NRC INSPECTION MANUAL DI

I NSPECTI ON PROCEDURE 61706

CORE THERVAL POWER EVALUATI ON

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

61706- 01 | NSPECTI ON OBJECTI VE

To verify that the cal cul ati on of core thermal power is correct and
that the procedure used is technically adequate.

61706- 02 | NSPECTI ON REQUI REMENTS

02.01 Review the licensee's core thermal power evaluation
procedure for boiling-water reactors (BWRs), pressurized-water
reactors (PWRs), and hi gh-tenperature gas-cool ed reactor (HTGR) at
>50% power for the foll ow ng:

a. Examne the "Core Performance Evaluation" data sheet, or
equi valent, and verify that data are reasonabl e, consi stent
W th previous data, and properly recorded.

b. Reviewthe procedure for initial conditions and prerequisites.

c. Verifythat the test and plant instrunments used to obtain data
are properly calibrated.

d. Review the licensee's core thermal power calculations to
verify that they are correct.

e. Verify that the power range nucl ear instrunments are properly
adjusted to agree with the results of the heat bal ance.

f. Verifythat the procedure specifies the condition of the steam
generat or bl owdown system during the core thernmal power
evaluation (PWR only).

02. 02 Verify, by a 1-nonth sanple, that the frequency of
eval uations i s as prescri bed by the Plant's Techni cal Specifications
(TS).

02.03 | ndependent |y cal cul ate the core thermal power using the

l'icensee's procedure for manual cal culations or an NRC-devel oped
cal cul ati on such as TPDWR1.
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02.04 Verify that the core thermal power eval uationresults were
revi ewed, approved, and docunented in accordancewiththelicensee's
adm ni strative control procedures.
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61706- 03 | NSPECTI ON GUI DANCE

General Guidance. The thermal power of the BWR, PWR, and the HTGR
is determned by a heat balance on the reactor system using
operating data. Under steady-state conditions, the reactor heat
output i s obtained as the difference between the total heat renoved
fromthe reactor systemand the total heat added in the fl owstreans
returning to the reactor. A core heat bal ance in the power range
is made to ensure that the core is operated at all tinmes within the
required thermal Iimts and/or fuel warranty requi renents. Ther nal
power cal culationis perforned either by the plant's conputer or by
a manual nmethod. The latter is normally required when t he conputer
programis not working or to doubl e check results obtained fromthe
conput er.

03.01 Speci fic Guidance
a. lnspection Requirenment 02.01b. Typical initial conditions and
prerequisites for a core thermal power determ nation are as
fol |l ows:

1. At the desired power level, the plant is operated for a
sufficient length of time to show that steady-state
operating conditions have been attai ned.

2. Feedwater flow, water |levels, and all controllable
tenperatures and pressures are naintained as nearly as
possi bl e, unchanged throughout the data acquisition
peri od.

b. Inspection Requirenent 02.01c. Although sone of the instru-
ments and nost of the conputer points nmay not be safety
rel ated, they nust be calibratedinatraceabl e manner if they
are usedto verify operationwithinthe licensed power limt.
In many situations, problens with input data are far nore
comon findings than findings of inadequate heat bal ance
equations or poor arithnetic.

C. lnspection Requirenent 02.01d. The thermal power is equal to
the rate of heat transfer to the steam system plus certain
heat | osses, |ess the power contributed by the main cool ant
punps (recircul ati ng punps i n BWRs). The heat transfer tothe
system is equal to the enthalpy difference between the
feedwater and the steam nultiplied by the nmass flow of the
feedwater. For PWRs this quantity nmust be cal cul ated f or each
st eamgenerator and summed. The m nor heat | osses are added.
These i ncl ude heat | osses through the thermal insul ation and
the net | oss between the | etdown and the nmakeup to and from
the reactor water cleanup system (or gas cl eanup systemfor
gas cool ed reactors). The |l oss fromsteamgenerator bl omdown
is also added, if this is present. The heat added by the
| arge reactor coolant punps is subtracted.

d. Inspection Requirenent 02.01e. For BWRs the gain of each
average power range nonitor (APRM anplifier should be
adj usted so that each APRM follow ng determ nation of the
heat bal ance, is adjusted or verified to read the APRMval ue
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requi red by plant procedures and/or TS. Likew se, for PWRs
and HTGRs, the power range instrunents are adjusted to the
reactor power indicated by the heat bal ance.

Core thermal power evaluation is perforned on a daily basis
for both PAWRs and BWRs. The specific requirenents can be
found in the plant's TS al though the plant may follow nore
stringent guidelines as recommended by the manufacturer
Refer to I nspection Procedure 61705, "Cali bration of Nucl ear
I nstrunentation Systens,” if calibration is required. In
addi tion, the inspector should check that the average power
|l evel over any 8-hour shift did not exceed the "full
steady-state |icensed power level"” (and simlarly worded
terns). The exact 8-hour periods defined as "shifts" are up
to the plant, but should not be varied fromday to day (the
easi est definitionis a normal shift nmanned by a particul ar
"crew').

It is permssible to briefly exceed the "full, steady-state
licensed power level" by as nmuch as 2% for as long as 15
m nutes. I n no case shoul d 102%power be exceeded, but | esser
power "excursions" for | onger periods shoul d be al |l owed, with
t he above as gui dance. For exanple, 1%excess for 30 m nutes
and 1/ 2% for 1 hour should be allowed. There are nolimts
on the nunber of tinmes these "excursions” may occur, or the
time interval that nust separate such "excursions." The above
requi renent regardi ng the 8-hour average power w |l prevent
abuse of this all owance.

| nspection Requirenent 02.01f. The steamgenerator bl owdown
system is designed to renove dissolved solids and other
inpurities fromthe steamgenerator. |If the blowdown is in
progress during the core thernal power eval uation
consi deration of the mass fl ow and ent hal py of this bl omdown
shoul d be based on areviewof thelicensee's cal cul ati ons and
assunptions.

| nspection Requi renent 02. 03. Mnual cal cul ationis intended
as a backup for the conputer-cal cul ated t hermal power in case
the conputer is not operating. Manual calculation is
i nherently not as accurate as the conput er-cal cul at ed t her mal
power. However, despiteits accuracy |limtations, the manua

cal cul ati on shoul d agree wi t hi n £5%of t he conput er-cal cul at ed
thermal power (MA¢). Even though the +5%tol erance is not a
requirenent, a difference of >5% between the conputer
cal cul ati on and manual cal culationindicatesinall |ikelihood
that an error ineither the conputer cal cul ati on or the nanual

cal cul ati on has been nmade. Mst nmanual cal cul ati ons perforned
utilizing data from the conputer are within 1% of the
conmput er-cal cul ated thernmal power.

An NRC program for Westinghouse PWRs entitled "TPDWR2:
Ther mal Power Determ nation for Wsti nghouse React ors, Version
2", iIs available from the Engineering and GCeneric
Conmuni cati ons Branch for use on the IBMPC. Users of this
program should refer to the user's guide, NUREG 1167. A
simlar programfor use on Conbusti on Engi neering's reactors
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entitled " TPDCER2: Thermal Power Determ nation for Conbustion
Engi neeri ng Reactors, Version 2", and the users guide for this

program is also available from the Generic Comruni cations
Br anch.

END
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