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4 April 7, 1981

CERNCU FOR: L, Rubenstein, Assistant Director for
Core and Containment Systems, OSI

-g 2 T. Novak, Assistant Director for
Operating Reactors, DL
Sedushis PHYSICS STARTUP TEST PROGRAM FOR RELOAD PHRS

‘4. ~e:z.zsted that.l make corments on the March 10, 1881 Memorandum from

“. Caetterton through D. ¥iene to W, Johnston on tbe stated subject., 1
2:-82 thit much work kas beern Jone on physics startup tests for PiRs and
trit & review of the concept should be made at this time, However, my
::':'-si‘~ is consicerab’y different than that presented ‘n Ms, Chetterton's

- 32 progrem should receive attention at each of the following points:

- 3&t ¢f standzrds to reguire the necessary startup testis to prov e the
¢'02d core is loaced correctly and is in agreement with the calciizted
th.sics peraneters;

<. -8%8%)82 ravie« of the licensee's ghysics stariup test program procedures
rzl.ding the a gceptance ~riteria;

3 .m=3ite otservaticn of the startup testing as necessary to insure
cricsdires ére followed; 2and

-. *g/izw of the resuits of the physics startup testing program.

*TzzzeCig (hat the above points include the four items s, Chattericn

2 “2ves &1 [cersees should submit information on for each reloac (even

‘ in2ss serforces ynder 10CFR 50.59). This method seems very recetztive

272 =388 wore fur your staff when it is not necessary. Let me discuss

: . cg.ieve g&lin of the above points should be handlec,

-2fe= Tt Thg Technical Specificatiors (78) “-r 211 cperating facilities

171, T cvesert], stecify the necessary physics startup tests. f tne (P2

I3 T2.88 wnat T "3 18 net trie, then 3 cenegrdc dssue exists that resuirss

#3210 in tre norma) licensing manner; i.e. generic letter reguesting

T. 2 &'zes, stalf review and issuince of iicense amendments.

siors it The review of &1l operating procec.res has, in the past, teen the

"grzirgicility of 1E. Enclosure 1 is the pertinent pages of the lzrch 13

;11 frgzection resort for the Calvert C1iffs units. tote that the fegt o } -

s1:3: “‘rzoector scecializing in procedure revievs spent arcund 32 hours

st 9grert trips to Calvert Cliffs) reviewing sections oFf the licerses's

STATYLT Taiting Program.

8104220195+ p
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Point 3: Enclosure 2 provides an index of If inspection modules and some cf
tre inuividual modules inspectors perform for each reactor startup following
2 core reload. MNote the detail of the IE procedures and the reliance on
acceptance criteria. Also note the Enclosure 3, IE Procedure No., 727C0
requirement for an inspector to observe at least five of the eight specific
tast to be performed.

Point 4: As indicated in the reference memorandum, unofficial (not required
b/ o or Regulations) reporting reguirements rave been put on the licensess.
Th s is an unacceptable practice that should be discontinued. TS for all
operating plants require reporting of reactivity anomalies and errors dis-
covered in the transient or accident analyses. In addition the record
retention TS requires retention of records of reactor tests and experiments
for at least five years., Thus, it would -2 2 si~ple matter for an inspector
to review the data during or shortly after the r:erformance of startup

tests.

At this time when the staff workload is beyond our capabilities I recormenc
that since much of the review suggested by the reference memorandum is
controlled by 7S and presentiy reviewed by If inspectors, this entire review
arga by turned over to IE. I suggest this recommencation te presented zt
the next HRR/IE interface meating.

TP,

mr— Pt

e g /;‘ F 4 -, 3 & & s . ————

Thomas M. Novak, Assistant Director
tor Operating Reactors
Divisicn of Licensing
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zalzimore Cas anc Electric Cowcany
ATTN: Me, Al E. Lundvall, Jr.
Yice President, Sugply

:. 9. Box 1475
talsimore, aryland 21203
ian<lemen:

Sibfest: Inspection Number 50-317/81-03 and 50-318/81-03

"3¢s refers to the routine sa‘e*y 1ns,e:ttor concucted by Mr. W. M. Treskoski of
tais office cn January 26-30, 1681 at Calvert Cliffs Muclear Power Plant Units 1

inc 2 Lusby, Maryland of act fvities authorized by NRC License Nes., CPR-23 and
“3c.£3 2nd %o the discussions of our findings held by Mr. W. M. Troskoski with
“r. L. 5. Russell of your staff at the conciusion of the inspection.
irz2s examined during this inspection are described in the Office of Inscection
3nc Iaforcement Inspecticn Report which is enclcsed wizh this letter. Within
=wgse are2s, the inspection consistad of selective examinations of crocedurss
imz resresentative records, intarviews with personnel, &ng observaticns Dy ©
‘agseiter,
fzgac on the results of this fnspection, it apcears that cne of yeur activities
25 rot conductad 1n full cmpliance wit! wac requirements, as st “orin in the
s=ice of Viclatien, enclosed herewith as Agpendix A, This it eﬂ cf w**c:*:.'ar'e
35 hzen cateserized 1nto the levels cescribed in the Feceral lecister lotice
1% 73 2873) cased October 7, 1380, You &re recuirec to reszonc 2 this jetter
a2 in sresaring ycur resscnse, you should “ollow the instructicns in ~opengix
‘a z2esmsance with Sezsdfon 2,780 of the 'RC's "fules of Practice,” Pars 2, Title
S, Cs¢s of Federal Pegulaticns, a copy of this letuer and the encicsures will
«x ='aced in the NRC's Tublic Cocument Reem. I this report contadrs any informa
=234 oy (e* your contractior) halisve to :e orsorigtary, it 1s nacassary tras
.. ~zihz 3 writeen asolication within 20 days to tnis c9¥ice to withngid such
femmz-ign frem subiic eisciosurs. Any sugh zzslicaticn -ust be accomsaniec by
1= 24€4-8y18 gxecutes by the owner of the information, which icentifies the
cns_=ars or 2art sougnt $o be withheld, and wnich contains @ staterent O 0¥ reasons
~s2n gzirgsses with specificity the f=zms «nich will Se considarsd by 'ﬁe
is=mission 2s liste. in subparagrach lb\ (&) of Section 2.760. The 1nformaticn
$2.3°t tc be withheld shall be incorsorated as far as vossible intd & ssparate
+3+% 0f the 2<7icavit, If we do nct rear frem you in tnis regard within the
iezzifige marisd, the resert will be slaced in tre fublic Document Reo.



U.S. NUCLEAR REZULATORY COMMISSION e SHOENE
UFFICE OF INSPECTION AND ENFCRCEMENT %

Region I " s s,
Report No. 50-317/81-03
3U-3.18/81=03
Docket No. £50-317
S0-2.8
License No. DPR-%3
UFR=03 Priority Category C
Licensee: B2altimore Gas anc flectric Comzany
P.0. Box 1473
Baltimore, Marviand 21203
Facility Mama: Calvert C14f%s Units 1 and 2
Ingpection at: Lusby, Maryland
Tnspecticn conducted: January 26-30, 1281
/ N ’
Inscecsors: R e, ~ ___;//c/?/
We 1POSKCSKY, meActor Inspector cate sipned
P - ’ o 14‘,// >
(.,// ;//;f/ o e
Aporoved by om0 ol 1Y, ,'4,’;/‘ o/
0. L. cagnton, 'Lhiet, “wcisdr Supoort gate signec
Section No. 1, RCENS Branch
Ingpecsion S.mnary
tegsgezion on Janupry 28.30, 1881 (Laomeings Inszgztisn fgaces tgg, S0.317/21.02
BiE Sueg.t Zimus .
Argss Inscected: PAcutine, unenncunced inspection of Ticensee acticns cn previcus
TIeTs; 7TJe| rendling operations, end surveillance tasting releted to refueling
Technical Specifications for Unit 2; s<artup tasting anc cata recuction “or Unit
a2

1; IE Cirgulars; and, edministrative controls. The inscaction favoived 32 {nscectz-

hours onsite by & resicn-based 'PC ingcector.

Pasults: 0Of the five areas inscected, no itéms of noncomsliance were fcenfifiec *°
TAUF T the 2reis, one ‘cem was Tourd in one arez [Tevel 3, fatlure 29 “ollow
apssgtiures, cetail §).



E Seaczivity Control Svstems

Through discussions with licensee rec-esentatives and review of control

rocm panels and controls, the inspector verified that the limiting

conditions of operation for the refueling mode (mode 6) were met in
<hat:

(1) High Pressure Safety Injection Pump No. 23 orovided a flow path
from the refueling water tank to tne Reactor Coolant System (TS
3.1.2.1).

(2) The refueling water tank provided 2 borated water source that met
volume, concentration and temperature requirements (7S 3.1.2.7).

‘e 1=ems of noncompliance were identified.

s irverse Multislication (1/M]

Juring the fuel loading, the inspector reviewed the secticns of Fuel

=endling rocedure Fr.g(Rev. §) that ce2lt with neutron flux monitering.

“sszwacicns of data peing taken and 1/M comzutziions teing mace were

sencucted on 1/28/81 t9 verify orocedure adherence. [nserencant /M

ezleulasicns were also made by tne inspector 2s & check on the licensee's

s3lculations. No discrepancies were icentified.

pagenys Tegting o Lnit 1 :
sccce
sgs=ors of zne licensee's Startup Testirg Srogram were reviewel I verify
=3+ tna 29575 s@re perforTec in accorcance with tecanically acscuate and
ss-praves srocscires and Technicl Scecification recuirements. Test cat2
&-8 2lsc reviewed to verify $hat the results meet scceptance criteria
si=2ines
=.: ‘mgmgetar reviewed Post-Starsup Test Procecure (P87P)-Z, Umit L, Cyels
£, 1mizial accroaen 0 Criticality ana Low 2cwer Physics Testing, "V 3
Stea &r3 sccestance criteriz were compared fer:

©° Crizical soron (ARD, 832°F)



(3) CEA Group Werths
(4] Critical boron (532°F; S5, 4, 3, 2, 1, Full Inserted)
fach was within its defined specifications.

Technical Specification 3.1.1.1 requires that the shutdown margin shall b2
determined to be > 4.3% a0 before exceeding 5% of rated thermal power. The
licensee successfully demonstrated this by meeting the above acceptance
criteria parameters of procedure PSTP-2, that were presented in the following
2altimore Gas and Electric documents prepared by Combustion gngineering:

1. BGLE-9576-468, 10/17/80, “"Calvert Cliffs Unit 1 Cycle 5 MZP
Critical Soron Concentration”.

2. BG&E-0676-452, “"Calvert Cliffs Unit 1 Cycle 5 Licensee Submittal®.

The inspectsr notes that Saltimore Gas and £lectric is to sutmit a summary
resort of plant stirsup and power escalation testing fellewing modifications

of the plant cue %0 he new core design, Fending NRC review cf tnis startup
renort, the inspector has no further questicns at this time.

12 Circulars

12C: 80-17, Fuel Pin Dar2ge Due to Water Jet Frem ::""le Plate Lorner, wes
igsued July 23, 1680. This circular icentified 2 . .e: pin vilure mecharism
snzt hag agceared only in certain Westingncuse PWR's. owever, it nas leen

gistrisutee %o a1l 2WR's since shere may be otrer olant scecific cesigns of
ene 'as built' core saffie that could contribute to similar “uel pin failres.
mecormenced 2ctions incluced (1) determinaticn of core locations tnat mignt

s subiect %0 water jet imoingement upon fuel sins thet could potentially

e damagec by fretting, (2) examination of fuel pins ihat were cischarges
feem those locazions, or are now at those locaticns (during the next refueling
sutage], and (3) take acpropriate acticns to correct/prevent cccurrence cf
this probiem.

*ae ingoectar ciscussed these sroblems with licensee reore:gniatives.

“hgse resresantizives stated tnat 40 cite, tnere nas cseen ri siservel fug

aim szm2cg L@ o water imoingement. Selectad fuel assemiiies hive Ceer
discharged and inspected for this specific phenomene curing past refuel 'gs,
with nezitive resulss. The licensee further states tnat tne flel vencor
sorbustion Enginesring, hac been cocnticted when the circular was issuec,

The fuel vendor indicated to the licensee that fuel pin cemage of tne kirc

accressed by the circular had net cccurred at 2n) of the C-E szlants. when
=ne inepector resuessad cocumentaticn of the licsnsee - fuel vencor g¢iscussicrs,
+ne licensze's representiiive stated that they would recuest 2 writien

Tetegr from Combustion Incineering, Zased on trese aiscussions, Circuler
"o. £0-17 1s closes.

-
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ENCLOSURE 2

Enclosure 1 to MC 2515
Issue Date: 1/1/81

HIPZCTVION
“F.CZOURE INSPECTION
o R TITLE FRECUENCY
feie Surveillance R
v W Surveillance of Core Power Distribution Limits X" !
EaTVd Calibration of the Local Power Range ‘
Yonitoriag System . 1
i APRM (Average Power Range Monitor) Calibration X 4
2 us incore/Excore Detector Calibration X f
T Core Thermal Power Evalusiion X i
1097 Determination of Reactor Srutdown Margin X
P Isothermal Temperature Coefficient of Reactivity
feasurement (PWR) X
S o2 Power Coefficient of Reactivity (PWR) X
$a ol Control Rod Worth Measurement (PWR) X '
3aris Target Axial Flux Difference Calculation (W_NSES) X ,

- C...
el

T o

-

.v.On'

81so be ccmpleted gquarterly during operating cycle

i Module 72700

ing initial fuel loading and a1l subsaquent refuelings as describec

also be compieted at mid point of operating cycle
4150 be completed following detection of an inogerable control rod
aiso be completed following power iransients greater than 50% and

up following a unit trip

sisle for reduced freguency

7515-51-3



Surveillance of Core Power
Dieiribution Limits
Prccedure No.: bl/02

Issue [ate: 10/017a0

SECTION I
INSPECTION OBJECTIVES

Verify that the plant {s being operated within the licensed power
distribution limits.

Determine whether the means utilized to confirm operation within these
1imits have been submitted by the licensee to NRR fo; review.

Verify that changes or alterations to calculational methods are reviewed
by the licensee for correctness.



urveillance of Core Power
Distribution Limits
Procedure ho.: ©1/02

Issue Date: 10/5’755
(W=NSSS)

SECTION 11

Zim2late the portions of this procedure pertaining to the NSSS for the facility
ce'ng inspected.

., WESTINGHOUSE NSSS

1. Determine from the licensee which cata aralysis code is used to
process the information obtained by the movable incore instrumen-
tation. Determine whether the analysis code has seen submitted to
and reviewed by NRR for approval.

From a characteristic flux map printout (preferrazly >50% power),
verify the following:

ro

That the control rod insertions, core power level and burnup at
the time of the flux map were part of the in..t to the code
caiculations.

b. That the predfcted two-dimensional power distribution analytical
data for all fuel sources and fluxes measured in the thimble
locations for each axial region .n the core are part of the
.n”u.

3, Verify from the full flux map printout in item 2 .above that all
getectors :nuepenCentiy traversed some reference calitration instru=-
ment tube for that particular flux map. EIxamine the normalized
ueyec‘~* cata and verify that the relative set ¢f measurec reactioen
retes (fission rates as seen by detector) for each thimble location
following normalization are printed cut.

-, cxamine the printout in ite
measured reaction rates da:
“rgsponsible reactor engine2

m 2 gbove and review tite predicted versus
a and obtain an explanition from the

r for any apparent anonalies.

1

Aot Cnannel Factors (1 month sample)

O

a. \Verify that the values of the epplicable .ecnnica? specifica-

¢ns hot chcnne1 factors calc. ated by the analysis code and
recorcded in the reactor enginezring logs (or equivalent) are
'.:'1n the prescribed limits.

b. Ascertain thzt the calculated values refiect applicable
uncertainty and/or penalty factors.

s.  Exztine the printout ed ts fer ‘ﬁe highest of each of the hot
chenng) fe::c re &nd verify that the license2 has accounted for
ail coserved anoma.-es

11-1



Surveillance of Core Power

Distributioen Limits
Procecure ho.: 61702
Issue Date: 10

. (W=NSSS)

Axial Flux Differences

a. Ascertain from the operations log books (or equivalent) that
the Axial Flux difference 1‘mits are being maintained within
their applicable ranges. (1 month sample)

b. Review a recent load change (>20%) and verify that the axial
flux difference and the mechanics associated with the logging
of the applicable penalty deviations are in accordance with the
requirements.

Ascertain from the operations logs (or equivalent) that the Quadrant
Power Tilt limits are being observed and no apparent anomalies
exist. (1 month sample).

Identify primary personnel responsible for the mz or steps in
obtaining the results of the computer analysis coce calculations
from the initial incore flux map data.

Assess +he apparent technical competence of the site reactor
engineering staft regarding the particular core analysis code being
used at the fecility, including capabilities and limitations of the
method.

Examine the licersee's procedures for evaluating changes or altera-
tions to calculational methods.
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Surveillance of Core Power
Fleiribution Limits
Proceaure No.: 61702

Issue Date: 10/0.780
(GE-NSSS)

RAL ELECTIRC NSSS

-
-

L8 )

=N

o

Examine the data monitored in performance of a recent LPRM (Local
Power Range Monitor) calibration and BASE distribution calculations,
as well as the results of those calculations as i:yped out by 00-1,
"hole Core LPRM Calibration and BASE Distributidns" on the on-demand
typewriter. Investigate alarms, error and other in-process messages
that may be typed out during the course of the p‘ogram.

for the printout in item 1, ascertain that the TIP (Traversing
Incore Probe) machine normalization factors were properly obtained
for all machines by traversing each probe, one a: a time, through
the common calibration tube.

Verify for the item 1 0D-1 printout, that 7IP (T-aversing Incore
Probe) data for ail LPRM locations has been accested by the computer.

Verify from a recent P-1 the following:
a. Conformance with the Linear Heat Generation Rate (LHGR) limit.

p. 1f <he CMPF (core maximum peaking factor) is above the design
value Total Peaking Factor for that class of fuel ascertain
that the APRM setpoints were adjusted (as raquired) by the
appropriate amount specified by the Technical Specifications.
£

¥

cllowing such an APRM gain acjustment, verify that the "APRM
GAF" on the succeeding P-1 reflects such a change.

“©

d. Exanine a P-1 showing several SASE CRIT COLZ entries ana a nigh
MPF. Examine a subsequent P-1 once the Bezse Crit Codes have
been cleared by running the necessary TIP traces and note thne

effect on the CMPF.

Examine the 0D=6, "Thermal Data in a Specified Fuel Bundle," printout
associated with the P-1 selected in item 4 anc &scertain that the
cinimum eritical sower ratio (MCPR) anc the limiting Average Planar
Linear Heat Generation Rate (APLRGR) are within thneir prescriped
1imizts.

Ixamine the adequacy of the licensee's plans for ascertaining cpera-
tion within licensed limits uncer circumstances where the process
computer is unavailadle.

Verify, over a one month period, that each time the computer

recoverec ‘rom an outage, 00-15, “"Computer Shutcown and Outage
Recovery Monitor," was calleg in.

11-3



10.

Surveillance of Core Power
Distribution Limits
Procedure No.: ©1/02

Issue Date: 10/01/80
(GE-NSSS)

Verify by examining the records of the three most recent LPRM gain
¢changes that an OD-1 or 0D-2 was successfully run subsequent to the
changes made.

hssess the apparent knowledgeability of the site reactor engineering
staff regarding the particular core analysis code heing used at the
facility, including capabilities and limitaiicns of the methoc.

Examine the licensee's procedures for evaluating changes or
aiterations to calcuiational methods.

il=4
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Surveillance of Core Power

Diitribution Limits
Procedure ho.: 6./U2
Isiue Date: 10/01/80
(CLE=NSSS)

COMBUSTION ENSINEERING NSSS

o

Determine from the licensee which data analysis code is used to
process the information obtained by the incore fnstrumentation.

From a characteristics flux map printout verify;

a. That the contro) rod insertions, core powe* level and burnup at
the time of the flux maps were part of the input to the coce
calculations.

b, That the predicted power distribution analytical data for all
fuel sources and fluxes in the instrumented locations for each
axial region in the core is part of the input.

a. For early C-E reactors employing four segmeni fixed detector
strings and no moveable chembers, determine how the readings
from the detector strings are intercaijibraied.

b. For later C-E reactors empioying five segmunt fixed cetector
strings coupled with & traveling detector iystem, ascertain that
the procedure for intercalibration {s bein; followea.

a. Ascertain from the core performance logs (or equivalent) that
the axial shape index i# being maintained within the allowable
Timits., (1 month sample) .

5. Ascerte’n that the various uncertainty faciors and flux peaking
augrentation facters have been included in the setting of the
incore cetector Local Pcwer Density alarms as required by the
Technical Spacifications.

Het Chanrel Factors (1 months sample)

Verify that the values of the applicable Technical Specifica-
tions hot channel factors calculated by the ana’ysis code and
recorded in the reactor engineering logs (or equivalent) are

wishin the 1icensed limits.

™

£, Ascertain that tre calculatec values reflect applicable
uncertainty and/or penaity factors pertinent to the license.

¢. Exanine the printout ecits fcr the highest of each of the hot
channel factors calculated from the item 2 flux map and verify
that the licensee has accounted for all obuerved ancralies.

hscertain from the operation jogs (or equivaieni) that the ézimuthal
powe~ tilt limits are being observed and that no apparent aromalies
exist. (1 month sample)



Surveillance of Core Power
Distribution Limits
Procedure no.: 61/02

Issue Date: 10/01/80
(CE-NSSS)

Icentify and document the major steps and primary personnel
responsibility in the overall process of obtaining the results
of the computer analysis coce calculations from the initial
incore flux map data.

Assess the apparent knowledgeebility of the site reactor engineering
sta’l regarding the particuiar core analysis code being used at the
facility, incliuding capabilities and limitations of the method.

Exemine the licensee's procedures for evaluating changes or
alterations to calculational methods.

11-6



o

Surveillance ¢f Core Power

Distritutica Limits
srocegure ho.: 61/L2
Issue Date: 1C/'T7§7
(2AW-NSSS)

F-5C0CK AND WILCOX NSSS

[ d

o

o

~3

Ceternine from the licensee which data analysis coce is used to
process the information odotained by the incore instrumentation.

Obtain a printout of the applicable subroutine [see reference
1.5.0.(4) of Section III] &nd verify:

a. That the control rod insertions, core power level and burnup at
the time of the flux map were part of the input to the code
calculations.

b. That the predicted power distribution analytical data for all
fuel sources and fluxes in the instrumentec locations for each
axial region ia the core are part of the input.

Verify that the incore detector calibration procedure is being
followad.

hscertain from tne core performance logs (or egiivalent) that the
axial power imbalance is being maintained within the 1icensed limits.
(L rtvn-h Smoﬂlé)

Hot Crnannel Factors (1 month sample)

a. Verify that the values of the applicable technical specifica-
tions hot channel factors calculated by the analysis coce and
recercec in the reactor engineering logs (¢r equivaient) are
within the licensed limits.

5. Verify that the calculated values reflect épplicable uncertainty
and/or penalty factors pertinent to th 11cense

¢. Exzmine the printout edits for the highest of each of the hot
cnannel factors and verify that the '{censce has accountec for
any &pparent anomaiies.

Verify from the operations logs (or ecuivalent) that the Quacrant
Pover 11t 1imits are be'rg ooservec and that n¢ apri-ent anomalies
exist. (1 month sample)

Identiy and document the major steps &nd primary personne1
responsicility in the overall process of obtaining the results of
the computer analysis code calculations from the 1n1t1a1 incore
£Y - -

TIUX mep data.

Assess tne apparent knowledgeability of the site reactor eng.neer1“g
staff regarding the particular core anglysis coce be1wg used at the
fa:iii:y, inglugirg capabilities and limitavions of the method.



Surveillance of Core Power
Distribution Limits
Procedure No.: 61702

Issue Date: 10/01/80
(BAW=NSSS)

Examine the licentee's procedures for evaluating changes or
alterations to calculational methods.

Verify that the perameters specified in the most current cycle
reload report have been implemented into the computer software and
verified by a test case.



Core Thermal Power
evaluaticn

Procedure No.: 61706
Issue Date: 10701/E0

SECTION I
INSPECTION D2JECTIVE

v:~ify that the calculation of core thermal power is techiically correct and
vi«gr level instrument: indicate reactor power within preccribed 1imits.

.
L]
[



Core Thermal Power
Eva..ation

Procedure No.: 61706
lssue Date: 1C70./20

SECTION 11

INSPECTION REQUIREMENTS

Inspection requirements for BWRs and P\/Rs are provided in Part A and
Part B of this section respectively.

A. BUYR Inspection Reguirements

-

3.

Review the 1icensee's core thermal power evaluation procedure for
technical acequacy and review the results for a specific evaluation
at >50% power.

a. Examine the "(Core Performarce Fvaluation" data sheet, or
equivalent, and verify that correct units have been used for
the various cperating parameters used to com:ute core thermal
power, and that the initial conditicns required in the plant
procedures are &cequate and weie met.

b. Where required, verify that physical properties obtained from
figures and curves corresponding to specific reactor conditions
have bDeen accuritely established, properly translated and
recorded un the data forms. ‘

i17zed meet t1e applicable

fcati

€. Verify that test instruments ut
f ions.

éccuracy and calibration speci

d. Verify the correctness of the licensee's eguition. Review the
calculations and ascertain the correctness of the results.

e. Verify power level instrument settings.

t the Trequency of evaluations is 2s proscribed by the
Technical Specifications. (1 month sanple)
Incdepencently calculate a heet balance on the nuciear boiler using
the lTicensee's procecure for manual caiculations.

8. PR Inspection Fecu’irements

1,

Review the licensce's core thermal power evaluation procedure for
technical zcequacy and review the results for a specific evaluation
at >50% power.

8. Examine the secondary heat balance data shee:, or eguivalent
and verify that correct units have been used for the various
operating parameters used to compute core thermal power and
het the initial conditions recuired in the plant procedurs

- -~
Ere Lcefuite anl ware met.

3%



f.

Core Therma)l Power
tvaluation

Procecure No.: 61706
Issue Date: 10701780

Verify that physical properties obtained from figures and
curves co*responding to specific reactor conditions have been
azcuratelyv established and ae properly translated and recorded
on the da'a forms,

Verify thit the configuration of the Steam Generator Blowdown
System s established in the procedure, and during the data
acquisitinn period, was as required by the plant's procedure.

Verify that test instruments utilized meet the applicable
accuracy ind calibration specifications.

Verify tht correctness of the licensee's equation. Review the
calculatidns and ascertain the correctness of the results,

Verify pover level instrument settings.

Verify that th? frequency of evaluaticns is as prescribed by the
Tezhnica) Specifications. (1 month sample)

I-Zedencently talculate a secondary heat balance using the licensee's
procedure for nanual calculations.



SECTION ITI
INSPECTION GUIDANCE

GENERAL BWR GUIDANCE

core Thermal Power
tvaluation

‘Procedure No.: 61706

Issue Date: 10701780

The thermal power of the reactor core is determined by a heat balance
on the nuclear boiler using operating data.
tions, the nuclear bofler heat output is obtained as the difference
between the total heat removed from the boiler system and the total

heat added in the flow streams returning to the boiler.

la. Operating

ére the tollowing:

°

Reactor pressure (psig)

Feedwater flow (106 1bs/hr)
Control rod cdrive water flow (gpm)
Total steam flow (1bs/hr)

Bypass valve pesition (% open)
Control valve position (% open)

Feecwater temperature (°F)

Inlet temzerature to recirculation pumps (°F)

Recircuiation pump power (MW)

Jet pump flow (106 10s/hr)

Core celta=P (psi)

Cleanup system heat exchanger AT (°F)
Cleanup system flow (gpm)

Condenser vacuum (in Hg)

Drive water flow (106 1bs/hr)

Reactor water level (inches of water)

Gross elesirical output (Mue)

11i-1

Under steady state condi-

data normally recorded for core performance evaluation



Core Thermal Power
Evaluation

Procecure No.: 61706
Issue Dzte: 107017E0

© Net electrical output (Mwe)

© APRM (Average Power Range Monitor) readings (%)

r
-

®hysfcal properties of concern are the entha’pies of:

© Feedwater

© Steam

® Jet pumps (f.e., core inlet flow)

Cleanup system inlet/outlet

© Contro) rcd drive water

Accuracy req.irements are normally found in the SAR or Bases of the
TS, Witness calibration of process instrumentation if possible.

Tore thermal nower equals the difference between the total energy
cut and total energy in.

Total energy T consists of the sum of the steam energy rate, the
zleanup systen energy rate and the fixed losses energy rate. Totel
energy IN corsists of the sum of the feedwater energy rate, the
recirculatior pump energy rate and the control rod drive flow energy
rase. In syrbol form, the equation is:

~

~ s {0 -
core = (Qg 4 Qg * Qpq)=(Ogy * Qpp * quaps)

e

g

QS = gteam energy rate

Q, = heat loss in cleanup systen
.y = miscellaneous fixed heat lesses

Q- * feedwater energy rat2
on ¥ rod drive cooling water energy rate

e recirculation pumaing power input <o water

- -

T7I: Enmergy rztt 4 the preduct of mess flow rete times ihe
enthaloy o' the flow siream, (for exar>le: 1bs/, . X BTU/ =
al hr 1bs
3TV el

tverage Powe! fange Monitors are acd’usted to agree with the results
2f the heat hizlance as reocuired by tne Technical Specifications (75).

177.2



Core Thermal Power
Evaluation

Procedure No.: 61706
Issue Date: 10701780

3. Tne manual calculation s*ould agree within & 5% of the computer
calculated thermal power (MWe).

GENERAL PWR GUIDANCE

Thermal power measu’ ements are utilized in the checks and calibrations of
the Mucleir Power fange Instrument Chennels. In the tiermal calibration
of the Nuclear Insirumentéztion System, the reactor puwer may be obtained
either from the plant com.uter's calorimetric progran or by a manual
zethod of calculation. The latter is normaliy reguiied when the computer
program is not working, or to double check results obtained from the
computer.

la. Typical initial conditions for & core therma) power determination are:

5 The reactor is critical anc in power operation,

© At the desired power level, the planu has be:n operated for &
sufficient lengti of time to shov that stead/ stute operating
conditions have been attained.

° Feecwater flow, water levels, and all controilable temperatures
and pressures shall remain, as nearly as posiible, unchanged
throughout the cata acguisition period. This can be accomplished
by minimizing red movement and changes in bo‘on concentration.

o

Steanm generator blowdown nay or may not be allowed by the
particular procedure.

b. The physical properties normally obtained from ihe plant curve beok
are:
® The thernal expansion facter of the feedwater fliow nozzle
which 4s plotied versus the Teedwater temperiture. This
parameter is a factor in the deternination of the Teedwater
flow.

The feedwater censity (equivaient to "specific weight")

Enthalpy cf feedwater
® Enthalpy of steam
® Reactor coolant pump power

c. The Steam Generator Elowdown System is designed to continuously
process steam generator blowdown flow that could contain radioactive
contaninants in the event of a steam generator primery to secondary
Tesl. A consiceration of the mass flow and enthalpy of this blowdown
fiow 1s necessary in a thermal power evaluation if the sysiem 18 1N

cperation.

1313
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Core Thermal Power
Evaluation

Procecure No.: 61708
Issue Date: 107/0./80

curacy requirements are normally found in the 3AR or Bases of the
. Witness ralibration of process instrumentation if possible.

im
~3
<

: heat balance across the secondary side of the steam generators fis
<he starting point to determine the core thermal power in a PWR.

“his heat balance is modified by the following to obtain core thermal
cower:

® Letdown erergy loss

Reactor Cco1ant Pump energy input
Fixed energy losses (radiation)

on symdolic form, the equation is:

“core = (Q * Qup * Qgp * QU )"(Qpy * Qp)
where: Qs = Steam energy rate

Q'D Letdown flow energy rate

-

*Qen = Steam generator blowdown energy rate

UFL = Fixed heat losses (supplied by NSSS vencor
or cetermined experimentally)
Qe = “gecdwater enargy rate

FoA

Q. = Rzactor coolant pump energy input

=

Not requited for plants with once~through steam generators.

Sower range tluclear instruments are adjusted to agree with the
~esults of tiie heat balance as required by the Technical
"

soecifications (7S).

: r2aya) calculidtion should acree within £ 5% of the computer
<. zted power ‘lwe).



Cetermination of Reactor
Shutdown Margin
Procecure No.: 61707
Isgue Date: 10/0./80

SECTION I
INSPECTION QBJECTIVES

To verify that the licensee is ensuring adequaté shutdown margin
throughout the operating cycle.

Verify that the calculation of the reactor shutdown rargin is technically

correct and in accordance with the facility's Technical Specifications
and procedures.

Verify that the SHUTDOWN MARGIN determination has be(n performed at the
frequency requ'red by the plant Technical Specificat]ons.

-
[



Determination of Reactor
Stutdown Marain
Procedure ho.: ©1707
Issue Date: 20/017%20

SECTION 11
INSPECTION REQUIREMENTS

Inspection requirements for the PWR and BWR ar provicded in part A
and part B of this section respectively.

PW2 Inspection Requirsments

-
-

Review the licensee's shutdown margin determinition procedure
for technical adequacy.

For a specific shutdown margin cetermination, srerify that the
most recent critical conditions prior to the shutdown have been
accurately recorded.

For the above selected shutdown margin determipation, verify
that the Core Reactivity chan;z from the most jecent critical
due to the following factors has been properly odbtained:

&. Reactivity change due to Boron.

b. Reactivity change due to Full Length Cont*ol Rod Banks
worth changes as a result of position, boration, etc.

¢. Reactivity change due to Shutdown & - RoJs.

d. Reactivity change due to Part Length Reds (if in use; either
wéy, verify that their operaticnal status is reflected in the
shutdown margin allowance). .

¢. ~eactivity change due to Temperatiure.

Reactivity change due to Power.

g. Rezctivity change due to Xenon.

h. Reactivity change due to Samai fum and other fission products.

i, Reactivity change due to fuel burnup and burnable poison
gepletion.

Exznine the total shutcown margin calculation and verify that
carditions and actions prescribed by the Technical Specifications
are ret.

varify .net Snutdown Margin calculations have been performed at
the feecuency specified in the plant's Technical Specificacions.



Determinaticn of React:nr
Shutdown Margin
Procedure No.: 61707
Issue Date: 10/U17E0

Ascertain that changes mace in boron con.entration 2s a c¢-sequence
of the shutdown margin calculation results are properly verified by
chemical analysis. (Sample size dependent c¢n frequency of shutiown
margin determinations. See guidance for inspection requirement
A8 ),

Ascertain that changes in shutdown margin cue to rod misalignment
have been addressed as recuired by tae Technical Specifications.

GE-NGSS Inspection Requirevents

.

Review the Ticensee's shutdown margin procedure for technical
adequicy.

Examine the shutdown margin determination mace at the beginning of
che current operating cycle and veri® that ~2sults are in egreement
with Technical Specification requiremerts.

Examine the zalculations mace to determine the amount of control rod
withdrawal required to correspond to the specitied shutdown margin,

Verify that licensee has reviewed all data supplied by the fuel
vendor which fs utilized in the Shutdown Margin determination.

Verify that 3 shutdowy margin determination took place after any
recent incicance of a2 control rod's inability to insert. Ensure
that conside*ztion was given to tte effects-of temperature, Xenon,
samarium anc other fission produ:ts, burnup and poison cdepletion on
reactivity aj approoriate.

Examine the licznge:'s ena'ysis of a condition where the shutdown
margin could not be met anc evaluate the acequacy of corrective
actions that were talken.
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Determination of Reactor
Shutdow.n Maragin
Procedure No.: 61707
Issue Date: 10/017&0

SECTION 111

INSPECTION CUIDAILCE

RAL PWR JUIDANCE:

1;

Minimum shutdown margin as specified in the Technical Specifications
is required t:r the power operating condition, the hot standby
shutdown condition and the coid shutdown condit.ion. In all analyses
involving reactor trip, the single highest worth Rod Control Assembly
is postulated to remain un-tripped in its fullwout position.

Two independent reactivity control systems are provided, namely
control rods and soluble boron in the coolant. The control rod
system can cospensate for the reactivity effects of the fuel and
water temperature changes &ccompanying power level changes cvar the
range from full load to no=loac. 1n acuition, the cuntrol 1o
systen provides the minimum shutwown margin under Conaition 1,
(normal operaticn and operational transients), events and is capable
of making the core subzritical rapidly enough 1o prevent exceeding
acceptabie fuel damage limits, assuming that the highest worth
cortrol rod is stuck cut upon trip.

The boron system can compensate for all reactiyity changes due to
xenon burnout and buildup, temperature changes from hot shutdown to
cold shutdown, fuel burnup, poison cepletion, und fission product
changes anc will maintain the reactor in the cold shutdown condition.
Thus, backup and emergency shutdown provisions are provided by a
mechénical and a chemical shim ccatrol system.

Conditions such as boron concentration, full length rod position,
part length rod position, reactor average temperature, power level,
xanon and samarium concentrations burnup and puison cepletions, are
parameters contributing to the overzll core reactivity and conse=-
guantly to the determination of total reactiviny changr from criticel
concditions to shutdown, As such, & knowledge of these parameters

for the most recent critical concitions preceding @ shutdown is
essential.

A calculation of the Total Reactivity Change requires analvsis of
each of the contributing factors listed in item 3 of the inspecticn
reguirements,

The basic computation performed to determine the reactivity change
associated with each parameter is to multiply rhe reactivity
coefficient of each parameter times the paramerer's change in going
from the most recent critical condition to the shutdown conditions.
Reaczivity coefficients (or reactivity values) for the varicus

=
-
-
L
’.



Determination ~¢ Reactor
Shutdown Margin
Procedure No.. 61707
Issue Date: 10/01/80

parameters invelved can normally be obtained from curves found
in the plant's technical data book. Rod worths and reactivity
coefficients will vary with burnup and boron concentrations,

It shoulc be noted that under shutdown conditions, in calculating
the reactivity associated with each of the various parameters,
negative reactivities imply positive shutdown mergin and positive
reactivities imply negative shutdown margins.

4. If the available shutdown margin resulting from the total reactivity
change is insufficient to meet the Technical Specification, an
additional amount of negative reactivity in the form of boration of
the reactor coolant system must be added. A calculation of the
boron concentration needed to meet the required shutdown margin
involves datermining the difference between the reguired shutcown
rargin and the available shutdown nmargin. Then, the difference
nitween this result and the differentia’ boron worth at the specific
pre-boration conditions is equivalent to the required boration.
Finally, the minimum boron concentration to satisfy the required
shutdown margin would be equivalent to the adcdition of the actual
boron concentration at the specific conditions plus the calculated
boration.

Some procedures require that calculations be checked by someone
other than the one initially cbtaining the results. If so, this
procedural recuisite should be confirmed.

5. Actual shutdown margin calculations are required by Technical
Specificatrons for concitions such as:

a. Prior to in“tia) cperation above 5% Rated Thermal Power after
each fuel loading.

. After cetection of an inoperable control rod.

Consequently, 1% is possible tnat only one actual calculation was
performed for sperating cycles lacking cenditicns of inoperacle contro)
rocs. The samdle size 40 satisfy this inspection recuirement will there=
fore depend on the plant specific oparating history. It should be noted
that current Stardand "2chnical Spegifications recuire <hat overz)) core
reactivity balirces be compared to precicted values at least onze per 21
Effars iy c‘!’] i Nayy

Effective Full Power Days.

GENERAL BWR GUIDANCE:

The purpose of the shutdown margin test is t0 demonsirate that the reactor
can be maintainec subcritical by the margin scecified in the Technical
Specifications with the highest worth rod withcrawn and the core in its
most reactive sonditicn., Normally the core will be most reactive when

LIS “n - - - b 80Py $dd ”
GATEN=PrgR Wit the ToZaraso™ 2% ¢4 {dw =, COREILIONS,
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Issue Date: 10/U1/&9

The shutdown margin requirement influences reactor cesign and operation.
Following are some of the direct and incirect effects:

Ensures the reactor can be mace suscritical Trom all operating
conditions.

Ensures that postulated reactivity transients are controllay’
within acceptable limits.

Permits rod withdrawal for maintenance during shutdown.
Limits Eeactivity of reload fuel.
Requires careful planning of fuel design and louding arrangenent.

The procecures for shutdown margin tests will generally fall into
one of three oroad categories:

a. Two Rod method = The roc ceizulstau to Réve the highest orih
is fully withdrawn. Either a face adjacant. or diagunaliy
edjacent rod is withcdrawn to the position calculated to equal
the specified shutcown margin. A variation of this method is
to continue withdrawing the second rod and perhaps & third rod
until the reactor is critical.

b. In-sequence Critical = The roc calculated uo have the highest
worth is fully witndrawn. The reactor is uhen taken critical
using & regular rod withdrawal sequence.

¢. Five Rod Critical =~ The rod calculated to have the highest

worth is fully withdrawn. Tig four surrcLnding diagonal rods
are withdrawn as a Lank until the resctor s critical. A
verietion ¢f this method involves a symmetiric group of rods
surrounding the hignest worth rod being sequentially witharawn
until the reactor is critical.

The zbove methods are not intenced to be all inclusive and there may
oe some other variations.

Snutdown nargin must be cemonstrated &t the teginning of cycie
1982 Y i - - - . - - . s dyd s ol bl
(20C). 1If due to burncsle poisons the core reactivity exhibits an
increase with exposure (cefinec as the R-value), an additional
increment of shutdown margin equa’ to this increase must be
gemonstrated at the BOC.

Cold snutdown margin caiculaticns will involve the following:
a. Location of the highest worth control rod.

b. The rmaximum increese in core reactivity wiilh exposure
;E"‘.’a:aé;.
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Issue Date: 10/01/8C

c. Predicted control rod(s) position at critical or when the
specified shutdown margin has been inserted.

1¥ rod worth curves supplied by the fuel vendor have been adjusted
by the licensee, the reason for and validity of this adjustment
should be determined.

The data provided by the fuel vendor normally includes:

a. New core loading pattern,

b. ‘Location of highest worth control rod.

¢. Rod-worth curves.

d. Increase in core reactivity with exprcure (P-value).

Per Technical Specification surveillance requiremant,

Under circumstances where the shutdown margin cennct be met, several
ftems can be checked for ancmalous conditions; for example:

a. Rod drifting.
5. Fuel assemb'y positions.
g Water temperature. Y

d. Water chemiutry (boron carbide tubes may have ruptured).

2. Manufaciuring (make sure manufacturing record matches actual
fuel).

In any event, with the shutcown margin less %han the license limit,
specific action un ihe pe~t of the licensee is prescribed by the
facility's Techn'cal Specitications.
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Tsothermal Temperature Coefficient
0f Reaciivity leasurement (Pin)

Procedure No.: ©1/08

Issuve Date: 10/01/80

SECTION 1

TNSPECTION O8JECTIVE

t-a: the neasurement of the Isothermal Temperature Coefficient is
a1ly correct and consistent with Technical Specification requirements.



Isothermal Temperatuce Coefficient
o7 Reactivity reasurement (k)

Procedure No.: 61/08

Issue Date; 10/01/80

SECTION II
INSPECTION REQUIREMENTS

Examine the adequacy of the licensee's procedure for measuring the
lsothermal Tenperature Coefficient of Reactivity and review the results
for the most recent measurement.

Verify that the prerequisites for the measurement as delineated
in the procedure were met.

Verify that during the measurement, precautions as may be indicated
in the procedure were observed.

Verify that planrt conditions during act.a. measurement correspond
to those plant conditions assumed in obtaining the analytical
predictions, against which the actual meacurenents are compared.

Verify that the values obtained for the Isotherma, Temperature
Coefficient have been correctly determined and are within the

uoper and lower limits used in the FSAR accident analysis and

Technical Specifications.

Verify that the licensee has properly accounted for any observed
discrepancies between actual measurements and analytical predictions.

Verify that the frequency of measurement of the Iscthermal Temperature
Coefficient is as prescribed by Tecnnical Specificatiols.

11-1



1sotherral Termperature Coefficient
0T REZCTIVity leasurement (Pwx)

Procedure No.: b6l/U%

Issue Date: 10/017t0

SECTION III
INSPECTION GUIDANCE

.
cararsl

--& k‘nstic characteristics of the reactor core determine the response ¢f the
c3r2 =0 cnhanging plant conditions or to operator adjustments mace during
- .=-=a" operation, as well as the core response during abnornal or accidental
~i+s eats. These kinetic characteristics are quantified in reactivity
sef¥icipnts, The reactivity coefficients reflect the changes in the neutron
‘=ilication due to varying plant conditions such &s power, moderater or
setperatures, or less significantly (in PWRs) due to a change in pressure
ie'c conditions. Reactivity coefficients change during the 1ife of the
:ri consequently ranges of coefficients are employed in transient analysis
-ermine the response of the plant throughout 1ife.

WOt gt

-
- -
-
\

-t
-

oshernal Temperature Coefficient of Reactivity represents the conrined
on core reactivity of wwo ciscrece COiu.0iients, nemely, Lhe Fuei

sture (Doopler) coefficient and the Modarator Temperature (Density)
=iant. The Fuel Temperature (Doppler) Coefficient is defined as the
:-:7g2 in reactivity per cegree change in effective fuel temperature ang is

s~ =g=~i'y a measure of the Doppler broadening of U=238 and Pu=240 resonance
isisrotion peaks.

v per degree change in the moderator temperature. A decrease in

'

e o
oOs Uy €Y &

.= ircrezse in fuel temperature increases the effective resonance absorption
==:33 sactions of the fuel and proguces a corresponding recuction in rezctivity.
“-: ! szarator Temperature (Density) coefficient is defined as the change in

:z-z10r censity means less moderation which results in a negative mocerator
:¥isient. The soluble boron used in the reaclor as a means of reactivity
-+-3" 2160 has an effect on the mocerator censity coefficient, since th
".zle boron poison density (boron atoms per unit volume: not ppm) as well as
ter cdensity is decreased when the coolant temperature rises. A cecrease
soluble pofson density (boron &toms per unit volume) introduces @&
-:3i=‘va comoonent in the moderator coefficient. Thus, if the concentration
-*.3%e poison (in pom) is large enough, yielding & high poison density

-.«:= gtors ser unit volume), the net value of the coefficient may be cositive,
~:=32y zatentially necessitating a ooren concentration recuction frem the

" eeszzesut Doren enc point to ensure a negative moderator” temperature
s2sf¥icient.

o

’
ct
'
LU A

*.  Exserimentally, measurement of the Isotrermal Tempera;ure.Coefficient
~:nsists of calculating the slope of a plot of core r2activity versus

TLVC for various control rod bank configuraticns. The slope of ihese
24€es -aoresents the .sothermel Temperature Coefficiant for the specific

nsro) rod configuration. :
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Isothermal Temnerature Ceefficient
of Reactivity Measurement (P<R)

Procedure No.: 61708

Issue Date: 10/01/80

Typical prerecuisites for this measurement are the following:

= Maintenance of Reactor Coolant System pressure and temperature
within established values.

= Achievement of reactor criticality and specific power leve)
with a given control rod configuration.

= Control of coolant temperature via secondary steam bypass
to the concenser or steam dump to the atmosphere,

= Reactor Coclant Pumps are in operation,

= The Pressurizer boron concentration is within the 21lowable
limits compared to the Reactor Coolart System boron concentration.

= Neutron flux and coolant temperature signe’s have been adequately
connected for monitoring and recording.

Maintaining the plant operating status as specified in the Technica!l
Specifications is of primary concern. Also, Reactor Coolant boration
or dilution stould be avoided during the performance of the test.

Validation of factors such as the Moderator Temperature Coefficient
calculations is obtained by comparison with plant measurements at hot
zero power. It is important to clarify whether the Doppler Coefficient
contribution has been subtracted from the Isothermal Temperature
Coefficient in orcer to make these comparisons meaningful, Comparisens
between predicted and measured parametars should always corressond %o
Hvalen. plant concivicas (e.g., nomolized to consistent control rod

nikeontiguretions 2n.o horon conzentreticn).

caleculated from the
properly cdetermined and
he accident analyses in

In conjunction with 1.c., verify that the slopes
plots of reactivity versus temnerziure have been
the resulting values are within the bounds of ¢

the FSAR. (see Inspection Reguirement, 1.c.)

vy ceoounted for by the 1icensee,

“ertination of

the “odarator Termarziuvre Coafficient 45 tynicelly
vived by the current Tecknice® f-ecifications oricr 40 aitid)
retion adove Bl of ratad therna® -:uvar, after mach fual Toading.
1 edcition, because of the sotandial Tor @ nasitiva tenperature
nfficient near the end-of-core 1ife, within 7 EFFDs 27ter reaching
reted thermal pever ecuvilibrium boron concentration of 200 pom, 2



Powar Coefficient of Reactivity (PV'R)
Proccoure ho; o61/0Y
Issue Date: 10701/€0

SECTION I

INSPECTION 08JECTIVE

zsurement of the Powar Cocfiicient of Reaztivity is technically
tent with Technical Specification (TS) rejuirements.



Power Coefficient of Keactivitv (PWR)
Procecure No.: ©o4/0Y
Issue Date: 10/01780

SECTION 11

INSPECTION REQUIREMENTS

Examine the adeguacy of the licensee's procedure for measuring the
Power Coefficient of Reactivity and the Power Defect, &nd review the
res.lts for the most recent measurements.

a. Verify that the prerequisites and initial condit{ons for the
measurements as delineated in the procecure were met.

b. Verify that during the measurements, prccautions as indicated
in the procedure were observed.

c. Verify that plant conditions dur'.g actual measurerment correspond
to those required by the procecure anc assumed in the analytical
predictions.

d. 17 these conditions ore different 7roua procedural rejufrenents,
verify that any relaxations were approved by the responsible
personnel and that 7S limitations were cbserved is appropriate.

e. Verify that the values obtained for the power copfficient
and power defect are within the acceptance critesia. Verify
the correctness of tne calculations.

. 48 If the difference between the measured and predicted values exceeds
the acceptance criteria, verify that the license? has accounted fer
the discrepancy. Verify adequacy of licensee's actions.

Verify that Technical Specification limits were met during the test.

.e
=3
- -



Power Coefficient of Reactivity (PWR)
Procedure No.: 61709
Issue Date: 10,T1/80

SECTICN III

INSPECTION GUIDANCE

- ey

wetiZml

-<ring power level changes where the effects of xenon can be adequately
ézcounted for, measurements are made of reactor power and the associated
“sectivily changes. From these results, the power coefficient of reactivity
i¢ power defect are determined. The total power coefficient is essentially
te result of the combined effect of moderztor temperature and fuel temperature
="3rzes as the core power level changes. It is expressed in terms of reactivity
Lhnenge per percent power change. These measurements are performed curing

tie2r escalations at preselected levels or plateaus (such as 30%, 50%, 75%, and
i JOWEr.)

b dne method for calculating the differential nowver cosfficient of
reactivity and the intagral power delzct i35 Ly following Lurbiie

load demancs with the control bank, throughout the range of the
srogrammed load changes. 1he main turbine is in autonatic control

énd load changes are initiated at the turbine panel in the control
room. The reactor is in manual control with Tayq maintained coincident
with Tpref by the manual inserticn or withdrawal gf tne control bank.
Thermal power measurements should be performed befor2 and after load
chenges. From the collected duta and subsequent analysis for xenon,
the power ceoefficient and integral power defect can ;3¢ determined as
functions of reactor power,

&. Typical prerequisites and initial condicvions for these measurements
are as follows: .

= operational alignment of the neutron monitoring sy:s.em has been
satisfactorily comple.ed.

= 1tne reactivi*y =~=nuter is installed and ope-ational.

ail reac.ui’ power history (power versus time) must pe

1e for the approximately 48 hours priur to the start
the measurement in order to be able te construct the xenon

eactivity histery over the curation of the measurement.

= & reactor thermal power measurerent was performed prior to load
changes.

= actual rod bank configuration is as required by procedure.




Power Coefficient of Reactivity (PWR)
Procedure No.: 61709
Issue Date: 10/01/80

= control of subsystems affecting overall plant transient response are
left in automatic (e.c., pressurizer level, steam generator level
and steam dump).

Typical precautions for this measurement are:

= procedural restrictions on the magnitudes and rates of power level
changes should be observed (e.g., typical values are on the order
of 1.0% per minute).

= primary syslem makeup cduring any power or load change should be
avoided.

The power coefficient changes with core burnup,reflecting the combined
efrect of mocderator and fuel temperature coefficients. As a result,
the value of the coefficient (experimertzl or znalyticel) will depend
on whether the transient of interest is examined 3t the beginning or
end of core 1ife.

Typicaily, ceviations from these procedures require as a minimum,
concurrence of the lead test engineer and the shift supervisor.

A typfcal Powe Coefficient Calculation sheet would contain the
following pararteters:

fnitial and final core thermal power
average power level, P
initial and final xenon reactivity
Peactor Coo"ant System boron concent ratien
BLY 4§ ' 1 rec Lank position changes

o 0 0O ©

r

R T = {1 Ao
g1 g ) B0 NS th Co% v !

To perform the cesired ca’culations, these parareters would combine
as follows:
1. Average Power, P = Initia) Power + AP
where AP = Firz)l Power = Initial Power
ii. Power Defect = - (Zap + 4p

rods reﬂon)

119=2
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where: Z4p vois * the sunmation of all reactivity
cranges associated with changing
rod bank configurations from one
pesition to anociner.

J¥.) = final xencn rezctivity minus
Apnen initial xenon reactivity,
14 1. Power Coefficient* = Power Defect

1671

lAPll absolute value of pover change. Actual
power change, AP, may be + or = gepending
on whether final power is > or < than
initial power. However,]aP]is always +.

xThe value obtained is unique to the specific average power, P
and RCS boron concentration at the time the measurenents were
mace.

Since incuced cuongas in pover Tovel ware achivved Iy *
changes in control bank positions, it should be noted tihal vy
plotting the change in xenon corrected reactivity (caused by
rod bank position change) &s & function of time, together with
plotting tne change in power level as a furction of time, one
can deternine the power ccefficient from ritios of these two
plots for corresponding time intervals, i.¢.

Power Coefficient’s Ao/At
aP/at

The numerator, Apn/at, would be obtained frum a reactivity computer
trace for a given At intervai, and the denominater AP/4t s obtained
by determining, through calorimetric calcujations, how ine core
power varies, as a function of time, during the corresponding tim
interval, At, selected on the reactivity computer trace. (Iceally,
points on the reactivity versus time trice used for the numerator
shou?d)be beyond the initial prompt responie portion of the

curve.

repancies betwaen srecictions and actual meisurements should be
s

actorily accountec Tor Dy tne licensee.

-he test procedure snould clearly identify relevant [$ relaxation(s)
‘¢ any, and highlight those requirements that are pertinent o the
ixsected plant con?igurations (e.g., limitations on not channel
‘:etors and allowasle power distriputions shou’a .~ observed at all

vimes).

- =
-
- - v/



Control Rod Worth Measurements (PWR)
Procedure No.: 64710
Issue Date: }0/51735

SECTION 11
INSPECTION REQUIREMINTS

The specific inspection reguirements that follow are applicable

Tor test conditions invelving both boron addition &nd boron dilution
measurements of control rod worth. Differences, if any, are indi~
cated in Section III of this procedure under the corresponding
guidance for the specific line item requirement of this section.

Examine the adequacy of the licensee's procedure for measuring the
differential and integral control rod worths during boron addition and/or
dilution, and review the results for the most recent measurements.

a. Verify that the prerequisites and irnitial ccnditions for the
measurements as delineated in the procedure were met,

b. Verify that during the measurements, precautions as ;ndicited
in the procedure, were observed,

c. Verify that plant conditions during actual meesurement correspond
te those plant conditions required by the procedure wnd assumed
in the aralytical predictions.

d. If these conditicns are different from procedural recuirements,
verify that any relaxations were approved by the responsible
personnel anc tnat TS limitations were observed as ajpropriate.

e. Verify that the values odtafned for the control rcd wvorths
are within the acceptance criteria. Verify correctness of
the calculaticns.

-&

Verify that the Reactor Coclant System and pressurizer were sampled
for boron concentration &s required to determine bor¢n worth

during control bank movement. (Typical sampling frecuencies

are at 15 minute intervals).

g. Verify t!

hat tne licensee has properly accounted for «ny discrepancies
between act

ual measureaments and expected rasults.

Verify that Technical Specification limits were observed ciuring the
measurements.

11-1



Control Rod Worth Measurements (PWR)
Procecure No.: 61710
Issue Date: 10/01780

SECTION III
INSPECTICN GUIDANCE

tivity worth of each bank is typically measured with the reactor

hot zero power. Rods may be "diluted into or borated out of" the
their worth is recorded by a reactivity computer. The computer

th

ot

.
. W

- HY)

INHOUR" equation using a power range nucliear instrumentation
nel as input. Control rod worth measurements can ajso be performed
d a raactivity computer by correlating the reactivity associated with a
. toron concentration between two rod corf1gurations and the reactivity

at

e

2
Fan

- et Y ".'I F 0on —t
l"
0l

ertid or witncrawn according to the difference in rod configurations between
¢ el g3ites.  In the case of diluticn, primary grade water js injected into
¢ "#32tor Coolant System anc ;ﬁe reac~1v1~y insertion caused dy boron d11ut1on
i S.tigrszated for by insertion of the con;:o]].nv ganii until the veact:r it
8;17° teitical. The reactor coolani teznercture nnd nressi=e are naint:
€:"3%2°0 hrougnout the test. The pragedure is typicaily performed w1tn eacn
€i°1=C Lank as the centrolling bank, thus obtaining an integril reactivity
wi*l® “ur eacn of the control banks.
I" 2 2 s¢3¢ of poron addition, with the reactor critical at hot zero power,
bi-aze: vater is injected 1nto the Reactor Coolint System and the negative
reisti.ity caused by the boron injection is compensated for by withdrawal of
t*: zo°iroliing bank. As for the dilution case, reactor coo1art temperature
£2 $23504M8 ara maintained constant throu,“ou the test. The typical range
0 &2 li~ezle values for RCS temperature is 542-545°F, maintaining the actual
teszzriii-e within 21°F of the selected value. For RCS pressure, the typical
Vi .2 3 2235 2 25 pswg Typically, integral rea:ztivity warths are obtainec
i =

: . &tk separately (operation without normal overiap) anc for the contro)
bi*«: .11 izing nermal pank withdrawal sequences (with overlap).

+sg=imentally, rod reactivity worth curves are obtained by plotting some
trooriate tTorm of the ou.pJ» of the reactivity computer versus rcd bank
*t. For differential worth curves, differentia)l bank worth, Ap/ah,
"otied versus bank heig t, h. For integral rod worth curves, the

~2] Dank worth, ZAp, is'plotted versus bank height, h. The procedure
ni8E :a1CJla:icns should provide for periocic recording of parameters
$.i7 &s resctor thermal power, reactor cooient system terserature and
:"sf *¢ &nd oSoron concentration, and pressur1zer boron ccncentration.
-i"3'ceration of these parameters is essentiz)l in the determination of

e - -

«a =UTUNS.

§. Tynical prerequisites and initial conditions for these measurements
_ane as Tollews:

" Operational alignment of the neutron monitoring system has been

seétistactorily completed.

111~1



Contro) Rod Worth Measurements (PWR)
Procedure ho.: ol/10
Issue Date: 10/01/80

» The reactivity computer, if required, is installed and
operational,

. Chemistry support is availeble to sample the reactor coolant
system and pressurizer for boron concentration as required.

° The reacter s critical and stable, at the preestablished
temperature And at zero puwer, with the neutron flux in the
range established tor zero power physics tests.

-}

The rod banks are in their required configuration, and the rod
contro: swit:h is in its predetermined pesition as indicated by
procedure (e.g., use of the MANUAL mode to move rods during the
separate bank, no overlap measurement of rod bank worths should
invalidate the results).

The following represent typical precautions to be observed during
these measurements:

" A limitation on the maximum start-up rate allowed curing the
test.

Close acherence Lo the prescribed values of temperature and
pressure of the reactor coolant system throughout the test.
(Refer to last paragraph of GENERAL GUIDANCE ssction for
typical values of RCS temperature and pressure).

Adherence to the neutron flux and reactor power limits
sstahlished for zero power physics tests.

2 Ceparate, ne overlip Sank movement for the pertion of
measurement yielding incependent bank reactivity worths.

Clear awareress and uncerstanding of special TS requirements
during the test (e.g., Group Height and Rod Insertion Limits)
and positive adherence to unrelaxed requirements such as hot
channel factor and thermal power limitctions.

The + :a) rod hark conficurasion for each of these measurements
o -

shoule correspond %o the ana'vifcal configuraticns used for the
apadicied raactivisy worsh of the rod banks., For indepencent bank

erth mossurcist.e, 1% 18 imoostoat thet the bank evarles moce of
-narstion not be vsed if the rasults are to e velid.

Tunically, changes and/or deviations from the test procedure require,
25 2 mininum, ecveement of ‘the head test engineer and the shift
supervisor.

The calculations involved in rod worth measurements deal primarily
sith *.g narameters, namely, reactivity and roc position. By main-
tzining a record of tne reactivities calculatea oy the reactivily

iiivd



) ENCLOSURE 3
Startup Testing - Refueling
Procedure Na.: 72700

Issue Date: 1/1/81

SECTION 1
INSPECTION OBJECTIVE

Verify that testing is conducted in accordance with approved procedures.

Verify that facility is being operated in conformance with NRC
requirements and licensee procedures.



Control Rod Worth Measurements (PWR)

Procecure No.: 61710
Issue Date: 10/01/80

computer as a function of initial and final rod positions, plots of
cifferential bank worth (4p/4h) versus bank position (h) and integral
bank worth (ZAp) versus pank posftion (n) may be obtiéined. These
results are then compared to the acceptance criteria which reflect
the analytical predictions.

£oron concentration analysis of the recctor coolant system and
sressurizer is necessary in orcer to determine RCS boron worth
curing control bank movement. Boron samples should be marked witn
the time they were taken and the sample points. Results of the
analyses should e logged.

Asparent discrepancies between predictions and actuaj measurements
should be satisfactorily accounted for by the licensece.

‘@ test procecdure should clearly highlight those TS requjrements that
te

ertinent to the expected plant configurations.

111-3
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INSPECT QUIRENMENTS

Dbserve at least three of the following tests for BwR's or five for
24R's and verify that they were performed in accordance witih
~echnically adeguate ang approved procedures and Technical
Smecification reguirements. Verify by record review that the
renaincer of the tests were conducted.

a. Bciling Water Reactors

(1) Control Rod Drive Scram Time Tests

(2) NI response to Rod Movement and any rea:tivity coefficients
measurec

Core Pover Distripurion Limits (Procedure 6.702)
Calibration of Local Power Range Mowniiors (‘'rocecure 64:03)
APRM Calibration (Procedure 61704)

Core Thermal Power Evaluation (Procecurs 61706)
Cetermination of Reactor Shutdown Margin (Procecure 51707)

PN N NN
-~ 3. W
NN S L

5. Pressurized water Reactor Prior to Criticality

(1) Roa drive ana rod position indication checks
(2, Reactor tremocouple/RT0 Cross Calior tion

c. owR's After Criticality

(1) GCore Power Distribution Limits (Procecire 1702)

(2) Incore/Excore Calipration (Procecure 6.705)

(3) Core The-mal Power Evaluation (Procecure 6.708)

(3) Deaterminzzien of Reactor Shutdown Marg:n (Procesure 61707)

/2y Isctnermal Temperature Coefficient (Prucecure 81722)

(8) Power Coefficient of Reactivity Measurement (Procecure
£.728 )

(7) Cortrol Rod worth Measurement (Procecui'e 817107

(2) Target Axial Flux Difference calculation, weN385 (Procecure

B1711

Review tre test cata for all tests igentifiec in Item 1 anc verify tne
res. ts meet acceptance criteria anc tnat all cgeficiencies are resclvec
‘n a timely manner.



Startup Testing = Refueling
Procedure No.: 72700
Issue Date: 1/1/81

SECTION III
INSPECTICON GUIDANCE

General

The time required to complete inspection effort associzted with the
referenced procedures for Items 1 and 2 will be recorded on the 766 Form
with the referenced procedure number identified as the module number
inspected. Inspection items which do not have a referenced procedure will

also be recorded on the 766 Form with Procedure 72700 identified as the
module number inspected.

1. The licensees master outage check list ncrmally icentifies the startup
tests to be accomplished in connjection with the refueling outage. The
verification should incluce a cetermination that test procedures a‘e
available for eacn test and that any changes thereto since the previous
test have been reviewad and approved by Licensee hanagement.

2. Within two refueiings, all tests shall be witness¢d.

> -
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