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1.0

2.0

3.0

PURPOSE

The purpose of this procedure is to previde the method and calcul-
ations necessary to estimete fuel core damage from a major reactor
accident.

DISCUSSION

2.1

Al
S

7.3

2.4

r
wn

This procecdure provides a quick first estimate of the extent of fue!l
core damage based on the methods outlined in Refererce 2.£. A
direct method, empiovina specific RBS data is ccvered in Subsection
8.1 to 8.6. An indirect method, using plart perimeter correction
factors which relate RBS to the Reference Plant (GE Standard 257¢
MW, BWR 6/II1) is outlined in Subsection 8.7. This last methcc
uthiizes stardardized graphs of nuclide concentration vs core damage
supplied with Reference 3.8 (Attachments 9 to 12) to estimate the
extent of core camage.

Calculation for the determircation of percent fuel damage shall be
pertormed by the Sampling Team and reviewed by the Chemistry/Core
Damage Assessment Coordinater.

Analytical results are cbtainec by sampling the Containment arc¢/cr
Prywell Atmosphere, Supression Pool and/or Reactor Coolant System:

The Chemistry Core Damage Assessment Coordinator will inform ‘re
Technical Support Center Emergency Director with the percent fuel
uémece results as soon as the infcrmation is available and verifiec.

Measurements of Cs-137 ancd Kr-85 activities may not be peoscible
unti! the reactor has been.shut down for severai weeks to allow the
decay of the shorter lived isotopes.

REFERENCES

3.1

(&} w
. .
w r>

3.9

3.6

JSNRC Reg Guice 1.97, Irstrumentation for Light Kater Coclied Nuclear
Power Fiants to Assess Plant and Envirors Cercitions ODuring and
Following an Accident, 198(

COP-1001, Post-Accident Samplirg of Primary Ccolant (LATEF)

CCP-1002, Post-Accident Sampling cf Containment Atmosphere [LATER)

. RBS FSAR, Section 13.3.5.2, Emergercy Planning Assessment Acticre

RBS FSAR, Volume 1, Chapter 1.1, Introcuction and General Descrir-
tion of Plart

RBS FSAR, Volume 8, Table 4.2-4, Fuel Data

N/A
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3.7 US Atomic Energy Commission, Safety Evaluaticr cof the River Bend
Staticr, Sept. 1974

3.8 NEDO-22215, 82NEDOSC, Procecures for'the Determination cf the Extent
of Core Damage Urcer Accident Conditions.

3.9 COP-0425, Determination of the H, and 0, gas - Gas Chrerztroraphy

2 2

Method.

3.10 NEDC-30088, Responses to NRC Post-impiemertzticr Review Criteria for
Post-Accident Sampling System

3.11 COP-1033, Pcst-Accident [Isotopic analysis for Liquid Activity
(LATER).

3.12 EIP-2-015, Post-Accident Sampling Cperations

3.13 COP-1C2C, Post-Accident Isotopic Analysis for Particulate/
lodine/Gaseous Activity

4.0 DEFINITIONS

4,1 River Bend Station General Inforratice
4.1.1 MWT - 2894 ~ [
£,1.2  Fscerblies - 624
4.1.5 Fuel Recds/Assembly - 62
4.1.4 Reactor Coolant Velume (LATER)
4,1.5 Supression Pocl Volume - 126,600 ft3 (3.57 E9 cc)
'.1.€ Cortainment Net Free Air Volume - i.12066 ft° (3.17 E10 cc)
.1.7 Lrywell Net Free Air Volume - 2.47E% ft3 (£.S% ES cc)
4.1.8 Containment + Crywell Net Free Air Volume - 1,367 £t (2.&7

El0cc)

4.1.9 Zirconium - (LATER) 1b. total

4.2 _Fycrcger burn - The initiation of the hyurcger igniters to decrease
the hydrogen concentration in containment.

4,3 Evidence of Fycrogen Burn - Evidence of hydrocer turr i5 cepicted by
an increase ¢f ccrdersation and a drop of pressurc in containment.

N/A N/A CCP-1C50 REV. 0 PAGE 4 OF 23
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5.0

6.0

7.0

PRECAUTIONS/LIMITATICNS

5.1

5.2

5.3
5.4

5.5

[odine and Xenon analysis are based upon equilibrium fuel power
isotopic concentrations. If fuel damage is suspected to Fave
occurred during times of reduced power or near ‘he (ine or signifi-
cant power charnge, the [odine and Xenon invertcry nust be compensat-
ed accordingly. Refer to Attachmert 1 to calculate the pcwer
correction factor Y.

Cs-137 and Kr-85 concentrations will be ccrrectea by multipiying the
average capacity factor for the previous 3 years due tc their long
half lives. Refer tc Attachment 1 to calculate the pcwer correction
factor Z.

Core damace below 1% is assumed to be a non-accicent condition.

If trhe isctepic analysis show the absence cof Puthenium and
Tellurium, then assume that fuel melting has not occurred. Fowever,
the presence of these nuclides does rct recessarily confirm fuel
meiting.

The determination of percert failed fuel is highly cepercent con ccore
temperature reachsd during the accident corditicn. Core temperatyre
in excess of 1600 F indicate possible claddirc camage. Temperatures
in excess of 4000°F irdicate pessible fuel melting. 4

The reactor coclant temperature shal! be ccompensated by a Density
Correction Factor. Refer to Attachment 2.

The performed estimates 2re cdcre uncer the presumption that no
reactor coolant cleanup systems are operated after the accicent.

REGUIREC FCUIPMENT/MATERIALS

N.A.

PERFORMANCE CONTROL

. A
LAY

PRUCEUURE

8.1 [letermination of Fuel Core Damage by Kydrogen Production

8.1.1 Obteirn sample analysis by grab samplirg via the Post Acci-
dent Sample Panel if the hycrccen igniters have beer «en-
ergizecd cr there is evidence of hydrogen burn. The F, - C2
concentrations are determirec per Reference 3.9, .

N/A

s e . g

M/A (CP-1050 REV. 0 PAGE 5 OF 23
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Use

NOTE

gne Attachment 3 form 7Tor Cryvell

Volume ard one for Containment Volume.

g I —————— —— —— —— S—— — {— — ———— — —— —————— ———

8.1.2 Refer to Attachmert 2 fcr calculation using this methoa.
8.2 Determinatior cf Fuel Core Damage by [odine Concentration
NOTES
1. Puring a reactor accident, all of the
irdine is assumed to remain in the
reactor coolant.
2. [f mixing of reccter ccolant with
water of the suppressicn peool occurs,
the suppression pcecl may be sampled
and the volumes of the reacter coolant
loop plus *he water vclume of the
suppression pocl have to be used to )
calculate the tcta! emourt of [-131 v
release from the core. . {
5. 1f the accident is such that rc mixing
with suppressicn pool water occurs,
the reactor coolant locp must te
sanpled erd cnly its water volume te
used in the calculation,

8.2.1 Obtain a Tliquid semple per Reference 3.2 and perfcrr the
analysis per refererce 2,11 to determine the [-121 ccncen-
tration.

8.24.¢ Lonvert the reasured specific activity to thre tctal [-131
wti‘vi*y released by using the apprrepriate water volume.

£.c.3 (btain correction factors frcm Attachment 1 and 2 for X and
Y tc normalize the data for comparicon.

8.2.4 Calculate the percent of core damage by dividing the cor-
rectea released [-131 activity by the total [-1321 activity
of the reactor core.

£.2.8 Fefer to Attachment 4 for calculaticr using this method.

N/A N/A COP-1050 REV. C PAGE 6 OF 23
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8.3

8.4

Determinaticn of Fuel Core Damage by Cs-i27

8.3.1

8.3.2

8.3.5

NOTES

1. During a reacter accident, all of the
Cesium is assumed to remain in the
reactor coo'lent,

2. If mixing of reactor ccclant with
water of the suppression pool occurs,
the suppression pocl may be sampled
and the velumes ¢ the reactor coolant
loop plus the water vcolume cf the
suppressicn pool have to be used to
calculate the total amount cof Cesium
reiease from the core.

'€ the accident if such that no mixirg
vith suppression pool water occurs,
the reactor coolant Jloop must be
sampied and only its water vclume te
usec ir the calculation.

(& ]
.

‘ :
Cetéir ¢ liguid sample per Reference 3.2z and perform the
analysis per Reference i.ll to determine the Cs-137 concer-

traticre.

Convert the measurec specific activity to a total Cc-137
activity releasea by using the appropriate water volume.

Ctteir correction factors from Attachmert 1 and 2 for X and
! to normalize the data fcr co~ rison.

Calculate the percent of core damaye by rivicdire the cor-
rected released (s-137 activity Ly the tctal available
Ce-127 activity of the reactcr ccre.

Refer to Attachmert £ fcr caiculaticn using this methoo.

Determination of Fuel Core Damage by ¥e-132

8.4.1

8.4.2

Lbtair 2 caseous sample per Reference 2.2 and perform the
analysis per refererce 2.13 to determine Xe-133 cercer-
tration.

Obtain the Power Correctien Factor (Y) from Attachmert 1.

S —————————. ——

i . —. — — —— - = RN e s c— S S~ — — ——— - So— "
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8.4.3 Calculate the percent of core damage by dividi.g *he cer-
rected released Xe-133 activity by the total available
Xe-132 cctivity of the reactor core.

8.4.4 Refer to Attachment 6 for calculation using this method.

8.5 Determination of Fuel Core Damage by Kr-85

£.5.1 Obtain a gaseous sample per Pefererce 3.3 and perform the
analysis per Reference 3.13 to determire (Kr-85) concen-
tration.

8.5.2 (Obtain the Power Correction Factor Z from Attachment 1.

8.5.3 Calcula®e the percent of core damage by dividirg the cor-
rected released Kr-85 activity by the total available ¥r-gs
activity in the reactor core.

8.5.4 Refer to Attachment 7 for calculation usino this method.

8.6 Estimation of Core Damage

8.6.1 Enter the results from analysis of methods 8.1, 8.2, 8.2,
8.4 and 8.5 on Attachment 8 and calculate the averace
estimated claddire camace. ?

8.6.2 Sign Attachment 8 and include all other attachments complet-

8.6.3 Submit to the Chemistry/Core Damage Assessment Cocrdirator
for verification.

8.6.4 Evaluate the results of Attachmert € arc¢ rctify the Techni-
c2l Surper*t Center - Emergency Director as per Reference
3.12 of the Core Status Estimation.

£.7 Estimation of Fuel Ccre [érage 1rum Standardized Graphs

8.7.1 Calcuiate the corrected released '-'2] activity /Item 3. of
Attachment 4) as per Steps 6.2.1 tc 8.2.2.

Divide by the primary coolant mass enc nulitiply by the
primary coolant mass correction factcr (Section 4.1)

r

8.7,

8.7.3 For the standardized specific 1-12]1 activity of Step 8.7.2
obtain the correspgording value for the estimatea fuel ccre
damage from Attachment §.

M/A l MA COP-1050 REV. 0 PAGE 8 OF 23

—— e e 4

R il

o — e =




8.7.14

8.7.15

Reccrd the result on the appropriately merhkea /:tachment 8
form.

Calculate the corrected released Cs-127 activity as per
Steps 8.3.1 to 8.3.3 (Item 2. of Attachment 5)

Repeat Stpes 8.7.2 to 8.7.4 for Cs-137 by veirc Attachment
1C in Step 8.7.3.

Calculate the corrected re'eaced Xe-133 activity as per
Cubsection 8.4 (Item 2 on Attachment 6).

Divide by the containment gas voiume ana multiply by the
contairment gas volume correction facter (Section 4.1).

For the standardizec Ye-133 activity concentraticn cr Step
8.7.8 obtain the corresperdirg vélue for the estimated fuel
core damage from Attachment 11.

Recora the result cn the appropriately marked Attachrent &
form.

Calculate the corrected released Kkr-85 activity as per
Subsection 8.5 (Item 2 cn Attachment 7) §.
Pepcat Steps 8.7.8 to 8.7.10 for Kr-85 by usira Attachment
11 in Step 8.7.9.

Ubtain and record on Attachrert @ the value of the fuel core
damage derivecd fron the cuntainment H, concentration of the
Cregk Fttachment 13 using the methca Eutlinec on Attachment
14,

Calculate the average Estimated Cladding Damage “ver the
four entries tor [-121, (Cs-137, Xe-133, Kr-85 and “2'

Proceed as per Steps £.€.7 to 6.6.4.

9.C ACCEPTANCE CRITERIA

N.A.

"-En_D.

S —— — —— —, 5 ———— ————" i S—— — ——— . o — " So—— 27 ]———. 2. 32 S . a7 S, i s

—

N/A N/A
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ATTACHMENT - 1 } FCWER CORKECTION AND REFERENCE L/NT CCRRECTION
|
I

[
.

(&8
.

correction factor for 1-131 and Xe-133 (Y)

To correct for core isotopic inventory if fuel camage is suspected, calculate t'e

correction factor for I-131 and Xe-133 by using the follcwing equation:

Y = 100%
Kverage thermal power over the Tast J0 days in percent

Correcticn factor for Cs-137 and Kr-85 (2)

For calculaticrs employing Cs-137 and Kr-85 use the feollowing equation for the
correction factor &:

l= 100%
Fverage thermal power over the last 2 years in percent

Refer to Reference 3.8 if more accurate Power Correction is desired !‘

Reference Plant Parameters (Reference 3.8)

Rated Thermal Power: 257¢ rvt

# of Fuel Bundles: 768

Total primary coolart méss: 3.92E9 g
(reactor + suppression pool)

Total certezirment and drywell
gas space vciume 4.0 E10 cc

Primary Coolant Mass Ccrrection Factor (Fw)

F o= RBS Coolant Mass JE%¢g

W WeT. PTant Coolan' Mass T.92E%g
Containment Gas Volure Correction Factor (F_)

d.

¢ = RBS Containment & Drywell Gas Vol. 3.87 E10 cc 0.967

= o

9 Ref. Plant Containmenf Gas Vol. J.00EI0 cc

" T — o — —— - ———— . ——— - - ——— ——— . ——— ———— - ———  — ——

- ————— . S S . ————  ——————
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DENSITY CORRECTION FACTOR (X) FCR LICUID

ATTACHMERT - 2
SAMPLE TEMPERATURE CHANCES

P —— e e

Normal Reactor Coolant System sample temperature is approximately S0°F.
Cetermine the appropriate Reactor Coviant temperature at the time ¢f <emrpline and
select the associated density correction factor X from the table.

Reactor Coolant Sample Temperature Of

i TEMPERATURE | FACTOK (X) |
} 100 | .998 |
| 150 088 }
} 200 968 g
| 250 .947 |
| 300 .923 } L
} 350 | 895 | ‘
: £00 | 864 g
; 450 :' 825 }
| 560 | 788 :
! 550 | 740 l
| 560 | 729 :
| 570 { 716 |
| 580 ; 708 |
| 590 | 694 |
| 600 | 681 |
: : :

s S ————— — > —————— . = —— —- . —— ———. —— o — - —— " —

>

1
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ATTACHMENT - 3

G

HYDROGEN DATA CALCULATION SHEET

——

——— —

—— — —— ———— . — - —————

b -
.

Volume Considered
I”| Containment (Volume = 1.12 E6 ft°)

7] Crywell (Volume = 2.47 ES ft°)
2. gafyolu-e at Accident Conditions
a. From "2 Data

( 1 H,) ( ft2 vol.)/100% .

ft

b. Frem C2 Depletion
( t 0, Normal) - ( _% 0, Post Acid) =

2 02 Depl.

3

( G, Depijx(2)x( ft~ vol)/100% =

c. Total Volume of Lib. Hz in Vol. (Add a. and b.)
3 3
( ft HZ) + ( ft HZ (02)) =

3
ft” H, (0,)

3
ft H2 Tot.

(98]
.

h, Volune &t Stardard Pressure and Temperature (scr)

T = ¢ (In considered volume)
P = psia (In considered volume)

(o,

4, Total Mass of Zirconium Reacted

. scf "2 Cont. + scf "2 Dryw.

Tot.) (1 + __ %/273%) (____ psia/14.7 psia)

scf H2/(8.0 scf hz/Ib Ir React.)

S. Percentage of Core Cladcire
100% x ( 1b Zr React)/((LATER) 1b Zr in core)

in

Drywel’

scf H2 Tot.
16 Ir

% of Total Ir Reacted

' Ccrtairnment

|
\

|
|
|
|
|
|
|
9
«
|
|
!
}
|
|
1
'.
|
|
u
u
|
!
|
|
|
|
|
|
|
|
e
|
|
g
)
|
l
1
|
|
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ATTACHMERET - & .ODINE DATA CALCULATICN SHEET

T ———

-——

1. Total Activity of I-131

ACTE

Determine the transient involved to account
for the total iodine activity. Make the
necessary corrections as related to the
specific incident,

a. Measurec in the Suppression Pool + Reactor Ceolant
(N/A if suppression pool not used)

( uCi/m1)(LATER m1)(1E-6) = Ci (SP & RC)
b. Meisured in the Reactor Coolant

( uCi/ml)(LATER m1)(1€-6) = ¢i (RC) v
(N/E 7T suppression pool used) .

2. Decay Calculation to Time of Reactor Shutdown To

ACf’vity ¢ ccunting time T x e + 0.693‘7 - To)/ T1/2
( Ci) * e +0-693 ( __ h)/193.2

= Activity releasecd at To

¥ sl O Y

9

Pewer and Uensity Correction

(I-121 Activity from 2.)(Y)(X) = corrected Activity released at Tc

( i) ( ) ( ) = Ci

(Y = Average Capacity Factor for previous 30 cays)

4. Percent of Core Damage

1000% x { Ci released/(LATER) Ci available) = %

e S G o S S . S s G A S S e S S G S G > S ——— — - S ——— S ot -
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ATTACHMENT - 5

CESIUM DATA CALCULATION SHEET

SPES——

— — t—————— ——— ———— —. . ——— . —————— ———". ——— — e ——- el ———, a—

Total Activity of Cs-137

a. Measured in the Suppression Pool (N/A if suppressicr pocl not used)

{ uCi/m1) (LATER m1)(1E-6) . Ci (SP & RC,

b. Measured in the Reactor Coolant (N/A if suppression pool used)
( uCi/m1 ) (LATER m1)(1E-€) = Ci (RC)

Power and Density Correc*icn

(Activity Cs=137 trom a. or B.) (X)(Z) = Activity released at Tc
( Ci ) ( ) ( ) = Ci released @ T

(Z = Average Capacity Factor for Previous 3 Years)

Percent of Available Cesium 137 Released

3°

100% x ( Ci released/)(LATER) Ci available =

. ———————— —— - — —— v——

ATTACHMENT - 5§ PAGE 1 OF 1 COP-1050 REV. O
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ATTACHMENT - 6

R S

XENON DATA CALCULATICN SHEET

- —— — i —. .

———— - —— . ——— ———

— - —— e — —

1. Total released Xe-133 Activity

a. Measured in the Ccrtzirment

(

uCi/cc)(3.87E10 cc)(1E-6) = Ci (Drywell ard Cert)

Assumes approximate ecu2' distribution in drywell and containment

b. Measureg in the drywell

i

c. Xenon 133 Mezsured in the containment

T=ST

NOTE

uCijecc) (3.17 E10 cc) (1E-6)

uCi/cc)(6.99€9 cc) (1E-6) = Ci (Drywell)

l'!se either a. or the sum of b. and

c. to fit the specific situaticr.

Decay Evaluation to Time of Reactor Shutdown

(Activity @ time T of count) e

(

3. Power Cerrection

ci e e t 0-693 (__h)/126.5h

(Activity Ye-133 from 2.)(Y) = Cerrected Activity @ Tc

(

C1) (

)

4, Percent of Available Xe-133 Released

100% x (

+ 0.693 (T-To)/Tl/Z

Ci @ To

Ci released)/(LATER) Aveiletle =

Ci (Cont.)

= Activity rel. 0 Tc

Ci released @ To
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KRYPTON DATA CALCULATICN SHEET
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1. Total Released Kr-85 Activity

a. Measured in the Ccrtainment

Gt

uCi/ce)(3.87E10 cc)(1E-6)

Ci (Lrywell ¢ Cont)

Assumes approximate ecuz'! distribution in drywell and ccntainment

b. Measurec in the Crywell

e

uCi/cc)(6.99€9 cc) (1E-6)

c. Measured ir the Containment

uCi/cc) (3.17E10 cc) (1E-6)

SRS

NOTE:

Ci (Drywell)

Ci (Cont)

Use either a., b., ¢r ¢. or the sum of b, and ¢c. to fit the speciffc

situation of the Kr-g5 distribution present.

Power Ccrrecticn

(Ci ¥r-g€S from above) (Z) = Correctec Activity @ To

(

i)

)

(Z = Average Capacity Factor for Previous 3 Years)

3. Percert c7 fvailable Kr-85 Keleased

100% x (

i released)/(LATEk) Li Available =

ci e To

3%

- ———————. ———— — — | ——
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1120 CCNCENTRATION VS FUEL CORE CAMAGE
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Figure 1. Relationship Between 1-13]1 Concentration in the Prisary Coolart
(Reactor Water + Pool Water) and the Extent of Corc Dazage i
Reference Plant
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Cs-137 CONCEMLTRATLICN VE FLEL CCPE DAMAZE

ATTACHMENT - 10

e — s —d

A S ——— s o — ————
-

.

©n 137 CONCTNTRA TION N PRRIARY CODLANT (Wil

LOWIR RELEASE Lw (Y

—— ————————— —————— ——. ————— ———— —— ————————

|
’ |
’ |
, 1
4
L A NORWAL S  TOOm
CONCENTRATION
~ TO® maTge
VRER LY 03 £
NOWINA, L -
", 2 AALAAAA‘ 4 2 aa2aal a2 2220l A2 4 1 aasy
{ A . w rac
P—————-OGMOMW
"2 0 roc i
’u_—svw;-;m ——q )

Figure 2. Relationship Between Cs-137 Concentration in the Primary Coolant
(Reactor Water + Pool Water) ané the Extes: of Core Dazage in
Reference Plant
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Figure 3. Relationship Betvesn Xe-133 Concentration {n the Containment Gas
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@rywell + Torus Cas) and the Exten:t of Core Dazage in Reference

Plant
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Figure 4. Relationship Between Kr-85 Concantration in the Containment Car
(Prywell = Torus Cas) and the Extent of Core Dasage in Reference
Plant
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M CONCENTPATION STANCAFCIZAYICM

<

|
|
!
]
I
1

3.

Nbtain the total scf b, vc'ure reiedsed 1INty the contairment and
tpe Cry weii (ltem 3 oa Attachment 3, o> pev Subeectien 8.1,

Calculate tre - Pi:

T U Rl R LT ) . 3
Conto gol dade -

For the resuitert | K, value obtain the cerresperdire vélue for
the » Meta . -Le‘er Fea‘ricn (¥™MW) for the 747 (I'¥ ..., keterence
Plart frickt verticel axis).

Caiculate the < MK for RBS:

e T
y C.L87 = %

28 Rurber of Fuel Burdles = f22

: FES Cortainment het A.: “c'tre = 1,12 E6 ft~
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K, CCNCENTRATION VS % METAL WATER REACTION
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‘ Figure A-1. Wydrogen Concentration for Mark 1/II snd I11 Contasinments
| as & Function of Metal-Vater Resction
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