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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

In conjunction with each refuelling shutdown or other significant reactor core alteration, nuclear
design calculations are performed to ensure that the reactor physics characteristics of the new core
will be consistent with the safety limits. Prior to return to normal operation, successful execution of a
physics test program is required to determine if the operating characteristics of the core are consistent
with the design predictions and to ensure that the core can be operated as designed.

This document specifies the content of the minimum acceptable startup physics test program for
commercial pressurized water reactors (PWRs) and provides the bases for each test. Acceptable
methedsferperfermingtheindividualte are-providedHn e erfrate-eth ean be used as
long ps they are shown to meet the requirements of Clause 6.

Successful completion of the physics test program is demonstrated when the test results agree with the
predjcted results within predetermined test criteria. Successful completion of the physics tpst program
and successful completion of other tests that are performed after each refueling or significant reactor
core falteration provide assurance that the plant can be operated as designed.

© ISO 2018 - All rights reserved v
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Reload startup physics tests for pressurized water reactors

1 Scope

This document applies to the reactor physics tests that are performed following a refuelling or other
core alteration of a PWR for which nuclear design calculations are required. This document does not
address the physics test program for the initial core of a commercial PWRY.
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3.1
allr

document specifies the minimum acceptable startup reactor physics test program't

operating characteristics of the core are consistent with the design predictions,’wh
rance that the core can be operated as designed. This document does not address su
or physics parameters during operation or other required tests such as mechanical tes
onents (for example the rod drop time test), visual verification requiréements for fy
ng, or the calibration of instrumentation or control systems (even, though these f{
ral part of an overall program to ensure that the core behaves as designed).

1

document assumes that the same previously accepted analytical methods are used
n of the reactor core and the startup test predictions. It alsd@assumes that the expectd
e core will fall within the historical database establishedAor'the plant and/or sister plg

h major changes are made in the core design, the testyprogram should be reviewed t
re extensive testing is needed. Typical changes that might fall in this category inclug
f novel fuel cycle designs, significant changes inf\fuel enrichments, fuel assembly des

b may lead to operation in regions outside\gf the plant's experience database and th
Esitate expanding the test program.

[0

Normative references

e are no normative references.in this document.

Terms and definitions
he purposes of this"document, the following terms and definitions apply.

nd IEC maintain terminological databases for use in standardization at the following 2

]

SO Online/browsing platform: available at https://www.iso.org/obp

IEC’Electropedia: available at http://www.electropedia.org/

b determine
ch provides
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ts of system
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ests are an

for both the
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nts.

b determine
e the initial
gn changes,

able absorber design changes, and cores resulting from unplanned short cycles. Chapges such as

erefore may

ddresses:

ods out

ARO
all full-length control rods withdrawn

Note

3.2

1 to entry: Part-length rods may be inserted.

control rod

one

or more reactivity control members mechanically attached to a single fixture

1) The good practices discussed in this document should be considered for use in the physics test program for the
initial core of a commercial PWR. One test that provides useful information (without additional test time) is the hot-

Zero-

power to hot-full-power reactivity measurement.
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group

one or more rods that are inserted or withdrawn simultaneously (also known as “control rod bank”)

Note 1 to entry: The term “all control rod groups” means all safety and regulating control rod groups. This term

may also be s

3.4

hortened to simply “rod group.”

decades per minute

DPM
unit used to

measure a rate of change in flux as measured by the ex-core detectors

3.5

hot full pov
HFP

full power
rated thern
licensed cor

3.6

yer

hal power
e thermal power level

hot zero power

HZP

reactor opel
nuclear fiss
temperatursg

Note 1 to enf
contaminatid

3.7
isothermal
ITC
changeinre
are at the sa

3.8

part-length
control rod
(typically th

Note 1 to ent]
also represer]

3.9
percent mil
pcm
unit of react

ating state where the core is essentially critical but is notpreducing measurable heat
on, the reactivity due to xenon is negligible, and the primary coolant system is at d
e and pressure for zero power

ry: At HZP, the flux signal should be high enough so that the reactivity computer can accou
n sources such as noise, gamma background, and leakage.

temperature coefficient

activity per unit change in the fuel and moderator temperature when the fuel and mode
me temperature

rod
whose primary absorber material does not extend the entire length of the contro
e lower half of the control rod’s active length)

ta “part-strength” control rod.

li-rho

ivity worth equivalent to 10-3 %Ap

ry: Used for axial.sbape control. For the purposes of this document, the term “part-length rod’

from
Psign

nt for

rator

| rod

can

Note 1 to entry: See definition of “reactivity worth” below.

Note 2 to entry: Throughout this document, pcm is the unit of reactivity to be used.

3.10

reactivity computer
analog or digital device that calculates the core reactivity by using an external signal that is proportional
to the core neutron flux

3.11

reactivity worth
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change in reactivity expressed in terms of percent as follows:

where:

3.12

k1  is the effective multiplication constant for reactor state 1;

ky  is the effective multiplication constant for reactor state 2.

regu
grou

3.13
safel
shut
shut
contj

3.14
test

revig
pred

Note
a pro
assui

4 1

Ame
recoj
effici
requ
Stan
nuclg

Ame
Stan
yield|
Ame
mod
(R20
to de

lating control rod group
p of control rods that may be partially or fully inserted in the core during normal-oper

y control rod group

down rod group

down bank

‘ol rod group that remains withdrawn from the core during normal.operation

Criterion
bw criterion
etermined value for evaluating the result of each test

1 to entry: The value is based on differences between galculations and measurements that w
blem with the as-built core, the measurement, or the{prediction. The value is not based on s3
hptions. See the Annex for a more complete discussion of test (review) criteria used in this doq

Relation to other standards

rican National Standard ANSI/ANS-3.2-2012 (R2017)[2], provides require
mmendations for an administrative control and quality assurance program for t
ent operation of nuclear power plants. Provisions for test and applicable test equipn
red by this document arevalso included in ANSI/ANS-3.2-2012 (R2017). Americ
Hard ANSI/ANS-3.1-2014[3} provides for the selection, qualification, and training of p
ar power plants, incliding personnel responsible for startup testing.

Fican National (¢Standard ANSI/ANS-19.4-1976 (R2000) (W2010)[4], and Americj
Hard ANSI/ANS-19.5-1995 (W2005)[5], address reactor physics measurements that arg
documented{data of both the type and quality required for validating nuclear analyj
Fican Nafighal Standard ANSI/ANS-19.11-2017[6], describes how to calculate and q
prator temperature coefficient of reactivity. American National Standard ANSI/ANS
16)IZ) defines the minimum acceptable startup physics test program and acceptable t
términe if the reactor core operating characteristics are consistent with the design pr

ation

rould suggest
fety analysis
ument.

nents and
he safe and
nent control
an National
ersonnel for

in  National
intended to
is methods.
neasure the
-19.6.1-2011
est methods
edictions(7).

ANSI

J/ANS-19.6.1-2011 (KZ2016) was used as the basis for this standard (150 15077).

5 Physics test program and selection criteria

5.1

Bases for startup physics test program

During the reload design process, the reactor safety is determined by analysis. Following the reload,
specific core characteristics shall be confirmed by measurement to ensure that the reconstructed core
is accurately represented by that analysis and is operating as designed. Thus, the testing results seek to
confirm that the reactor can be operated within the bounds of the technical specifications, that there
is sufficient operational flexibility, and that the plant can be expected to safely deliver the designed
power output.

© ISO
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The important analysis characteristics that shall be confirmed by measurement are the following:

a)

b)

Reactivity balance: Reactivity balance neutronically demonstrates that the total amount of fuel
loaded in the core is consistent with design. The boron end point measurements confirm that the
amount of various fissionable materials in the core, as well as the reactivity effects of various fixed
poisons (e.g. burnable absorbers) and transient poisons (e.g. samarium), is consistent with the
design calculations.

Reactivity control: Reactivity control refers to the reactor core parameters that have an impact on
the ability of the operators to control the plant. The primary parameter that confirms this is the

isothermal temperature coefficient.

Power
and wi
there id
there is
agreem

(1]1'stribution: Power distribution is a measurement (check) that the core is loaded pte
|

perform as designed. When the measured power distributions agree with predict
high confidence that the as-built core and the designed core are the same.'Ipadd
increased confidence that the conclusions of the safety analyses are correct.\Finally,
bnt between measured and predicted power distributions increases thé confidence

reactivity control parameters will perform as designed.

d) Capabilj
control

are basq

Require
and reg
based u

Any new tes
above paran

The reload 1
of confidend
at a given p
achieved wi

A minimum

rod worths are consistent with the calculated values. The shutdown margin calcula
bd upon design values, which shall be confirmed.

ments to shutdown: The requirements to shutdown are thepedctivity elements that the s

pon design values, which shall be confirmed.

ting process or program of tests that are not described in Annex A shall specify hoy
heters are to be confirmed.

tartup testing program is constructed such that as the power ascension proceeds, the
e in confirmed reactor characteristics continues to improve. Similarly, the results of te
pwer level shall provide reasonable assurance that the next proposed power level cg
fhout risk of violating the design’o+licensing bases of the plant.

test program is designed te._ensure a complete certification, assuming no anomalies

identified dfiring the test program. When results show deviations from predictions that are beyon

experience
design veriff
supplement

ication test program.should identify the minimum testing that will be performed an
hry actions that maybe performed.

5.2 Requjired minimdm test program

The charact
for confirmi
parameters

eristics-required to be confirmed by this document, example measured parameters
ition,\and power levels before which they shall be confirmed are provided by Table 1
were selected by considering the following requirements:

perly
ions,
tion,
close
that

ty to shutdown: Capability to shutdown is demonstrated by shoiwving that the meadqured

kions

hfety

lating control rods shall overcome in a reactor trip. The shutdown margin calculations are

v the

level
sting
n be

were
d the

base, supplementary actions shall be identified and performed, as necessary. A complete

d the

used
The

a)

b)

The information obtained from the parameter cannot be inferred from other tests that will be
performed. This requirement means that redundant tests can be excluded. In the event that a
particular parameter fails to pass the test criteria, however, other (redundant) tests should be
performed to help resolve the discrepancy.

Each test shall be able to quantitatively measure an important physics characteristic of the reactor
core. This requirement means that the following types of measurements were excluded (although
they may be performed for other reasons):

1) mechanical tests of system components (rod drop time, etc.);

2) tests used solely for instrument calibration;

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=70bb8ef0a2e694e981b797f8ede2d373

ISO 18077:2018(E)

3) tests used to benchmark computer models.

b) Each measurement shall be accurate, and an accurate prediction shall be available. This requirement
means that the expected difference between the measured result and the prediction shall be small
so that if the measurement and the prediction agree, there is confidence that the core will behave
as predicted. Conversely, if there actually is a design discrepancy in the core, the measurement will
reveal it (the measurement and prediction will not agree).

c) The test program shall be designed to not violate the plant's shutdown margin requirements. This
requirement means that the plant shutdown margin requirements shall not be violated while
performing startup physics testing.

Table 1 — Required physics characteristics to be confirmed
\ Power level
Characteristic(s) Example measured parameter to use for confirmation o
0
Reagdtivity balance All-rods-out boron concentration <5
Capabllle to shl_ltdown, Control rod worths <5
power distributiona
Reagdtivity control Isothermal temperature coefficient <5
[ Flux symmetry or direct power distribution measurement
Powgr distribution between 0 and 30 % of full power 0030
If a direct low-power distributionnteasurement has yet to be
Power distribution confirmed, then it shall be confifined (compared to predictions) 30 to 50
prior to exceeding 50 % powerb.
Power distribution measurement results shall be assessed
Power distribution collectively to ensure that local and global core characteristic 50 to 80
trends are acceptable\prior to exceeding 80 % power.

Power distribution Direct power distribution measurement at full power >90
ReacF1v1ty balance, Hot-zero-power to hot-full-power reactivity measurement >90
requiirement to shutdown
a  Although the power distribution may.not be directly measured at <5 % power, an indirect measurgment such as
contijol rod worths provides the firstindication that the power distribution is consistent with predictions. Such an indirect
meagurementis notrequired to be performed prior to exceeding 5 % power but may be used to supportan incjjease in power
from|30 % to 50 % by which the\first direct power distribution needs to be measured. This indirect power distribution
meadqurement may have tighter test criteria than that for control rod worths.

b dee A.3.4.6 for a discussion of direct and indirect power distribution measurements.

6 Test methed requirements

Established fest methods for the confirmation of each characteristic required by this dgcument are

describéd in the Appendix. Whether one of these methods or a different method is used, the user shall

verify that the following requirements are met:

a) The intent, content, purpose, and other requirements of the overall startup program as outlined in
this document are met.

b) The method unambiguously confirms one or more of the five physics characteristics described in 5.1.

c¢) The method has been validated by successful benchmarking.

d) The method has withstood independent peer review.

© IS0 2018 - All rights reserved 5
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6.1 General test considerations

6.1.1 Test objective

The general

objective of each test is to measure a reactor physics parameter.

6.1.2 Test purpose

The general purpose of each test is to determine if the measured reactor physics parameter is consistent
with the predicted value. Data from the test results may also be used to establish appropriate operating

limits or to

etermine compliance with appropriate Technical Specifications

6.1.3 Init
In general,

performed 3
predictions
that were p
due to diffe
predicted cq

6.1.4 Tesf

For each te
methods ca
clause. In g4
reactor phy
establish th
provided in
conditions s

6.1.5 Eva

In general,
measureme

predetermimed criterion. This differénce shall be evaluated after appropriate adjustments have

made to acc
at the time (

The predetd
the measurs
provided in

6.2 Test (

jal conditions

nitial conditions are specified for each test such that an accurate measurement cg
t the same or nearly the same conditions assumed in the prediction. So,the test resu
shall be adjusted to account for any difference between the specified cenditions and
resent at the time of measurement. Except for unusual circumstanges, each adjust
Fent conditions shall have a negligible effect on the uncertainty.ithe measured-ve
mparison. All adjustments shall be documented.

' methods

5t, Annex A provides abstracts of acceptable metheds for performing the test. Alte]
n be used as long as they are shown to be acceptable by meeting the requirements o
bneral, the stated initial core conditions shall bé achieved as closely as practical, an
bics parameter shall be measured accurately_(ie. consistent with the assumptions us
b test criteria). To ensure that the measurement uncertainty is minimized, precaution|
Annex A. During each test, the appropriate core conditions shall be recorded, and {
hall be maintained within the specified\range for the test.

uation

pach test is considered to-be'successful if the difference between the prediction an

punt for any differences between the specified core conditions and those that were pr
f measurement.

brmined criteria shall be developed with adequate allowance for uncertainties in
bment and.prediction. Typical criteria based on current technology and best practice
Annex.As

'riteria

n be
ts or
hose
ment
rsus-

mate
F this
1 the
ed to
S are
hose

1 the

ht (or, for some tests, the physics parameter inferred from the measurement) is less than a

been
bsent

both
S are

If the difference between the measured and predicted values for a physics parameter exceeds the
predetermined criterion, the measurements shall be reviewed, and if necessary, a thorough review of the
predictions shall be performed. If a measurement is repeated, either the same measurement technique
or an approved alternate technique shall be used. If these actions do not resolve the discrepancy, the
impact on plant safety shall be evaluated, and if necessary, appropriate operating restrictions shall be
established.

The test criteria are flexible since it is unknown what problems or deficiencies might be encountered
during testing and to what extent test conditions may vary from those assumed in developing the
test predictions and criteria. The test criteria shall, therefore, be applied along with common sense
and historical perspective (previous cycles, sister plants, etc.) to establish whether or not the reactor
core has satisfactorily passed the test program. The simple meeting or failing a test criterion does not
definitively establish whether or not a core is deficient in a given area. The results should be reviewed

6 © ISO 2018 - All rights reserved
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not only as individual tests but also as related sets and in light of results from previous cycles and
results from similar cores. Most problems will cause deviations from expected results in more than one
parameter. By reviewing the results in a global sense, considerably more assurance can be given that
the reactor core is functioning as expected.

The physics test program results should be evaluated along with the results of other tests performed
during startup. The failure of one or more of the physics test results to meet the test criteria shall be
evaluated relative to the implications on plant safety. The results of this evaluation shall be employed
as a guide for continued plant operation.

7 oaaireamaoentcafthicdaocinmaont
“f‘i“l‘ CIIIVIILY VUl Uil UULTUIIIVIIT
Compliance with this document shall be demonstrated by meeting the following requireme

a) Test program: Have ability to accurately confirm the required physics characterist
Table 1.

b) Test methods: Perform each test using a verified and validated procedure (examples are
Appendix).

c) Testacceptance: Compare the results of each test to predetermined test criteria.

nts:

ics listed in

given in the

d) Test documentation: Document the results of the test program including, as a minimum, the

iy
1)

4)

following items:

the test methods employed;

the measured parameters;

the predicted parameters and any corrections made to account for different core c
the predetermined test criteria for test acceptance;

an evaluation of the test results based on a comparison between the measured ay
parameters, taking into aceount the uncertainties in both the measurements and p

bnditions;

1d predicted
redictions.
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Annex A
(informative)

User’s guide

NOTE This annex?) is not a set of requirements. This annex is not to be used as a detailed procedure for
performing each test.

A.1 Intraduction

The purposg¢ of this annex is to provide the users of this document a set of acceptable ortarget methods,
general guidelines, precautions, and suggestions for each test. Also included in this\user’s guidg are
values of teqt criteria based on industry experience at the time of its writing. Users should develop [their
own test criteria based on expected differences between measurements and predictions. This yser’s
guide should help the user formulate a startup physics test program that willlmeet the requirenpents
of the document. This user’s guide is not a set of requirements nor should it be used as a dethailed
procedure fpr performing each test.

A.2 Acronyms

Following are definitions of acronyms used in this annex.

ARO 31l rods out

CBC d¢ritical boron concentration
DBW differential boron worth
DPM decades per minute

DRWM dynamic rod worth measurément

FP ull power

HFP ot full power

HZP ot zero pewer

ITC isothermal temperature coefficient

M/D ovable detector

pcm percent milli-rho

ppm parts per million by weight or grams of boron per tonne of water
psi pounds per square inch (1 psi =6 895 Pa)

PWR pressurized water reactor

RCS reactor coolant system

2) This annex to the standard is the user's guide, which provides acceptable methods, guidelines, precautions,
suggestions, and typical test criteria for each required test.

8 © ISO 2018 - All rights reserved
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root-mean-square (square root of the average squared difference)
relative power density

volume control tank (also known as letdown storage tank)

Typical criteria and bases

A.3.1 Overview of criteria

The

alloy
crite
such

deter

the
diffe
core,

[IS€ Of Criteria for evaluation of test results 1S a long-standing practice in Industry.

's for on-the-spot evaluation of the test results against the nuclear design predictiof]
ion to be used is tight enough such that no design anomaly would go unnoticed‘but |
that typical differences would not violate the criterion. Some of the factors that er
mination of the criteria are the design model limitations, the measurément limi
ompatibility between the design and measurement methods. The criteria are est
Fences between calculations and measurements that would suggest.a problem with
the measurement, or the prediction. The criteria are not established by rigorous an

test methods or design models.

Anotj
evaly
and

desc

A.3.]

Test

abov|
toler
crite
19.6
evaly

A.3.

Acce
Tech
orre
platg
until
(e.g.

powd

her long-standing practice in the industry is the establishment of two level crit
jation of the test results. These two criteria are oftep~referred to as “Test (Revie

Fiptions.

A

Test (review) criteria

(review) criteria are based on differencesbetween calculations and measurements :
e and are not based on the safety analysis. Therefore, these criteria typically havj
ances. These criteria are used to identify measurement or design errors. Failure of
Fion does not necessarily warrant Stopping the testing process or power ascension

[-2011 (R2016)[Z] states that it(is*prudent to address these test criteria as part of §

lation of the design and measurement processes.

B3 Acceptance criteria

ptance criteria are-these criteria that have a direct link to the safety analysis or ar¢
hical Specifications. These criteria are typically one sided and are constructed from saf

au for supporting information. Failure of these criteria, however, should prevent pow
the issuenis resolved. Resolution of a failure is often performed under established
Technieal Specification action statements). The established procedures will typically {
I ascerision requirements.

his method
s. The ideal
bose enough
ter into the
tations, and
ablished by
the as-built
nlysis of the

eria for the
w) Criteria”

‘Acceptance Criteria.” The differences in these two criteria are better defined in the following

1s discussed
e two-sided
hiny one test

ANSI/ANS-
| continuing

e defined by
ety analysis

Jated assumptions. Failure of these criteria should not prevent further testing at the current power

PT ascension
procedures
tipulate the

Fort

aBurnocacaofthic ear’c Coiida q]l criteria rafarancad haorain ara taoct rv-nn}m”\ critaria

[t is outside

TCPUTposSto ot oot o outatyott o CIreTr et oo erorrar oot T crIee™r

the scope of this User’s Guide to define or require acceptance criteria because the safety analysis basis
is plant specific. Typical test criteria for each test are shown in Table A.1. These values are guidelines
only and represent about twice the expected differences between measurements and predictions being

seen
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Table A.1 — Typical test criteria

Test parameters Test criteria
HZP critical boron +50 ppm or +500 pcm equivalent
Control rod worth *15 %2 or + 100 pcm, whichever is

greater (For rod swap, the
reference group should be
within 10 %.)

Individual group or user-specified group

Sum of groups or total integral of measured worths +10 %32 (For DRWM, the total worth
should be within 8 %.)
ITC = °E(3; 2

Flux symmefry
+10 %D (Meas versus Meas).deppnd-
Deviation|between the highest and lowest values in the symmetric ing on power level

locations

+0,10 RPD for each measured
Power distripution assembly power fins¢
(radial) <0,05

+50 ppmor*500 pcm equivalent
or £10 %a

a  For calcullating percent differences use (Meas — Pred) x 100 /Pred, where Mea$ indicates the measured valu¢ and
Pred indicatep the predicted value. Having percent difference defined with Pred<(i.e’ predicted) in the denominator is
consistent with comparisons of measured-versus-predicted data for safety-related purposes (e.g. total control rod worth
and peaking)] This definition of percent difference simply recognizes that PWR\reload cores are licensed with calculated
(predicted) data.

HZP to HFP reactivity measurement

b Percent difference is (Highest - Lowest) x 100/Avg, where Highest\is the largest measured value in a particular
symmetric logation, Lowest is the smallest measured value, and Avg is the average of all the measured values in the same
symmetric lo¢ation (which could be 2, 4, or 8 values).

¢ The rmsip defined as

A.3.4 Baskes

A.3.4.1 Bases for test criteria

The test criferia shown in thissUser’s Guide are indicative of industry experience at the time of this
writing. As Industry experiehee changes, the criteria should change with it. Also, new technology, more
advanced fuel cycles, etc,.,may necessitate different criteria until industry experience is gained.

The test criteria are/based on differences between calculations and measurements. The intent of|each
test criterion is togprovide a value that, if exceeded, suggests that something may be wrong. When a
test result falls.outside of the test criteria, it means that there may be a problem with the as-built|core,

the measur¢ment itself, the test equipment, or the design calculations or that the conditions during the
measureme‘mwmmmm-hrmWML—nIg

The test criteria are established assuming that known biases are accounted for in the predictions
before comparisons are made.

A.3.4.2 Bases for critical boron concentration measurement

The objective of this test is to confirm the reactivity balance. This test measures the overall reactivity of
the reactor and validates the accuracy of the predicted criticality calculations. This test is performed at
anearly all rods out (ARO) configuration to minimize error from the use of control rod worth to correct
for any control rod insertion that may exist. This test provides a verification of the design models used
to perform reactivity balance calculations and to provide operators with estimated critical conditions.
This verification ensures that predicted shutdown boron concentrations provide the necessary margin
to criticality to meet operability requirements.
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This test provides verification that soluble boron sources provide adequate negative reactivity as
modelled in the accident analyses.

A.3.4.3 Bases for control rod worth measurement

The objective of the control rod worth measurement is to confirm the capability to shut down and
control reactivity. It demonstrates that the reactivity worth of the safety and regulating control rods is
consistent with predictions. This test provides a level of assurance that the fuel and core components
are configured consistent with design assumptions. The total safety and regulating control rod worth
verifies adequate shutdown margin capability. Control rod group worths and shapes provide initial
indication of an acceptable power distribution. Also, the rod group shapes provide an indication of the
reactivity control characteristics of the core.

Since control rod worth cannot be inferred from other operating parameters, this test represents the
only [opportunity to verify that the rod worths are consistent with those assumed in the shutdown
margin calculations and in the safety analyses for the core. This test is performed pripr to power
ascepsion to maximize available design margin in case some problem withythe rod wqrths exists.
Also/ this test helps ensure the integrity of the rods and that the rods are latched. Several different
metHods are available for the measurement of control rod worths. Eaghimethod has its ojvn inherent
meagurement process control issues that are to be addressed to obtainreliable results.

A.3.4.4 Bases for isothermal temperature coefficient measurement

The ¢bjective of the isothermal temperature coefficient (ITC) measurement is to confirm the reactivity
control characteristic. The test demonstrates that the réactivity response to temperatur¢ changes in
the reactor core is consistent with design predictions~Fhis measurement is performed at 4 nearly ARO
condiition, thus maximizing the boron concentration for the test and resulting in the most positive ITC
for cpmparison with beginning of core life modefator temperature coefficient (MTC) limifs. Since the
MTC|cannot be directly measured, the MTC is verified via measurement of the ITC, which ipcludes both
moderator and Doppler coefficients. This measurement is performed at hot zero power (HZ[P) to ensure
that the ITC is consistent with design and\eperational expectations before power ascensior].

A.3.4.5 Bases for flux symmetry.measurement

The ¢bjective of this measurenient is to confirm that the power distribution in the core is corsistent with
design predictions at low power prior to escalating to higher power. The flux symmetry nleasurement
is applicable only to plants that choose to not perform a complete power distribution meajsurement at
low power (such as these’ with a fixed in-core detector system). While fixed in-core detedtor systems
can provide continugts power distribution indication during power ascension, the accuracy may not
be stifficient to perform a complete power distribution measurement below 30 % power. The flux
syminetry measSurement may reveal core anomalies (e.g. dropped rods, detached rod fingers, fuel
mislgadings,flow anomalies) prior to complete power distribution tests at higher power levels.

A.3.4.6., Bases for power distribution measurements

The objective of the power distribution measurements is to confirm that the power distribution is
consistent with design predictions at low, intermediate, and high power levels. The measurements
verify that the power distribution is within its design and licensing bases, and they may identify any
power distribution anomalies. These measurements provide comprehensive assurance that the fuel
and core components are configured consistent with design assumptions.

The power distribution is confirmed by measurement at various power conditions during power
ascension. Confirmation may be direct (e.g. in-core detectors) or indirect (e.g. all bank worths). The
level of confidence in the power distribution results is minimal with the bank worth results, good
with the flux symmetry results, and best with a direct power distribution measurement using in-
core detectors. A direct power distribution measurement is necessary before exceeding 50 % of full
power (FP) to provide a high level of confidence that unforeseen power distribution anomalies will not
result in violations of design assumptions. All of the power distribution measurement results are to be
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assessed collectively to ensure that local and global core characteristic trends are evaluated during
power ascension.

Startup power distribution measurements using in-core detectors should be taken using as many
detector locations that cover as much of the core as practical. Thus, any core configuration anomaly
(e.g. misloaded fuel assembly or dropped rod) will have a higher chance of being detected.

A.3.4.7 Bases for HZP to HFP reactivity measurement

The objective of the HZP to hot full power (HFP) reactivity measurement is to confirm the requirement
to shutdown. The test demonstrates that the reactivity deficit resulting from the increase in reactor

power from
a number

worth), it i3
This measu
operability }

Measureme
control rod

A.4 Acce

The followil
methods m4
In addition,
the test and
included.

A.4.1 Critlical boron concentration

A4.1.1 Te

To measure
may be inse

A4.1.2 Py

To determin

A4.1.3 In

The reactor
may be inse
are as follow

zZero to near FP (>90 %) is consistent with design predictions. While this test Incorpo
pf reactivity effects (xenon, moderator temperature, fuel temperature, soluble'H

the only measurement that provides verification of the calculated total pewer dg
rement is performed to ensure the power deficit is consistent with design prediction
requirements for shutdown margin.

nt of the power deficit verifies the reactivity requirements of the safety and regul
Eystem to ensure adequate shutdown margin is maintained.
ptable test methods

g sections provide, for each test, acceptable methods for performing the test. Altel

there is a set of guidelines, precautions, and suggestions that will help the user per
evaluate the results. Typical values for rates of,ghange and stability requirements arg

st objective

the HZP critical boron concentration (CBC) with all rods fully withdrawn (part-length
rted).

rpose

e if the measured-and predicted total core reactivities are consistent.

tial conditions

core jssatHZP with all full-length rods withdrawn except that the lead regulating rod g
Fted (but not more than 200 pcm or 20 % of the worth of the lead group). Specific guidg
S

Fates
oron
pfect.
b and

ating

'nate

y be used as long as they are shown to meet the requiteéments of Sec. Six of this document.

form
also

rods
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a)
b)
‘)
d)

Reactor

than 20

12

Power: HZP;

coolant system (RCS) temperature: within 2 °F (1 °C) of the reference temperature;

RCS pressure: within 50 psi (0,345 MPa) of the reference pressure;

0 pcm or 20 % of the total worth.

Rod groups: ARO except the lead regulating rod group may be inserted in the core but not more
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A.4.1.4 Test method

Measure the CBC and record the appropriate reactor conditions. Adjust the measured value for
differences between the specified conditions and those that were present at the time of measurement.
Specific guidelines are as follows:

a) Take boron samples from the RCS, the pressurizer, or the volume control tank (VCT) (if available)
every ~20 min. Continue sampling until each of three consecutive samples of the RCS boron
concentration differs by <10 ppm from the average of the three samples and there is no significant
trend. Boron samples taken concurrently from the pressurizer and VCT should differ by <50 ppm

ake an RCS boron sample and save for an independent analysis.

easure or predict the worth of the inserted control rods to the reference pgsition.

he power constant, by adjusting the position of the inserted control rods. Be sure th

easurements.

\llow the boron concentration in the RCS, the pressurizer, and the VCT to come to equi

Keep the amount of control rod movementsmall to minimize the corrections to the H
ind to prevent the measurement from causing reactor control or reactivity indication |

Any time control rods are moved, record their new position.

.6 Evaluation

Fmine the difference betweeén the adjusted measured and predicted boron concentrati
ifference to the test criterion. Specific guidelines are as follows:

Determine the CBG.to'compare to the predicted value as follows:

[BC=Cy +(Aprods +Aptemp +Apburnup )/DBW

M is the measured RCS boron concentration. The last two measured values can |

from the comparable RCS sample. Maintain core reactivity close to zero by adjusting the position of

hile establishing equilibrium boron concentration, maintain cdre reactivity near zero or hold

b flux signal

or the reactivity computer is above electrical and background-noise when performirg reactivity

librium.

Minimize the magnitude of the corrections made to the measured boron concgntration by
maintaining reactor conditions as near as possible to the reference conditions.

oron values
broblems.

bn. Compare

be averaged,

or the last measured value can be used;

Aprods  is the measured or predicted reactivity between the control rod position at w

Aptemp

determined and the reference position;

hich Cy was

is the equivalent reactivity worth of the difference between the RCS temperature during

the test and the reference temperature. If this correction is required, either the measured

or predicted temperature coefficient can be used;

Apburnup is the equivalent reactivity worth attributable to the difference in core average burnup
between the measurement and the prediction. This adjustment should normally be zero

b)
c)
AA4.
a)
b) 1
c 1
d 1
e) 4
A.4.1
Dete
the d
a) 1
q
whet|
d
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is the differential boron worth (pcm/ppm) used to convert reactivity worths to equivalent

boron concentration. The predicted value can be used to make this correction.

b) Compare the adjusted measured CBC with the predicted value, and determine if the difference is
within the test criterion.

A.4.2 Control rod worth

A4.2.1 Te

st objective

To measure_the worth of selected safetyv and rpgnlnfing control rod groups (pnrf-]pngfh rads are

excluded). |
predicted w
test method

A4.2.2 Py

To determin

A4.2.3
a)
b)
‘)
d)

In
Power: |
RCS tem
RCS pre

Rod gro
than 20

RCS bor
three sd

e)

A4.2.4 Te
A4.2.4.1

A4.241.1

Begin chang
control rod

[ boron dilution or boron exchange is used, regulating rod groups having a cumuy
orth of at least 3 000 pcm or all of the regulating rod groups should be measured-For
s, all control rod groups should be measured.

rpose

e if the worth of selected control rod groups is consistent with predictions.

tial conditions

HZP;

perature: within 2 °F (1 °C) of the reference temperature;
bsure: within 50 psi (0,345 MPa) of the reference.préessure;

ups: ARO except the lead regulating rod group may be inserted in the core but not
D pcm or 20 % of its predicted worth;

pn: Each of three consecutive RCS samples should differ by <10 ppm from the average
mples taken ~20 min apart, and thépe is no significant trend.

st method alternatives

Boron exchange method

Test procedure

ative
bther

more

fthe

bing the primary coolant boron concentration in a continuous manner. Move one

f the

broups to-betested over the entire range of its travel in response to the change in reactivity

caused by the changing boron concentration. The worth of control rod groups may be measured ip the

normal ope
for which pf

movement

SIa 3 raactivity cammnutor
SFeaeHHVItyY-66

atioral-configuration (for example, overlapped) with worth comparisons made at locations
edictions are available. Measure the reactivity resulting from each incremental rod group

TS O T CTCtIv Ity COpacets

Sum the incremental changes in reactivity over the total travel of the rod group. Correct for any changes
in reactor conditions that occurred during the test. Repeat this sequence for each control rod group to
be tested.

This method exchanges the reactivity of a test control rod group with the reactivity of the boron
concentration in the RCS:

a) As control rods are inserted into the core, inject unborated water into the RCS so that the boron
concentration of the RCS is diluted. During this process, keep the core nominally critical.

b) Limit the control rod group motion so that the reactivity value associated with each movement is
within the reliability range of the reactivity computer (allow at least 4 min between movements
to obtain a stable rate of change of core reactivity from the reactivity computer). Establish the
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dilution/boration rate so that the reactivity exchange rate is compatible with the operational
requirements of the reactivity computer. The rate is fast enough to allow reasonable step changes
in rod position and slow enough to allow the reactivity to stabilize from the spatial effects.

Use the reactivity computer to monitor core reactivity and directly measure the reactivity worth
of the control rod groups.

A.4.2.4.1.2 Hints/precautions

a)
b)

f)
g)

A.4.2.4.2 Rodswap method

A.4.2.4.2.1 Testprocedure

Ensure that the boron in the system is well mixed (RCS, pressurizer, VCT);

test control
1 of the test;

that may be

eep the reactivity changes such that the average over time is approximately zero, the indications
are within the normal operating range and display of the reactivity"computer, and sufficient time is
dllowed between rod group motions that the reactivity spatial éffects are resolved;

i'stimate the total amount of either water or boric acid thatyjwill be used prior to perfornjing the test;

Perform a spot check of the differential rod worths, during the data collection and|compare to
predicted values.

Meagure the worth of a predetermined.réference rod group using boron exchange (descrjbed above),

and

btain the integral rod group worth curve over the full length of its travel. With the r¢ference rod

group near full insertion, record the reference rod group position. Withdraw the referende rod group

inserting a test rod group~Establish a critical condition with the test rod group fully inserted,
ecord the position of the reference rod group. Determine the worth of the test rod grqup. Account

for the difference between the actual and predicted position of the reference rod group. Coyrect for any
chanfges in reactor conditions that occurred during the test. Repeat this sequence for each fod group to

roups are measured when using this technique except that part-length rod groups areg excluded.

nsert\the most reactive rod group (hereafter referred to as the reference group) into the core while
iliting the boron concentration, and measure its reactivity worth using the boron exchalnge method.

At the completion of the reference group reactivity worth measurement, stabilize the RCS
temperature and boron concentration so that the reactor is critical with the reference group at or
near full insertion.

Determine a boron statepoint by moving the reference group to its fully inserted position (if
necessary), and record the core reactivity and moderator temperature.

Perform a rod swap maneuver by inserting the test rod group while withdrawing the reference
group or a previously inserted test group.

Keep the core nominally critical throughout this rod swap until the test group is fully inserted and
the reference group is at a position in which the core is just critical.
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f) Record statepoint data (rod position, core reactivity, and RCS temperature) with the reference
group at the measured critical position.

g) Repeatthe rod swap process [steps d), €), and f)] for each remaining rod group.

A.4.2.4.2.2 Hints/precautions

a) Ensure that the boron in the system is well mixed (RCS, pressurizer, VCT).

b) Control RCS temperature closely to within 1 °F (0,5 °C) of the reference temperature to minimize
temperature effects on the critical positions.

c) Ifatest|group has the potential for being worth more than the reference group, measure i€lgst. If
the testjgroup is indeed worth more than the reference group, measure the remainder ©f th¢ test
group worth using the boron exchange method.

d) Ifapplidable, do not change the group selector switch, and move rods if the subgrotips are not 4t the
same pgsition. This will cause problems with the rod control system sequencing logic.

e) Ensurefhatthe VCT is ata high level at the start of the exchange with the referénce group. Minimize
makeup to the VCT during this test.

A.4.2.4.3 Dynamic rod worth method
A.4.2.4.3.1 | Test procedure
The core is|critical with the lead regulating control rod group having ~65 pcm reactivity insgrted.
The lead control rod group is fully withdrawn, placing the core on a (0,2 to 0,4) decades per mjnute
(DPM) (rate|of change in reactivity in units of DPM) positive startup rate. Once the flux level incr¢ases
to a preset [value, the rod group being measured will be inserted in a continuous motion from the
ARO position to near fully inserted. The group will:then be withdrawn to the ARO position, stopping
withdrawal|when the startup rate indicates ~1DPM due to subcritical multiplication, to allow the flux
to increase fo the initial condition. The measured data are analysed by the reactivity computer yhile
the group is|being withdrawn. The group insertion-withdrawal-analysis sequence is repeated for|each
group. Aftey the last group is measured,.the flux is controlled in the zero-power testing range by lead
control rod group insertion.

A.4.2.4.3.2 | Hints/precautions

a) The rod group is inserted in one continuous motion. Failure to adhere to this requirement will
requirela repeat measurement of the group.

b) To avoi¢l overshoet during insertion, the operator will stop rod motion before the group is|fully
inserted.

c) During gfoup withdrawal, there could be a temporary indicated excessive positive startup| rate
while subcritical on the intermediate range; however, this is due to the subcritical multiplication
associated with the rod motion and is not a sustained startup rate. The true startup rate will reach
a maximum value when the group is fully withdrawn and cannot exceed the value associated with
a 75 pcm positive reactor period (~0,4 DPM).

d) During the test, groups may be inserted that are > 1 % in reactivity (1 000 pcm). For some plants,
this is entry into MODE 3; therefore, the MODE changes between 2 and 3 are allowable during this
time period. MODE changes are logged based on the predicted worth of the groups. Some plants
declare this testing as MODE 2 as long as the source range channels do not activate.
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A.4.2.4.4 Boron end-point method

A.4.2.4.4.1 Testprocedure

Record the appropriate reactor conditions, including the boron concentration, with one of the selected
control rod groups near one end of its travel. Move this control rod group to the other end of its travel.
Maintain criticality by changing the boron concentration to compensate for the control rod group
movement, or reestablish criticality after the control rod group movement. Record appropriate reactor
conditions with the control rod group at its final position. Repeat this sequence for each control rod
group to be tested.

For ¢
conc
for a

This
conc

a) 4
q

b) |

A.4.2

b) 1

d) 1

A.4.72
Dete

grou
and {

A4,

A.4.3

Terminate the boron exchange prior to reaching the full insertion/withdrawal of the

B3 Isothermaltemperature coefficient

pach control rod group, calculate the difference between the initial and final meas;
entrations. Correct for the difference between the actual and predicted rod group.trd
hy changes in reactor conditions that occurred during the test.

method exchanges the reactivity of a test control rod group with the reactivity d
entration in the RCS.

\s control rods are inserted into the core, inject unborated water inito the RCS so th
oncentration of the RCS is diluted.

[Vhen the final condition is reached, record the CBC with thetest control rod group ful

4.4.2 Hints/precautions
insure that the boron in the system is well mixed (RCS, pressurizer, VCT).

Measure the control rod groups in order of their hormal sequencing.

od group to minimize any overshoot or@ndershoot of the rod group position at the en

stimate the total amount of eitherwater or boric acid that will be used prior to perforn

.4.4.3 Evaluation

Fmine if the difference hetween the measured and the predicted worth of each selected
p is within the test cpiterion. Determine if the difference between the sum of the meas
he predicted valuelis within the test criterion.

.1 Testwobjective

To mleasure the ITC of the reactor.

ured boron
wvel. Correct

f the boron

it the boron

y inserted.

test control
d of the test.

1ing the test.

control rod
hired worths

A.4.3.2 Purpose

To determine if the measured ITC is consistent with the predicted value.

A.4.3.3 Initial conditions

a) Power: HZP;

b) RCStemperature: within 2 °F (1 °C) of the reference temperature and changing <1,0 °F/h (<0,5 °C/h);

c) RCS pressure: within 50 psi (0,345 MPa) of the reference pressure;

d) Rod groups: ARO except the lead regulating control rod group may be inserted in the core but not
more than 200 pcm or 20 % of the predicted worth;

© ISO
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e) RCS boron: critical boron well mixed (each of three consecutive samples differs by <10 ppm from the
average of the three samples, and there is no significant trend). The boron concentration between
the RCS, VCT, and pressurizer should be within 50 ppm.

A.4.3.4 Test method

a) Record plant conditions (RCS temperature, boron concentration, core reactivity, and control rod
positions).

b) Begin continuous recording of reactivity and temperature.

C) Adjust he—steam dulup Ot by pass flowto-increase (dcu cabc) theRES temperature by 16-F to
20 °F/h|(by 5 °C to 10 °C/h).

d) Increaseg (decrease) the RCS temperature by 1 °F to 10 °F (1 °C to 5 °C); then stabilize (within (,3 °F
or 0,15 {C for at least 5 min), and record plant conditions.

e) Repeat $teps c) and d) with the temperature change in the opposite direction.

f) Take a rthinimum of two temperature ramps.

A.4.3.5 Hints/precautions

a) Equaliz¢ the boron concentration between the RCS, pressurizer, abd VCTs before performing the test.

b) To mix the system well, maximize the flow through the charging, letdown, and pressurizer g§pray
lines over an extended period of time.

c) Isolate [temperature-sensitive systems from the RGS such as the ion exchangers (mixed| bed
demineralizers), etc.

d) Maintain stable system operating parameters as‘constant as possible.

e) Positior] the flux level of the detector usedfor the reactivity computer at either the high or low end
of the re¢corder scale, depending on whether the reactivity is expected to decrease or increasg¢ as a
result of the temperature change.

f) Avoid moving control rods duringthe test. If rods are moved, however, move them in one steady
motion,|and record the rod position both before and after the movement.

g) Temperpture from only 6ne loop is sufficient (it is important that an auctioneer method not bejused
where the source of the measurement can change.

h) Maintain a high water level in the VCT to prevent automatic makeup flow.

i) Iftemperatuteis decreasing, maintain a non-decreasing level in the pressurizer.

j)  Stabilize the system before taking data.

A.4.3.6 Analysis

A.4.3.6.1 Slope method

a)
b)

<)

d)

18

In this method, the results consist of traces of reactivity as a function of RCS temperature.

Determine the “best fit” straight line through the linear portion of the traces.

Any nonlinearity not caused by rod motion is usually due to RCS-pressurizer-VCT boron

concent

ration differences. Ignore nonlinear data.

Average the slopes of the lines to obtain the ITC. The individual slopes should be consistent (within
1 pcm/°F or within 0,5 pcm/°C).
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Adjust the ITC to correct for changes in rod position that occurred during the test.

A.4.3.6.2 End-point method

a)
b)

)

d)
e)

A.4.3.7 Evaluation

Detefmine if the difference between the measured and predicted ITGis within the test
the measured ITC does not agree with the predicted value within the test criterion, the fi
suggested:

a)
b)

A.4.4 Flux symmetry

A.4.4.1 Testobjective

To mleasure the degree of radial symmetry of the neutron flux at <30 % of rated thermal pd

A.4.4.2 Purpose

To d¢termine if the measured radial flux symmetry is consistent with the expected symme

A.4.4.3 Initial conditions

a)

b)
‘)

Divide the total reactivity change by the corresponding RCS temperature change.

The value for both heatup and cooldown ramps should be consistent (within 1
0,5 pcm/°C).

pcm/°F or

Adjust the ITC to correct for changes in boron concentration and rod position that occurred during

the test.

Average the heatup and cooldown values to obtain the ITC.

[aution: This method does not show the effects of boron changes due to inddequat]
gystem makeup during the measurement. Therefore, it should be used with gare:

Review the data and data reduction.

Verify that the conditions during the measurement weére consistent with the conditions
the prediction.

Power: <30 %20f FP. The test should be performed at as low a power as practical. The
ghould not change by more than 1 % during data acquisition and should not change md
uring the.entire test;

CS‘temperature: within 2 °F (1 °C) of the reference temperature;

e mixing or

criterion. If
llowing are

assumed in

WEr.

try.

power level
re than 2 %

RCS pressure: within 50 psi (0,345 MPa) of the reterence pressure;

d) Rod groups: above the insertion limits. Control rod motion should be limited to 3 in during the test.

A.4.4.4 Test method

a)

b)

Record the responses of the in-core flux detectors at selected radial and axial locations that are

well distributed throughout the core.

At least 50 % of the detectors in a given detector string should be operable in order to
data to that core location.

© ISO 2018 - All rights reserved

assign valid

19


https://standardsiso.com/api/?name=70bb8ef0a2e694e981b797f8ede2d373

ISO 18077:2018(E)

c) Convert the detector responses to relative power density (RPD) for each instrumented assembly
in the core. The constants that are used to convert the responses of the detectors to RPD should
adequately reflect the condition of the core during the test.

A.4.4.5 Hints/precautions

a) Asan additional verification, compare axial flux traces to expected shapes. No specific test criteria
are suggested. However, this information can provide additional insight into core behaviour prior
to ascending to higher power levels.

b) Wait 5 min for the self-powered neutron detectors to reach a constant signal at a specific power.

c) Atlow pgowers, the background signal (induced noise) in the detectors can be a significant.fraction
of the tqtal signal. Make corrections to the signals if this component is significant.

A.4.4.6 Evaluation

Compare the measured assembly RPD for symmetric core locations. Each difference should medt the
test criteriop.

A.4.5 Power distribution measurements

A.4.5.1 Testobjective

To measure|the relative power distribution (RPD) of the core.

A.4.5.2 Pyrpose

To determine if the measured power distribution is consistent with design predictions.
A.4.5.3 Pdgwer distribution test with a fixed detector system

A.4.5.3.1 Initial conditions

a) Power: within 10 % of the desired.value and not changing by >1 % FP/h;
b) RCS temperature: within 2 °E (1 °C) of the reference temperature;

c) RCS prefsure: within 50.9si°(0,345 MPa) of the reference pressure;

d) Rod groups: Positions.are close to the reference position;

e) Xenon doncentration: within 10 % of the equilibrium value or the actual xenon condition§ are
accounted forin the predictions.

A.4.5.3.2 Testmethod

a) Record the responses of the in-core flux detectors at selected radial and axial locations that are
well distributed throughout the core;

b) Convert the detector responses to RPD for each instrumented assembly in the core. The constants
that are used to convert the responses of the detectors to RPD should adequately reflect the
condition of the core during the test.

A.4.5.3.3 Hints/precautions

a) The number of core locations that are monitored should be consistent with the number assumed in
the development of the measurement uncertainty factors that are associated with the test results.
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At least 50 % of the detectors in a given fixed detector string should be operable in order to assign
valid data to that core location;

Before recording the data, wait 5 min for the self-powered neutron detectors to reach a constant
signal at a specific power;

The quality of the power distribution measurement is generally better if the reactor power and
plant conditions are stabilized for ~1 h prior to the data collection.

A.4.5.3.4 Test evaluation

Com) i : i iterion. The
rootimean-square (rms) of all the differences between the measured and predicted valuesshould meet

the test criterion. Also, compare the measured core average axial power shape to the. desig
A.4.3.4 Power distribution test with a movable detector system

A.4.3.4.1 Initial conditions

A.4.3.4.2 Test method

a)
b)

c)
d)

e)

prediction.

Power: within 10 % of the desired value and not changing by >1 % EP/h;

CS temperature: within 2 °F (1 °C) of the reference temperature;
CS pressure: within 50 psi (0,345 MPa) of the reference pressure;
od groups:

1) intermediate power: at a position to contrel the axial power shape but not changjng by >3 in
throughout the measurement unless specifically accounted for in the measuremen([;

2) full power: lead rod group slightly)inserted and not changing by >3 in throughout the

measurement unless specifically.accounted for in the measurement.

Y

Xenon concentration: within 5 %)of the equilibrium value or the actual xenon conditions are
dccounted for in the predictiaons.

Record the movablédetector (M/D) response as it is withdrawn from the core.

[alibrate the detectors by driving each detector through a common core location af least twice
during the nfeasurement process.

Dbtain.data from all accessible core locations.

ecord control rod position, ex-core detector response, and RCS temperature for each traverse
hreugh the core.

Record plant calorimetric power information at the start, middle, and end of the measurement.

A.4.5.4.3 Hints/precautions

a)
b)

Determine detector operating voltage plateau prior to the measurement.

Minimize control rod motion during the measurement. Power level/temperature control can be
accomplished by small dilutions instead of rod motion. If rod motion is required, however, do not
move them while data are being acquired by the M/Ds.

Ensure that the detectors are correctly positioned in the core for data recording. Ideally, the
detector should be at the top of the active fuel (bottom-mounted instrumentation) when the data
recording is initiated. The detectors can be positioned by using the flux depressions from the fuel
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d)

A.4.5.4.4 Analysis and evaluation

a)

b)
c)

d)

f)

grid spacers and extrapolating from there to the top of the fuel. Detector coasting after the scan
should also be considered.

Some M/Ds exhibit changes in their response characteristic as a function of time or operating
temperature. Account for changing detector responses during the measurement by using the
calibration traces (this detector should later be replaced). If the detector shows sensitivity to
its operating temperature, then wait at least 1 min with the detector inserted prior to the data
recording.

Review the detector calibration factors from measurement to measurement to determine if any
detector's response characteristics are changing. If a significant trend is exhibited, then consider

3 1o ££ PR A | L)
replaCI g the-atrecteaaetectot ST~

Correct|all measured traces for background, power level change, measurement scale factor] and
detectol misalignment.

Evaluatp the duplicate calibration measurements for detector operating chatracteristics.

Comper}sate for changing detector response characteristics by taking duplicate calibration traces
for each detector that are sufficiently separated in time during the fluxX'-mapping process.

1) Compare the normalized reaction rate (signal) for each défector to a predicted normalized
reagtion rate. The normalization includes all measured:locations. Compare the differg¢nces
betveen measured and predicted normalized reaction rates to test criteria.

Constryct a power distribution (RPD) from the measured data. Compare the differences betieen
measurgd and predicted assembly RPDs to test criteria.

Agreement to within the test criteria provides assurance that the radial flux distributipn is
consistént with the design.

As an aglditional verification, compare axial flux traces to expected shapes and symmetric trfaces.
No spedific test criteria are suggested. However, this information can provide additional infsight
into core behaviour prior to ascending to higher powers. Also, compare the measured core ave¢rage
axial pgwer shape to the design prediction.

Failure to njeet the test criteria does not necessarily indicate invalid results. Since the accuracy of this
method depgnds to a large extent on the calibration of the detectors and the ability to account for ppwer

drifts, the corrections for these effects should be reviewed and verified.

A.4.6 HZER to HFP reactivity measurement

A.4.6.1 Test objective

Tom r Hh e Foll mavzny cvitinal oy ~opmenntratinn (D CDEY vaatbh A1l wode Folly vaath dvavarn
0 measure theful-pewereritical beronconeentration (FP-CBC-with-alredsfuly-withdrawsh:

A.4.6.2 Purpose

To determine if the reactivity difference between zero-power and FP conditions is consistent with
design predictions.

A.4.6.3 Initial conditions

a)
b)

c)

22

Power: at least 90 % of FP;
RCS temperature: within 2 °F (1 °C) of the reference temperature;

RCS pressure: within 50 psi (0,345 MPa) of the reference pressure;
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