions (Steps)
Test

Other (specify).

Power Level (% FP). 0

Conditions [SDA 227 sDB. 227 CA 227
(Actual) | CB moving CC: 227 CO. 227

Other (specify):
Below Nuclear Heating

Date/Time Test Performed:

of28la7, (927

Below Nuclear Heatin
RCS Temperature (F). §4 7. 7

Measured Parameter

1s"€*; Integral Worth Of Control Bank B,

All Other Rods Out

(Description)
v
Test |Measured Value 1= (392, S pem
Results
Design Value

(Design Conditions)

g = 1404 « 140 pcm

Reference

Technical Report NE-1118, Rev. 0

Vv FSAR/Tech Spec

If Design Tolerance is exceeded, SNSOC shall
evaluate impact of test result on safety analysis.
SNSOC may specify that additional testing

Acceptance
Criteria be performed
Reference VEP-FRD-36A
Design Toierance is met _¥ YES . NO
Acceptance Criteria is met V" YES ey -
Vi
Comments

Prepared By _ ;;Wé ‘(m‘l\
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SURRY POWER STATION UNIT 1 CYCLE 15
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

|
Reference
2

Test Description: Critical Boron
Proc No / Section

1-NPT.

Concentration - B Bank In

RX-008 Sequence Step No

i
Test
Conditions

_(Design) 1 CO

I
Tes!
Conditions

_(Actual)

Bank Positions (Steps)

RCS Temperature (F'F) 547
Power Level (% FP.) 0

227 SDB 227
0 CC: 227

SDA
cB

Other (specify)
Below Nuciear Heatm

Bank Positions (Steps)

RCS Temperature (“F). 547.8
Power Level (% FP.). 0

SDA 227 SDB 227
ce 0 cc 227

CA
CD

Other (specify)
Below Nuclear Heating

Prepared By

ba\pﬂune Test Performed

R e i1

Measured Parameter

(Description)

Critical Boron Concentration
B Bank In

'Measured Vaiue

(Design Conditions)

167

ppm

Design Value
(Design Conditions)

he‘; th f_-'

‘ S “}\ ‘L‘Lh ..-'

—

—
-
e

\("G ence

[l( 8 )r
Acceptance (,H\(

YL wmm e s me!
2 is met

"‘(‘t‘ : 7 )r ) PL m '\;

{ ey p N
.3 \ (3 - l\‘ '.’ 'Y ]

Y

5

'J.wx‘./-w.

7 ]Nu Applicable

1974

1776+
CB'.—.

Cg® ACs ™™ & (10 + 140.4/|aCy)

1S 30 ppm

n
pm

4

! e, — s

Technical Report NE-1119, Rev 0

N¢ I A; p.uablt.'

YES
YES

X
N

144

4 Pt 2l




e cond Test
SURRY POWER STATION UNIT 1 CYCLE 15

STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

| Test Description Reactivity Computer Checkout
Reference | Proc No / Section: 1-NPT-RX-008 Sequence Step No:
i Bank Positions (Steps) RCS Temperature (°F). 547
Test Power Level (% F.P.). 0
Conditions |SDA 227 SDB 227 CA 227 Other (specify):
(Design) | cB 227 CC _ ° co. Below Nuclear Heati
I Bank Positions (Steps) RCS Temperature (“°F): 5¢§.§
Test Power Level (% F.P) 0
Conditions |[SDA 227 SDB 227 CA 227 Other (specify):
(Actual) | CB. 227 CC CD: Below Nuclear Heating
Date/Tjme Test Performed.
| 57 z / A 7 IS
b 4
Measured Parameter p.= Measured Reactivity using p-computer
(Description) p® Predicted Roactivity
v
Test
Results |Measured Value pe= ~180,%61.0
p= -'49.0, + 6.4
%D= '2.’%) ~0.9%
Design Value %D= {(pe-p)/p)x 100% s 40 %
Reference WCAP 7805, Rev. 1, Table 3.6
" FSAR/Tech Spec Not Applicable
Acceptance
Criteria |Reference Not Applicable
Design Tolerance is met _ YES ___NO
Acceptance Criteriais met = _ ./ YES — v
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
Affowable Range =
Prepared By __// Reviewed By: 2'/ s ala—
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SURRY POWER STATION UNIT 1 CYCLE 15
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

| Test Description: Shutdown Bank A Worth Measurement, Rod Swap
|_Reference Proc No / Section 1-NPT-RX-008 Sequence Step No
" Bank Positions (Steps) CS Temperature (°F): 547
Test _ Power Level (% FP.). 0
Conditions |SDA moving SDB 27 Other (specify)
_(Design) CB moving CC 24 27 Below Nuclear Heatmi__
I Bank Positions (Steps) RCS Temperature ( “F). §v6.9
Test Power Level (% FP) 0
Conditions |SDA moving SDB. 227 CA / Other (specify)
(Actual) CB moving CC 227 CD Below Nuclear Heating
= ’.‘rDate/Tume Test Performed_

RS

Measured Parameter lea . Integral Worth of Shutdown Bank A

(Description) Rod Swap

v Measured Value |S.“= “CJ? 4 (Adjusted Measured Critical

Test Reference Bank Fosition = [ 74 steps)
Results |Design Value
(Actual Conditions) Wi (16 29 (Adjusted Measured Critical

Reference Bank Position = /74 steps)

e —————

[)"«q'u Value
(Design Conditions) l.d.“-'- 1160 ¢+ 174 pcm

C ritical Reference Bank Position = 177 st eps

e e b e A, e e e 3

‘\9?0 ent p 79(' 108 a Report NE 111Q Rev 0 VEP ‘h(.

s evananaram—— e < —————— e e——_ Sy . >l

¥ i.»’dxﬂen h Spec If Design Tolerance is exceeded, SNSOC shal

V evaluate impact of test result on safety analysis

Acceptance SNSOC may specify that additional testing

Criteria be performed

e S —— e —— < . S S e e

N?eewu \VEP-FRD-36A

e ——————————————— e s ———ad

Design Tolerance i1s met v_YES
A\ ceptance C ritena s met ./\E S NO

Reviewed By




SURRY POWER STATION UNIT 1 CYCLE 15
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

| Test Description. Shutdown Bank B Worth Measurement. Rod Swap
Reference Proc No / Section 1 NPT-RX-008 Sequence Step No

] Bank Positions (Steps)
Test

RCS Temperature (°F) 547
Power Level (% FP.) 0

Conditions |SDA 227 SDB moving CA
(Design) | CB. moving CC 227 COD

227 Other (specify).
227 Below Nuclear Heati

] Bank Positions (Steps)
Test

RCS Temperature ("F). 5§,/
Power Level (% F.P) 0

Conditions |SDA. 227 SDB moving CA
(Actual) | CB. moving CC 227 CD

227 Other (specify):
227 Below Nuclear Heating

Date/Time Test Performed:
5/1/4> 1516

Measured Parameter
Description)

lgg™", Integral Worth of Shutdown Bank B,
Rod Swap

v Measured Value
Test

I..”- 662.1 (Adjusted Measured Critical
Reference Bank Position = /20  gteps)

Results [Design Value
(Actual Conditions)

loa™e a572.7 (Adjusted Measured Critical
Reference Bank Position = 12 € gteps)

Design Value
(Design Conditions)

lgg "= 962 2 144 pom
(Critical Reference Bank Position = 145 steps)

A7V

Reference Technical Report NE-1118, Rev. 0, VEP-FRD-36A
FSAR/Tech Spec If Design Tolerance is exceeded, SNSOC shall
Vv evaluate impact of test result on safety analysis.
Acceptance SNSOC rmay specty that additional testing
Criteria be performed.
Reference VEP-FRD-36A
Design Tolerance is met 7 _YES — NO
Acceptance Criteria is met ZYES O . .
Vi
Comments

Prepared By jéf é Q

Reviewed By 7 A Nbestn
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SURRY POWER STATION UNIT 1 CYCLE 15
GTARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

|
Reference
b—

Proc No / Section 1-NPT-RX.008

Test Descriptio.: Control Bank A Worth Measurement, Rod Swap

Seqguence Step No

|
Test
condtions
_ (Design)

Bank Positions (Steps)

RCS Temperature (UF) 547
Fower Level (% FP.): 0

SDA 227 SDB 227
cB moving CC 227

Hl:)vi'lg

Y

Other (specify)
Below Nuclear Heating

1
Tes!
Conditions

»_v./f}:.mal)

Bank Positions (Steps)

RCS Temperature Fr) SYy §
Power Level (% FP.) 0

SDA 227
cB 227

227 SDB

moving Cr

CA
CD

'T\fvv\'\g

227

Other (specity)
Celow Nuclear Heating

v
Test
Results

\J/
v

Acceptance
Lrena

Comments

V‘ee('ue
.

Date/Time Test P erhrmed
5)/17 1654
e o

-

RS

Measured Parameter la

(Description)

Integral Worth of Control Bank A
Rod Swap

Measured Value

- 2
57 ‘ -7(Ad|usted Measured Critica!

Reference Bank Position = &2 steps)

Design Value

(Aciual Conditions) la

LT

! O

v (C) (Adjusted Measured Critical

o

29

Reference Bank Position = G2 steps

Design Value
(Design Conditions)

Critical Reference Bank Position = 74 steps)

= 389

+ 100 pem

M:'e ence Tec

hnica

Report NE-1118, Rev. 0. VEP-FRD-36A =

FSAR/Tech ‘~p£-- f Desigr

evaluyale

SNSOC

v\

be perfc

e S — ———— o e e+ et - ot et

rmed

Tolerance 1s exceeded S Nfr»\,\ shal
impact of test result on safety analysis

nay specify that additional testing

|VEP

b E

Desian Tolerance 18 met
/ Y

a sr'u

Acceptance Criter

= W Q._..A.A;_.__.J-o-——-f

- S
-
C‘

Reviewed By




SURRY POWER STATION UNIT 1 CYCLE 15
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

Test Description. Control Bank C Worth Measurement, Rod Swap

Reference | Proc No / Section: 1-NPT-RX-008 Sequence Ster No:
I Bank Positions (Steps) RCS Yemperature (BF). 547
Test Power Level (% F P.) 0
Conditions [SDA 227 SDB 227 CA 227 Other (specify):
(Design) | CB moving CC moving CO 227 Below Nuclear Hutti’f_\_g
i Bank Positions (Steps) RCS Temperature ('F) §4¢. 8
Test Power Level (% F.P) 0
Conditions [SDA 227 SDB 227 CA 227 Other (specify):
(Actual) CB._moving CC moving CD 227 Below Nuclear Heating
Date/Time Test Performed
Shivg 1M
Measured Parameter 1™, Integral Worth of Control Bank C,
(Description) Rod Swap
v Measured Value I"*= 695 5 PMAgjusted Meagyred Critical
Test Reference Bank Position M steps)
Results [Design Value /1)
(Actual Conditions) lc"- vy '19““ (Adjusted Meagpred Critical
Reference Bank Position M steps)
Design Value Y.
(Design Conditions) I"*= 673 &« 101 pem
(Critical Reference Bank Position = 104 steps)
Reference Technical Report NE-1118, Rev. 0, VEP-FRD-36A
FSAR/Tech Spec If Design Tolerance 's exceeded, SNSOC shall
v 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 j_____f YES NO
Vi
Comments

Propared By _72::»0‘?104-1
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Reference

—

-~ g

SURRY POWER STATION UNIT 1 CYCLE 15
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

l’ro No / Sec ction

Test Description: Control Bank D Worth Measurement, Rod Swap
1<-NPT-RX-008

—

Sequence Step No

R
Test

Conditions

Bank Posmo"ns (Steps)

RCS Temperaiure (°F). 547
Power Level (% F P) 0

SDA sOB. 227

CB  moving (. C 227

227

} !M[ )esign)
11
Tes!
Conditions

[ A "‘d‘\

v

Test

Results

Bank Positions (‘_,!em.»

CA
CD

227 Other (specify)
Below Nuclear Hpatmg
RCS Temperature ( “F) Svyy. 8

Power Level (% F P.) 0

T'\()i’l’l.}

SDA 227 SDB 227
( H ™ \y "i (, ( ;);’7

4

CA

CD: n

™Y
cc!

.
Other (specify)
Below Nuclear Heating
-

m V,y n

()a'e Time Tes! P erf' rmed

Slilay

Measured Parameter

.j[ )escription)

/7 %5

s e a2 ]

Integral Worth of Control Bank D
Rod Swap

Measued Va

[\t s.uwn Value
(Actual Conditions)

Design Value
k \"\" ns

“),..L,w

Reference

Design 7
Acceptance Crite

n,q s met!

ierance 18 met

= |OCZ. ‘/ (Ad usted Measured Critical

Pv’e'enre Barw Position = /‘/‘/ _steps)

o

= (080, O ll«d Jsted Measured Critical

Refer eme Eﬁ ank Position = l‘/'/

Rt

I %2 107
ritical ‘t erence Ha'w P >Osition =

T al Report NE-1118, Rev 0, VEP-FRD-36A

| echr
e M 4 4LBAL SRR s -

Tolerance is exceeded, SNSOC shall

3+ 161 pcm

163 steps)

I Desigr
evaluate impact of test result on safety analysis
may specify that additional testing

\(‘

e o ——t— < ——— - S A e St v

\[;’;‘wll (PN

i

YE f} f\ Q

YES NO




SURRY POWER STATION UNIT 1 CYCLE 15
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

Test Description: Total Rod Worth, Rod Swap

Reference Proc No / Section: 1-NPT-RX-008 Sequence Step No:
I Bank Positions (Steps) RCS Temperature (5?): 547
Test Power Level (% FP.). 0
Conditions |SDA: moving SDB. moving CA: moving Other (specify):
(Design) | CB moving CC: moving CD: moving |Below Nuclear Heatin
in Bank Positions (Steps) RCS Temperature ("F). 547.7
Test Power Level (% FP.). 0
Conditions |SDA. moving SDB. moving CA' moving Other (specify):
(Actual) CB: moving CC._moving CD: moving Below Nucher Heating
Date/Time Test Performed.
Gas ja7 a7
Measured P ameter lrow INtegral Worth of All Banks,
(Description) Rod Swap
v Measured Value how® DFA5.' pem
Test
Results |Design Value
(Actual Conditions) lrow® S@&9.3 pem
Design Value
(Design Conditions) lrow= 5660 + 566 pcm
Reference Technical Report NE-1118, Rev. 0. VEP-FRD-36A
FSAR/Tech Spec if Design Tolerance is exceeded, SNSOC shall
Vv evaluate impact of test result on safety analysis.
Acceptance Additional testing must be performed
Criteria a
Reference VEP-FRD-36A
Design Tolerance is met Y _YES . NO
Acceptance Criteria is met =¥ YES NO
Vi
Comments

—

Prepared By'h{ﬁ/ml‘. D o i*:j
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SURRY P
STARTUP PHYSICS TEST RESULTS AN

OWER STATION UNIT 1 CYCLE 15
D EVALUATION SHEET

Test Description: MWD Flux Map - At Power

Referense | Proc No / Soction: 1-NPT-RX-008 ,002 vence Step No:
il ank Postions (Steps) emperature (') Trer* 1
Test Power Level (% F.@.). s 30
Condttions |SDA: 227 SDB: 227 CA 227 Other (specify):
(Design) | CB: 227 ¢ * CcD: ° Must have 2 38 thimbles™
il |Bank Positions (Steps) RCS Temperature (OF): Taer
Test Power Level (% F.P.) 28 5%
Conditions [SCA: 227 soB: 227 CA 227 Other (specify):
(Actual) | cB: 227 CC: a=27 cp, 173 41 Thimbles
Date/Time Test Performec’:
s/a A1 asoa
Mzximum Relative Nuclear Enthalpy | Total Heat Maximum
Measured Assembly Rise Hot Flux Hot Positive lnconr
Parameter Power %DIFF Channel Factor Channe! Quadrant
v (Description) (Mﬂl; FAH(N) Factor Fo(Z) Power Tilt
Test M -9.27% P2e | 1.0a58
Results ‘\::::‘ ¥105% P<09 . 508 2.060 (2.58%)
Design Value |1+10% for P, 208
(Design 115% for P<0.® N/A WA s 1.0208
Conditions)  |(P, = assy power)
Reference |WCAP-7805, Rev. 1 None None WCAP-7905,
Rev. 1
Vv FSAR/COLR None FAM(N)¢1.56(140.3(1-P)) |Fo@)s4.64°KZ) None
Acceptance
Criteria |Reference None COLR 24 COLR 23 None
Design Tolerance is met v _YES ____NO
Acceptance Criteria is met _v_YES ___NO
Vi * As req..ired
Comments |** Must have at least 16 thimbles for quarter core maps for multi-point calibrations

Prepared By:@»«LD éax»-:)

Reviewed By: %L__/
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SURRY POWER STATION UNIT 1 CYCLE 15
STARTUP PHYSICS TEST RESULTS AND EVALUATION SHEET

| Test Description: M/D Flux Map - At Power
Reference Proc No / Section 1-NPT-RX-008 002  Seguence Step No
| Bank Positions (Steps) RCS Tempergture ("F) Tper e 1
Test Power Level (% F.P.)95 < P ¢ 100

Conditions
(Design)
R

SDA 227 SDB 227
CB 227 CC 227

CA
CD

Other (specify)

Must nave 2 38 thimbles**

i
Test
Conditions
(Actual)

Bank Positions (Steps)
225

RCS Temperature (°F)
Pw.er Level (% F.P.)

SDA: 227 SDB. 227
cB:. 227 CC:. 227

CA
CD

227
1.8

Other (specify)

v
Test
Results

Date/Time Test Performed

£/t /17

e

™~
F42

573
99 46

Maximum Relative
Measured Assembly
Power %DIFF

(M-P)/P

Parameter
(Description)

Total Heat
Flux Hot
Channe!

Factor Fo(2)

Nuclear Enthalpy
Rise Hot
Channel Factor

FAH(N)

Maximum
Positive Incore
Quadrant
Power Tilt

-55 (2.4)

0¥ (< .4)

Measured

Value

/. 933 L7265

| ©13% aA
+e1qE -

Design Value |:10% for P, 209

(Design 115% for P<0 9

Conditions)
St

P = assy power)

N/A

s 1.0205

Reference |WCAP.7805 Rev 1

None None

WCAP-7808

Rev. 1

v
Acceptance

Criteria

FSAR/COLR None

FAH(N)s1.56(1+0.3(1-P)) |Fo(Z)s2.32/P*K(Z

None

Refere.ce None

None

Design Tolerance is met
Acceptance Criteria is met

Vi

| Comments

* As reguirnd

** Must have at least 16 t

himb

ter core maps for mult

-poInt caildrations

. '
, ¥
Vial Lad)

™
—

]
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