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CLASSIFICATION/DISCLAIMER

The data, techniques, information, and conclusions in this repoxt have
been prepared solely for use by the Virginia Electric and Power Company
(the Company), and they may not be appropriate for use in situations
other than those for which they uwere specifically prepared. The Company
therefore makes no claim or warranty whatsoever, express or implied,as
to their accuracy, usefulness, or npplicibility. 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, 1information, or c;nclus:ons in it. By making this
report available, the Company does not authorize its use by others, and
any such use 1is expressly forbidden except with the prior written
approval of the Company. Any such written approval shall itself be
deemed to incorporate the disclaimers of liability and disclaimers of
warranties provided herein. In no event shall the Company be liable,
under any legal theory whatsoever (whether contract, tort, warranty, or
strict or absolute liability), £for any property damage, mental or
physical injury or death, loss of use of property, or other damage
resulting from or arising out of the use, authorized ~r urau horized, of

this report or the data, techniques, information, or conclusions in it.
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to present the
evaluation of the physic : which were performed to v

Surry 2 yel 6 - operated safely, and

avaluation

detailed
analysis were us
with the detailed
Station. Therefore, only
1cluded n this report.
summary of each test, a comparision ults with des

predictions, and an evaluation of the results.

Surry 2, Cycle 6 Startup Physics Tests Results and Evaluation
Sheets have been 1included as an appendix to provide additional
information on the startup test results. Each data sheet provides the
follouwing information: 1) test identification, 2) test conditions

(design), 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 consister o : The
design test conditions and design values of the measur

completed prior to startup physics testing. The entzrie

values were based on the calculations performed by

Engineering - During "ne the dat

guidelines b - > that




to facilitate the preliminary comparison between measured and predicted
test results, thus enabling a quick identification of possible problems
occuring during the tests. The Appendix to this report contains the
final completed and approvss arsion of the Startup Physics Tests

Results and Evaluation Sheets.
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Section |

INTRODUCTION AND SUMMARY

On November 7, 1981 Unit No. 2 of the Surry Power Station uas
shutdown for its £fifth refueling. During this shutdown, 68 of the 157
fuel assemblies in the core were replaced with fresh fuel assemblies.
The sixth cycle core consists of 6 batches of fuel: a once-burned batch
from Cycle 2 (Batch 4A5), a once-burned batch from Cycle 4 (Batch 6A2),
tuo once~burned batches £rom Cycle >5 (Batches 7A and 7B), one

twice-burned batch from Cycles 4 and 5 (Batch 6B2), and one fresh bhatch

(Batch £2). The core loading pattern and the design parameters for each
batch are shown 3in Figure 1.1, Fuel assembly burnups are given in
Figuzxe °'.2. The incore instrumentation locations are identified in
Figure 1.3. Figure 1.4 identifies the location and number of burnable

poison rods and source assemblies £for Cycle 6, and Figure 1.5 identifies

the location and number of contrxol rods in the Cycle 6 core.

On December 28, 1981 at 1745, the sixth cycle core achieved initial
criticality. Following criticality, startup physics tests were
performed as outlined in Table 1.1. A summary of the results of these
tests follows:

1. The drop time of each control rod was confirmed to be
within the 1.8 second limit of the Surry Technical
Specifications?, .

2. The reactor coolant system £flow rate was confirmed to be

greater than the minimum limit specified i1n the Fina. Safety

Analysis Report?,




3. Individual control rod bank worths for all control rod banks
were measured using the rod swap technique' and were found
to be within 7.3% of the design predictions. The sum of
the individual control rod bank worths was measured to he
within 0.3% of the design prediction. These results are
within the design tolerance of :15% for individual bank
worths (2104 for the rod swap reference bank worth) and the
design tolerance of :10%Z for the sum of the individual
control rod bank worths.

4. Critical boron concentrations for two control bank
configurations were measured to be within 16 ppm of the
design predictions. These results were within the design
tolerances and also meet the accident analysis acceptance
criterion.

5. The boron worth coefficient was measured to be within 7.2%
of the design prediction, which is within the design
tolerance of *t10% and meets the accident analysis criterion.

6. Isothermal temperature coefficients for two control bank
configurations were measured to be within 1.0 pcm/°F of
design predictions. These results are within the design
tolerance of *3 pem/°F and also meet the accident analysis
acceptance criterion.

7. Core pouwer distributions at HZP indicated that with the excep-
tion of several core locations in the flux map taken with
Control Bank B nearly fully inserted (S2-06-02), the measured

assemblywise power values were within the established design




In

Detailed

acceptance

tolerance. Mrnasured assemblywise power distrilbutions for zero-
pouwer flux asaps were generally within 10% of predicted pouer
distributions, while the difference fcr at-power maps was
generally less than 5%. The deviations of power distribution
at HZP had no adverse consequences since, for all maps., the
hot channel factors were measured to be within the limits of

the Technical Specifications.

summary, all startup physics test results were acceptable.
results, together with specific design tolerances and

criteria tor each measurement, are presented in *the

appropriate sections of this report.




Table 1.1

SURRY 2 - BOL CYCLE 6 PHYSICS TESTS

CHRONOLOGY OF TESTS !

| PT28.2

\
| | I | | Referencel
| Test | Date | Time | Power | Procedurel
| ! | | | |
| | | | | |
| Hot Rod Drop-Hot Full Flow 1127277811 2200 | Hsp | PT-7 |
| Reactivity Computer Checkout 1127297811 0600 | HZP |IPT28.11(B)]|
| Boron Endpoint-ARO 1127297811 1030 | HZ? IPT28.31CC) |
| Temperature Coefficient-ARO 112729811 1354 | HZP |IPT28.11(D)I
| Flux Map=-ARO 112,730,811 0202 | HZP | OP-57,. |
| | | | i  PT38.Z |
| Bank B UWorth 112730781 ) 9530 | HZP |PT28.11(E) |
| Boron Endpoint-B In 112730,811 1139 | HZP |IPT28.11(C)]|
| Temperature Coefficient-B In |12730/81] 1205 | HZP |PT28.11(D)I
| Flux Map~B In 1127307811 1424 | HZP | oP-57, |
| ! | | | pT28.2 |
| Bank D Worth - Rod Swap 1127307811 2200 ! HZP |IPT28.11(F)I|
| Bank C Worth - Rod Suap 1127307811 2243 | HZP |1PT28.11(F) |
| Bank A Worth - Rod Swap 1127307811 2343 | HZP |IPT28.11(F|
| Bank SB Worth - Rod Swap 112731781 0015 | LZP |PT28.11(F..
{ Bank SA Worth - Rod Swap 112731781 0048 | HZP IPT28.11(F)
| +" .x Map - NI Calibration | 171,82 | 0448 | 47% | o0OP-57,
| | | | | PT28.2
| Flux Map - NI Calibration | t'#1,82 | 1108 | 59%2 | o0OP-57,
| | | | | PT28.2
| Flux Map - NI Calibration | 121,82 | 1809 | 68%Z | OP-57,
| | | i |
| RCS Flow Measurement | 17277821 1301 | 100% | ST-52
| | | | |
| Flux Map - HFP, Eq. Xenon | 2710,821 1340 | 1002 | o©QP-57,
| | | |
| | | |




FIGURE 1.1

SURRY UNIT 2 - CYCLE 6

CLRE LOADING MAP
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FIGURE 1.2
SURRY UNIT 2 -~ CYCLE &
BEGINNING OF CYCLE FUEL ASSEFSLY BURNUPS

] 3 H " L K J H 6 F E [} c 8 A
| el | 2r8 | W11 |
| 177081 o : 175921
! | |
l1L2 |1 SP7 | 6P1 | 4N1 | SP2 | 6P3 | OL6 |
: usn: 0 = 0 : uozo: Al 0 | 10175:
| |
I'2N3 | 0P8 | 3P1L | ON7 | INS | ON3 | 2PL | 4P3 | oNa |
| uno: o 1 o | uou: 14832| 167201 o : o | xun:
| | | I | |
I IN7 | IN2 | 3P9 | IN3 | 5P9 | OL9 | 1PS | IN9 | 1P3 | 2nN8 | ONL |
| 166911 100891 0 | 145051 o0 | 176491 o0 | 144821 0 | 10435| 169731
| | | | | | | | | | |
|l oLs | 3P4 | 2P5 | W22 | OPs | ONZ | 1P6 ! INO | 3P7 | W24 | OP3 | 4P6 | 1LO |
| 166081 90 | 0 | 2649911 o0 | 176981 o0 | 17616l 0 | 2646971 o ! o | lb“&:
| | | | I | | | | | | |
| 5Pu | 5P3 | 3NG | SPL | V27 | 4N8 | W40 | 4N& | vol | 1PO | 4N2 | oPS | 1P1 |
I o | o :uuol 0 | 127731 12990| 23227! 136331 125711 0O Ixcrsz: o1 o |
| | | | | | | | | | | |
| W29 | SPS | 3NS5 | 3P6 | 3NL | IN6 | VI3 | 4P4 | V14 | 2NS | aN7 | 4P9 | 3N6 | 3PS | w20 |
1 179141 ¢ | uwvl 0 | 17594] 129861 124821 0 | 12623) 129951 176171 0 | 170321 0 i 17709
| | I | | | | I | | | | | | |
| 6P6 | aM9 | IN8 | OL3 | 3PS | WSO | SP4 | 519 | 6P5 | W07 | «P8 | oLl | 2N6 | 2N7 | 1P4 |
I 0 | 147501 149621 177551 o0 | 233041 0 | 111291 o | 233861 o0 | 17650] 145661 151901 0o {
| | | | | | | | | | | | | | |
| W32 | SPs | 2M1 | OP7 | 2M9 | SN2 | V1S | OPL | Vi1 | 2N2 | ON5 | 3P8 | 4N | 3P0 | wWoe |
| 174831 o : 170e31 0 | 17443 133471 125761 o0 | 12871) 129091 174351 o | 16971 o | 17697|
| I | ! | | | 1 I I I | | |
| &P | 2P4 | ON9 | 6P8 | V25 | 3N9 | W26 | SN1 | Vo9 | 6P2 | IN1L | 4P2 | 1P7 |
: 0 : 0 | 146091 o lussr: 129201 233001 129641 128521 o0 | 14864 0O : 0o |
| | | | | | | | | |
1Ll 1 1P | oP4 | We2 | 4P1 | 3N7 | OP2Z | ING | 6P4 | W36 | 6P0 | 2pP2 | oL7 |
: 164991 o : o | zons: 0 | 172691 0 ) 176141 o0 | 245791 o | o | usss:
| | | | I | | | | |
| ON6 | 4W0 | 2P9 | INS8 | 2P3 | OL8 | OF9 | 3N3 | eP7 | SNO | 3NZ |
: u«z: 101241 o | 147031 0 | 176351 0 | 146061 0 | 10406] 16657]
| | | | | | | | |
| ON8 | 2P6 | 2P0 | 2N4 | NS | N3 | 5P3 | 1P2 | 3NO |
: ueos: 0 | 0 | 16920] 14954] 169951 o0 | 0 | 148361
| i | | | | | I
Il oLe | 4P0 | 3P2 | 2N0 | 4P7 | 2P7 | oLz |
l 164781 o | o | 155841 o | o | 16377|
| | | | | | |
| WOS | 1P9 | W48 |
I |==>» ASSEMBLY 1D 1 176351 o0 | 177531
| |==> ASSEMBLY BURNUP | | I

‘.—~'
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FIGURE 1.3
SURRY UNIT 2 - CYCLE 6
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FIGURE 1.4

SURRY UNIT 2 -~ CYCLE &
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FIGURE 1.8
CONTROL RCD LOCATIONS
180"
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Section 2

CONTROL ROD DROP TIME MEASUREMENTS

The drop time of each control rod was measured at cold and at hot
RCS conditions in order to confirm satisfactory operation and to verify
that the rod drop times were less than the maximum allowed by the
Technical Specifications. The hot control rod drop time measurements
were run with the RCS at hot, full flow conditions ( 547 °F, 2235 psig)

and are described below.

The rod drop time measurements were performed by £first withdrawing
a rod bank to its £fully withdrawun position, and then removing the
movable gripper coil fuse and stationary gripper coil fuse for the test
rod. This allows the rod to drop into the core as it would in a normal
plant trip. The data recorded during this test are the stationary
grippex coil voltage, the LVDT (Linear Variable Differential
Transformer) primary c¢oil voltage and a 60Hz timing trace which are
recorded via a visicorder. The rod drop time to the dashpot entry and
to the bottom of the dashpot are determined from this data. Figure 2.1
provides an example of the data that is recorded during a rod drop time

measurement.

As shown in Figure 2.1, the initiation ot the rod drop is indicated
by the decay of the stationary gripper coil voltage when the stationary
coil fuse 1is removed. A voltage is then induced in the LVDT primary
coi1l as the rod drops. The magnitude of this voltage 1is a function of

the rod velocity. When the rod enters the dashpot section of its guide

10




tube, the velocity slows causing a voltage decrease in the LVDT coil.
The LVDT voltage then reaches a minimum as the rod reaches the bottom of
the dashpot. Subsequent variations in the trace are caused by the rod

bouncing. This procedure was repeated for each control rod.

The measured drop times £for each control rod are recorded on Figure
2.2. The slouest, fastest, and average drop times are summarized in
Table 2.1. Technical Specification 3.12.C.1 specifies a maximum xod
drop time from loss of stationary gripper coil voltage to dashpot entry
of 1.8 seconds with the RCS at hot, full £low conditions. All test

raesults met this limait.

1



Table 2.1

SURRY UNIT 2 - CYCLE 6 BOL PHYSICS TEST

HOT ROD DROP TIME SUMMARY

ROD DROP TIME TO DASHPOT ENTRY

SLOWEST ROD FASTEST ROD AVERAGE TIME

K=14, 1.27 sec. c~-9, 1.18 sec. 1.22 sec.

ROD DROP TIME TO BOTTOM OF DASHPOT

SLOWEST ROD FASTEST ROD AVERAGE TIME

1.26 sec.

———— — —
————— —

|
|
|
G=7, 1.93 sec. | J=9, 1.76 sec.
|
|
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FIGURE 2.2

SURRY UNIT 2 - CYCLE 6 BOL PNYSICS TEST

ROD DROP TIME - HOT FULL FLOW CCMDITIONS
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REACTOR COOLANT

The reactor coolant flow rate measured i

the minimum flow rate requirement 1s zatisfied.

determined using the calcrimetric measurement technique.

calcrimetric data (1.e.. feedwater temperature, feedwate
team pressure) are obtained in order te accurately de
econdary~side heat rate. The primary-side anthalpy rise is
rom the RCS » and enperature i1ncrease associate

RCS loop. each RCS loo is determined by est

)rimary-s secordaxry~side heat balance. Steam generxat

heat ; ! sys*em hest losses, and the power produced by

coonlant pumps are taken into account in the heat balance.
coolant flouw measurerant was performed at 1004 pou=r. Th
analyzed using the RXFLOW® computer code. A .summary of the
this test 1S given in Table 3.1. As shoun by this table,

demonstrated that the RCS flow limit was met.




SURRY 2 -

REACTOR COOLANT

ercent | Loop A | Loop B

Loop C ITotal Flow | inimum
ower I Flow (gpm!|Flow (gpm) tx
]

Flow (gpm)| (gpm) Limat

|

265,500

|
l
|
|
1

'
| 99,5929

FSAR on 4.1.3; Letter from J. 'H. Ferguson (Vepco) to
H : ¢ n (NRC) dated April 28, 1981 (Serial No. 232);

Letter £ Y M. Stallings (Vepco) to E. G. Case (NRC) dated

November ; 1977 (Sexial No. 516).




Section 4

CONTROL ROD BANK WORTH MEASUREMENTS

Contzol rod bank uworth measurements were obtained for all control
and shutdown banks using the rod swap technigque. The first step in the
rod swap procedure was to dilute the most reactive control rod bank
(hereafter referred to as the reference bank) into the core and measure
its reactivity worth using conventional test techniques. The reactivity
changes resulting fxrom the reference bank movements recoxded
continuously by the reactivity computer® and were used to determine the
differential and integral worth of tl!a raference bank (Contrxol Bank B).
At the completion of the reference bank reactivity worth measurement,
the reactor coolant system temperature and boron concentration uere
stabilized such that the reactor was critical with the reference bank
near full insertion. Initial statepoint data for the xod swap maneuver
were obtained by moving the reference bank to its fully inserted
position and recording the core reactivity and moderator temperature. At
this point, a rod swap maneuver was performed by withdrawing the
reference bank while one of the other control rod banks (i.e., a
bank) was inserted. The core was Kept nominally critical throughout
this rod swap and the maneuver was continued until the test bank
fully 1inserted and the reference bank was at the position at which

core was just cr:.tical. This reasured critical peosition (MCP) of

reference hank with the test bank fully inserted is the major parameter

of interest and was used to determine the integral reactivity worth of

he test bank. Statepoint data (core reactivity, moderator temperature,




differential worth of the reference bank) uere

MCP. rod swap maneuver uwas

reverse ordex such that the reference bank once again was
insertion and the test bank was once again full withdrawun fzrom th
core. The rod swap process was then repeated for all of the othe

control rod banks (control and shutdown).

A summary of the results for these given in Tal
table and the Startup Physic Results and Evaluation

-

the Appendix, the individual measured bank worths fo

the control and shutdown banks were within the design tole
for the reference bank ana the test banks).
ndividual rod bank worths was measured to be within

This is well within the design tolerxance

the individual control rod bank worths.

The integral and differential reactivity worths

bank (Control Bank B) are shown in Figures 4.1 and 4.

The design predictions and the measured data are plot

order to i1llustrate their agreement. In summary, all measured rod worth

values were satisfactory.
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Section 5

BORON ENDPOINT AND WORTH MEASUREMENTS
Boron Endpoint

With the reactor critical at hot zero power, reactor coolant systenm
boron concentrations were measured at selected rod bank configurations
to enable a direct comparison of measured boron endpoints with design
predictions. For each measurement, the RCS conditions were stabilized
with the control banks at or very near a selected endpoint position. The
critical boron concentration was then measured. If necessary, an
adjustment +*o the measured critical boron concentration was made to
account £for off-nominal core conditions, i.e., for rod position and

moderator temperature.

The results of these measurements are given in Table 5.1. As shoun
in this table and in the Startup Physics Test Results and Evaluation
Sheets given in the Appendix, all measured critical boron endpoint
values were within their respective design tolerances. All measured
values met the accident analysis acceptance criterion. In summary, all

results were satisfactory.
Boron Worth Coefficient

The measured boron endpoint values provide stable statepoint data
from which the boron worth coefficient was determined. A plot of the
boron concentration as a function of integrated reactivity can be

constructed by rela ng each endpoint concentration to the integrated




rod worth present in the core at the time of the endpoint measurement.
The value of the boron coefficient, over the range of boron endpoint

concentrations, is obtained directly from this plot.

The boron worth plot is shown in Figure 5.1. As indicated in this
figure and in the Appendix, the boron worth coefficient of reactivity
was measured to be -7.83 pcms/ppm. The measured boron worth coefficient
is within 7.2%4 of the predicted value o£ -8.44 pcm/ppm and is well
within the design tolerance of *10%. The measurement xesult also met
the accident analysis acceptance criterion. In summary, this result was

satisfactory.

23



SURRY UNIT 2

Table 5.1

- CYCLE § BOL PHYSICS TEST

BORON ENDPOINTS SUMMARY

| | Measured | Predicted | Difference
| Control Rod | Endgeint | Endpoint | M-P

| Configuration | (ppm) | (ppm) | (ppm)

| | | |

| | | |

| ARO | 1452 | 1445 | 7

| | | |

| B Bank In | 1277 | 1293 x | -16

| | | |

*The predicted endpoint for the B Bank in configuration has been
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 Sheets in the

Appendix.

24
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Section 6

TEMPERATURE COEFFICIENT MEASUREMENTS

The isothermal temperature coefficient measurements were
accomplished by controlling the RCS heat gainss/losses with the steam
durp valves to the c¢ondenser, and/or steam generator blowdouwn,
establishing a constant and uniform heatups/cooldown rate, and then
monitoring the resulting reactivity changes onm the reactivity computer.
These measurements were performed at very low power levels in order to
minimize the effects of non-uniform nuclear heating, thus, the moderatorx
and fuel were approximately at the same temperature (between 542-547 °F)
duzing these measurements. To eliminate the boron reactivity effect of
outflow from the pressurizer, the pressurizer level was maintained

constant or slightly increasing during these measurements.

Isothermal temperature coefficient measurementis were performed at
various control rod configurations. For each zrod configuration,
reactivity measurements were taken during both RCS heatup and cooldown
ramps during which the RCS temperature varied approximately 3°F.
Reactivity was determined using the reactivity computer and was plotted
against the RCS temperature on an x-y recorder. The temperature
coefficient was then determined £from the slope of the plotted lines. The
%~y recorder plots of reactivity changes versus RC3S temperature for each

measurement are shown in Figures 6.1 and 6.2.

The predicted and measured isothermal temperature coefficient
values are compared in Table 6.1. As can be seen from this summary and

from the Startup Physics Test Results and Evaluation Sheets given in the

26




Appendix, all measured isothermal temperature coefficient values were
within the design tolerance of %3 pcms/°F and met the accident analysis
acceptance criterion. In summary. all measured results were

satisfactory.
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Table 6.1

SURRY UNIT 2 - CYCLE 6 BOL PHYSICS TESTS

ISOTHERMAL TEMPERATURE COEFFICIENT SUMMARY

BANK | | IISOTHERMAL TEMPERATURE CCEFFICIENT!
POSITION | | | (PCM/°F) I
(steps) |TEMPERATURE| BORON | |
| RANGE ICONCENTRATIONI | cooL | | IDIFFER. |

B | D | t*r) I (PPM) IHEATUP| DOWN |AVER.|PRED.! (M-P) |
| | | | | | | | |

| | | | | | | | |

228 1228 | 542 - 546 | 1445 |-3.77 1-3.03 |=-3.40)-6.42| +1,02 |
| ! | | | | | | |

21 1228 | 542 - 547 | 1286 |-6.24% |~-6.36 |-6.3C1-6.78| +0.48 |
| | I |

28



Figure 6.1

CYCLE 6 BOL PHYSICS TESTS

SURRY UNIT 2 -

ISOTHERMAL TEMPERATURE COEFFICIENT

ARRO

HZP,

R

(d,) TANLVHAAWIL

1°F/inch

VERTICAL SCALE

£ =
s

3 E

o & o=
s 4

od

g

3]

g




% ]

P L

2

e

sl b

il

poafen -
reteert

-

10.0 pecm/inch

1°F/inch

HORIZONTAL SCALE

VERTICAL SCALE

B-BAKK IN

Figure 6.2

HZP,

-

.
e T FEY

pgh=

ISOTHERMAL TEMPERATURE COEFFICIENT

PR B

SURRY UNIT 2 - CYCLE 6 BOL PHYSICS TESTS

(4,) FENLVHIIWIAL

REACTIVITY (PCM)
30




Section 7
POWER DISTRIBUTION MEASUREMENTS

The core power distributions were measured using the incore movable
detector flux mapping system. This system consists of five fission
detectors which traverse £fuel assembly instrumentation thimbles in 50
core locations (see Figure 1.3). For each traverse, the detector output
is continuously monitored on a strip chart recordex. The output is also
scanned £for 61 discrete axial points by the PRODAC P-250 process
computer. Full core, three-dimensional power distributions are then
determined by analyzing this data using the Westinghouse computerx
program, INCORE’. - INCORE couples the mo;suzed £flux map data with
predetermined analytic power-to-flux ratios in order to determine the

power distribution for the whole core.

A list of all the £lux maps taken during the test program togethex
with a list of the measured values of the important power distribution
parameters is given in Table 7.1. Tl.e measured power distribution
parameter values are compared with their Technical Specifications limits
in Table 7.2. Flux Maps 1 and 2 were taken at zero power. These £flux
maps serve as the base case design checks. Figures 7.1 and 7.2 shou the
resulting radial power distributions associated with these £lux maps.
These maps indicated the presence of some assemblywise relative pouwer
values in excess of the design tolerance, but all measured hot channel
factor values were within the Technical Specifications limits. Flux Maps
3 through 5 and Map 7 were taken over a wide range of power levels and

control rod configurations. These £flux maps were taken to check the

31



at-power design predictions and to

various operating conditions.

incore/excore calibration data for

The radial power distributions for

throush 7.6. These figures show

power values are generally within 5%

In conclusion, all pouwer
considered to
accident @analysis acceptance critaria,
limits. It is therefore anticipated

operate safely throughout Cycle 6.

32

be acceptable with respect to the design tolerances,

measure core pouwer distributions at

Maps 3 through &5 also provide
the nuclear instrumentation system.
these maps are given in Figures 7.3
that the measured relative assembly

of the predicted values.

distribution measurement results were

the
and the Technical Specificaticn

that the core will continue to
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TABLE 7.1

SURRY UNIT 2 - CYCLE 6 BOL PHYSICS TESTS

INCORE FLUX MAP SUIMNMARY

| 5

| | | |
| ] | |
| | | |
| MAP iMaP| DATE |
| DESCRIPTION [HO | |
’ | I |
| L N N
| | | |
| AROD | 1l12-%0-81!
! | | |
|8 AT 23 | 2l12-30-811
| | |
|I/E CAL. | 3, 1- 1-82|
| | | |
|I/E CAL. | 4] 1- 1-82|
| | | |
|IZE CAL. | 51 1- 1-82|

|

|

IHFP, EQ. XENON

BURN| |
up | [Bank |
MUD/IPHR| D

HTU [(Z)|STEPSI

—_—

]

ol
|
ol
i
101
|
171
|
221
|

|
ol
]
1l
|
471
|
59|
|
68|
|

71 2-10-82| 1116l100}

223
228
184
180
204

228

1 | 2 | | | | | |

F-Q(T) HOT | F-DHIN) HOT | CORE F(Z) | I 4 | | |
CHAMMEL FACTOR ! CHHL.FACTOR | HMAX | 31  QPTR | Axiail no.|

| | IFixn)l | OFF | OF |

| [AXTALI | | | | AXTALI | Max | | | SET |THIM|
|ASSY |PINI FOINT| F-R(T)IASSYIPINIF-DH NIIPOINT| FI(2Z)| | MAX jLocl %) |BLES!
ol | e | | | | ol i

| | | | | | I | | | | | i
po7l GHl 20 | 2.260 | DO7! G6H| 1.488 | 21 [1.476l1.42511.7 7| NE| 24.83] 47 |
| | | | | | | i | | | | | |
K09 OMI 14 | 2.641 | K09l OMl 1.799 | 20 11.39211.71011.0.5! NE| 19.21] 44 |
| | | I | i | | | I | | |
Bos| DEI 32 | 1.982 | K14 KLI 1.446 | 32 11.305/1.40411.005] MEI -0.54] 48 |
| | | | | | | | | | ! 3 | |
p1ol Dkl 33 | 1.962 | Boel DE| 1.426 | 33 |1.30811.383/1.004] SWI -6.00] 48 |
| | | | | I | | | | | | | |
K14) KLl 22 | 1.853 | po7! 6H| 1.422 | 23 |1.255(11.37311.005] SWI 5.94| 48 |
| | | | | | | | | i | | | |
FO4l FLI 33 1 1.749 | DO7) GH| 1.387 | 34 |1.21411.33811.004] SWl -2.19] 47 |

NOTES: HOT SPOT LOCATIONS ARE SPECIFIED BY GIVING ASSEMBLY LOCATIONS (E.G. H-8 IS THE CENTER-OF-CORE ASSEMBLY),

FOLLOWED BY THE PIM LOCATICN (DENOTED BY THE "Y" COORDIHATE WITH THE FIFTEEN ROWS OF FUEL RODS

LETTERED A THROUGH R AND THE "X COORDINATE DESIGMATED IN A SIMILAR MANNER).
IN THE “Z'" DIRECTIOM THE CORE IS DIVIDED INTO 61 AXIAL POINTS STARTING FROM THE TOP OF THE CORE.

1.

2.

F-Q(T) INCLUDES A TOTAL UNCERTAINTY OF 1.08

F-DH(N) INCLUDES A MEASUREMENT UNCERTAINTY OF 1.04

FIXY) IS EVALUATED AT THE MIDPLANE OF THE CORE

QPTR - GQUADRANT POWER TILT RATIO.

FLUL MAP S2-6-6 WAS TAKEN ON JAHUARY 24,

19682 AT 997 POMER. THIS FLUX MAP WAS NOT TAKEN AT

EQUILIBRIUN CONDITIONS BUT WAS NEEDED FOR POWER SHAPE VERIFICATION. ALTHOUGH THIS MAP WAS

NOT PART OF THE FORMAL PHYSICS TEGTING PROGRAM,

SHAPE AHD PEAKING FACTORS.

IT PROVIDED VERIFICATION OF ACCEPTABLE POWER



Table 7.2

SURRY UNIT 2 - CYCLE 6 BOL PHYSICS TESTS

COMPARISION OF MEASURED POWER DISTRIBUTION PARAMETERS

WITH THEIR TECHNICAL SPECIFICATION LIMITS

| | | |
I | F-Q(T) HOT | F-DH(N) HOT |
| | CHANNEL FACTOR' | CHANNEL FACTORZ |
IMAPI | |
INO.| MEAS!| LIMITIMARGIN| MEAS| LIMITIMARGINI
| | | I %) | | I ) |
| | | | | | | |
I 3 1 1.981 .36 | 8.6 1 1.451 1.77 1 15.2 |
bR 1.980 3.70-F 7.9 | V. 435 1.68 | 28,9 |
I 51 1.851 3.13 | 40.9 | 1.421 1.65 | 13.9 |
171 1.781 2.7¢ |} 19.7 | 1.391 1.5 | 10.3 |}
! | | | | |

1 The technical specification limit £for the heat £flux hot channel
factor, F-Q(T) is a function of core height. The value for F-9(T)
listed above is the maximum value of F-Q(T) in the core. The technical
specification limit listed above is evaluated at the plane of
maximum F~-Q2(T). The minimum margin values listed above are the minimum
percent difference between the measured values of F-Q(T) and the
technical specifications limit for each map. All measured F-2(T) hot
channel factors include 8% total uncertainty.

2 The measured values for the enthalpy rise hot channel factor,
F-dH(N) include 4% measurement uncertainty.
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Figure 7.1

SURRY UNIT 2 - CYCLE 6 BOL PHYSICS TEST
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SUMMARY
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Figure 7.3

SURRY UNIT 2 - CYCLE 6 BOL PHYSICS TEST

ASSEMBLYWISE POWER DISTRIBUTION
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Figure 7.4

- CYCLE 6 PHYSICS TEST
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0.39 . 0.97 . 1.20 . 1.23 . 1.20 . 1.15 . 1.08 . 1.11 . 3.09 . 1.13 . 1.21 . 1.25 . 1.20 . 1.01 . 0.43
¥ e BT s BB Y v BB Bl ks b B B, B G . AR . %G
o Teres 120 . 1.8 . 1.20 . 1.08 . 1.18 . 1.10 . 1.18 . 1.06 . 1.20 . 1.15 . 1.20 . 0.98 . 0.71
0.6 . 0.96 . 1.23 . 1.16 . 1.19 . 1.01 . 3.10 . 3.03 . 1.31 . 0.98 . 1.19 . 1.18 . 1.22 . 1.00 . 0.7 .
AW . Bl BP . Bl s 20T s BN s L B e el B, B s BB . 8. BB

ie
11
12
13
1

15

g T SR s s ;.;;-o ;.;.:.;:;;.:.‘:;i"';:;; .. .‘-6:;;.t... -
9.47 . 1.00 . 0.98 . 0.99 . 1.00 . 1.00 . 0.46 .
bekis Xs BN . 3B B Sls 5,
nsssesisierts  sissssaseseses P T o ST~ Ly Jasaneses
OEVIATION . 0.42 . 0.76 . 0.42 . PCT DIFFCRENCE.
.96 . 5.3 . %6 38 ¢ L& .
SUMMARY
MAP NO: S2-6- 4 DATE: 1/ /82 POWER: 59%
CONTROL ROD POSITIONS: F-QIT) = 1.962 QPTR:
D BANK AT 180 STEPS F-DHIN) = 1.426 NWd 0.993 | NE 1.003
PNy e PR R -
FLZ) = 1.308 SW 1.004 | SE 00
FIXY) = 1.383
BURNUP = 17 MWD/MTU A0 = -6.00(%)
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PCY DIFFERENCE,

STANDARD s
DEVIATION . « 0,43 . 0, . 1 PCY DIFFERENCE.

-

SUMMARY
MAP NO: S2-6- 5 DATE: 1/ 1/82 POWER: 60X
COMTROL ROD POSITIONS: F-Q(T) = 1.353 GPTR:
D BA!X AT 204 STEPS F-DH(N) = 1.422 M4 0.991 | ME 1.003
.......... P
Flz) = 1.293 s4 1.008 | SE 1.001

FIXY) = 1.373

BURNUP 22 MID/MTU A.O = 5.%4(2)

39




SURRY

Figure 7.6
UNIT 2 - CYCLE S BOL PHYSICS
ASSEMBLYWISE POWER DISTRIBUTION
HFP, EQ. XENON

PREDICTED
MEASUIED
PCT DIFFLRDIE.

+ 1.15 . 127,
« =1.0 .

e L ais el

MAP NO: S2-6- 7

CUONTRIL ROD POSITIONS
AT

D BANK 228 STEPS

1.18 .
1.18 .
. ~0.1

1.20 . 1.1s .
« 1.13 .
8.2 .

. .20
0.6 .

1.20 . 1.06
1.02

2.3 . 2.4

1.17 .
« 113 .

1.1 . 1..0?7
3.7 . <3
1.17 .
. 1.8,

1.20 . 1.20 .
1.8 . 1.18 . 1.18 .

« =11 . -3
- 1.20 . 1.0
PR 0 S U I ¥

0.3 . -1

3.19 .
1.17 .

1.19 .
1.18 .
. =36 .

1.19 .
1.1 .
2.8 .

SUMMARY
DATE: 2/10/82
: F-Q(T) = 1.749
F-OHIN) = 1.387
F(Z) = 1.214
F .Y = 1.338
BURNUP = 1116 MWD/MTU

o

PREDICTED
MEASURED
PCY DIFFERENCE

AVIRAGE
LPCT DIFFERENCE,

POWER: 100Z

QPTR:

NW 0.992 | NE 1.002
....... e T —r—
SWd 1.0064 | SE 1.002
A.0 = =2.192%)
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APPENDIX
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