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EXAMPLE OF CORE DAMAGE ASSESSMENT
The following hypothetical example is intended to illustrate the use of BZP

380-:9, "Core Damage Assessment.”

Simulated Accident Scenario

The Station has experienced a reactcr accident during which the core
temporarily became uncovered and safety injection has initiated. Some degree
of fuel damage is likely to have occurred. All indications are that a large
break LOCA has taker place. The temperature of the reactor coolant is now
200°F. Samples are requested 4 hours after the reactor was shutdown.

Sampling and Sample Activities

From page 1b of BZP 380-A8, "Sugyested Sampling Locations,” (page 5 of this
appendix) a reactcs coolant sample is requested at the containment sump sample
point as the containment sump contents are now providing core cooling. Also
the containment atmosphere sample is requested. All samples are analyzed 2
hours after they are drawn.

The results of the @znalysis are as follows:

Reactor Coolant Containment Atmosphere
(Containment Sump)

Kr 87 6.91E-6 Ci/gm Kr 87 2.79E-6 Ci/cc
Xe 133 9.95E-4 Ci/gm Xe 133 4 .01E-4 Ci/cc
I 131 1.97€-3 Ci/am . I 131 4.07€-6 Ci/cc
I 132 4.88E-4 Ci/gm I 132 4. 00E-6 Ci/cc

Ba 140 9.99E-4 Ci/gm

all sample activities reported represent the activity of the sampl? at the
time of the analysis and have not undergone a decay correction back to time of

sampling.

Specific activities from the chemistry gamma isotopic analysis report are
recorded in the measured specific activity column of the RCS and Containment
Atmosphere Activity Worksheets (pages 6 and 7 of this appendix).

Time elapsed from reactor shutdown to time of analysis (6 hours) is recorded
in column 2.

Ingrowth and decay correction factors are calculated using the equations found
on page 10 of BZP 380-A8, (page 8 of this appendix).

The corrected specific activity is then determined by multiplying the measured
specific activity by the correction factor. The corrected specific activity
is recorded in column 5 (pages 6 and 7).

?’85288%33"33833433 APR 301984

(4013P)




BZP 380-A9
Revision 1

Initial Assessment

From a brief review of the nuclides and activities present in samples and BZP
380-38 page 8, Selected Nuclides for Core Damage Assessment (page 9 of this
appendix), it is likely that some degree of fuel melting has occurred. The
presence of a large concentration of Ba-140 in the reactor coolant sample is
an indication of a fuel melt condition.

Total Liquid Mass Determination

The RCS mass and all RCS mass additions are identified and calculated using
the Estimate of RCS Mass' worksheet (page 10 of this appendix). Reactor
coolant specific gravity is determined from the "Specific Gravity of Water vs
Temperature graph (page 11). Reactor coolant specific gravity is
approximately 1.0 at 200°F. The total liquid mass is recorded on the RCS
Activity Worksheet (page 6).

Total Activity Released From Fuel

The total activity released to the coolant and containment atmosphere is
calculated from the decay and ingrowth corrected specific activities, reactor
coolant system mass and the containment atmosphere free volume. The total
activities released are then recorded in column 7 of the activity worksheets
(page 6 and 7) and columns 2 and 3 of "Release Activity/Percent Released (page
12 of this appendix)”. The sum of the liquid and containment atmosphere
activity is recorded in column 4 (page 12).

Total Core Inventory

The reactor power history is obtained from the control room and used to
calculate the core inventory of the nuclides used in the assessment. The
reactor power history for the period prior to the accident for this example is
as follows:

The Plant has been operating at 100% reactor power for approximately 1300
hours prior to experiencing abnormal conditions.

Reactor power was reduced to 90% for a period of 4 hours.

Reactor power was reduced to 80% for the period of 30 minutes prior to the
reactor trip.

The reactor power history is recorded and core inventory determined for each
auclide in the Power History/Data Sheets (pages 13 through 22 of this
appendix). Average power levels are recorded in column | of the Power History
sheet. The duration at each power level is recorded in column 2. The time
between the end of each power level and the reactor shutdown is recorded in
column 3. The duration of the power history that must be considered for core
inventory determinations varies with each nuclide and is specified on the
Power History Sheet.
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Factors A; and By are determined from the graphs on the Data Sheet
following each Power History sheet. A and B; are recorded in columns 4
and 5 respectively. The product of Aj, Bj ané Pi is recorded in column
6.

The corrected core inventory is then calculated from the Power Correction
Factor and the equilibrium core inventory given.

The total corrected inventory is recorded in column 5 of the Release
Activity/Percent Released data sheet (page 12).

Release percentages are then calculated and recorded in column 6.

Damage Estimates From Nuclide Release Percentages

With the nuc!ide release percentages determined, the core damage graphs may be
used.

The percent released for each nuclide is used with the appropriate graph
(pages 23 through 28) to determine the category and estimate the extent of

damage .

Estimates are entered in the appropriate column of the "Core Damage Assassment
Summary Sheet" (page 30 of this Appendix).

Non-Radiological Indicators of Core Damage

The non-radiological indicators of core damage are determined to be the
following:

Containment atmosphere hydrogen 7%
Containment High Range Monitor 7E4 R/hr
Core Exit Thermocouple Readings 1700°F

The above values are compared to values in table on page 31 "Characteristics
of Categories of Fuel Damage" and recorded in the appropriate column of the
"Core Damage Assessment Summary Sheet" (page 30).

Radionuclide Ratios

A radionuclide ratio is examined and compared to ratio's in the
“Characteristics of Categories of Fuel Damage" (page 31) of the appendix

table The Kr87/Xel33 ratio is recorded in the appropriate column of the
Summary Sheet. Page 29 of this appendix lists radionuclide ratios in the fuel
gap and fuel pellet. These ratios help to indicate the category of fuel

damage .

The Kr87/%e133 ratio of 0.18 is recorded under the fuel melt category (pace
30)
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. Final Assessment

all data collected on the "Core Damage Assessment Summary Sheet" is now
evaluated to make the final assessment.

Nuclide release percentages indicate that a large amount of clad damage has
occurred. This is supported by the following:

1. It was determined fram reactor level instrumentation that the core had
been uncovered at some point in the accident.

2. Core thermocouple temperatures reached 1700°F.

3. The containment atmosphere contained 7% hydrogen which indicates a 54%
zirconium cladding reaction with water (from page 28).

The damage to the core is beyond the extent that can be attributed to clad
failure alone. Nuclide release percentages indicate that between 28% and 47%
of the fuel had reached an overtemperature condition. This estimate is
supported by the following:

1. The Kr87/Xel33 release ratio approximated the ratio typical of fuel
nellets (see page 29).

2. The containment high range monitcrs indicated dose rates typical of the
fuel overtemperature conditions.

The Ba-140 release percentage (5%) corresponds to a 20% fuel-melt condition.
Other nuclide release percentages indicate a 15% to 27% pellet melt. The
non-radiological damage indicators (uncovered core, core exit thermocouple
readings, and containment hydrogen measurements) support this estimate.
Therefore, for this example, the final fuel damage assessment is:

1. Greater than 50% fuel clad failure.

2. A maximum of 50% fuel overtemperature.

3. Less than 50% fuel melt.

APR 301984
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SCENARIO

Large break
LOCA

Kx Power >1%

Kx Power (1%

SAMPLING LOCHT IONS(S)

Containment sump
1(2)PS156

and
Containment
Atmosphere

and
RCS Hot Leg
Lpop 1 1(2)P59351A or
L?op 2 1(2)Ps93518

Contlainment
Atmosphere

and
Containment Sump
1(2)PS156

or
KHR System
1(2)PS9353A or
1(2)PS93538

or
RCS lot Leg
Loop 1 1(2)PS9351A or
Loop 2 1(2)PS93518

SAMPLE PROCEDURES(S)

NONE

B2P 380-18
BCP 800-7

BZP 380-12/
Diluted R/C and
BXP 380-15
R/C Stripped Gas

BZP 380-18
BCP 800-7

NONE

BZP 380-12, Diluted R/C
BZP 380-15 R/C Stripped
GCas 18

Page 5
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COMENTS

If Containment Sump is providing cooling to
core, do not include hot leg sample activity
in damage assessment calculations.

Provided Contalnment Sump supplying core
cooling

Provided RHR taking suction from Containment
Sump .
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SELECTED WCLIDES “OR CORE QamaGE 3SSESSMENT
Jore Damage
—Stace . wclge  dalfgifer C cammes (Xev) vielg (u*
Clad Failure Kr-dSeee 4.4 N 150(74), 308(11)
«r-a7 76 a 403(84), 2970(1%)
(r-38me 2.3 n 191(39), 9%0(23), 2400(3%)
te=lilm 11.84 164(2)
te=1133 $.274 11N
Ae=i33me» 2 16 2 233(1s)
o= 15w 3.14n 1%0(91)
I-131 1.084 164(82)
-112 .26 n 773(89). 9495{22), l1300(1s4)
I-133 0.1 330(%0)
I-138 §.88 h 140(37), 1290(34), 1480(12), L720(19)
1b-48 178 e 398(13), 1863(21)
fusl Overneat Cs-134 lyr 508(38), 796(39)
Cs-137 10 yr §62(8%)
Te-129 8.7 n 485(1%)
Te-132 7.7 n 230(%0)
Fuel melt 3r-39 2.7 4
Sr-30me 28 yr
a- 140 12.84 $37(34)
La-180 w.22n A87(a0), 818(19). 1396(96)
La=142 92.5 2 §50(48) . 1910(9), 2410(18), 29%0(i1)
Pr. a4 172,17 n §99(1.9%)
« Jalues ocbtainea from Taple of [j0topes. Ledersr. Hollander, and Perinan,

Si1xth Edition.

“ T™ese uclides ire narginal «ith ~espect 9 selection criteria for "
sandigate ~uclides; they "ave Deen .ncluded 3n the sossibility that they
nay e detected and thus Jtilized in 3 nanner Analogous o the candidate

auclides.
(19%6P)
APR 301984
B.0.S. R,
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Revision 2

Estimate of RC3 Mass

Obtain the reactor coolant volume additions focr the following:

EZstimated Volume Maximum Volume

Llank P -
Refueling Water Storage Tank 900 49%.000
Accumulator A I & Ly S 1.2
Accumulator B __7‘_3'_’2___ 1.217
Accumulator C _Zﬁl__ 1.217
Accumulator 0 i A Ty A 17.217
Soric Acid Storage Tank - O = 48.000
Residual Heat Removal System Sooo $.000

-0 =

243 Be8 Total

Convert gallons to grams as follows:

other soutce VA

Total reactor coolant system volume added: .
23,868 . sallons x 118squasqal » B/ 68 g
Determine the Reactor Coolant System Mass &5 follows:

1.2288 grams x system specific gravity* /.0 « 32248 sium

Determine the Total Liquid Mass as follows:
203 nass J326 8 grams + Added nass 8/EE _ gramen L3& ans

System Specific Gravity is determined from BZP 180-A8, page 2.

(39%89)
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Tesperature, *F

BZP 380-A9
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8ZP 180-A8
Revision

L‘- N ———————

9 2.2% 0.9 a.7% 1.0

Specific Cravity

SPECLPIC GRAVITY OF WATER VS TEMPERATIURE
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LSQTOPTC ACTIVITY RATTO9 OF FUEL PSLLET ANQ caf
welide fuel Pellet Activity Raeio Gag Activity Ratio
(r-d%m 0.1} 0.022
Kr-a7 9.22 0.022
<r-38 90.29 9 048
(o=l3lm 0.00a 2.004
Xe=133 1.0 1.9
Xe=133n 0.14 0. 098
te=13% 0.19 '0.081
I-131 1.9 1.9
L-132 1.9 0.17
I-133 2.1 0.7
1-13% 1.9 0.39 X
wherse
%oble Gas Rfatic « i.-m"im'mu Teeneery
lodine Ratio = =171 lnventory
P
(19%69) APPROVED
A
B.0O.S. R.
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Date: _M_“_ Revision 2

Time: /330 |

performed by: J. Van Laere |

CORE DAMAGE ASSESSMENT SUMMARY SHEET

| Mode of 1 Percent Clad , Percent 1 Percent
|m M — : _% . |
Kz 85a | j
ks 87 off Stale) | 47 | 22 L
P — g |
Xe lllm
42 A
|
| /8 |
| /5~
|
‘ |
L L
20 |
e T
— -
a/8 =
|
Sy —
e | 700 —
YCS ——
iCont . nuuco;n 1 | ey 1
Containment Atmos., H, A e v i !
Final Assessment: 7 Y Cladk . ' |
A max.mum of 50% f_'u_e_/ over Jemperatvrg | '
Less then 8507 Fuel melt |
-5-
(39589)

APPROVED
APR 301984
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CHARACTERISTICS OF CATEGORIES OF FUEL DAMAGE

PERCENT CONTA INMENT

AND TYPE HIGH RANGE COKE EXIT HYIDROGEN
COKE OF FISSION FISSION ARE THERMOCOUPL E COME MON 1 TOR
DAMAGE PRODUCTS PRODUCT MONITOR ., READ [HGS UNCOVEREL 1(2) AL PS 343 or 344
CATEGORY CRELEASED =~~~ BATIO T LTS LT S _{YES/NO) AVOL A Hp)
No Clad Damage Kr 81<1x10-3 Ki -87-0.022 oo <150 No Uncovery  Negligible

Xe 133<1x10 -3 1-133-0.M

1-131<1x10-3

1-133<1x10 3
0 500 ke 87 10 30,1 Ke 871-0.022 0 9i 1501300 Cote <o\
Clad Damage Xe 133 10 301 -133-0.7 Uncovety

131 10303

113310700
50 100N K81 0.19.2 Ki 81-0.022 91 194 1300 1650 Core [ RLY
Clad Damage Xe 133 0.1 0.2 1133 0. Uncovery

[-131 0.3 0.5

1133 0.1 0.2
0 50\ Fuel Xe, Kr, Cs, | Ke-8)-0.22 194-25.000 »1.05%0 Cote oV 1IN
Pellet 1-20 1133-2.) Uncovery
Overtempetatuie  Si, Ba 0-0.4
S50 1007 Fuel Xe.Ke.Cs. | Kr 87-0.22 2.5E4-5 .04 >1.6%0 Cote 6NV 1IN
rellet 20 20 1133 2.1 Uncovery
Ovestempetatute S, Ba 0.4 0.8
0 SN Fuel Xe. Ke, Cs, | Ky 8)-0.22 9.0E4 8 .54 >1.65%0 Cole S SILY
Melt 40 10 1-133-2.1 Uncovery

St, Ba0.20.8

Pr. Rb, 0.1 0.8
50 1000 ruel e, Kr, Cs. 1. Te Ky 81-0.22 >8.5e4 >1.65%0 Core oV 1IN
Melt >0 113321 covaty

St, Ba 24

P, Bb >0.8
10 howr s after shut dows .

,'.

(I9560)
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