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CLASSIFICATION/DISCLAIMER

The data, technigques, information, and conclusions in this repoxrt have
been prepared solely £for use by the Virginia Electric and Powexr Company
{the Company), and they may not be appropriate for use in situations
other than those for which they were specifically prepared. The Company,
therefore, makes no claim or warranty whatsoever, express or implied,as
te their accuracy, usefulness, or applicability. In particulaz, THE
COMPANY MAKES NO WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR
PURPOSE, NOR SHALL AMY WARRANTY BE DEEMED TO ARISE FROM COURSE OF
DEALING OR USAGE OF TRADE, with zespect to this repozrt or any of the
data, techniques;, information, or c¢onclusions in it. By making this
report available, the Company does not authorize its use by others, and
any such use is expressly forbidden except with the prior written
approval of the Company. Any such written approval shall itselZf be
deemed to incorporate the disclaimezs of liability and disclaimezrs of
warranties provided hezein. In no event shall the Company be liable,
under any legal theory whatsoever (whether contract, tozrt, warzanty, oz
strict or absolute liability), £oxr any propexrty damage, mental or
physical injury or death, loss of wuse of properxrty, ox other damage
resulting from or arising out of the use, authorized or unauthorized, of

this zepoxrt oxr the data, technigues, infozrmation, oz conclusions in it.
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PREFACE

The purpose of this znport is +o present the analysis and
evaluation of the physics tests which were performed to vexify that the
Morxth Anna 1, Cyecle 3 core could be operated safely, and to make an
initial evaluation of the pezformance of the core. It is not the intent
of this report to discuss the paxrticular methods of testing or to
present the detailed data taken. Standard test techiques and methods of
data analysis uwere used. The test data, zesults and evaluations,
together with the detailed startup procedures, are on £ile at the Noxth
Anna Power Station: therefore, only a cursory discussion of thece itens
is included in this report. The analyses presented include a brief
fumM\ry of each test, a comparision of the test results with design

predictions, and an evaluation of the results.

The MNorth Anna 1, Cycle 3 Startup Physics Tests Results and

Evaluation Sheets have been 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 (desaign), 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 zesults in a consistent
format. The design test conditions and design values of the measuzed
parameters were completed priox to startup physics testing. The entxies
f0r the design values were based on the calculations performed by

Vepco's Nuclear Fuel Engineering Group'. puring the tests, the data
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o
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sheets were used as guidelines both to verify that th






Section 1

INTRODUCTION AND SUMMARY

On December 28, 1980, Unit No. 1 of the North Anna Power Station
was shut down for its second refueling. During this shutdown, 64 of the
157 fuel assemblies in the <c¢ore were zreplaced with fresh Zfuel
asgsemblies. The cycle three core consists of four batches of fuel: tuwo
once burned batches (1A3 and 3A2), one twice burned hatch (4), and one
fxresh batch (5). The corxe loading pattern and the design parameters
for each batch are shown in Figure 1.1. Fuel assembly burnups are given
in Figure 1.2. The incore instrumentation locations are identified in
Figure 1 3 Figure 1.4 identifies the location and numbexr of burnable
poison rods and source assemblies foxr Cycle 3; and Figure 1.5 identifies

the location and numbexr of contrxol rods in the Cycle 3 cozxe.

on April 6, 1981, at 0140, the third cycle core achieved initial
criticality. Following criticality., startup physics tests uere
performed as outlined in Table 1.1. 2 summary of the results of these
tests follows:

1. The dzxop time of each control and shutdown zod was cocnfirmed
to be within the 2.2 second limit of the Nozth Anna Technical
specifications?.

2. The reactor coolant system flow rate was confirmed to be
greatex than the minimum limit specified in the Technical
Specifications?,

3. Individual reactivity worths for all control and shutdouwn

rod banks were measured using the rod swap technigue? and uwere






These higher-than-expected p¢ r val accomp ied
by a quadrant po tilt ratia @PTR), which at hot- o~
power, wWas easured to be approcximately 4% 2PTR
decreased to 1. at full power. T e deviations of pouer
T distribution had no adve consequen ¢ since, for all
flux maps, hot channel factors werxe measured to Dbe
within t limits of the Technical ecifi tions All
urement parameters met their respective accldent
analysis acceptance criteria
In summazry., all startup physics test results were acceptable
Detailed res ts, together with pecific d i1gn tolexrances and
’ acceptance cx 1t a f surement, are presented in the
appropriate tions of this reporxrt
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FIGURE 1.1

NORTH AMMA UNIT 1 - CYCLE 3

CORE LOADING MAP
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FIGURE 1.2
NORTH ANMA UNIT 1 - CYCLE 3

BEGYNNING OF CYCLE FUEL ASSEMBLY BURNUPS
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FIGURE 1.5

ANMA UNIT 1 - CYCLE 3
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11

tube, the velocity slouws, 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
8.2 The slouwest, fastest, and average drop times are summarized in
Table 2.1. Technical Specification 3.1.3.4 specifies a maximum xod drop
time frxom loss of stationary gripper coil voltage to dashpot entry of
2.2 seconds with the RCS at hot, full flow conditions. All test results

met this limit.






Figure 2.1

HORTH AMNR UMIT 1 - CYCLE 3 BOL PHYSICS TEST
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FIGURE 2.2

NYA UNIT 1 - CYCLE 3 BOL PHYSICS TEST
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ROD DROP TIME - HOT FULL FLOW CONDITIONS
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Section 3

REACTOR COOLANT SYSTEM FLOW MEASUREMENT

The zreactor coolant flow rate is measured in order to verify that
the minimum £flow rate requirement i1s satisfied. The RCS £flow rate 1is
determined wusing the <calorimetric measurement technique. Precision
calorimetzric data (i.e., feedwater temperature, feedwater £flow, steam
flow, and steam pressure) are obtained in ordexr to accurately determine
the secondary-side heat rate. The primary-side enthalpy zrise 1is
determined from the RCS pressure and the temperature increase associated
with each RCS loop. The £low £for each RCS loop is determined by
establishing a primary-side to secondary-side heat balance. Steam
generator blowdown heat loss, systean heat losses, and the pouwer produced
by the reactor coolant pumps are taken into account in the heat balance.
A reactor coolant flow measurement was performed at 1002 pouwer. Thais
data was analyzed using the RXFLOW" computer c¢ode, and manually adjusted
to incorporate steam flow data. B summary of the results for this test
is given in Table 3.1. As showun by this table, the results demorstrated

that the RCS £flow limit was met.
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FIGURE 4.2

CYCLE 3 BOL PHYSICS TEST
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Section 5

BORON ENDPOINT AND WORTH MEARSUREMENTS

Boron Endpoint

With the reactor critical a: hot zero power, reactor coolant system
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 to the measured critical boron concentration was made to
account for off-nominal core conditions, i.e., for rod position and

moderator temperatuze.

The zesults of these measurements are given in Table 5.1. As shouwn

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 zrespective 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
$rom which the boron worth coefficient uwas determined. A plot of the
boron concentration as a function of integrated reactivity c¢an be

constructed by zelating each endpoint concentration to the integrated
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Table 5.1

NORTH ANNA UNIT 1 - CYCLE 3 BOL PHYSICS TEST

BORON ENDPOINTS SUMMARY

| Measured | Predicted | Difference
Control Rod | Endpoint | Endpoint | M-P
Configuration | (ppm) | (ppm) | (ppm)
| | i
| | |
ARO | 1466.7 | 1492 | -25.3
I | * |
B Pank In | 1300.7 | 1304 | -3.3
] | |

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 borxron
endpoint Startup Physics Test Results and Evaluation Sheets in the
Appendix.
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Figure 7.5

NORTH ANNA UNIT 1 - CYCLE 3 BOL PHYSICS TEST

ASSEMBLYWISE POWER DISTRIBUTION

APDMS - FLUX MAP
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Figure 7.7

NMORTH ANNA UNIT 1 - CYCLE 3 BOL PHYSICS TEST

ASSEMBLYWISE POWER DISTRIBUTION

APDMS - FLUX MAP
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Figure 7.11

NORTH _ANNA UNIT 1 - CYCLE 3 BOL PHYSICS TEST

ASSEMBLYWISE POWER DISTRIBUTION

HFP, EQ. XENON - FLUX MAP
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Page 4 of 41
02-11-81

AC 2
North Auna lower Station Uadt _1_ Cyele _1_

Startup Physics Tests Nesults and Evaluaticn Shect

1 Test Description: Critical Borom Concentration - ARO
tefezence Procedure Nurber/Section: 1-PT=94/App. CSequence Step Number: 7 \
i
. +)
11 Bank Poasitiuns (ctens) RCS Tewpavse (*F): S47 o
Tent Power Level (RF.P,): 0O i
Conditiuns SoA: 228 SDB: 228 CAa:228 Ocher (spesify): !
(Desdiga) C8: 228 €C: 228 CD:228 Below Nuclear Heating |
RCCA: NA
111 Bank Positions (stcps) RCS Tempesature (°F): §YY. Z'F!
Test Power Level (%F.P.): %% ;
Condizions SD.‘.:;:’L‘ SDB:‘.\.;-'% CA:&.:.%’ Other (specify):
s wwiial : 12 : 2% .
(Actual) en:2g ym«:ﬁ_'\”\ €o: % Balow Noddese H%{.MJ
Date/Tize Tesz [1/81 1090
Ferformad:
Measurad Parazeccs (CB) b : Critical Boreou Comcenmtratisn - ARD
(deseription) ARO
a !
i G - 1966 |
Measured Value : PPM
e
Test Design Value Cg * I“H‘L =60 Pf"'\
Results (Accual Candizioms) |
c = 1492 + 50
Desipn Value B oo PFe
(Design Condizicns)
Yepco NTE Technical Report YNo. 181, Decembder 1980
Reference ::::::;4:\; {;::":‘.S. Rocella 20 C.7. Snow, datec
{ 30 % c3 < 26,000 pem
: FSAR/Tech Spec 3Ca e
Acceptance
Critesia :  FSAR Section 15.2.%
Reference 1 ‘
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Startup Physics Tests fnesults and tvaluation fheet

02-11-81

A.3

1 Test Neseripticn:Isothermal Temperature Coefficient - ARD !
Relfecrence Proccdure Nunber/Section: 1-PT=94/APP.D Seruence Skep Numocr: 2 i
|
|
11 Bank Posisivns (zfenc) RCS Temparature (*F): 547
Test Power Levul (XF.P.):Q =5
Coanditions soA: 228 §00: 228 CA:228 other (cpecifly):
(Design) cs: 228 cc: 228 Chig2g : ik g
pCoA: | Below Nuclear Heacting
111 Bank Positions (steps) RCS Temperzzure (°T):SNA-SH.S
Test il Power Lovel (%F.P.): 0%
Conditions soA: 229 sns:ug u:n.g Other (5;.“‘;;-3.}-
(Actual) Co: 2% cC: a2 ch:a2 Nuclear Headin
RCCA: AJA B&JOuJ J
Date/Tine Test ‘I”I?l 13
Performad:
180 ’
vodd Paves :
"“"'cf,if i (3—) : Isothermal Temperature Coefficient-ARD
(dc’\-.-ﬂ"-.o“) " i
ARO \
v . |
Measured Value -.3:9-) 1s0 -4.30 pcMI.F
Y AR0
Test Design Value 30,150 _ _ *30 m/’F (C 2 ING? oo
Rasults (Aetual Coadizisng) (ar) 3 3ﬁﬂ , o & PP ) .
ARO |
- |
30,180
Desipn Value (‘.;.'r') 0, -3.66 = 3.0 pcm/oF B
(Design Condizions) ARO (D/228, 14920pm, 547.0°F)
Vepco STE Technical Repor: Me. 161, Decrzzer 19803
Memorandua from 7.5, Rotella to C.T. Snow, dated
Refercnce January 20, 1981.
S0 ] '
30 - 30 . " 0.
v FEAR/Tech Spes (ﬁ < =2,00 pea/ [Doppler(ﬁ) = =2,00pen/ :}
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s Y [Fsaf Table 4.3-2, Vepco NFE Techical Repert
vI Acceptance erteria, met,
cacacaine Dwsrs Toleranca met
!
"
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Morth Aana lower Station Uait 1 Cyele 3.

Startup FPhysics Tests Results and tvaluation Sheet |
|

Control Bank 2 .ortn seasurement, all Otner

I Test Nescriptiua: pods Cut }
Keference Proccdurc Number/Scetion: -PT-94/APP £ Seduence Step Humacer: )p
11 Bank Positions (stepc) : RCS Temwporature (*F): 567+O
Test Power Level (Z¥.1.):0 -5
Coaditions SoA: 228 SLB: 228 CA: 228 Othier (specify):
(Decsign) c8: Moving cC: 228 CD: 228
RCCA: NA Below Nuclear Heating
111 Bank Positicns (steps) RCS Temperature ("."):5"4’4.7.F
Test Power Level (%F.P.): 0%
Conditions | sm:’-;.z\ sna:n.; CA: zzg Other (specify):
(Actual) CB:Mevin Ces =% CD: &2 .
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North Auna l'ower Station

Startup Physics Tests Results

Unie 1 Cyele 2
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Page 5 of 41
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and Evaluation Sheet

1 Test Nescription: Critical Boron Concentration - Bank B IN
Kaference Procedure Number/Section:].pT-94/APP.C Sequence Step Number: ||
34 Bank Positions (ztens) RCS Tumperztuze (*F): 5470
Tect Power Level (SF.D1.): 0 -5
Conditions sos: 228 sto: 228 CA: 228 Cther (upecify):
besige cs: 0 ce; 22 €D:228 ‘
AR ncca:§A8 . Below Nuclear Heating
°
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Conditions SDA:%& SDB: 22.% CA: 1.1-\" Octher (specify):
(Actual) C3: ¢c: 22.¥% £h: 1 s
Date/Tima Test 4/7[8' 1340
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Morth Auna lower ftatlon Unit 3 Cyele 3

‘ Startup Thysics Tests Magults and Evalustion Sheet

A=PT-94
ATTACHEMENT 6.11
Page 12 of 4%
02-11-81

A.11

Shutdown Hank B Ynrth Measuremcut - Rod Swap

*asmants

1 Test NDaseription:
Relezence Proccdure Nurher/Section: 1-PT-94/4PP.C Sequence Step Nuwwar: g
3 Bank Posnitions (cteps) RCS Terparscuze (°F) :547""O
Test Power Level (Z7.0.): 0 =3
Cczndit.im)u\ Sta: 2238 ::‘J:)zeovmg CA: 228 Othar (specifly):
Design CB: Mowvin cc: 228 CcD: 29 :
g oN/A 228 Below Nuclear Heating
12z Bank Positions (stcps) RCS Toemperatura (°T): 594E F
Test Porar Level (ZF.7.): O %
Cenditions s0A: 228  spB: Moving CaA: 228 Ocher (specify):
(Actual) cazm.,.,.ﬁ cc: 228 CD: 228 :
RCCA: A//A
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Date/Time Test ﬁ}/a/ﬁc/ sd
Performad: O 334~
Measuved Parazeter 1 : Integral Worth of Shutd ak Ber S ine
Edanneifeians sDB ’ gT i utdown Bask B~Nod Swap
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N : CCritical Keference Eank
Naagurad Value Ieng® 719 pem Powction = 119 steps )
: (Critical Ketersace Bamk.
Test Design Value lone® /10052 /5 .
Results (Actual Conditiond) SD8 oo = //‘*‘m FoscFion = 119 :fe,ns)
Design Value I‘D’. 1022 + 153 pem (Critical Peference 3ank
izdions) S el %z
(Design Cond Position = 136 steos)
Vepeo NTE Technical Report Ne, 181} ‘enco Rod Swap
Topical Repor: CIP-FID=18A; Memorandus ‘rem J.R. Ju
Roference to C.7. Snow, dated lecember &, 1940,
7! zhe Design Tolerancas (3 exceeded, the EN90% shall evaluatas The LEpact
v PSAPJTc:h S?c: of thw tastc resull Om Lhe salecy snalyses., The TYSSC say specily 3has
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Morth Auma lower Station Ualt 1 Cyele 3
Startup Physics Tests Results and Evaluaticn Sheet
-
1 Test Nascription:Shutdown 2ank A lorth Measurement=Rod Swap
Referarce Procedury humbur/Scccion: 1-PT-94/APP, gSequense Step Nuwber: /8
. z +0
&1 Bank Positions (steps RCS Temparstures (°F): 567_5
Tect Power Level (XF.7.): O
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RECA: N/A Below Muclear Heating
111 Bank Positions (stecs) RCS Temperscure (°7): S44 F
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Resulcs (Actual Condicicns) Isn;f 1036 I/S'S_[’C”‘ pos¢'17m = 70 .;fefs)
Desiga Value 2 -'DA- 10342153 pem (Critical Referance Zank

(Design Conditions) | *~ Position = 152 steps)

Vepea NFE Technical Report Ne. 161; Vepco 2ad Swap
fopical Repor:z VEP-FRO-16A; Memorandua fre= J,R. Ju
Refercnce to C.T. Sanow, dated Uecember &, 1980,

1f the Desizn Tolerance i3 exceedad, i3a SNSOC srall evaleate ihe 33acs
af the tast fesuls on the salecy analyses. “ne SNISC may spacily 1Nl

' r&\R.’TL‘Ch S?GC sddizional tasting be perfoesed,
Accepcance
Ciiceria g )
Reference VEP-FRD-364A
l) x . L
% sign tolerance was exceeded . ﬁCCC{—’tﬂane erferia was met
Commants

Tha et resudt s ac rhuble ke rimncens
[, Moporand wm. frem. "R. M, Bavvyran o £.J. Loz,
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