NRC INSPECTION MANUAL DI

I NSPECTI ON PROCEDURE 61705

CALI BRATI ON OF NUCLEAR | NSTRUMENTATI ON SYSTEMS

PROGRAM APPLI CABI LI TY: 2515 ( SUPPLEMENTAL), 2525

61705-01 | NSPECTI ON OBJECTI VES

01.01 For boiling water reactor (BWR) plants, to determ ne
t hat :

a. thelocal power range nonitor (LPRM systemhas been properly
calibrated to the | ocal neutron fl ux.

b. the average power range nonitor (APRM system has been
properly calibrated to the core thermal power.

01.02 For pressurized water reactor (PWR) plants, to determ ne
t hat :

a. the source, internedi ate, and power range detector calibra-
tions have been properly perforned and at the required
frequency.

b. the incore/excore detector calibration has been properly
perfornmed and at the required frequency.

61705-02 | NSPECTI ON REQUI REMENTS

02.01 LPRM Cali bration. Select a recent LPRM calibration
procedure and calibration data to verify the foll ow ng:

a. Records of the LPRM calibration are retained.

b. The procedure usedto calibrate LPRVs i s technically adequate
and cont ai ns:

1. arequirenent for the performance of afull-core flux map
using the Traversing Incore Probe (TIP) system before
LPRM anplifier gain adjustnent

2. arequirenent for the operator to check for unacceptabl e

Base Crit Codes by running the P-1 conputer programafter
conpletion of the full core flux map
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3. appropriate precautions and prerequisites

c. Input calibration current was properly cal cul ated for each
LPRM
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02. 02

Proper LPRM calibration adjustnents were nmade by qualified
personnel, using an approved witten procedure and the new
calibration current.

The APRMchannel bypassed duringits respective LRPMcal i bra-
tion was adjusted to keep APRM signal magnitude constant.

The LPRMcal i bration constant "C' did not change significantly
fromits previous val ue.

The LPRM calibration frequency neets the plant's technica
speci fication requirenents.

The i nstrunents and cal i brati on equi pnent used were traceabl e
to the National Bureau of Standards.

Test equi pnments used and their serial nunbers were recorded
on the procedure.

Li censee's procedures ensure that the setpoint levels for
al arnms, perm ssive and prohibitive interlocks are in conpli-
ance with the appropriate technical specifications.

Cal i bration results were reviewed, approved, and docunented
in accordance with the licensee's admnistrative contro
procedures.

APRM Cal i br ati on. Revi ew the results of a recent APRM

systemcalibration to verify the foll ow ng:

a.

b.

Al'l precautions and prerequisites were net.

Steady-state recirculation flow, power |evel, and xenon
concentration existed during the calibration.

Only one APRMchannel per reactor protection system(RPS) bus
was bypassed at a tine.

APRM channel s were properly adjusted to read the cal cul ated
percent rated power.

Frequency of cali bration neets the plant's technical specifi-
cation requirenents.

The i nstrunents and cal i brati on equi pnent used were traceabl e
to the National Bureau of Standards.

Test equi pnments used and their serial nunbers were recorded
on the procedures.

Li censee's procedures ensure that the setpoint levels for
al arnms, perm ssive and prohibitive interlocks are in conpli-
ance with the appropriate technical specifications.

Cal i bration results were reviewed, approved, and docunented
in accordance with the licensee's admnistrative contro
procedures.
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02.03
tions.

Source, Internediate, and Power Range Detector Cali bra-
Reviewthe results of source, internedi ate, and power range

detector calibrations to verify the foll ow ng:

a.

b.

02. 04

Al precautions and prerequisites were net.
Power supply voltages were all within tol erance.

Frequency of calibration neets the plant's technical specifi-
cation requirenents.

Sour ce range pl at eau vol t age was determ ned properly and t he
correct voltage was used for subsequent calibration (source
range detectors only).

Di scrim nator vol tage was determ ned properly and t he correct
vol tage was used for subsequent calibration (source range
detectors only).

Conpensati ng vol t age was det erm ned properly for theinternme-
diate range detectors (conpensated ion chanber detectors

only).

Hi gh vol t age setting was properly set for theinternedi ate and
power range detectors (conpensated ion chanber detectors

only).

100% current value was correctly calculated for the power
range detectors.

The i nstrunents and cal i brati on equi pnent used were traceabl e
to the National Bureau of Standards.

Test equi prments used and their serial nunbers were recorded
on the procedure.

Li censee's procedures ensure that the setpoint levels for
al arnms, perm ssive and prohibitive interlocks are in conpli-
ance with the appropriate technical specifications.

Cal i bration results were revi ewed, approved, and docunented
in accordance with the licensee's admnistrative contro
procedures.

| ncore/ Excore Calibration. Reviewtheresults of arecent

i ncore/ excore calibration to verify the foll ow ng:

a.

61705

The test procedure includes:
1. adequate prerequisites and initial conditions

2. step-by-stepinstructionstoinduce xenon oscillation and
to stop the oscillation, if necessary (Wstinghouse (W

only)
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3. applicable limting conditions for operation (LCO and
other limtations specified in the plant technical
speci fications

4. step-by-step recovery procedure, if abnormal xenon
transient occurs during the test (Wonly)

Axial flux difference required by the plant technical
speci fications was not exceeded during the test.

Control rod insertion limt was not exceeded during the
cal i bration.

For the condition, 0% incore axial flux difference, and at
cali bration reference power, normalized power range det ector
current was correctly calculated (Wonly).

Good linearity was exhi bited by the graph of excore detector
current vs. incore axial flux difference (Wonly).

Al'l points plotted on the graph of "out-of-core offset” vs.
"full incore offset” and "backup incore offset” vs. "ful
incore offset” were in the acceptable region (Babcock and
Wl cox (B&W only).

Least square fit of points plotted onthe "out-of-core offset”
vs. "full incore offset” yielded a line with a slope of
greater than or equal to 1.15 (B&Wonly).

The i nstrunments and cal i brati on equi pnment used were traceabl e
to the National Bureau of Standards.

Al'l data coll ected were reasonabl e and cal cul ati ons perforned
were correct.

The val ue for the internal axial shape index (ASI) was within
requi red tol erance of the cal cul ated ASI ( Conbusti on Engi neer -
ing (CE) only).

Cal i bration results were reviewed, approved, and docunented
in accordance with the licensee's admnistrative contro
procedures.

| ncore/ excore detector calibrationfrequency neets the plant's
techni cal specification requirenents.

61705- 03 | NSPECTI ON GUI DANCE

Ceneral CGui dance

a.

BWR Ceneral Guidance. The LPRM system nust be cali brated
periodi cally throughout the fuel cycle to conpensate for the
depletion of the LPRM chanber. The calibration procedure
i nvol ves the use of the TIPs to neasure t he axi al neutron fl ux
profilefor conparisonw ththe LPRMreadi ngs and t he conput er
for data storage and calibration. The TIPs nust by
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61705

intercalibrated because there is nore than one TIP used to
calibrate the core and because outputs fromdifferent Tl Ps may
not necessarily be the sane. The intercalibration procedure
runs the individual TIPs through a common channel to nake
their output read the sane.

The BWR plant process conputer has many prograns and
subroutines that may be used by the operator for a variety of
pur poses. One of these prograns is called OD-1, "Wol e-Core
LPRM Calibration.” The OD-1 programis called up in the
process conputer to calibrate the LPRVs. After successfully
running the OD-1 program the operator initiates the P-1
program The P-1 program (Periodic Core Evaluation) is used
to obtai n useful core thernmal performance data for eval uation
by the operator and is normally run after the OD-1 program
I naddition, OD-1/P-1conbinationis usuallyrunasecondtine
to confirmthe validity of the first printout and also to
ensur e dat a has been properly stored in the process conputer.

LPRVMs should be recalibrated whenever there is an abrupt
change in the neutron flux. Therefore, the LPRM systemis
recalibrated (1) during the initial startup, at each
particul ar power | evel used for test purposes; (2) follow ng
a maj or control rod pattern change; (3) follow ng a change to
asignificantly different operating node, such as derating;
and (4) after a refueling.

PWR General Gui dance. The majority of (PWR) plants use
simlar types of nuclear instrunentation. Source range
detectors are proportional detectors, internmediate range
detectors are either conpensated i on chanber type or fission
detectors, and t he power range detectors are unconpensat ed i on
chanber detectors. Sone pl ants have conbi ned t he source range
proportional detectors and the internediate range fission
detectors and call them w de range nucl ear instrunentation
(WRNI'). The basic principlesinvolvedincalibrationof these
nucl ear instrunents remain the sane.

Section 02.03 of this procedure is intended to cover the
maj ority of the nuclear instrunentationcurrentlyinuse. The
i nspector should use the applicable steps for his plant.
Li kew se, Section 02.04 covers the calibration of excore
detectors for PWRs using incore detectors as a reference.
Because excore detectors are used for reactor protection,
pl ants need to ensure that linearity exi sts between incore and
excore detectors. W B&W and CE all perform their
i ncore/ excore detector calibration slightly differently.
However, all three different nethods are intended to verify
i ncore-to-excore detector linearity.

For
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