NRC INSPECTION MANUAL DI

I NSPECTI ON PROCEDURE 61707

DETERM NATI ON OF REACTOR SHUTDOMWN MARG N

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

61707-01 | NSPECTI ON OBJECTI VES

01.01 To determne that the licensee is ensuring adequate
shut down margi n t hroughout the operating cycle.

*01. 02 To verify that changes in shutdown margin due to
i noper abl e control rods have been properly addressed.

61707-02 | NSPECTI ON REQUI REMENTS

02.01 PVWR | nspecti on Requirenents

a. Reviewthelicensee's shutdown margi n determ nati on procedure
for technical adequacy.

b. Determne that shutdown margin calculations have been
perforned at the frequency specifiedinthe plant's techni cal
specifications (TS) since the | ast refueling outage.

c. Verify the follow ng for shutdown margi n determ nati ons nmade
since the | ast refueling outage, or nmade in the | ast 6 nont hs
while in the applicable TS node, whichever is |ess:

*1. The nost recent critical conditions prior tothe shutdown
were accurately recorded.

*2. The cal cul ations to assess the reactivity contributions
to the total core reactivity change were correctly
performed for the foll ow ng paraneters:

(a) boron concentration

(b) full-length control rod bank worth changes as a
result of position, boration, etc.

* Minimum inspection program.
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*d.

02. 02
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(c) shutdown bank rods

(d) part-length rods (if in use, verify that their op-
erational status was reflectedinthe shutdown nmargin
al | owance)

(e) tenperature

(f) power Ievel

(g) xenon concentration

(h) samarium and ot her fission product concentrations
(i) fuel burnup and burnabl e poi son depl etion

*3. The results of the shutdown margin cal culation net the
conditions prescribed by the TS

*4, Changes made in boron concentration as a consequence of
t he shut down mar gi n cal cul ati on were properly verified by
chem cal anal ysis.

Eval uate the licensee's analysis of a condition where the
shut down margi n coul d not be net and eval uat e t he adequacy of
corrective actions that were taken.

Reviewtheresults of thelicensee's procedure for denonstrat -
i ng agr eenent between the overall core reactivity bal ance and
the predicted values for surveillance tests perforned since
the last refueling or in the last 6 nonths while in the
applicable TS node, whichever is |ess.

1. Verify that the determ nati on was made at the periodicity
required by TS

2. Verify that the determ nati on was nmade usi ng t he par ane-
ters required by TS.

3. Verifythat thenormalizationof the predictedreactivity
val ues was acconplished within the tinmeframe required by
TS.

Verify that the licensee has revi ewed al | data supplied by the
fuel vendor that i s usedinthe shutdown nmargi n determ nation.

BWR and HTGR | nspecti on Requirenents

Revi ewthe | i censee' s shut down mar gi n procedure for techni cal
adequacy.

Exam ne the shutdown margin determ nation nade at the

begi nning of the current operating cycle to determne if
results are in agreenent with TS requirenents.
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c. Verify the correctness of the cal cul ati ons made to det erm ne
t he amount of control rod withdrawal required to correspond
to the specified shutdown margin.

d. Verify that thelicensee has reviewed all data supplied by the
fuel vendor that i s usedinthe shutdown nmargi n determ nati on

*e. Verify that a shutdown margin determ nati on was perforned
after any recent incidence of the inability of a control rod
toinsert and that the results net the conditions prescribed
by TS.

*f. Examne the licensee's analysis of a condition where the
shut down margi n coul d not be net and eval uat e t he adequacy of
corrective actions that were taken.

g. Reviewtheresults of thelicensee's procedure for denonstrat -
i ng agr eenent between the overall core reactivity bal ance and
the predicted values (reactivity anomaly surveillance) for
tests perfornmed since the last refueling or in the last 6
nmonths while in the applicable TS node, whichever is |ess.

1. Verify that the determ nation was made at the periodicity
required by TS

2. Verify that the determ nati on was nade usi ng t he par anme-
ters required by TS.

3. Verifythat thenormalizationof the predictedreactivity
val ues was acconplished within the tineframe required by
TS.

61707-03 | NSPECTI ON GUI DANCE

General Gui dance. Because residents are generalists and do not have
extensi ve experience and technical expertise in the core physics
field, themajority of this inspection procedure shoul d be perforned
by regi onal inspectors during the startup physics testing sequence
for each refueling outage. Residents should, however, be called
upon t o conduct the asteri sked i nspection requirenents to ensure TS
conpliance i nthe event of an i noperable control rod. Residents are
best abl e to performthese i nspection requirenents because they can
readily respond due to their [ ocation onsite, and TS conpli ance can
easily be determ ned without a detail ed core physics background.

03.01 Speci fi c Gui dance

a. lnspection Requirenment 02.01c2. The basic conputation
perfornmed to determ ne the reactivity change associated with
each paraneter is to multiply the reactivity coefficient of
each paraneter by the paraneter's change in going fromthe
nost recent critical conditiontothe shutdown condition. The
i nspector should be aware that the "nobst recent critical”
condition may not truly be what these words inply. For
i nstance, occasionally a startup foll ow ng an outage i s nade
in which criticality is reached and maintained for a brief
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period of tinme followed by a shutdown. Although this would
truly represent the "nost recent critical” condition, it would
be incorrect to assess this as representative of core
reactivity conditions. Rather, the equilibriumconditionfor
t he ext ended pre-out age power hi story woul d be nost represen-
tative of core conditions and, therefore, should be used as
the "nost recent critical" conditionfor derivingdatafor the
determ nati on of shutdown margin.

Reactivity coefficients (or reactivity values) for the vari ous
paraneters are nornmally obtained from curves found in the
pl ant's techni cal data book. The i nspector shoul d verify that
the curves used for obtaining the reactivity values are the
nost current and up-to-date and t hat t he val ues observed were
applied correctly in the shutdown margin determ nation. 1In
addi tion, the inspector should verify that the curves were
approved by the onsite review coommttee and plant nmanager.
Ensure that the curves are controlled and so marked. The
i nspector should verify that the sign convention for reactiv-
ity used in the licensee's calculations is consistent
t hr oughout .

| nspection Requirenent 02.01c4. |If the avail abl e shutdown
margin resulting fromthe total reactivity changeis insuffi-
cient to neet TS requirenents, an additional anount of
negative reactivity in the formof boration of the reactor
cool ant system nust be added. A calculation of the boron
concentrati on needed to neet the required shut down mar gi n nust
be perfornmed. Sone procedures require these calculations to
be i ndependently checked. Should this be the case, the
i nspector should verify that the calculational check was
acconpl i shed pursuant to this requirenent.

| nspection Requirenent 02.02a. Historically BWRs have used
two types of shutdown nargin tests to denonstrate conpliance
wth TS requirenents. One type involves wthdrawi ng the
strongest control rod plus additional rod(s) with a cal cul ated
worth equal to or greater than the required margi n. The ot her
type (nost common) is perforned by pulling the strongest
control rod plus additional rods wuntil «criticality is
achi eved. This nethod, recommended by GE, is terned the
I n-sequence Critical Denonstration. This involves pulling
rods i nthe normal startup sequence. Table 11-1in GE Stati on
Nucl ear Engi neering Manual (NEDO 24810A, Vol une 1) provides
a wor ksheet for making cal cul ations using this nethod.

| nspection Requirenent 02.02b. Shut dowmn margin nust be
denmonstrated at the beginning of cycle (BOC). For BWRs, if
the core reactivity exhibits an increase with exposure
(defined as the R-value) due to burnable poisons, the
i nspector should verify that an additional 1ncrenent of
shutdown margin equal to this increase was denonstrated at
BOC.

| nspection Requi renents 02. 01f. and 02. 02d. Data provi ded by
the fuel vendor normally includes new core | oadi ng pattern,
| ocati on of highest-worth control rod, rod worth curves, and
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increaseincorereactivity with exposure for BWRs (R-val ue).
If rod worth curves, boron worth curves, or xenon val ues
supplied by the fuel vendor have been adjusted by the
|icensee, the inspector should determ ne the reason for and
validity of this adjustnent.

f. | nspection Requirenents 02.01d. and 02.02f. Under circum
st ances wher e t he shut down mar gi n cannot be net, the fol |l ow ng
itens, which coul d cause t he anonol ous condi ti ons, shoul d be
checked:

1. rod drifting

2 fuel assenbly positions

3. water tenperature

4 wat er chem stry (boron carbide tubes in BWRs may have
ruptured, or water coolant tube rupture in HTGRs nay
introduce water into the helium coolant system and
graphi t e noderator)

5. manufacturing (manufacturing records should be nmatched
agai nst actual fuel)

Specific action on the part of the |icensee is prescribed by the
plant's TS. The i nspector should verify that the required action
was taken.

END
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