NRC INSPECTION MANUAL DI

I NSPECTI ON PROCEDURE 61710

CONTRCL ROD WORTH MEASUREMENTS FOR PRESSURI ZED WATER REACTORS

PROGRAM APPLI CABI LI TY: 2515 ( SUPPLEMENTAL)

61710-01 | NSPECTI ON OBJECTI VES
The objectives of this procedure are:

01.01 To verify that control rod worth neasurenent procedures
follow license conmtnents (e.g., ANSI Standards and core rel oad
anal ysis reports),

01.02 To verify that control rod bank worth neasurenents are
conducted in accordance with |icensee procedures,

01.03 To verify that control rod bank worth mneasurenent
cal cul ations are correct, and

01. 04 To verify that control rod bank reactivity worth val ues
are within their acceptance criteria.

61710-02 | NSPECTI ON REQUI REMENTS

02.01 Revi ewthe | i censee' s procedure for neasuring differenti al
and integral rod worth. Determ ne the adequacy of this procedure
by conparingit tothelicense comm tnent docunents of 01. 01, above.

02. 02 Revi ew the retai ned records for recent control rod bank
worth neasurenents. |f possible, observe actual neasurenents as
they are conducted. Verify that:

a. Prerequisites and initial conditions were net.

b. Precautions and limtations were observed.

c. Plant conditions were nmaintained as specified in the proce-
dure. Changes or relaxations of plant conditions were
approved by the appropriate |licensee personnel (e.g., chief

test engineer) and any other procedural deviations were
simlarly approved.
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d. Reactor cool ant and pressurizer boron concentration sanpl es
wer e taken at periodicintervals (typically 30-m nute sanpling
frequencies).
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Cal cul ations of control rod bank reactivity worths are
correct. This includes the application of necessary correc-
tion factors.

Val ues obtained for control rod bank worths are within the
acceptance criteria generated fromanal ytical prediction of
corereactivity and control rod neutron absorption character-
i stics.

The |i censee has properly resol ved any di screpanci es bet ween
actual neasurenents and predicted reactivity worths.

61710- 03 | NSPECTI ON GUI DANCE

Ceneral CGui dance

a.

Measur enent Pur poses. The purposes of neasuring control rod
bank reactivity worths are to verify they are in accordance
with design predictions and assist in the verification of
adequat e shut down nmargi n (t he determ nati on of shutdown margin
is a Technical Specification requirenent).

Reactor Conditions. Thereactivity worth of each control rod
bank (or group) is typically nmeasured wth the reactor
mai ntai ned critical at hot zero power. An attenpt is made to
mai ntai n reactor cool ant tenperature and pressure constant
t hroughout each test. The test procedure should call for
periodic recording of reactor paraneters such as reactor
neutron | evel, reactor cool ant systemtenperature, pressure
and boron concentration, and pressurizer boron concentration.

Control Rod Reactivity Worth Measurenent Met hods. Two contr ol
rod reactivity worth neasurenent nethods are typically used.

1. Boron Exchange Met hod. Boron concentrationis changedin
a continuous nmanner. One control rod bank is
increnmental ly noved over its full travel in response to
t he changi ng boron concentration. Differential contro
rod bank reactivity worth val ues (Ap/ Ah) are cal cul at ed
using the reactivity conputer. Differential control rod
bank reactivity worth curves are then pl otted versus bank
hei ght (Ap/ Ah vs. h). The inspector should verify that
the licensee's nethod of conversion from reactivity
measured per unit tine toreactivity per unit rod | ength
is correct and reasonable. Corrections nust be incl uded
for changes in reactor cool ant system paraneters during
the test. An integral control rod bank reactivity worth
curve (Yap vs. h) is produced directly from the
differential curve for that bank

2. Rod Swap Method. Prior to this test, the control rod
bank reactivity worth curve for a reference control rod
bank nmust be determ ned using the boron exchange net hod
of 03.01cl above. The reference control rod bank is
wthdrawmn from its fully inserted position while
inserting the test control rod bank from its fully
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W t hdrawn position. Acritical conditionis established
with the test control rod bank fully inserted. The
position of the reference control rod bank is recorded.
The integral control rod bank reactivity worth of the
test bank is determned fromthe integral control rod
reactivity worth curve for the reference bank

Corrections are made for changes in reactor coolant
system paraneters during the test.

d. Control Rod Bank Sequence for Boron Exchange Method.
Typically, thereactivity worths of the control rod banks are
nmeasured during dilution in the normal order in which the
banks are inserted into the core, but w thout overlap (each
bank is fully inserted before noving the next bank). The
reactivity worths of the banks are t hen neasured a second ti ne
during boration while anormal overlap wi t hdrawal sequence i s
f ol | owed.

e. Because residents are generalists and do not have extensive
experi ence and techni cal expertiseinthe core physics field,
this inspection procedure should be perforned by regiona
i nspectors during the startup physics testing sequence for
each refueling outage.

03.01 Speci fi c Gui dance

a. lnspection Requirenent 02.02a. Typi cal prerequisites and
initial conditions for these neasurenents are as foll ows:

1. Qperational alignnment of the neutron nonitoring system
has been satisfactorily conpl et ed.

2. The reactivity conputer is installed and operational.
The reactivity conputer is usually connected to an upper
detector of one excore detector string and to a | ower
detector of an adjacent detector string to obtain a nore
representative flux profile of the core.

3. Chemstry support is available to sanple the reactor
cool ant systemand pressuri zer for boron concentration at
the required intervals.

4. The reactor is critical at hot zero power. React or
neutron flux is at the |l evel prescribed in the |icensee
procedur e.

5. Control rod banks are in their specified positions. The
control rod node switch is in the position specified in
the |icensee procedure (e.g., MANUAL or AUTO).

b. Inspection Requirenent 02.02b. Typi cal precautions and
limtations for these neasurenents are as foll ows:

1. A limtation on the nmaxinmm startup rate and boron
dilution rate allowed during the procedure.

61710 -4 - Issue Date: 10/11/85



2. Control bands to be observed for reactor cool ant system
t enperature and pressure.

3. A maximumneutron flux | evel and/or reactor power limt.

4. The maintenance of proper overlap or no overlap
conditions during specific steps of the procedure.

5. Positive adherence to unrelaxed <core paraneter
requi rements such as hot channel factor or radial or
axial flux peaking limts.

6. Awareness and understanding of applicable Technical
Specification requirenents (e.g., rod group height and
rod insertion limts).

61710- 04 REFERENCES

Techni cal Specifications

Core Rel oad Anal ysis Report

Appl i cabl e Fuel Vendor Reports

ANS- 19. 6.1, "Ameri can Nati onal Standard Rel oad Startup Physics Tests
for Pressurized Water Reactors,” (To be published Fall 1985).

END
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