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INDIANA & MICHIGAN ELECTRIC COMPANY

P.O. BOX 16631
COLUMBUS, OHIO 43216 ‘

May 17, 1984
AEP:NRC:0860I

Donald C. Cook Nuclear Plant Unit No. 2
Docket No. 50~316

License No, DPR-T4

Cycle 5 Reload

Mr. Harold R. Denton, Director
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Denton:

Vle are transmitting Attachments 1, 2, 3, 4 and 5 in response to a verbal
question raised by your consultant, Argonne National Laboratory, during a
meeting among the NRC staff, Argonne National Laboratory, Exxon Nuclear
Company, and American Electric Power Service Corporation. The meeting was held
on March 29, 1984 at your facility. This response is submitted in support of
the Donald C. Cook Unit II Cycle 5 reload application.

This document has been prepared following corporate procedures which
incorporate a reasonable set of controls to ensure its accuracy and
completeness prior to signature by the undersigned.

Very truly yours,

e et

ol «,

M.P. Alexich %ﬁ&
Vice President
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ce: John E. Dolan - ;
W.G. Smith, Jr. - Bridgman

R.C. Callen ‘ C)'
G. Charnoff
FAY

E.R. Swanson, NRC Resident Inspector -~ Bridgman
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Question:

Response:

Attachment 1

How is the inadvertent boron dilution at shutdown while on
RHR transient treated, and why i1s enough time to anticipate the
consequences available?

On July 14, 1980 a letter from F. Noon of the Westinghouse
Electric Corporation to the Donald C. Cook Nuclear Plant, Plant
Manager was received. The identifier for this letter is
AEP-80-7T1., It is identical in content to Attachment 1 of the
July 8, 1980 letter from T.M. Anderson of the Westinghouse
Electric Corporation to Victor Stello of the NRC. The identifier
of Mr. Anderson's letter is NS~-TMA-2273. AEP-80-71 is included
as Attachment 2.

The Donald C. Cook Nuclear Plantt!s response to the
inadvertent boron dilution at shutdown while on RHR transient is
based on AEP-80-71. When one of the Donald C. Cook units is in
modes 4, 5 or 6 on RHR, the boron concentration is maintained so
that the plant is in the region of Macceptable operation without
bank withdrawal®" of Figure A-1 of Appendix A to AEP-80-71. This
is accomplished by increasing the required boron concentration
required by the shutdown margin calculation near the beginning of
cycle. The boron concentration required for N-1 rods, no xenon,
Unit 2, Cycle 5 is displayed in Attachment 3. It is figure 4.5
of D,C, Cook Unit 2 Plant Technlcal Data Book. At boron
concentrations higher than 640 ppm, the boron concentration
required for shutdown is increased above that required for
Kefg = 0.984, The 68°F curve, which is developed for use below
350°F, is calculated by the method described in Attachment U4.

The dilution rate is assumed to be 225 gpm, the value used for
the Unit 1 dilution during refueling transient. See Section
14.1.5 of the FSAR. The calculation is done in a conservative
manner so as to maximize the boron concentration and hence the
time required to dilute to eritical., It is also conservative in
that typically all rods are inserted in modes 4, 5 or 6 where as
the Keff in Attachment 3 is calculated on the assumption that the
most reactive rod is sticking out. This results in approximately
14 of additional reactivity to dilute out prior to criticality
which is not included in the calculation. Furthermore, the
calculation is conservative in that a 100 ppm allowance is added
to the shutdown margin curve. This 100 ppm must also be diluted
prior to achieving critical. At BOL (CB approximately

1600 ppm) CZP, half loop when the plant is most vulnerable, 100
ppn amounts to approximately 1.2% of additional reactivity.




Attachment 1
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Page two

The operator has the information available which was assumed
in AEP-80-71. These are:

1. Source Range Neutron Flux with,

a. High Flux at Shutdown Alarm set at half a decade
above background.

b. Use of the audible count rate indication to
distinguish significant changes in flux, i.e., a
doubling of the count rate.

c. Periodic, i.e., frequent surveillance of the
Source Range meters performed by the operator.

2. Status indication of the Chemical and Volume Control
System and Reactor Makeup Water System with,

a. Indication of boric acid and clean makeup flow
rate,

b. CVCS valve position status lights, and

c. Reactor Makeup Water Pump "running® status light.

Procedural guidance for responding to an inadvertent boron
dilution incident is contained in the annunciator response for
Source Range High Flux at Shutdown and Emergency Boration
procedures. These procedures deviate from the recommended
Westinghouse response in that our preferred action for a
reactivity increase is emergency boration. Use of the "refueling
water sequence™ is an alternate response. We believe this .is
appropriate for several reasons:

1. 75 gpm of concentrated boric acid when mixed with 225
gpm of water has a boric acid concentration greater
than 2000 ppm.

2. In modes 5 and 6 the "refueling water sequence® may not
be available as a boration path.

3. Our operators have repetitively and traditionally been
trained to emergency borate for any unexplained or
uncontrolled reactivity increase.

To reduce the probability of this transient occurring,
certain plant makeup water (PMW) valves are tagged shut prior to
draining the primary system to half loop. The valves in question
supply the boric acid blender, 2-PW-263, the chemical mixing
tank, 2-PW-256, and the PMW flush to the emergency boration line,
2-PH-265. These tags are lifted as part of the valve lineup for
filling and venting the primary system. Attachment 5 is a copy
of 2-OHP 4021.002.005, "Draining the Reactor Coolant System".
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Page three

AEP-80-71 indicates that operating the plant in the region
of "acceptable operation without bank withdrawal®™ on Figure A-1
ensures that "the plant operator has fifteen minutes from the
initiation of the dilution event to terminate the event before a
return to critical occurs". As indicated above, we.have applied

Figure A-1 with significant conservatism. Therefore, the

transient will require 15 minutes or longer to reach criticality
in the absence of operator intervention. ’

W e s

T e s S
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July 9, 1980
AEP-80-3%
00t

Mr. D. V. Shaller, Plant Manager
0. C. Cock Nuclear Plant -

Indiana and Michigan Power Company
P. 0. Box 458

8ridgman, Michigan 439106

Qear Mr. Shaller:
American Electric Power System

' D. C. Cook Units 1 and 2
INADVERTZNT SGRGN DILUTION AT SHUTOOWN WHILE CN RHR

On June 27, 1980, you were notified of certain Westinghouse concarns

and reccmmended actions regarding the potential for an inadvertent

boron diiuticn event at cold or hot shutdown canditicns while on the

Residual Heat Removal System. This notificaticn was in accord with
Westinghouse determination that these concerns constitute an Un-
reviewed Safety Question under 10CFR Part $0.39. The NRC Office of
Inspection and Enforcement was also notified on June 27, 1980 that
these concerns have generic applicability to Westinghouse-supplied
nuclear power plants. Further clarification was made to the NRC

0ffice of Inspection and Enforcement on June 30, 1980 that Westinghouse
concerns are not applicable while the plant is greater than 53 shutdown.

This letter is intended to formally document these concerns and to
provide additional relevant information. This letter also modifies
the earlier reccmmended actions by a more detailed specitication of
applicuaple plant operating conditicns.

Inadvertent boron dilution at shutdown has been generally regarded as

an event which can be identified and terminated Ly operator actien.
prior to a return to critical. Autcmatic protection has not been a

standard feature for Westinghouse plants. Westinghouse has recently

been conducting a general investigation of this potential avent
relative to the iicensing requirements imposed cn newer plants not

yet in operation. This investigation is nct yet complete. However,

it has been detarmined that under certain shutdown concitions and

with certain assumed giiution ratas, adequats time for cperator action

T0 prevent a return to critical may not be available.

3inssurgn Aeansyivama 16229




July 9, 1980
Page 2

The current Westinghousa evaluations are tasad on plant conditions as
notad below: - ,

1.  The Reactor Csolant Svstam affactive volume is limitad $o_the
vessel and the active scrticns of the hot and coid lags when on
RER, 1.2., staam generatsr wgiuymes ars 1gglydad

2. The plant is boratad to a shutdown margin greater than or equal
to 13 ak/k.

3. Uniform mixing of clean and baratad RCS water is nat assumed,
i.e., mixing of the clean, injected watar and the artactad loop
is assumed but instzantianeous, uniform mixing with the vessal, '
hot legs, and cold iag volumes ugstream of the charging lines
‘is not assumed. Thus a "dilution front" moves tarough the cold
legs, downcsmer, and lower plenum te the core volume as 2 single
volume front. This results in subsequent decreasas in shutdown
margin due to dilutien 7ronts moviag througn the active core
regicn with a time constant equal %a the loop transit time when
on RHR (five to saven minutes).

If a return to critical occurs as a result of an inadvertant d¢ilution,
the following potential concerns have been identified:

1. A rapid, uncontrolled pcwer axcursion into the low and intarmediate
power ranges occurs, resulting in a power/flow mismatch due to the
Tow flow (approximately 1 - Z¥ of nominal) provided by the RHR
pumps.

2. The'potantial exists for signiicant systam overpressurization.
Pressure increases above the RHR cut off head (approximataly S30
nsig) further accentuate the effacts of 2 power/ilow mismatch when
all RCS (RHR) flow is lost. An investigation of the adequacy of
axisting cald cverzressurizatica protaction systams is necassary
in order ta assess the full impact of this potantial orcblem.

3. The totantial exists for limitad fuel damage. This is not cur-
reatly a significant concern. Preliminary evaluation-indicatas
that the potential for exceeding ONB iimits is low due t3 the
cald initial ooerating cancitions. Further investigation of this
srcolem is uncerway.

smmenced intaria actions 2 orevant or miticata 2n inadverzant
iluticn at shutcewn cocnciticns z2rz Zetailea in Accencix A, If
s 3

i icns z
nc tscked csnircl rogs are regquirec, as specifiad in Figure A-1, ne




July 9, 1980
Page 3

plant operator has fifteen minutes from the intiation of dilution event
to terminata the avent before a return to critical oczurs. It is the
Westinghousa position that a fivtaen minuta time intarvai frcm the
initiation of the dilution to the time shutdown margin is lost is suT-
ficient time {or operator acticn. [If cacked control rods are reguired,

the sourca range reactsr trip orovicdes £0sitive 1ndication Tor immegiata
operator action td tarminate ariuticn.

[

it is expectad that the operator has available the following information
for detarmination that a dilution event is in progressy

1. Sourca Range Neutron Flux with,

a. High Flux at Shutdewn Alarm sat at half a decade zbove
backgreund.

b, Use of the audible count rzta indication to distinguish
significant changes in flux i.a., a doubling of the count
rata.

¢. Periodic, i.e., frequent surveillanca of the Sourca Range
meters performed by the operator.

2. Status indication of the Chemical and Volume Cantrol Systam and
Reactor Makeup Water Systam with,

a. indication of boric acid and blienced (total) flew rate, or

B. indication of boric zcid and clean makeup flow rate,

c. CVCS valve position status lights, and

d.  Reac=or Makeup Watar Pumo "running" status light.
The operator action necassary upon detarmination that a diiution avent
is in progress (by'High Fiux at Shutdown Alarm, Source Range Reactar
- Trip, "P-5 Availaple" inaication, high iacicatad or audible count ratas,
or make up ficw deviation alarms) is:
1. Immediataiv ccen :ne charging/S1 sump sucticn valves ¥rcm the

AWST (that ccen on raczipt of 2n "S" signai). (Fer 312 piants
these are LCY-112-3, 0. For 412 niants thesa are LCY-ii2-9, £.)
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2. Immediately close the charging/SI pump suction valves Trom the VCT
(that close on receipt of an "S" signal). (For 312 plants these
are LCY-115-C, E. For 412 plants these are LCV-112-8, C.)

3. For two-loop plants, immediately open the charging suction valves
from the RWST. (For 212 plants these are LCV-113-3 and LCV-112-C.)
Also immediately close the charging suction valves from the VCT.
(For 212 plants thesa are LCY-113-A and LCY-112-8.)

Through the use of Appendix A ana the above noted operator action
requirements, Westinghouse is atlempting to minimize the operational
burden placed on the plant to prevent or mitigate an inadvertent dilu-
tion event while mgintaining adequate safety margin. Our investigatien
of this event is continuing. A detailed analytical model of the system
response to a dilution event at shutdown conditions is being developed
and the potential for system overpressurization and fuel failure will
subsequently be assessed. The Westinghouse investigation is expected
to be completed by September 15, 1980. We will keen you informed as to
the results of our efforts. .

Very truly yours,

G2l

F..Noon, Manage
Eastern Region“& WNI Support

SR4/88129/20

cc:  R. W. Jurgensen
J. E. Dwyer W.




APPENDIX &

Figure A-1, attached, provides zhe shutdcwn margin requirsments

. 3s a Funczion of
Reac=or Csolant Systam baron ccacz2acraticn and maximum sossidle 4i

ifution Flow

ing resistancas, gt:.). The ReacIor Makaup Watar gump capacity may de limiting
in the detarmination of the maximum sossidie dilution Ticw rata.

Fiqure A-1 notas areas of accaptable operacion of three difvarant diiution ficw
rates as 4 function of RCS boron concantration and doratad shutdown margin (X
For a given dilution flow rata, i7 the RACS toron ccncsncration and shutdown
margin result in a joint placad to the lert of the fiow rata line, no control
rod bank withdrawal is necassaryv. I7 the resuits placa zhe plant %o the right
of the line, then aither the shutdown margin must be increasad such that the
oiant is moded %o the ar=a o7 acceotabie cperation, or 1% ak/X in control rods
myst Se withdrawn to grovide additionai shutdown marsin. Tne Iripping oT tha

ued operation without a requirefent Tom=contrql rod bank withdrawal.

Figure A-1 is basad on best astimata calcuiations For zhe "211 rods ia" csniigu-
ration. [t is racommended that the Westinchouse Nuclear Sesign Report 7or your

Oivision is availabie to arovide 2ssist2ncz in meeting :the <onstr2ints impesed
the Figure A-1 requirements. .

)

Use of Figure A-1 {is applicable any time znere is tcrasicn/dilution capability
from <he normal boric acid ‘blending systam. The 2bove Jreocadurs is not reguired
i¥ boration and/or makeup during cald ind rAct shuzdcown is servcrmad ulilizing
wastar Srem the RST. Tnis requires thet the normai Zilution/Scraticn zath is

; isoiatad Frem the charging'path. Two means ofF locksut o isolacz-the ¢harsing
sath are availabie:

1. L3¢k ouv RazcTor Maxeup Watar Suzoiy.

T1is is aczzmplished Sy wvaiva 332 “or 212 siznzz, welve 2237 Jor 212
s12nts, and valve 3433 for 212 2lznts

(3% ]
L

rata. Prior to use ofF this Ticures, the niant must dezarmine the maximum dilucicn
flow rate of all charging pumgs not rendareg inoperadbie anca the glant {s nlacad
on {H]. 7o caver all modas, it snouid Se assumed that the ¥lcw rata is btased on
pump runout unless there arz 7icw iimiting devicas in the systam (orivicas, pip-

oty

withdrawn rsds provides 9ositive operator incicaticn hat a dilution avent is in
pragress and additional time Tor ogerator tamminatisn oV the avent. In all cases,
a shutdown margin of 3% ak/k (X_:z) < 0.35) is considersd sui¥viciaat vor contin-

nlant e usad as a rererence in determining the RCS Horcn concentration with the
appracriata cansarvatism o Se usad in the Figure. The Westingnouse MNuclear Fuel



»

2. Lack “out valves etwean :he boric acid bdlender and the YC7.

Thesa are SCY-1113, FC/-1108,
FCY-1138, 8454, 84371, and 8439
3441, 2439 vor 412 plants.

8339, 3333, and 3381 7or 212 plants; FCY-114d4,
for 312 plants; FCY-1113, 7CY-11G6B, 3433,

This racommendacion precludes the acsurrenca o7 an inadvertant ditution wnile
sorating or making up watar from the JWST under thesa csnditions.
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D. C. Cook Unit 2 Cycle 5
Boron Concentration for N--1 Rods Inserted, No Xenongﬁxeff = 0.984
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Attachment 4§

Shutdown_ Boron Calculation

Since the boron concentration required to maintain a shutdown margin of
1600 pem varies with core lifetime, the fuel vendor supplies curves of required
boron as a function of core life and moderator temperature. The assumption is
made that the most reactive rod is stuck out of the core. Also, 100 ppm in
boron concentration is added for conservatism.

The curves supplied by the fuel vendor do not take into account the boron
dilution accident. Therefore, the curves are modified as specified in
AEP-80-T1, Attachment 2, before incorporating the curve in the Plant Technical
Data Book. Figure A-1 in AEP-80-T71 gives the required Keff, hence the shutdown
margin for a given boron concentration. The following procedure is used to
recalculate the required shutdown boron.

Step 1 - Interpolate Figure A-1 in Attachment 2 for dilution flow rate of
225 GPM for ™all banks in" case,
Note: maximum dilution rate possible is 225 GPM.
Step 2 - Obtain boron concentration SB1 from the interpolated line
(Step 1) for a Keff of 0.984,
Note: Keff of 0.984 corresponds to a shutdown margin of 1600 pem.,
Step 3 - From the vendor supplied shutdown boron curve for moderator temp
of 68°F find the burnup (B ,MWD/T) corresponding to S
Correction to the shutdown boron concentration is no% necessary
for concentrations less than SB1'
Step 4 -~ Obtain the shutdown boron s/ for 0 MWD/T from the vendor
supplied curve for moderator temperature of 68°F.
Step 5 - If S > S B1’ then Sé; needs correction.
Step 6 - Obtain Keff_ corresponding to a boron concentration SBZ from .
Figure A-1 and calculate AF
A/” _ Keffy - 0.984
Kefta
Step 7 - Increase 4Pby an arbitrary factor of 1 y

Ap = 14 xap

Note: A factor of 1.4 is conservative for the iterative solution
required.



* ' .Attachment 4 ) " Page two

Step 8 - Obtain the required shutdown boron concentration

Y s
Sga = st (9p /9 cs)

where 88/8C,, is the boron worth. To conservatively calculate
S.., the boron worth is chosen to be lowest value in the boron
coricentration and temperature range for which SB2 is being
calculated,

Step 9 - Draw a straight line between point (SB,, 0 MWD/T) and point
(SB,, B, MWD/T). For burnups higher tgan B, MWD/T, the line
specified in the vendor supplied shutdown boron curve is

_applieable.

$82 ~

MWD /T

Burnuwp ,

Step 10 - Verify that the straight line approximation is conservative.



