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Mr. W. N. Thomas, Vice President
Fuel Resources

Virginia Electric Power Company
Richmond, Virginia 23261

Dear Mr. Thomas:

SUBJECT: ACCEPTANCE FOR REFERENCING OF TOPICAL REPORT VEP-FRD-36 "CONTROL
ROD REACTIVITY WORTH DETERMINATION BY ROD SWAP TECHNIQUE"

The Nuclear Regulatory Commission (NRC) staff has comdleted its review of the
Virginia Electric and Power Company Topical Report number VEP-FRD-36 entitled
"Control Rod Reactivity Worth Determinaticn by Rod Swap Techniques” and the
amendment attached to your letter dated June 26, 1380 and serial No. 569.

The Report describes the methodology for determining control rod reactivity
worth utilizing the rod swap technique. Data obtained during the startup

of Surry Unit 1, Cycle 5 and North Anna Unit 1, Cycle 2 are presented to
validate the methodology. The report also provides the two leve! criteria
by which the results are judged and the remedial actions if these criteria
are not met.

As a result of our review of the use of the rod swap technigue as presented
by VEPCO for the Surry Units 1 and 2 and for the North Anna Units 1 and 2
plants, we conclude this technique an acceptable method for verifying shut-
down margin provided the following conditions are met:

1. VEPCO submits the data to MNRC within 45 days of the first use of
the rod swap after this approval for each unit, and

2. The On-Site Safety Review Committee compares the 'EPCO prediction
for total rod worth and shutdown margin with the prediction by the
organization performing the safety analysis and that tne effect of
any differences is evaluated. This comparison and evaluation is to
be done for each cycle prior to initial criticality.

We do not intend to repeat the review of the safety features described
in the report and its amendment as found acceptabie herein. OCur accept-
ance applies only to the use of features described in the topical report
and its amendment as discussed herein,



Mr. W. N. Thomas -2- NOV 7 1A

In accordance with established requirements, it is requested that Virginia
Electric and Power Company issue a revised version of this report within
three months of the 2ceipt of thic letter. The revised version is to
appropriately incorporate the information submitted in your June 26, 1980
letter. This evaluation letter is to be included in the revised version
between the title page and the abstract and the approved report will carry
the identifier VEP-FRD-36A.

Should Nuclear Regulatory Commission criteria or regulations change such

that our conclusions as to the acceptability of the report are invalidated,
Virginia Electric and Power Company will be expected to revise and resubmit
the topical report or submit justification for the continued effective applic-
ability of the topical report without revision.

[f you have any questions about the review or our conclusion, please contact
us.

Sincerely,

R Mel wees

Robert L. Tedesco, Assistant Jirector
for Licensing
Division of Licensing



CLASSIFICATION/DISCLAIMER

The data, techniques, information, and conclusions in this report

have been prepared solely for use by the Virginia Electric and Power Compaay

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 to their accu=-
racy, usefulness, or applicability. In particular, THE COMPANY MAKES NO WARRANTY
OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE, NOR SHALL ANY WARRANTY
BE DEEMED TO ARISE FROM COURSE OF DEALING OR USAGE OF TRADE, with respect to
this report or any of the data, techniques, information, or conclusions in

it. By making this report available, the Company does not authorize its use
by others, and any such use is expressly forbidden except with the prior writ-
ten 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
lial 'ity), 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, informa=-

tion, or conclusions in it.
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Section 1

INTRODUCTION

The purpose of the control rod bank worth tests, which are performed
as part of the startup physics testing program, is to verify selected design

statepoint ~- lations and thereby demonstrare the validity of the results

L)

of the calculational models used to predict control rod bank reactivity worths
as part of the design process. This is done through a comparison of measured
and predicted results for those selected design statepoints. The Vepco control
rod bank worth tests traditionally have been performed using the dilution/boration
technique. The dilution/boration technique invol ‘es exchanging the reactivity
associated with the control rod bank of interest with the reactivity associated
with the boron in the reactor coolant system (RCS), i.e., as contrcl rods are
inserted ‘nto the core, primary grade water is put into the RCS so that the
boron concentration of the reactor coolant system is diluted. During this
process, the core is kept nominally critical. The amount of each control rod
bank motion is strictly limited such that the reactivity value associated with
each movement is within the reliability range of the reactivity computer, which
is used to monitor core reactivity and directly measure the reactivity worth

of the control rod banks. The dilution/boration rate is established such that
the reactivity exchange r:te is compatible with the operational requirements

of the reactivity computer. Typically, the reactivity exchange rate is 300

to 500 pem/hour. For a typical reload cycle, the measured control rod bank
reactivity has been approximately 5500 pcm (four control danks successively

inserted). This results in a measurement time of between 22 and 37 hours

(measurements are macde during contrel roé bank inserticn and withérawal).




The measurement of the reactivity worth of the control rod banks
using the rod swap technique is an alternate method that can be used to verify
control rod worths. The rod swap technique has been devised in order to reduce
the amount of time associated with the measurement of the reactivity worth
of the control rod banks without sacrificing any of the essential information
that is derived from the performance of these tests relative to the current test
methods. The benefits associated with the rod swap technique include:

1) the reactivity worths of all the rod banks (control and shutdown)
are determined (in the past, the reactivity worths of the shutdown
banks were not measured).

2) the time associated with the measurement of the reactivity worths
of the control rod banks is greatly reduced, and

3) the boron recovery processing requirements (associated with
RCS boration/dilution) are greatly reduced.

Implementatic ~¢ this program enhances overall nuclear availability.

In aa. .tion to the conventional control rod bank reactivity tests,
reactivity tests using the rod swap technique were performed during the initial
startup of Surry 1, Cycle 5 and North Anna 1, Cycle 2. These side-by-side
demonstration programs were performe ' in order to establish the technical basis
for validating the rod swap methodology. Th=e purpose of this report is to
present a description of the rod swap methodology and the results of the side-
by-side demonstration programs mentioned above; and show thit the results of
these programs validate the use of the rod swap methodology in future Vepco
physics testing programs.

Section 2 of this report contains a description of the rod swap test
procedu. and the associated data analysis methodology. Sectior. 3 describes
the calculational methods used to predict the rod swap test results. Section

4 contains a description of the cod swap test results evaluation methodology






Section 2

ROD SWAP REACTIVITY TESTS

2.1 Test Description

The objective of the rod swap tests is to measure the reactivity
worth of each control rod bank. The firic step in the rod swap procedure is
to dilute the most reactive control rod bank (hereafter referred to as the
reference bank) into the core and measure its reactivity worth using conven-
tional test technigques. The dilution rate is selacted so that the rate of
change of core reactivity is approximately 300 pcm per hour. At the completion
of the reference bank reactivity worth measurement, the reactor coolant system
temperature and boron concentration are stabilized such that the reactor is
critical with the reference bank at or near full insertion. At this poiat,
a boron endpoint determination is made, and an isothermal temperature coeffi-
cient test is performed. Initial statepoint data for 2 rod swap maneuver are
obtained by moving the reference bank to its fully inserted position, if neces=-
sary, and recording the core reactivity and moderator temperature. A rod swap
maneuver is performed by withdrawing the reference bank while one of the other
control rod banks (i.e., a test bank) is inserted. The core is kept nominally
critical throughout this rod swap and the maneuver is continued until the test
bank is fully inserted and the reference bank is at the position at which the
core is just critical. This measured critical position (MCP) of tie reference
bank with the test bank fully inserted is the major parameter of interest since
it is a measure of the reactivity worth of the test bank. Statepoint dat.
(core reactivity and moderator temperature) are recorded with the reference
bank at the MCP. The reference bank is alternately withdrawn and inserted

a small amount about the MCP in order to measure the differential reactivity

worth of the reference bank over this region. The rod swap maneuver is performed

~



in reverse order such that the reference bank once again is at or near full
insertion and the test bank is once again fully withdrawn from the core. Statepoint
data (rod position, core reactivity, and moderator temperature) are recorded
in order to confirm RCS boron concentration stability. The rod swap process
is then repeated for all of the other control rod banks (control and shutdown).
In summary, conventional dilution/boration test data are chktained
in order to determine the reactivity worth of the reference bank 1aserted alone.
Rod swap test data are obtained in order to determine the reactivity worth of

each test bank with the reference bank partially inserted in the core.

2.2 Test Data Analysis Methodology

The reactivity worth of the reference bank is determined using the
standard analysis techriques associated with dilution/boratior rod worth test
data. The reactivity worth of each test bank is determined from the measured
reference bank reactivity worth data and the measured critical position data.

As outlired in Section 2.1, the data that are recorded during the
tests include the following:
1) the integral and differential reactivity worth of the reierence
bank with all other control rod banks withdrawn from the core,
2) the critical RCS boron concentration associated with the reference
bank being fully inserted in the core with all other control

rod banks withdrawn from the ccre,

3) the isothermal temperature coefficient associated with the reference
bank being fully inserted in the core witn all other control

rod banks withdrawn from the core,

4) the critical position of the reference bank associated with each
of the control rod banks being individually fully inserted in

the core,

wn



5S) the core reactivity and moderator temperature associated with
the reference bank being fully inserted alone, and the reference
bank being at the measurud critical positions identified in Item
4,
6) the differential reactivity worth of the reference bank in the
region cf the measured critical positions identified in Item
4.
Items 1, 2, 3, 5, and 6 represent data that are obtained and analyzed using
the current standard testing and analysis procedures. The measured critical
reference bank position data, Item 4, are also analvzed in a straightforward
manner. The analysis accounts [or off-nomina! conditions that may have existed
during the test. These may include the following:
A) variations in the moderator temperature,
B) variations in the RCS boron concentration,
C) deviations frcm criticality wit» the reference bank
fully inserted alone, and
D) deviations from criticality with the reference bank
at the measured critical position (MCP) and the test bank

fully inserted.

Tne reactivity effects of Items A and B can be minimized through strict control

of the RCS temperature and boron concentration during the test and can be quantified

based on the test data. The reactivity effects of Items C and D are measured
directly by the reactivity computer during the test. Equation (1) is used
to adjust the measur:d critical position data to account for off-nominal test

conditious.
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Where:

MCP = the measured critical position of the reference bank adjusted
for off-nominal test conditions.

MCP = the measured critical position of the r-eference bank.

LT = the increase in moderator temperature during the test.

s = the isothermal temperature coefficient measured with the
raference bank fully inserted alone.

;CB = the increase in RCS boron concentration during the test.
e = the boron worth coefficient.
B
e = the core reactivity measured with the reference bank fully
-

inserted alone.

P = the core reactivity measured with the reference bank at the
MCP and the test bank fully inserted.

=<} = the measured differential reactivity worth of the refarence
bank in the region of the MCP.

These data adjustments were quantified as part of the data analysis

1

of the rod swap tests performed during the startup of Surry l, Cycle 5 and

North A.na ! Cycle 2, and are summarized in Table 2.1. It can be seen from

the information in this table that the data adjustments are usually very small.
The reactivity worth of each test bank is determined from the measured

; S 4 A ;
refaerence bank reactivity worth data and the MCP™ of the reference bank for

each test bank using the following basic reactivity balance equation:

~4




MM “
R AR(M) + TSR(M) (2)

R° = the measured total integral reactivity worth of the reference
bank inserted alone.

- : : _— : .

AR (M) = the measured integral reactivity worth of the reference
bank inxerted alone from the fully withdrawn position to
the MCP .

' R(M) the total integral react1v1tyxworth of the test bank with
i the referenc2 bank at the MCP .

T

As described previously, the value of the total 'ntegral reactivity
. 5 ; : M , N T
worth of the reference bank inserted alone, R, is determined using the dilution/
. ‘ : . N = - :
boration measurement and analysis techniques. The ‘alue of LR (M) for each
test vank is determined from the same measured reference bank worth data using
: : T e A : o a
the appropriate adjusted measured critical position, MCP. Figures 2.l and
2.2 present graphs of the measured integral worth of the reference bank for
Surry 1, Cycle 5 and North Anna 1, Cycle 2, respectively, and illustrate the
. L 4 oM s :
determination of the values of /™ (M). The total integral worth of the test
e ) : A M . : . "
bank with the reference bank at the MCP , T R(M)’ 1s determined from these
measured data using the reactivity balance given in Equation (2). The deter-

mination of the measured integral reactivity worth of each test bank from the

Surry and North Anna test data is illustrated in Table 2.2.




VARLY 2.1

MEASURED CRITICAL POSITION DATA ADJUSTHMENT SUMMARY

Measured Critical Ad jus te Measured ‘
Reference Bank Measured Data Differential Critical KReforence !
Test Position-MCP Adjus tients Rod Warth Bank Pousition |
Bank (steps) {pcm) (pem/step) MCP 7 (stem- ) |
Surry 1, Cycle 5
= | i
! D | 8¢ -8 5.4 165 5
|
C 123 o -6.4 12 |
|
A 96 -14 -9.0 ) 3
B 138 -14 6. | |
|
5A 171 -b -5.0 170 !
| ] l
| i |
O | | |
! : ’ ! l
! North Amna 1, Lyc le 2 |
| ! :
\ 164 v 5.0 \ ’
L% 2 + 1 {
; {
! A 169 10 1.4 ; !
{ l
| .
{ I‘;" ' o | -5.3 { | '
: |
] o
! SA 200 6 ). 0 [ | 59 |
|
i |
|

(Measared Data ‘:l_in--l rent )
(uiirercntial Kod Wordh)

Measured Dat Ajustwent for B bank is not ipplied to tiw MCP value (. ) ! |
reater tiaan 2258 stepu, s Heasured Data Adjustment the amount I

o B bauk, duserted alone, cxeceds the tot 1l worth of the veterence bank, fnscerted alone



TABLE 2.2

MEASURED TEST BANK ITNTEGRAL WORTH SUMMARY

Adjusted Measured Reloevence Band Lo | i
uwritica leference Vaortl » MCPA - fotaul Worth = ’ !
1 o ) M !
Yont Bank Position .;1““ % | i
M i" (st ) , (o ) , ) |
Banl fiL siuvp (pcm) pem tpcm) |
! | | '
y I, Cycle ¢ i |
\ [§ I !
| |
) 16 148 ' 140" 1 !

{ {
> 170 227 140 |
|
|
b | rth Aomna 1, Cycls |
| . ! i
|
| |
\ 164 1. i ) |
| ! ]
| “‘ 228 0 1669
; ‘ | !
; \ LES f | iy
: |
!
| ] L HY 20 ! 1 )
| |
| a 19 139 | | ’ =
' |
) t (M)
in ) In i oL w Table 2.1, 1 { Vil
t the t i ' I warth of the refore s 3 s
Jus i w A3 ¢ 4 ; 0l - -
: ' s kx? *% uwily i Fawing L r g
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FIGURE 2.2

NORTH ANisR UNIT 1 - CYCLE 2
MERSURED REFERENCE BANK WORTH
D BANK WITH RLL OTHER BRANKS OUT

g |
= —F | |
o
s - e e
r
Q
Lo
=
— = :
[ -
o -
xS :
- }-
(o -
- —— +
w
g
ol 5 |
-
(.
o 1
™~ l ‘uS“u
....... l
O3 50 R I
........ I
IL 1
C 40 180 200 229

80 120
BANK POSITION (STEPS)




Section 3

CALCULATIONAL METHODOLOGY

3.1 Introduction

The design information required to support the rod swap tests coasists

of individual control rod bank worths, precdicted critical reference bank positions,

and test bank total integral worths. The design data required to produce this
. . ‘ Lo (1 (2
information are generated using the Vepco PDQO7 Discrete . and FLAME .
models. The PDQO7 model calculates core reactivity and power distributions

'

in two dimensions (x,y). For data requiring an axial representation (e.3.,
any core configuration with control rods partially inserted), the FLAME model
is employed.

The design predictions, which are required for the rod swap test,

are determined from the following sets of calculations:

1) the total integral reactivity worth of each control rod bank
individually inserteu in the core,

2) the critical boron concentration with the reference bank fully
inserted in the core,

3) the differential and integral reactivity worth of the reference
bank as a functioan of bank position with all other banks withdrawn
from the core, and

4) the differential and integral reactivity worth of the reference
bank as a function of bank position with each test ban% individually
inserted in the core.

Items | and 2 are calculated with the PDQO7 Discrete model. Items 3 and 4

are calculated with the FLAME model.

-
LS )



The design predictions for the critical reference bank position with
each test bank fully inserted in the core and for the total integral worth
of each test bank are determined from t. 2 above design data and basic reactivity
balance equations. The methodologies used to generate these data are described

in detail below.

3.2 PDQO7 Discrete Calculations

The total integral reactivity worth of each control rod bank individually
inserted in the core is required in order to determine tne identity of the
reference bank. In audition, these bank worths are used in the reactivity

balance equations described in Sections 3.4 and 3.5. The total integral wort!

of a control rod bank individually inserted in the core is calculated by the
following equation:

Bank Worth (pcm) = x 10 (3)

Where:

k = eigenvalue from a PDQO7 Discrete run at hot zero power, all
rods out critical boron concentration, with all rods out.

k. = eigenvalue from a PDQO7 Discrete run at hot zero power, all
rods cut critical boron concentration, with one control rod
bank fully inserted in the core.
The critical boron concentration with the reference bank fully inserted,
CB (ref), is obtained by performing a poison search with the PDQO7 Discrete
model.
The calculation of the total integral worth of the reference bank
with each test bank fully inserted requires two PDQO7 Discrete runs per test

bank: 1) a run with the test bank fully inserted and a boron concentration

of CB (ref); and 2) a run with the reference bank and the test bank fully inserted

and a boron concentration of C3 (ref). The reference bank worths are computed

[
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using the same technique as in Equation (3). The reference bank worths determined
in this manrcic provide normalization for the FLAME model calculations discussed

in Section 3.3.

3.3 FLAME Calculations

The differential and integral worths of the reference bank with all
other banks out, and with each of the test banks fully inserted are calculated
using the FLAME model. The same methodology is used for both sets of calculations.
First, a series of cases is run with the FLAME3 code in which only the refercuce
bank moves:

1) reference bank out,

reference bank inserted in the top node of the appropriate assemblies,

rJ
~r

3) reference bank inserted in the top 2 nodes of the appropriace
assemblies,
n+l) reference bank inserted in the top 'n' nodes of the appropriate
assemblies,
last) reference bank fully inserted.
For the reference bank worths with all other banks out, the all rods out critical
boron concentration is used. For the reference bank worths with the test banks
~ted, the reference bank in critical boron concentration, CB(ref), is used.
The change in core reactivity resulting from each movement of the reference
bank is a direct indication of its differential worth.
The second step in the process is the normalization of the total
integral worth calculated by FLAME3 to. the reference bank worth given by the
PDQO7 Discrete model (Section 3.2 above). Based on this methodology, the following

equations are used to compute the reference bank worths:

[
wn



Differential Worth at k._1 - k;+1 1n5
Node 'i' (pem/step) = = = X ——— x N, (4)
K,y X kl*T 2 x SPY 3

Integral Worth at - ko - ki 5 (3)
Node 'i' (pcm) — x 10° x N.

P k_x k. j

0 i
Where:

k= eigenvalue given by FLAME3 for the reference bank out

k. = eigenvalue given by FLAME3 for the reference bank inserted
in the ith node

SPN = number of steps of control rod movement per node
N. = total integral worth of the reference bank from the PDQO7 Discrete
3 model divided by the total integral worth from FLAME3 for similar
conditions of boron concentration and rod configuration
For these calculations, there are six (6) normalization factors (N;). Five
of these are for the cases with the reference bank being .nserted with a
test bank fully inserted. The other is for the reference tank inserted alorz.

Equations ‘4) and (5) are used to calculate the differential and integral

worths of the reference bank as a function cof bank position.

3.4 Design Predictions of the Critical Reference Bank Positions

The determination of the predicted critical position (PCP) of the
reference bank with a test bank fully inserted is based on the following reactivity
balance equation:

R = TF 4 LR(P) (6)

Where:

RP = the total integral worth of the reference bank inserted
alone

TP = the total integral worth of the test bank inserted alone

;R;(P) = the integral worth of the reference bank from the fully
withdrawn position to the PCP with the test bank fully
inserted

=]
N
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The values of RP and TP are calculated with the FDQO7 Discrece model
as discussed in Section 3.2 and the value for 1R§(P) is determined using Equation
(6). The design prediction of the reference bank worth as a function of bank
position with the test bank fully inserted (calculated with the FLAME model
as discussed in Section 3.3) is then used to determine the bank position at
which the reference bank worth equals the value of ;RivP\. This bank position
is the predicted critical position of the reference bank with the test bank

y inserted.

Pt

ful
Figures 3.1 through 3.10 are 3:aphs of the predicted integral worth
o 2 o o : Lo et o (3,4) ;
of the reference bank with each test bank fully inserted . Also shown
is an illustration of the determination of each PCP based upon the value of
P, Y & X - 1 1 & 3 s % s 1
tR.(p) for each test bank. Table 3.l preserts a summary of the predicted critical

. ol & : . L3 5)
position of the reference bank associated with each test bank ot

3.5 Desi‘n Predictions of the Integral Worth of Each Test Bank

The determination ¢{ the predicted total integral worth of the test
bank with the reference bank at the PCP is based on the following reactivity
balance equation:

P P

i P
= ( 7
R AR (P) + rlR(P> (7)

R = the total integral worth of the refersnce bank inserted
alone

(R (P) = the integral worth of the reference bank inserted alone
from the fully withdrawn position to the PCP

the total integral worth of the test bank with the reference
bank at the PCP




The value of RP is calculated with the PDQDO7 Discrete model as discussed
in Section 3.2. The values of ARP(P) are determined using the calculations
of the integral reference bank worth as a function of bank position with all
other banks out (calculated with the FLAME model as discussed in Section 3.3)
and the PCP values determined in Section 3.4. Figures 3.11 and 3.12
are graphs of the predicted integral worth of the reference bank for Surry
1, Cycle 5(3) and North Anna 1, Cycle 2(4), respectively. The determination

of the values of ;RP(P) based upon the PCP for each test bank is illustrated

on these figures. The total integral worth of each test bank with the reference

P
wR(P)’

3.2 presents an illustration and summary of the determination of these reactivity

bank at the appropriate PCP, T is determined using Equation (7). Table

worth values.
As described in Section 2.2, the measured total integral worth of

each test bank, T”R(u), is determined with the reference bank inserted to the

-

adjusted measured critical position, MCPA. Whenever the MCPA is not identical

to the predicted critical position, PCP, the predicted worth of the test bank,

with the reference bank at the MCPA, r?R(X)' must bte determined in order to

put the design values and the test results on the same basis. The values for

TiF(") are determined from design data using the following reactivity & :lance

equation:

s 2’00 = 1¥ » ;&‘;m (8)

T = the total integxal worth of the test bank with the reference
bank at the MCP

;RP(M) = the integral worth of the refstence bank from the fully
withdrawn position to the MCP inserted alone

T° = the total integral worth of the test bank inserted alone

;R:(M) = the integral worth of the refxrence bank from the fully
withdrawn position to the MCP" with the test bank fully
inserted




The values of TP are calculated with the PDQO7 Discrete model. The
values of LR;QH) are determined using the calculations of the integral reference
bank worth as a function of position with each test bank fully inserted and
the MCPA values. Figure 3.13 ies a graph of the North Anna 1, Cycle 2
predicted reference bank (D bank) integral worth with test bank C fully inserted.
This figure provides an illustrative example of the determination of the _Rg(x)
values. Similarly, the values of _RP<M} are determined using the calculations
of the integral c:z(zrence bank worth as a function of position with all other
banks out and the MCPA values, Figure 3.14 is a graph of the North Anna

1

1, Cycle 2 predicted integral worth of the reference bank (D bank) with all

other banks out. This figure provides an illustrative example of the determination

i P . . .
of the LR (M) values. Table 3.3 presents an illustration and summary of the

d- ermination of the predicted reactivity worth of the test banks with the

4
LR(M)T

1, Cycle 5 and North Anna 1, Cycle 2 are summarized in Table 3.4 and illustrate

reference bank at the HCPA, [ § The test bank worths determined for Surry

that the test bank worths are insensitive to small changes in the position

of the reference bank.
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FABLE 3.1

PREDICTED CRITICAL POSTTION SUMMARY |
|

[~ [Reference Bank Total |  Test Bank Total Reference Bank Worth Predicted Critical
Worth (Inserted Alone)- Vorth (Inserted Alone)- to PUP (Test Bank In)- Reference Bank
P P P Position - PCP
Test R I AR, (") : |
i (steps)
Bank (pcm) (pem)
(1.1 m)
N T S TSI SU | TG e S - Sraeees J - ! - O -

[Surry 1, Cycle 5
1] 1374 1188 156 181

( 1374 867 507 123

A 1374

Si 1374
ra
-~ OA I 74

[Pt A ———— - -

lorth Anna 1,

N

.

Cyele 2 e
( 1095
B 1095
A 1095

SB 1095

SA 195




FABLE 3.2

REFERENCH

BAHK AT THE PCP

PREDICTED TEST BANK INTEGRAL VGRTH WITH THE

[_E—ﬁ‘ i -4-»—[ Reference Bank Total Reterence Bank Vorth Test Bank Total
Worth (lonse f"l-‘\! Alone )= to PCP (Inserted Alone)- Worth (Ref Bank at PCP)-
llt‘,\'l K |'|‘(|‘) l‘. L
Bank (pcm) (pcm) v R(P)
R b L e iaie i s - . L . . : ; —Spn)
Sucry 1, Cycle 5

lerth Anna 1, Cycle 2
{
15
A
RIH
1\

“AR(P)



TABLE 3.3
PREDICTED TEST BANE INTEGRAI lu,l'nl A4 m THE BEFELEENCE BANE AT THE MCP
T  — = . . T Reference Bank Worth | Reference Bank vorth Test Bank Worth
lest Bank Worth A \ .
(Inserted Alone)- to MCI (Test Bank In)=— to MCP" (Inserted Along)- Ref Bank at MCP4
P P r P
Test | Xl:,,(l‘i) AR (M) l‘l'(";
’ ORN
Bank (pem) (pem) (pem) e
Cm i
SEEI— ,___---._T.---_,-h.._,__-_ ...... —_— o — R — P I SRR, © . | IE——
__Surry 1, Cycle °
D 1138 164 147 1205
C 3867 520 31 856
A 6131 172 166 637
SB 964 393 432 925
S5A 1149 235 226 1158
——————— e e————— - —_—— -———— ————— - - - - S— S— - -— _— e r——
Horth Anna 1, Cycle 2
C 687 429 v 79 637
B 1089 0 0 1059
A 7184 393 77 505
ShB 713 407 y20) 600
: 941 192 167 YHh
i P 'l. ) 'I" -
AR (1) MI‘A \ (M)




B T T T R e T e s T ol P

lest

Bamk

;

Q v Cvye »
_Surry 1, Cycle 5 |

D

)

North Anna 1, Cycle

I"_Ii_l»_i'l‘_( TED I‘.I

Predicted
Critical
Reference Danl
Position-PCP

__(steps)

948
133
172

FABLE 3.4
BAME

Ad ]nr: -t \l }h' isured
Critical

Reference Bank

Position-MCP"
(steps)

164

1458
159

199

INTEGRAL WORTH SUMMARY

fest Bank Worteh

Ref Bank at PCP-
ll’
ARCP)
(pcm)

1209
8453
6135
l'.ll

1159

LU

G464

lest Bank Worth 1

Ret

Bauk at

»
E
R(M)

(pcwm)

1205

356

63/

905
6O

Y66

MCP? -
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FIGURE 3.3
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FIGURE 3.13
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Section &

TEST RESULTS EVALUATION METHODOLOGY AND REVIEW CRITERIA

4.1 Background

As described earlier in this report, the acceptability of the results
of the control rod bank worth tests serves to demonstrate the validity of the
results of the calculational models used to predict control rod bank worths
as part of the design process. Traditionally, the evaluation of the acceptability
of the results of control rod bank worth tests has been based on a comparison
of the measured and predicted control rod bank worths. This comparison has
typically been expressed in terms of the percent difference between the measured

and predicted result as shown in Equation (9).

“meas - :desisg < 100 (9)

A(R) = -
“design
In the past, the measured control rod bank worths were obtained by
using the dilution/boration technique. The review criteria (design tolerance)
used for this comparison has been +15% for the measurement of the reactivity

worth of individual control rod banks as shown by Equation (10).

(10)

wn

For individual control rod banks with relatively low reactivity worths, i.e.,
<600 pcm, the difference between the measured and predicted reactivity worth
has been expressed in terms of absolute reactivity as shown by Equation (11).
(11)

( \ -
APCR- D eas “design
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The review criteria used for this comparison has been +100 pcm as shown by

Equation (12).

—~
—
"o

Alpem)| < 109 pem

Finally, in urder to address additional concerns regarding shutdown margin
verification, a review criteria has been established that the percent difference
between the measured and predicted total reactivity worth of all four control

banks be within +10% as shown by Equation (13).

A-D _ _A-D it
A(%) = |"meas design x 100 < 10% (13)
A thru D A-D
design

4.2 Rod Swap Test Evaluation and Review Criteria

The rod swap test evaluation and review criteria have been establisted
at two levels. The first level addresses the individual bank worth test results.
The second level addresses the test results for the total reactivity worth of
all of the control rod banks.

Level I Review Criteria

The measurerment cof the reactivity worth of the reference bank is
performed using the dilution/beration technique. Therefore, the standard test
result evaluation methodology and review criteria for individual bank worths
using the dilution/boration technique, as described above, could be used to
evaluate the results of that test. However, since the results of the reference
bank reactivity worth test are used in the determination of the reactivity werth
of each test bank, a more restrictive review criteria is used to evaluate tha

(a

test result as shown by Equation (14).
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|a(X)

'Reference — 10% (14)

Bank

As described in Section 3 of this repert, the design predictions of
the individual test bank reactivity worths are on exactlv the same basis as the
measured test results. Therefore, it is appropriate to use tine same test
result evaluation mrcanodology for the rod swap test results as for test results
obtained using the dilution/boration technique. The measured test bank worths,

M

T

;R(V , and the difference

, are compared to the design predictions, Iik(“)
between the two is expressed either in terms of percent difference or in terms
of absolute reactivity as appropriate. .\dditionally, since the individual test
bank worth determinations are essentially the same in nature as the individual
contrel rod bank reactivity worth tests using the dilution/boraticn technique,

it is appropriate to use the same review criteria for the individuel test bank

worths determined through rod swap as shown by Equations (152) and (15b).

16(%) | 1oqe < 15% for bank worths > 600 pem (i5a)
Bank
;;(pcm)ires: < 100 pem for bank worths < 6C0 pem (15b)
Bank

Level II Review Criteria

A review criteria has been established to confirm that the percent
difference between the measured and predicted total reactivity worth of all of
the control roc¢ banks (i.e., the summation of the individual bank worths,

control and shutdown) be withiu +10%; i.e.,
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P . P -9

18(2) irotal |mess__desigs , 100 | « 102 (16)
|
|

GI
design

In summary, a test result evaluation methodology and review criteria
have been established to evaluate the control rod tank worth test results
obtained by usiag the rod swap technique. The evaluation methodology and
review criteria are appropriate with respect tc the test procedure, the test
data analysis methods, and the design methods; and are consistent with those
used to evaluate the results of control rod bank worth tests using the dilution/
boration technique.

As in the case of the current testing programs, should the results of
the rod swap tests fail to meet the established review criteria, the Station
Nuclear Safety and Operating Committee will be informed as required by the
Vepco Nuclear Power Staticn Quality Assurance Manual. A test result that fails
to meet the Level I review criteria shall be reviewed by the Station Nuclear
Safety and Operating Committee. Firal resolutjon shall be based on the composite
of plant startup data and an evaluation of the impact of the discrepancy on the
results of the analyses of the applicable events considered in the FSAR. Fased
on the results of this review, the Committee may cdecide tc perform additionzl
testing. This additional testing may be a repeat of the crigiral test or the
performance of other appropriate confirmatory tests. Should the test results
fail to meet the Level II review criteria, the reactivity worth of control rod
banks D thru A shall be measured (and also the remainder of the rod banks to
N-1 if required) by successive insertion using the dilution/boration technique.
This will be done in order to validate the results of the calculational models

used to predict the control rod bank reactivity worths.

40a




Section 5

ROD SWAP TEST RESULTS

The Surry 1, Cycle 5 and North Anna i, Cycle 2 rod swap test data
were analyzed using the methodology presented in Section 2.2. The design predictions
associated with these tests were performed using the methodology presented
in Section 3. Figures 5.1 and 5.2 provide a comparison of the measured and
predicted integral worth of the reference bank for Surry l, Cycle 5 and North
Anna |, Cycle 2, respectively. The results of the test bank worth measurements,
together with the associated design predictions and test review criteris are
summarized on Table 5.1. As can be seen from the information presented on

this table, all of the test results met the test review criteria and were ¢ ceptabdie.



Bank Worth Peview
Control ) __pem) Criteria
Rod Bank Measured Predicted A(pem) (%) (%)
B=reference banl 1405 1374 31 +2.3 +10
D 1257 1205 52 +4.3 +15
( 881 856 £2.9 +15
A G4Y 637 12 1.9 +15
SB 977 925 +5.6 +]
SA 1178 1158 20 t1.7 +15
Total 6347 6155 192 +3.12 +10

7

HORTH AHRA 1, CYCLE 2
Bank Worth i

Control (pcw) Criteri

Rod Pank heasured Predicted “J’"" A(X) ()
b=reterence band 1069 1095 -2 6 -2.4 +10 '
L e 1} ‘ UBY 4/ +7.4 +15
L 1085 , 1039 -l 0.4 |
A i 3 { 9505 02 6.9 b
Sb GA4Y 6O VY 2 o 15
<A TRY 966 - 3 -3. tl
lotal » 20 20 - -{) 4 ¢l
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Section 6

VALIDATION OF THE ROD SWAP METHODOLOGY

As mentioned earlier in this report, in addition to the control rod
bank reactivity tests that were performed using the rod swap technique, control
rod bank reactivity tests were performed using the conventional dilution/bora-
tion technioue during the reload startup of Surry 1, Cycle 5 and North Anna
1, Cycle 2. The purpose of performing these side-by-side programs was to
establish the technical basis for validating the rod swap methodology. The
results of these tests are presented in Tables 6.1 and 6.2, respectively, for
Surry and North Anna. The design values for these tests together with the
test review criteria are also shown.

The data on these tables indicate the basic similarities that exist
between the results of these two test techniques with respect to the accepta-
bility of the test results, and therefore, the verification of the design
calculations. More specifically, for the Surry !, Cycle 5 test results, the
average absolute percent difference for the individual bank worth tests was
2.78% for the dilution/boration tests and 3.12% for the rod swap tests. The
percent difference associated with the total reactivity worth of the control
rod banks that were measured was 1.2% for the dilution/boration tests and 3.12%
for the rod swap tests. For the North Anna 1, Cycle 2 tests results, the
average absolute percent difference for the individual bank worth tests was
3.46% for the dilution/boration tests and 4.83% for the rod swap tests. The
percent difference associated with the total reactivity worth of the control
rod banks that were measured was -1.7% for the dilution/boration tests and
-0.6% for the rod swap tests. In summary, the results of all of the tests

were acceptable since all of the review criteria were met. Therefore, the




results of both test techniques demonstrated the validity of the results
the design calculations for control rod bank worths.
Since the reactivity worth of all of the coatrol rod banks is

mined as part of the rod swap methodology. and since the same conclusion

o

ioter-
geter

$ are

reached regarding the verification of the results of the design calculations

for control rod bank worths, the results of the side-by-side programs der

strate the validity of using the rod swap methodology in future Vepco startup

r~
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TALLE 6.1

SURKY 1, CYCLE 5 ROD WORTH RESULTS

ROD SWAP TECHNIOQUE

Bank Worth Review

Control (pcm) Criteria

Rod Bank Measured | Predicted ipem) A(%) %)
R=reference bank 1405 1374 il 2.3 +10
D 1257 1205 52 +4.3 HLS
i 881 856 25 2.9 07l‘)
A 649 637 12 1.9 +15
SB 977 925 52 +5.¢€ +15
Sh 1178 1158 20 e 71]',
Total 6347 6155 197 +3.12 +10

|a(Z) | 1,12
’ (6)
DILUTTON/BOPATTON TECHNIOUF '’
Bank Worth Reviey

Control o (e I_p) ) L riteria
Rod Banl Hl‘.l:-“il't'_\'_ ,_.I,lf,‘”“(f,'l (1‘ m) A(Y) (L)
D 1207/ 1 14¢ |t 11 ¢15
C=sBank | in 108 1056 26 $2.5 15
B=Lanks CH) in 1499 2040 kil .0 e
A-Ranks EACHD in 1 304 1242 62 +5.0 +15
LoD 5592 5576 0f 1.2 10
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Section 7

CONCLUSIONS

Based on the results of the -~ide-by-side demonstration programs,

it has been concluded that it is appropriate to use the rod swap methodology

to demonstrate the validity of the results of tne calculational models used

to predict coutrol rod bank reactivity worths. Additionally, the rod swap

tests that were performed during the initial startup of Surry 1, Cycle 5 and
North Anna 1, Cycle 2 demonstrated that the implementation of the test procedure
was very straightforward and that the data acquisition and analysis were no

more difficult or complex than that associated with control rod bank reactivity
worth tests using the dilution/boration technique. The potential savings in

testing time and boron recovery processing requirements were also demonstrated.
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APPENDIX
IMPACT OF THE ROD SWAP TESTS ON THE HOT
ZERO POWER STARTUP PHYSICS
TESTING PROGRAM FOR RELOAD CORES

Table A.]l identifies the series of tests that have been routinely
performed as part oi the Vepco reload hot zero power physics testing programs.
Table A.2 identifies the series of tests that will be performed in the future.
As can be seen from the information presented on these two tables, a basic
trade-off is taking place. Through the implementation of the rod swap program,
more control réd bank reactivity worth information will be obtained in lieu
of several boron endpoint measurement:. This is justified for tae following
reason. The boron endpoint data is supplementary to the control rod bank
reactivity worth data in that the change in the boron endpoint values is merely
another way of measuring the reactivity change assoc’ated with a change in
the configuration of the control rod banks. Since the r.d swap tests provide
a mechanism for measuring the reactivity worths of all of the control rod
banks, the elimination of selected boron endpoint measurements does not repre=-
sent a loss of significant information.

In summary, the implementation of the rod swap tests will change
the composition of the reload hot zero power startup physics testing program.
However, this change will result in more control rod bank reactivity worth
data being obtained. The elimination of selected boron endpoint measurements

does not result in the loss of required data.
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