CAROLINA POWER & LIGHT COMPANY
BRUNSWICK STEAM ELECTRIC PLANT

UNIT O
ESTIMATE OF THE EXTENT OF CORE DAMAGE UNDER ACCIDENT CONDITIONS
PLANT EMERGENCY PROCEDURE: PEP-03.6.3

VOLUME XIII

. Rev. 004

Director - Administrative Support

Approved By: ___ML Date: | ’1%[85
General Man / I




W o o h

Page(s)
1-35

BSEP/Vol. XIII/PEP-03.6.3

LIST NF _EFFECTIVE PAGES

PEP-03.6.3

Revision

4

Rev. &

w

B e
Sy 4"*6’



1.0

2.0

Responsible Individual and Objectives

The Radiological Control Director is responsible to the Site Emergency
Coordinator for determining the magnitude of potential radioactive |
releases to the environment. The Radiological Control Director may

delegate the calculational aspects to the Plant Sampling and Analysis

Team Leader.

The Dose Projection Coordinator and the Accident Assessment Team Leader l
should be familiar with this procedure and available for consultation as
requested by the Plant Sampling and Analysis Team Leader. ‘

Scope and Applicability

This procedure is to be implemented by the Site Emergency Coordinator or
the Radiological Control Director whenever the potential for core damage
exists and/or there exists a potential or actual radiological release to
the environment (e.g., site or general emergency).

This procedure provides information on inventories of reactor full-power
radioisotopes in curies and gives methods for comparing actual
radioactive liquid and gaseous samples with expected activity levels
after a reactor accident based on cesium, noble gases, and iodines.
There are several other plant parameters which are measured in the BWR
which can provide sufficient information to confirm the initial core
damage estimate based on radionuclide measurements.

Containment radiation level provides a measure of core damage, because it
is an indication of the inventory of airborne fission products (i.e.,
noble gases, a fraction of the halogens, and & much smaller fraction of
the particulates) released from the fuel to the containment. Containment
hydrogen levels, which are measurable by the PASS or the containment gas
analyzers, provide a measure of the extent of metal water reaction which,
in turn, can be used to estimate the degree of clad damage.

Another significant parameter for the estimation of core damage is
reactor vessel water level. This parameter is used to establish if there
has been an interruption of adequate core cooling. Significant periods
with the core uncovered, as evidenced by reactor vessel water level
readings, would be an indicator of a situation where core damage is
likely. Water level measurement would be particularly useful in
distinguishing between bulk core damage situations caused by loss of
adequate cooling to the entire core and localized core damage situations
caused by a flow blockage in some porticn of the core.

There are other parameters which may provide an indication that a core
damage event has occurred. These are main steam line radiation level and
reactor vessel pressure. The usefulness of main steam line radiation
measurement is limited because the main steam line radiation monitors are
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3.0

downstream of the main steam isolation valves (MSIVs) and would be
unavailable following vessel isolation. Reactor vessel pressure
measurement would provide an ambiguous indication of core damage,
because, although a high reactor vessel pressure may be indicative of a
core damage event, there are many nondegraded core events which could
also result in high reactor vessel pressure.

There are other measurements besides radionuclide measurements which are
obtainable using the PASS which would further aid in estimating core
damage. Detection of such elements in the reactor coolant as Sr, Ba, La,
and Ru is evidence of fuel melting. These indications could be factored
into the final core damage estimate.

Actions and Limitations

3.1 Summary of Method

Liquid and gaseous samples will be obtained from the Postaccident
Sampling System (PASS)--Liquid from the reactor coolant and/or
suppression pool and gaseous samples from the primary and/or
secondary containment. The samples will be quantitatively analyzed
on the appropriate equipment. The results of the above analysis, in
addition to containment radiation level, hydrogen analysis, and the
core water level history, will be used in the estimation. This
procedure follows the General Electric procedure NEDO-22213, August

1982.
List of Exhibits
3.6.3-1 Sequence of Analysis for Estimation of Core Damage
3.6.3-2 Relationships Between Concentration in the Primary Coolant

and the Extent of Core Damage in Reference Plant
. BSEP to Reference Plant Parameters
.6.3-4 Core Inventory of Major Fission Products in a Reference
Plant
3.6.3-5 Hydrogen Concentration for Containment as a Function of
Metal-Water Reaction
3.6.3-6 Percent of Fuel Inventory Airborne in the Containment
3.6.3-7 Computer Inputs for the PASS Program
3.6.3-8 Verification of PASS y

ww
o
w
0
w

List of Attachments

Attachment A Plant Parameter Correction Factors

Attachment B  Inventory Correction Factor

Attachment C Comparison with Reference Plant Data

Attachment D Integration on Containment Atmosphere Hydrogen
Measurement Into Core Damage Estimate

Attachment E Integration of Containment Atmosphere Radiation
Measurement Into Core Damage Estimate

BSEP/Vol. XIII/PEP-03.6.3 2 Rev. &4




List of Worksheets

Worksheet Al Calculation of Isotopic Concentrations

Worksheet A2 Calculation of Inventory Correction Factor

Worksheet A3 Calculation of Normalized Isotopic Concentrations |

Worksheet A4 Estimate of Fuel/Cladding Damage ;

Worksheet Bl Determination of Clad Damage from Hydrogen Monitor
Reading

Worksheet B2 Determination of Fuel Inventory Rel:ase Based on
Containment Kadiation Monitor Realing

3.2 Limitations

3.2.1 Analysis of PASS samples for concentra' ions of Ba, Sr, La,
and Ru and consiceration of the relati''e amounts of
fissiop products would indicate if any fuel melt has
occurred.

2. 8:8 The selection of a sample location should account for the
type of event which will determine where the fission
products will concentrate.

3.2:3 The recommended sampling locations are as follows:
Gaseous
Event Type Sample Location
Nonbreaks Suppression pool atmosphere
(e.g., MSIV)
Small breaks Drywell (before depressuri-

zation); suppression pool
atmosphere (after depressur-

ization)
Large breaks (liquid Drywell
or steam) in primary
containment
Large breaks outside Suppression pool atmosphere

primary containment

3.2.4 The recommended sampling location for liquid for all
events is the jet pumps as long as there is sufficient
reactor pressure (normally > 50 psig) to provide a sample
from that location. If there is not sufficient reactor
pressure to allow a sample to be taken from the jet pumps,
the sample should be taken from the sample points on the
RHR System.

3.2:5 If a jet pump liquid sample is requested at low (< 1%)
power conditions for a small break or nonbreak event,
recommend to Operations that the reactor water level be
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raised to the level of the moisture separators. This will
fully flood the moisture separators and will provide a
thermally indunced recirculation flow path for mixing.

3.3 Actions

3:3.1

Evaluations of Liquid and Gaseous “amples

NOTE: The extent of core damage can be determined by
comparing the measured concentrations of major
fission products in either the gas or water
samples, after appropriate norvalization, with
the reference plant data.

3.3.1.1 The Plant Sampling and Analys’s Tea. Leader
should request samples frr. the PASS.

NOTE: Steps -.3.1.2 through 3.3.1.7 can be
accomplished using PASS, a compu-er
program developed for use on the
Dose Projection Team's IBM Personal
Computer. To use the program, the
Plant Sampling and Analysis Team
Leader should complete Exhibit
3.6.3-7, Computer Inputs for the PASS
Program, and give the completed
exhibit to the Dose Projection
Coordinator who will run the program
and return the results. Exhibit
3.6.3-8 provides example test cases
which can be used to verify that the
computer program PASS is working
properly. Expected results for known
computer inputs are given. These test
cases should be used to demonstrate
the vaiidity of PASS each time the
program is initially used.

3.3.1.2 Obtain the samples from the PASS and determine
the concentration of the fission product i (Cwi

in water or C;i in gas as determined in

Attachment A using data provided in Exhibit
3.6.3-3).

3.3.1.3 Correct the measured concentration for decay to
the time of reactor shutdown. Ensure that the
measured gaseous activity concentration has been
corrected for temperature and pressure
difference in the sample vial and the
containment (torus) gas phase.

NOTE: This is normally included in the
quantitative analysis results.
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3.3.1.4

3.3:1.5

3.3.1.6

3.3:.1.17

Calculate the fission product inventory
correction factor FIi per Attachment B and

record on Worksheet A2.

Calculate the cwi and Csi using the information

obtained in Step 3.3.1.2 and the methods in
Attachment A and record on Worksheet Al.

Using the correction factors, determined in

Attachments A and ®, calculate the normalized
Re Ref

concentration, cwi or Cgi’ per Attachment C and

record on Worksheet A3.

Use Exhibit 3.6.3-2 to estimate the extent of
Ref
fuel or cladding damage using cwi for Cs-137 and

Ref
I-131 and C‘i for Xe-133 and Kr-85. Record data

on Worksheet A4.

3.3.2 Evaluation of Metal-Water Reaction and Inventory Release

3. 5:2.3

5.3.2.2

Use Attachmeut D to determine the percent
metal-water reaction. Record data on
Worksheet Bl.

Use Attachment E to determine the fuel inventory
release to the containment. Record data on
Worksheet B2.

3.3.3 Application of Other Significant Parameters to Core Damage
Estimate

Section 3.3.1 provides an estimate of core damage based on
radionuclide measurements. Based on Step 3.3.1.7, an
initial assessment of core damage is made. Based on a
clarification provided by the NRC, that assessment would
appear in a matrix as follows:

Degree of Minor Intermediate Major
Degradation (< 10%) (10% - 50%) (> _50%)
No fuel damage ¢ 1 —)
Cladding failure 2 3 4
-'uel overheat 5 6 7
Fuel melt 8 9 10

As recommended by the NRC, there are four general classes
of damage and three degrees of damage within each of the
classes except for the "no fuel damage"” class.

BSEP/Vol. XIII1/PEP-03.6.3
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3.3.4

4.0 References

Consequently, there are a total of ten possible damage
assessment categories. For example, Category 3 would be
descriptive of the condition where between 10% and 50%

of the fuel cladding has failed. Note that the conditions
of more than one category could exist simultaneously. The
objective of the final core damage assessment procedure is
to narrow down, to the maximum extent possible, those
categories which apply to the actual in-plant situation.

The initial core damage assessment based on radionuclide
measurement will provide one or several candidate
categories which most likely represent the actual in-plant
condition. The other parameters should then be evaluated
(as identified in Section 3.3) to corroborate and further
refine the initial estimate.

For example, fission product measurement using PASS may
indicate Category 4 ccre damage and, additionally, the
potential for fuel overheat and fuel melt (i.e.,
Categories 5 through 10). Measurement of hydrogen in
containment and use of the hydrogen correlation provided
in Attachment D is used to verify that extensive clad
damage had occurred. Use of the containment radiation
monitor reading along with the correlation provided in
Attachment E would verify that a significant fission
product release to the containment had occurred, further
verifying the initial assessment.

Further analysis of the PASS samples for concentrations of
Ba, Sr, La, and Ru and consideration of the relative
amounts cf fission products released would indicate if any
fuel melt had occurred.

Exhibit 3.6.3-1 indicates how the analysis of the other
significant parameters relates to the estimation of core
damage based on radionuclide measurements.

Consult with the Dose Projection Coordinator and the
Radiological Control Director when results of this
procedu.e are determined and repeat this procedure as
necessary.

Lin, C. C., "Procedure for the Determination of the Extent of Core Damage
Under Accident Conditions," NEDO-22215, 1982.

Le-ter and Attachment from Mr. D. K. Smith, Service Supervisor - Nuclear,
Genoral Electric to Mr. A. C. Tollison, Jr., General Manager, Brunswick
Stean Electric Plant, dated November 9, 1979, Subject: Radiation Source
Term Information.
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. Letter and Attachments form Mr. T. J. Dente, Chairman - BWR Owner's Group
to Mr. D. G. Eisenhut, Licensing Director - USNRC, dated June 17, 1983,
Subject: Transmittal of Generic Procedures for Estimation of Core Damage

Using Postaccident Sampling System. \
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EXHIBIT 3.6.3-1

SEQUENCE OF ANALYS!S FOR
ESTIMATION OF CORE DAMAGE

Hyd rogen YES - Containment YES Water
Analysis [ Radiation [ Level
d irm) |
LOW
NO NO NO
Core Damage | =
Estimate
HIGH NO NO NO
Hyd rogen YES Containment YES Water
p—— Analysis Radiation Levo: ‘
i L__(Confirm) |

MAJOR CLAD DAMAGE
FUEL OVERHEAT

FUEL MELT

YES NORMAL OPERATION

e

YES Analysis for
l Ba, Sr, La, Ru l

YES Determination
Oof Fission
Product Ratio

NO

CLAD DAMAGE

POSSIBLE FUEL OVERHEAT

NO CORE MELTY

s




. EXHIBIT 3.6.3-2
v
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131 CONCENTRATION 1N PRIMARY COOLANT (Cifgl
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CONCENTRATION
” WATER
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o1 10 w 10e
0 w0 0o
[ %2 FUEL MELTDOWN i

Relationship Between I-131 Concentration in the Primary Coolant (Reactor
Water + Pool Water) and the Extent of Core Damage in Reference Plant
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' EXHIBIT 3.6.3-2 (Cont'd)
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Relationship Between Cs-137 Concentration in the Primary Coolant (Reactor
Water + Pool Water) and the Extent of Core Damage in Reference Plant
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. EXHIBIT 3.6.3-2 (Cont'd) |

FUEL MELTDOWN
UPPER RELEASE LIMIT

BEST ESTIMATE
LOWER RELEASE LiMIT

3

"”

CLADDING FAILUNE
UPPER RELEASE LIMIT
BEST ESTIMATE

LOWER RELEASE LIMIT

Xe-133 CONCENTRATION I CONTAINMENT GAS (wCl/ec)

M g NORMAL OPERATING
7/ CONCENTRATION
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Relationship Between Xe-133 Concentration in the Containment Gas (Drywell
Torus Gas) and the Extent of Core Damage in Reference Plant
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EXHIBIT 3.6.3-2 (Cont'd)
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Relationship Between Kr-85 Concentration in the Containment Gas (Drywell

Torus Gas) and the Extent of Core Damage in Reference Plant
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ATTACHMENT A

Plant Parameter Correction Factors

Fission products measured together for reactor water and suppression pool
water or drywell gas and torus gas.

Fw = BSEP total coolant mass (2.69 x 10° g)
reference plant coolant mass (3.92 x 10° g)

= 0.68622 ;,

+ ¥t
F = BSEP total containment gas volume (8.1 x 10° cc)

=
reference plant containment gas volune (4 x 10'° cc)

0.20275

Fission products measured ;eparately for reactor water and suppression pool
water or drywell gas and torus gas.

cvi = (conc. in Rx wtr) (Rx water mass) + (conc. in pool) (pool wtr mass)

reactor water mass + pool water

= (conc. in Rx water)(2.14 x 10* g) + (conc. in pool)(2.48 x 10° g)
2.69 x 10" g

C‘i = (conc. in drywell) ('rywell gas vol.) + (comc. in torus) (torus gas vol.)
drywell gas volume + torus gas volume

= (conc. in drywell)(4.65 x 10® cc) + (conc. in torus)(3.46 x 10°* cc)
8.11 x 10° cc

BSEP/Vol. XIII/PEP-03.6.3 13 Rev. &
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P = average steady reactor power operated in period j (MWt).

ATTACHMENT B

Inventory Correction Factor

inventory in reference plant

inventory in operation plant

-1095\1
3651 1-e .
A,T W
i'j i'j
L Pj l-e e
b

 » = duration of operating period j (day).

T = time between the end of operating period j and the time of the

last reactor shutdown (day).

. 3651 = reference plant MWt.

If the unit operating history is not readily available, use the
following PI values (based upon Brunswick plant operations under the same

operational constraints):

Nuclide Conservative F, A (day ~1)
I-131 1.34 0.0862
Cs-137 1.39 6.29 x 10 *
Xe-133 1.46 0.1320
Kr-85 1.51 1.772 x 10°*

. BSEP/Vol. XII1I/PEP-03.6.3 14
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ATTACHMENT C

Comparison With Reference Plant Data

The extent of core damage can be estimated from the measured fission product
concentrations in either the gas or water samples, as described for the
reference plant. However, the measured concentration must be corrected for
the differences in operation power level, time of operation, primary coolant
mass, and containment gas volume.

Ref

cwi

OR

Ref

gi
Ref
wi

Ref
gi

wi

gi

At

Ii

o '

oy
€

BSEP/Vol.

Xit

C .e x¥F..xF
w

Ii

C .e . X FIi X Fg

Concentration of isotope i in the reference plant coolant
(uCi/g).

Concentration of isotope i in the reference plant containment

gas (uCi/cc).

Measured concentration of isotope i in BSEP's coolant (uCi/g).
See Attachment A.

Measured concentration of isotope i in BSEP's containment gas
(uCi/cc). See Attachment A.

Decay correction to the time of reactor shutdown.

Decay constant of isotope i (day.l).

Time between the reactor shutdown and the sample time (days).
Inventory correction factor for isotope i. See Attachment B.
Containment gas volume correction factor. See Attachment A.

Primary coolant mass correction factor. See Attachment A.
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EXHIBIT 3.6.3-3

BSEP TO REFERENCE PLANT PARAMETERS

Reactor Thermal Power
Number of Fuel Bundles

Total Primary Coolant Mass

Reference Plant BSEP

3651 Mwt 2436 MWt

748 bundles 560 bundles

3.92 x 10 g 2.69 x 10° g

(reactor water plus suppression pool water)

Total Drywell and Torus Gas Space Volume 4.0 x 10** cc 8.

Reactor Water
Suppression Pool
Drywell Gas Volume

Torus Gas Volume

BSEP/Vol. XIII1/PEP-03.6.3

2.46 x 10* g 2.
367 x10° g 2.48 x 10 g
7.77 x 10® cc 4.65 x 10* cc

3.25 x 10** cc  3.46 x 10* cc
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11 x 10* cc

14 x 10* g
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EXHIBIT 3.6.3-4

Core Inventory of Major Fission Products in a Reference Plant
Operated at 3651 MWt for Three Years

Half- Inventory Major Gamma Ray Energy-
Chemical Group Isotope Life* 10°Ci Intensity - keV(¥ /d)
| Noble Gases Kr-85m 4L .48 h| 24.6 151 (0.753)
Kr-85 10.72 y 1.1 514 (0.0044)
Kr-87 76.00 m | &47.1 403 (0.495)
Kr-88 2.8 h| 66.8 196 (0.26), 1530 (0.109)
Xe-133 5.25 d | 202.0 81 (0.365)
Xe-135 9.11 h| 26.1 250 (0.899)
Halogens 1-131 8.06 d| 96.0 364 (0.812)
1-132 2.30 h | 140.0 668 (0.99), 773 (0.762)
1-133 20.80 h | 201.0 530 (0.86)
1-134 52.60 m | 221.0 847 (0.954), 884 (0.653)
. 1-135 6.59 h | 189.0 1132 (0.225), 1260 (0.286)
Alkali Metals | Cs-134 2.06 y| 19.6 605 (0.98), 796 (0.85)
Cs-137 .17 v1 22.2 662 (0.85)
Cs~-138 32.20 m | 178.0 463(0.307), 1436 (0.76)
Tellurium Group | Te-132 78.00 h | 138.0 228 (0.88)
Noble Metals | Mo-99 66.02 h | 183.0 740 (0.128)
Ru-103 39.40 4 | 155.0 497 (0.89)
Alkaline Sr-91 9.52 h | 115.0 750 (0.23), 1024 (0.325)
Earths Sr-92 2.7 A 1123.0 1384 (0.9)
Ba-140 12.80 d [ 173.0 537 (0.254)
Rare Earth Y-92 3.54 h |124.0 934 (0.139)
La-140 40.20 h | 184.0 487 (0.455), 1597 (0.955)
Ce-141 32.50 d | 161.0 145 (0.48)
Ce-144 284.40 d | 129.0 134 (0.108)
Refractories | Zr-95 64.00 d | 161.0 724 (0.437), 757 (0.553)
2r=-97 16.90 h | 166.0 743 (0.928)
* h = hour
d = day
m = month
y = year

BSEP/Vol. XIII/PEP-03.6.3
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ATTACHMENT D

Integration of Containment Atmosphere Hydrogen Measurement
Into Core Damage Estimate

The extent of fuel clad damage as evidenced by the extent of metal-water
reaction can be estimated by determination of the hydrogen concentration in
the containment. That concentration is measurable by either the containment
hydrogen monitor or by the Postaccident Sampling System.

A correlation has been developed which relates containment hydrogen
concentration to the percent metal-water reaction for Marks I and II type
containments. That correlation is shown in Exhibit 3.6.3-5. Note A to that
exhibit indicates the major assumptions used in developing the correlatiom.
Note B indicates the method by which Brunswick plant can use the correlation
to determine the extent of clad damage.

BSEP/Vol. XIII/PEP-03.6.3 18 Rev. &4
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ATTACHMENT D (Cont'd)

EXHIBIT 3.6.3-5

¢ basks) MARK 1/11: 380,000 FT3/S00 BUNDLES

§
B

Hydzo en Concentration for Marks I and 1] Containments as a
B
Function of Metal-Water Reaction
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ATTACHMENT D (Cont'd)

Note A to Exhibit 3.6.3-5
Analytical Assumptions
(For Marks I and II Containments)

Containment Volume = 350,000 ft?

Number of Bundles 500

Fuel Type = 8 x 8 R

All hydrogen from metal-water reaction released to containment.
Perfect mixing in containment.

No depletion of hydrogen (e.g., containment

Ideal gas behavior in containment.

ESEP/Vol. XII1/PEP-03.6.3




' ATTACHMENT D (Cont'd)

Note B to Exhibit 3.6.3-5
Determination of Clad Damage From Hydrogen Monitor Reading
Step 1. Obtain containment hydrogen monitor reading in percent.

Step 2. Using the curve in Exhibit 3.6.3-5, determine the metal-water
reaction for the reference plant, HURr‘f.

Step 3. The metal-water reaction from the actual in-plant conditions (MWR)
in determined from the following equation:

'
% MWR = (MWR__.) x 500 x v
N 350,000

where:

N = Number of Bundles = 560
V = Total Containment Free Volume, ft® = 2.86 x 10*

|
|
I
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ATTACHMENT E

Integration of Containment Atmosphere Radiztion Measurement
Into Core Damage Estimate

An indication of the extent of core damage is the containment radiation level

which is a measure of the inventory »r fission products released to the

containment. This attachment containus a correlation of the containment |
radiation monitor dose rate to the percent of fuel inventory airborne in the
containment. The purpose of this attichment is to present that correlation |
and provide a method to use that ~crrelation to determine the degree of core i

damage.

Exhipit 3.5.3-6 provides the results cf a correlation performed for the
Monticello plant. The key parameters which impact the containment dose rate
are reactor power and containment volume.

The method whereby individual plants can apply this correlation is provided in
Note A to Exhibit 3.6.3-6.

" BSEP/Vol. XIII/PEP-03.6.3 22 Rev. 4 l
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ATTACHMENT E (Cont'd)

EXHIBIT 3.6.3-6

Percent of Fuel Inventory Airborne in the Containment

1004 Puei Invemtory = 100\ Madle Cases
¢ 254 lcdine
e 3\ particclates

Wo' 2 3 eskni 2 .3 e dbieng y St
Time Afler Shutdown (Hrs)

10

Approximate Source and Damage Estimate

100% TID-14844, 100% fuel damage, potentiszi core melt.
50% TID noble gases, TMI source.

10% TID, 100% NRC gap activity, total clad failure,
partial core uncovered.

3% TID, 100% WASH-1400 gap activity, major clad failure.
1% TID, 10% NRC gap, maximun 10% clad failure.

0.1% TID, 1% NRC gap, 1% clad failure, local beating of
5-10 fuel assemblies.

0.01% TID, 0.1% NRC gap, clad failure of 3/4 fuel element
(36 rods).

0.01% NRC gap clad failure of a few rods.
100% coolant release with spiking.
~ 100% coolant inventory release.

Upper range of normal airborne noble gaz activity in
containment.
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ATTACHMENT E (Cont'd)

NOTE A to Exhibit 3.6.3-6

Determination of Clad Davage From Containment
Radiation Monitor Reading

The procedure for determination of fraction of fuel inventory released to the
containment is as follows:

Step 1: Obtain containment radiation monitor reading, [R] in rem/hr.

Step 2: Determine elapsed time from plant shutdown to the containment
radiation monitor reading [t] in hours.

Step 3: Using Exhibit 3.6.3-6, determine the fuel inventory release for the
reference plant [I]“f in percent.

Step 4: Determine the inventory release to the containment [I]) using the
following formula:

1
(I} = [I]“f 1670 '
P 237, 450
where:
. P = reactor power level mth (BSEP = 2436 mth).

V = total containment free volume, ft® (BSEP = 286, 370 ft’).

NOTE: Monitor location within the containment is assumed to have
an insignificant impact on dose rate due to fuel inventory
airborne in containment.
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Computer Inputs for the PASS Program

EXHIBIT 3.6.3-7

Concentration of I-131 in Reactor Water (uCi/ml)
Concentration of I-131 in Suppression Pool (uCi/ml)*
Concentration of Cs-137 in Reactor Water (uCi/ml)

Concentration of Cs-137 in Suppression Pool (uCi/ml)*

Concentration of X=-133 in Drywell (uCi/cc)

Concentration of Xe-133 in Torus (uCi/cc)¥*¥

Concentration of Kr-85 in Drywell (uCi/cc)

Concentration of Kr-85 in Torus (uCi/cc)**

Time between Reactor Shutdown and Sample Time (days)

1f time and availability permits, attach information necessary for the
calculation of Inventory Correction Factors (see Attachment B); otherwise,

conservative default correction factors will be used.

Plant Sampling and Analysis Team Leader:

Projection Coordinator.

Dose Projection Coordinator:

#1f unavailable, assume suppression pool activity = 0 pCi/ml.

Give completed exhibit to Dose

Enter data into PASS computer program and
provide results to Plant Sampling and Analysis Team Leader.

#*]f unavailable, assume torus concentration equal to drywell in uCi/cc.

BSEP/Vol. XIII/PEP-03.6.3
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EXHIBIT 3.6.3-8

VERIFICATION OF PASS
(A Computer program for estimating core damage
based on Postaccident Sampling System results)

This exhibit is intended to provide a means to ensure that PASS, a core damage
estimate program designed for the IBM Personal Computer, is working properly.
This is demonstrated by duplicating expected results of known computer inputs.
These results can be validated by comparison to manual calculations for the
same input.

Two different test cases are presented so that a number of alternate paths
within the program can be tested. The test cases with their expected results
follow.

TEST CASE 1
Compute- Prompt Expected Input

Enter The Concentration of the Fission Products

Concentration of I-131 in Reactor Water (uCi/ml) 1.72E + 3
Concentration of I-131 in Suppression Pool (uCi/ml) 1.49E + 2
Concentration of Cs-137 in Reactor Water (uCi/ml) 6.55E + 2
Concentration of Cs-137 in Suppression Pool (uCi/ml) 5.70E + 1
Concentration of Xe-133 in Drywell (uCi/cc) 1.82E + 2
Concentration of Xe-133 in Torus (uCi/cc) 2.415 + 2
Concentration of Kr-85 in Drywell (uCi/cc) 1.43E + 0
Concentration of Kr-85 in Torus (uCi/cc) 1.90E + 0

For the inventory correction factor do you want to use the conservative
default values which are bases upon BSEP's operations under the same
operational constraints (YES or NO)? YES

Enter time between the reactor shutdown and the Sample Time (Days) W R
The results should resemble the printout on the following page. If they do

not, carefully check your inputs and try the test again. If the resul+s still
are not similar, try a backup copy of the program. If that fails, then seek

programming help.
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EXHIBIT 3.6.3-8 (Cont'd)
ESTIMATE THE EXTENT OF CORE DAMAGE UNDER ACCIDENT CONDITIONS

DATE: 02 28-1984

TIME: ?.:21:27
The concentraiion of the fission products are:
I-131 in Reactor Water R 3 u
1-131 in Suppression Pool
Cs-137 in Reacto'.water . uCi/ml
Cs-137 in Suppression Pool ; uCi/ml
Xe-133 in Drywell Air : uCi/cc
Xe-133 in Torus Air : uCi/cc
Kr-85 in Drywell Air ; R ) uCi/cc

Kr~85 in Torus Air .90E uCi/cc

Time between the reactor shutdown and the sample time is: 2 days

The Concervative Default values of the Inventory Correction Factors were used.

Estimate of fuel/cladding damage
Primary Coolant Analysis

Nuclide CwREF (uCi/ml) | % Cladding
Failure

% Fuel
Meltdown

i
|
|

.00E + 02 ‘ 69.00
.00E + 02 64 .54 !

Containment Gas Analysis

CWwREF (uCi/ml) | % Cladding | % Fuel

Failure | Meltdown

.99E + 01 53.26
.00E - 01 56.35
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EXHIBIT 3.6.3-8 (Cont'd)

TEST CASE 2

Computer Prompt Expected Input
Enter The Concentration of the Fission Products

Concentration of I-131 in Reactor Water (uCi/ml) 1.35E + 3
Concentration of I-131 in Suppression Pool (uCi/ml) 1.18E + 2
Concentration of Cs-137 in Reactor Water (uCi/ml) 1.17E + 2
Concentration of Cs-137 in Suppression Pool (uCi/ml) 1.02E + 1
Concentration of Xe-133 in Drywell (uCi/cc) 1.84E + 2
Concentration of Xe-133 in Torus (uCi/cc) 2.45E + 2
Concentration of Kr-85 in Drywell (uCi/cc) 2.91E - 1
Concentration of Kr-85 in Torus (uCi/cc) 3.86E - 1

For the inventory correction factor do you want to use the conservative
default values which are bases upon BSEP's operations under the same
operational constraints (YES or NO)? NO
Enter time between the reactor shutdown and the Sample Time (Days)? 2
Enter number of Operating Periods from the unit operating history? 3

For period number (1) enter:

Average steady reactor power operated in this period (MWT)? 1000
Duration of this operating period (days)? 60
Time between the end of this operating period and the time of the

most recent reactor shutdown (days)? 254

For period number (2) enter:

Average steady reactor power operated in this period (MWT)? 2000
Duration of this operating period (days)? 200
Time between the end of this operating period and the time of the

most recent reactor shutdown (days)? 44
For period number (3) enter:

Average steady reactor power operated in this period (MWT)? 3000
Duration of this operating period (days)? 14
Time between the end of this operating period and the time of the

most recent reactor shutdown (days)? 0

The results should resemble the printout on the following page. If they do
not, carefully check your inputs and try the test again. If the results still
are not similar, try a backup copy of the program. If that fails, then seek
programming help.
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EXHIBIT 3.6.3-8 (Cont'd)
‘ ESTIMATE THE EXTENT OF CORE DAMAGE UNDER ACCIDENT CONDITIONS
DATE: 03-28-1984

TIME: 13:27:17

The concentration of the fission products are:

I-131 in Reactor Water 1.35E +
I1-131 in Suppression Pool 1.18E +
Cs~137 in Reactor Water 1.17E +
Cs-137 in Suppression Pool 1.02E +
Xe-133 in Drywoll.Air 1.84E +
Xe-133 in Torus Air 2.45E +
Kr-85 in Drywell Air 2.91E -
Kr-85 in Torus Air 3.86E -

Time between the reactor shutdown and the sample time is:

Ho—'N’NHNNU

uCi/ml
uCi/ml
uCi/ml
uCi/ml
uCi/ce
uCi/cc
uCi/cc
uCi/cc

2 days

The Inventory Correction Factors were calculated from the following:

' Period No. Operation Time Time Between Period Average Power
(days) & Last Shutdown (days) (MWt)
‘ 1 60 254 1000
2 200 44 2000
3 14 0 3000
Estimate of Fuel/Cladding Damage
Primary Coolant Analysis
l Nuclide | CwREF (uCi/ml) % Cladding % Fuel i
| Failure Meltdown
‘ I-131 ‘ 3.00E + 02 69.02 1.35 !
| Cs-137 9.99E + 01 64 .49 4.27 i
Containment Gas Analysis
; |
Nuclide CwREF (uCi/ml) % Cladding % Fuel
Failure Meltdown l
| Xe-133 8.00E + 01 53.30 1.84 !
Kr-85 5.00E - 01 56.40 1.92
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WORKSHEET Al

CALCULATION OF ISOTOPIC CONCENTRATIONS IN PRIMARY WATER AND SUPPRESSION
POOL WATER (Cwi) AND DRYWELL GAS AND TORUS GAS (Cgi)

References

Section 3.3.1.2
Section 3.3.1.5
Attachment A
Exhibit 3.6.3-3

Cwi (uCi/ml) = (Concentration Rx HZO)i (0.08) +

(Cs*??, 1'?') (Concentration Suppression Pool H,0).6 (0.92)
- i |

.[ + ] (uCi/ml)

137
= uCi/nlC'

and = ARl ; uCi/nlI‘”

C;1 (uCi/ml) = (Concentration Drywoll)1 (0.57) + (Concentration Torus)i (0.4%2)

(x.llﬁ’ xxll)
-‘. - ] (uCi/cc)

|

= uCi/ccx.l!l

s
and = uCi/ccxr
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. WORKSHEET A2

CALCULATION OF INVENTORY CORRECTION FACTOR (FI i)-
References
Section 3.3.1.4

Attachment B
Exhibit 3.6.3-4

Pj i o P S T wthtmal ’I'j. =  Days
Tj = Days ki = Days !
FI, = 3651 (1 - e 1eeshy,
I E’J (1 =-e .XITJ)(o.xiTj")]
- (Cs*?7)
(1%%%)
' ‘(XO“')
(Ke**)
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'I" WORKSHEET A3

CALCULATION OF NORMALIZED ISOTOPIC CONCENTRATIONS IN PRIMARY WATER AND

SUPPRESSION POOL WATER (Cwiaef) AND DRYWELL GAS AND TORUS GAS (c;iR°f)

References

Section 3.3.1.6 NOTE: For BSEP,
Attachment C Fw = 0.68622
Worksheet Al Fg = 0.20275
Worksheet A2

Ref it
Cwi = Cw1 € X FIi x Fw

(c‘l!7' illl)

= HCi/DIC'xn
uCi/nll 121

Cgin.f = Cgi ‘Xit x FIj x Fg

(x.lli’ xr.l)

= uCi/cc Xe'??

. uCi/cc Kr*®
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WORKSHEET A4

ESTIMATE OF FUEL/CLADDING DAMAGE

References
Section 3.3.1.7
Exhibit 3.6.3-2
Worksheet A3
Primary Coolant Analysis
! % Cladding % Fuel
Isotope | Cuin.f(uCi[-l) | Failure Me ltdown
Il’l l I
| Er
c'll7 l l
Containment Gas Analysis
P { . % Cladding % Fuel
Isotope C;in‘f Ci/ml) Failure Me ltdown
x.ll)
‘I"
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WORKSHEET B1

DETERMINATION OF CLAD DAMAGE FROM HYDROGEN MONITOR READING

References

BSEP/Vol. XIII/PEP-03.6.3

Section 3.4.1
Attachment D
Exhibit 3.6.3-5

Containment Hydrogen Monitor Reading:
MWR ref

Calculate % MWR:

% MWR = (MWR ref)(0.73)

34
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. WORKSHEET B2

DETERMINATION OF FUEL INVENTORY RELEASE BASED ON CONTAINMENT
RADIATION MONITOR READING

References
Section 3.4.2

Attachment E
Exhibit 3.6.3-6

Containment Radiation Monitor Reading: rem/hr

Time from Shutdown to Monitor Reading: hrs

[I] ref (Reference Fuel Inventory
Release, %, from Exh:bit 3.6.3-6) - %

I (Actual Fuel Inventory Release) = [I] ref * 0.827
__SPSreIes
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1.0 Responsible Individual and Objectives

The Radiological Control Director is responsible to the Site Emergency
Coordinator for determining the magnitude of potential radiocactive |
releases to the environment. The Radiological Control Director may

delegate the calculational aspects to the Plant Sampling and Analysis

Team Leader.

The Dose Projection Coordinator and the Accident Assessment Team Leader ‘
should be familiar with this procedure and available for consultation as
requested by the Plant Sampling and Analysis Team Leader. l

2.0 Scope and Applicability

This procedure is to be implemented by the Site Emergency Coordinator or
the Radiological Control Director whenever the potential for core damage
exists and/or there exists a potential or actual radiological release to
the environment (e.g., site or general emergency).

This procedure provides information on inventories of reactor full-power
radioisotopes in curies and gives methods for comparing actual
radioactive liquid and geseous samples with expected activity levels
after a reactor accident based on cesium, noble gases, and iodines.
There are several other plant parameters which are measured in the BWR
which can provide sufficient information to confirm the initial core
damage estimate based on radionuclide measurements.

‘ Containment radiation level provides & measure of core damage, because it
is an indication of the inventory of airborne fission products (i.e.,
noble gases, a fraction of the halogens, and a much smaller fraction of
the particulates) released from the fuel to the containment. Containment
hydrogen levels, which are measurable by the PASS or the containment gas
ai.alyzers, provide a measure of the extent of metal water reactiom which,
in turn, can be used to estimate the degree of clad damage.

Another significant parameter for the estimation of core damage is
reactor vessel water level. This parameter is used to establish if there
has been an interruption of adequate core cooling. Significant periods
with the core uncovered, as evidenced by reactor vessel water level
readings, would be an indicator of a situation where core damage is
likely. Water level measurement would be particularly useful in
distinguishing between bulk core damage situations caused by loss of
adequate cooling to the entire core and localized core damage situations
caused by a flow blockage in some portion of the core.

There are other parameters which may provide an indication that a core
damage event has occurred. These are main steam line radiation level and

reactor vessel pressure. The usefulness of main steam line radiation
measurement is limited because the main steam line radiation monitors are

. BSEP/Vol. XIII1/PEP-03.6.3 1 Rev. &4
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3.0

BSEP/Vol. XIII/PEP-03.6.3 2

downstream of the main steam isolation valves (MSIVs) and would be
unavailable following vessel isolation. Reactor vessel pressure
measurement would provide an ambiguous indication of core damage,
because, although a high reactor vessel pressure may be indicative of a
core damage event, there are many nondegraded core events which could
also result in high reactor vessel pressure.

There are other measurements besides radionuclide measurements which are
obtainable using the PASS which would further aid in estimating core
damage. Detection of such elements in the reactor coolant as Sr, Ba, La,
and Ru is evidence of fuel melting. These indications could be factored
into the final core damage estimate.

Actions and Limitations

3.1 Summary of Method

Liquid and gaseous samples will be obtained from the Postaccident
Sampling System (PASS)--Liquid from the reactor coolant and/or
suppression pool and gaseous samples from the primary and/or
secondary containment. The samples will be quantitatively analyzed
on the appropriate equipment. The results of the above analysis, in
addition to containment radiation level, hydrogen analysis, and the
core water level history, will be used in the estimation. This
procedure follows the General Electric procedure NEDO-22215, August
1982.

List of Exhibits

1 Sequence of Analysis for Estimation of Core Damage
.3-2 Relationships Between Concentration in the Primary Coolant
and the Erxtent of Core Damage in Reference Plant

.3-3 BSEP to Reference Plant Parameters

Core Inventory of Major Fission Products in a Reference
Plant

3.6.3-5 Hydrogen Concentration for Containment as a Function of
Metal-Water Reaction

3-6 Percent of Fuel Inventory Airborne in the Containment

.3-7 Computer Inputs for the PASS Program

3-8 Verification of PASS

ww

ww
oo
w

)
>

www
[+ - R

List of Attachments

Attachment A Plant Parameter Correction Factors
Attachment B Inventory Correction Factor
Attachment C Comparison with Reference Plant Data
Attachment D Integration on Containment Atmosphere Hydrogen
Measurement Into Core Damage Estimate
Attachwent E Integration of Containment Atmosphere Radiation
Measurement Into Core Damege Estimate
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Worksheet
Worksheet
Worksheet
Worksheet
Worksheet

Worksheet

e

List of Worksheets

Al Calculation of Isotopic Concentrations

A2 Calculation of Inventory Correction Factor

A3 Calculation of Normalized Isotopic Concentrations

A4 Estimate of Fuel/Cladding Damage

Bl Determination of Clad Damage from Hydrogen Monitor
Reading

B2 Determination of Fuel Inventory Pelease Based on
Containment Radiation Monitor Reading

3.2 Limitations

3.2.1

3.2.2

3.2.3

3.2.4

3.2.5

Analysis of PASS samples for concentrations of Ba, Sr, La,
and Ru and consideration of the relative amounts of
fission products would indicate if any fuel melt has
occurred.

The selection of a sample location should account for the
type of event which will determine where the fission
products will concentrate.

The recommended sampling locaticns are as follows:

Gaseous
Event Type Sample Location

Nonbreaks Suppression pool atmosphere
(e.g., MSIV)

Small breaks Drywell (before depressuri-
zation); suppression pool
atmosphere (after depressur-
ization)

Large breaks (liquid Drywell
or steam) in primary
containment

Large breaks outside Suppression pool atmosphere
primary containment

The recommended sampling location for liquid for all
events is the jet pumps as long as there is sufficient
reactor pressure (normally > 50 psig) to provide a sample
from that location. If there is not sufficient reactor
pressure to allow a sample to be taken from the jet pumps,
the sample should be taken from the sample points on the
RHR System.

If a jet pump liquid sample is requested at low (< 1%)
power conditions for a small break or nonbreak event,
recommend to Operations that the reactor water level be

' BSEP/Vol. XIII1/PEP-03.6.3 3 Rev. &
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raised to the level of the moisture separators. This will
fully flood the moisture separators and will provide a
thermally induced recirculation flow path for mixing.

3.3 Actions

3.3.1 Evaluations of Liquid and Gaseous Samples

NOTE:

3.3.1.12

3.3.1.2

3.3.1.3

BSEP/Vol. XIII/PEP-03.6.3
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The extent of core damage can be determined by
comparing the measured concentrations of major
fission products in either the gas or water
samples, after appropriate normalization, with
the reference plant data.

The Plant Sampling and Analysis Team Leader
should request samples from the PASS.

NOTE:

Steps 3.3.1.2 through 3.3.1.7 can be
accomplished using PASS, a computer
program developed for use on the

Dose Projection Team's IBM Personal
Computer. To use the program, the
Plant Sampling and Analysis Team
Leader should complete Exhibit
3.6.3-7, Computer Inputs for the PASS
Program, and give the completed
exhibit to the Dose Projection
Coordinator who will run the program
and return the results. Exhibit
3.6.3-8 provides example test cases
which can be used to verify that the
computer program PASS is working
properly. Expected results for known
computer inputs are given. These test
cases should be used to demonstrate
the validity of PASS each time the
program is initially used.

Obtain tk: samples from the PASS and determine
the concentration of the fission product i (C“1

in water or (:'1 in gas as determined in
Attachment A using data provided in Exhibit

3.6.3-3).

Correct the measured concentration for decay to
the time of reactor shutdown. Ensure that the
measured gaseous activity concentration has been
corrected for temperature and pressure
difference in the sample vial and the
containment (torus) gas phase.

NOTE :

e o

This is normally included in the
quantitative analysis results.
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3.3.1.4 Calculate the fission product inventory
correction factor FIi per Attachment B and

reccerd on Worksheet A2,

3.3.1.5 Calculate the cwi and Cgi using the information

obtained in Step 3.3.1.2 and the methods in
Attachment A and record on Worksheet Al.

3.3.1.6 Using the correction factors, determined in
Attachments A and B, calculate the normalized
Ref Ref
concentration, Cwi or C‘i, per Attachment C and

record on Worksheet A3.
3.3.:1:.7 Use Exhibit 3.6.3-2 to estimate the extent of

Ref
fuel or cladding damage using C"i for Cs~-137 and

Ref
1-131 and C‘1 for Xe-133 and Kr-85. Record data

on Worksheet A4.

3.3.2 Evaluation of Metal-Water Reaction and Inventory Release
3.3.2.1 Use Attachment D to determine the percent
. metal-water reaction. Record data on
Worksheet Bl.
3.3.2.2 Use Attachment E to determine the fuel inventory
release to the containment. Record data on
Worksheet B2.
3.3.3 Application of Other Significant Parameters to Core Damage
Estimate
Section 3.3.1 provides an estimate of core damage based on
radionuclide measurements. Based on Step 3.3.1.7, an
initial assessment of core damage is made. Based on a
clarification provided by the NRC, that assessment would
appear in a matrix as follows:
Degree of Minor Intermediate Major
Degradation (< 10%) (10% - 50%) (> 50%)
No fuel damage ¢ 1 >
Cladding failure 2 3 4
Fuel overheat 5 6 7
Fuel melt 8 9 10

As recommended by the NRC, there are four general classes
of damage aad three degrees of damage within each of the
classes except for the "no fuel damage" class.
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3.3.4

4.0 References

Consequently, there are a total of ten possible damage
assessment categories. For example, Category 3 would be
descriptive of the condition where betwean 10% and 50%

of the fuel cladding has failed. Note that the conditions
of more than one category could exist simultaneously. The
objective of the final core damage assessment procedure is
to narrow down, to the maximum extent possible, those
categories which apply to the actual in-plant situation.

The initial core damage assessment based on radionuclide
measurement will provide one . several candidate
categories which most likely represent the actual in-plant
condition. The other parameters should then be evaluated
(as identified in Section 3.3) to corroborate and further
refine the initial estimate.

For example, fission product measurement using PASS may

indicate Category & core damage and, additionally, the

potential for fuel overheat and fuel melt (i.e.,

Categories 5 through 10). Measurement of hydrogen in

containment and use of the hydrogen correlation provided

in Attachment D is used to verify that extensive clad ‘
damage had occurred. Use of the containment radiation

monitor reading along with the correlation provided in ‘
Attachment E would verify that a significant fission

product release to the containment had occurred, further
verifying the initial assessment.

Further analysis of the PASS samples for concentrations of
Ba, Sr, La, and Ru and consideration of the relative
amounts of fission products released would indicate if any
fuel melt had occurred.

Exhibit 3.6.3-1 indicates how the analysis of the other
significant parameters relates to the estimation of core
damage based on radionuclide measurements.

Consult with the Dose Projection Coordinator and the
Radiological Control Director when results of this
procedure are determined and repeat this procedure as
necessary.

Lin, C. C., "Procedure for the Determination of the Extent of Core Damage
Under Accident Conditions," NEDO-22215, 1982.

Letter and Attachment from Mr. D. K. Smith, Service Supervisor - Nuclear,
General Electric to Mr. A. C. Tollison, Jr., General Manager, Brunswick
Steam Electric Plant, dated November 9, 1979, Subject: Radiation Source
Term Information.
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Letter and Attachments form Mr. T. J. Dente, Caairman - BWR Owner's Group
to Mr. D. G. Eisenhut, Licensing Director - USNRC, dated June 17, 1983,
Subject: Transmittal of Genmeric Procedures for Estimation of Core Damage
Using Postaccident Sampling System.
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EXHIBIT 3.6.3-1
SEQUENCE OF ANALYSIS FOR
ESTIMATION OF CORE DAMAGE

YES

" Hydrogen YES Containment YES Water
Analysis e Radiation Jr——— Level
NO NO NO
re -
Estimate
NO NO NO
Hyd rogen YES Containment YES Water
Analysis [ Radiation r__ Level
_.lkn[‘j'm_ __{Confirm) I__(Confirm) |

e

MAJOR CLAD DAMAGE
FUEL OVERHEAT

YES

NORMAL OPERAT ION

‘ l Anal¥sis fo; —J

YES

Determination
of Fllsion_

| Product Ratio
NO

CLAD DAMAGE
POSSIBLE FUEL OVERHEAT
NO CORE MELT




. EXHIBIT 3.6.3-2

i

131 CONCENTRATION IN PRIMARY COOLANT GCilg)
3

" NORMAL SHU MOOWN
CONCENTRATION
RLAEACTOR WATER
UPPER LIMIT: WO uCity
MOMINAL: 0.7 pCisy
ol 2 J‘lllll 2 2 2 aasald 2 s el [ NRTIT | g 4 11422
0. 0 " 100
0 w0 100
e % FUEL MELTDOWN =]

Relationship Between 1-131 Concentration in the Primary Coolant (Reactor
Water + Pool Water) and the Extent of Core Damage in Reference Plant
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‘ EXHIBIT 3.6.3-2 (Cont'd)

w*
FUEL MELTDOWN
UPPER RELEASE LIMIT
SR \
w d

g

T 7w !U'Il'

1

we 7/ ‘p’
. " A
P 4 4
P V4
1 V4
1 ,/ CLADDING FAILURE

» BEST ESTIMATE

CF“’GM‘!MNH“ON”"ﬂﬂMﬂVOﬂﬂjﬂ?hﬂh'
\
A Y
N\

UPPER RELEASE LIMIT

LOWER RELEASE LiMIT

Y= 4 NORMAL SHUTDOWN
B / CONCENTRATION
. 4 IN REACTOR WATER
/7
; 7 ) UPPER LIMIT: 03 wCily
T : -
¥
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Relationship Between Cs-137 Concentration in the Primary Coolant (Reactor
Water + Pool Water) and the Extent of Core Damage in Reference Plant
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‘ EXHIBIT 3.6.3-2 (Cont'd) |
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Relationship Between Xe-133 Concentration in the Containment Gas (Drywell
Torus Gas) and the Extent of Core Damage in Reference Plant
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EXHIBIT 3.6.3-2 (Cont'd)
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Relationship Between Kr-85 Concentration in the Containment Gas (Drywell
Torus Gas) and the Extent of Core Damage in Reference Plant
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‘I' ATTACHMENT A
Plant Parameter Correction Factors i

Fission products measured together for reactor water and suppression pool
water or drywell gas and torus gas.

F, = BSEP total coolant mass (2.69 x 10° g)
reference plant coolant mass (3.92 x 10* g)

= 0.68622

» W
F = BSEP total containment gas volume (8.11 x 10° cc)

reference plant containment gas volume (4 x 10'® cc)

= 0.20275

Fission products measured ;eparntely for reactor water and suppression pool
water or drywell gas and torus gas.

(:“i = (conc. in Rx wtr) (Rx water mass) + (conc. in pool) (pool wtr mass)

. reactor water mass + pool water

= (conc. in Rx water)(2.14 x 10° g) + (conc. in pool)(2.48 x 10° )

2.69 x 10° g

C'i = (conc. in drywell) (drywell gas vol.) + (comc. in torus) (torus gas vol.) |

drywell gas volume + torus gas volume

= (conc. in drywell)(4.65 x 10® cc) + (conc. in torus)(3.46 x 10* cc)
8.11 x 10* cc

BSEP/Vol. XIII/PEP-03.6.3 13
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ATTACHMENT B

Inventory Correction Factor

Fli = inventory in reference plant

inventory in operation plant

-1095)

i
= 3651 1l-e
-XiTj -XiTj
2 Pj 1-e e
j

; = duration of operating period j (day).

P = average steady reactor power operated in period j (Mwt).

T° = time between the end of operating period j and the time of the

last reactor shutdown (day).

3651 = reference plant MWt.

If the unit operating history is not readily available, use the

following FI values (based upon Brunswick plant operations under the same

operational constraints):

Nuclide Conservative FI A (day :i)

I-131 1.34 0.0862

Cs-137 1.39 6.29 x 10°*

Xe-133 1.46 0.1320

Kr-85 1.51 1.77 x 10°*
BSEP/Vol. XIII/PEP-03.6.3 14
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ATTACHMENT C

Compurison With Reference Plant Data

The extent of core damage can be estimated from the measured fission product
concentrations in either the gas or water samples, as described for the
reference plant. However, the measured concentration must be corrected for
the differences ir operation power level, time of operation, primary coolant
mass, and containment gas volume.

Ref

cwi
OR

Ref

gi
Ref

wi

Ref
gi

wi

gi

P -

—
€

BSEP/Vol.

Xit

C .e x F

wi - Fw

Ii

Xit

cgi‘ - x FIi x F‘

Concentration of isotope i in the reference plaat coolant
(uCi/g).

Concentration of isotope i in the reference plant containment

gas (uCi/ce).

Measured concentration of isotope i in BSEP's coolant (uCi/g).

See Attachment A.

Measured concentration of isotope i in BSEP's containment gas
(uCi/cc). Sea Attachment A.

Decay correction to the time of reactor shutdown.

Decay constant of isotope i (day°1).

Time between the reactor shutdown and the sample time (days).
Inventory correction factor for isotope i. See Attachment B.

Containment gas volume correction factor. See Attachment A.

Primary coolant mass correction factor. See Attachment A.

XIII/PEP-03.6.3 15 Rev. &4




EXHIBIT 3.6.3-3

BSEP TO REFERENCE PLANT PARAMETERS

Reactor Thermal Power
Number of Fuel Bundles

Total Primary Coolant Mass

(reactor water plus suppression pool water)

Total Drywell and Torus Gas Space Volume

Reactor Water
Suppression Pool
Drywell Gas Volume

Torus Gas Volume

BSEP/Vol. XIII/PEP-03.6.3
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Reference Plant

BSEP

3651 MWt
748 bundles

3.92 x 10° g

4.0 x 10** cc
2.46 x 10" g
3.67 x 10* g
7.77 x 10* cc

3.25 x 10!* cc

2436 MWt
560 bundles

2.69 x 10* g

8.11 x 10* cc
2.14 x 10* g
2.48 x 10' g
4.65 x 10* cc

3.46 x 10° cc

Rev. &4




EXHIBIT 3.6.3-4

Core Inventory of Major Fission Products in a Reference Plant
Operated at 3651 MWt for Three Years

Half- Inventory Major Gamma Ray Energy-
Chemical Group Isotope Life* 10°Ci Intensity - keV(¥ /d)
| Noble Gases Kr-85m 4,48 h| 24.6 151 (0.753)
Kr-85 10.72 y 2.3 514 (0.0044)
Kr-87 76.00 m| 47.1 403 (0.495)
Kr-88 2.84 h 66.8 196 (0.26), 1530 (0.109)
Xe-133 5.25 d | 202.0 81 (0.365)
Xe~-135 9.11 h| 26.1 250 (0.899)
Halogens 1-131 8.04 d| 96.0 364 (0.812)
I1-132 2.30 h | 140.0 668 (0.99), 773 (0.762)
1-133 20.80 h | 201.0 530 (0.86)
1-134 52.60 m | 221.0 847 (0.954), 884 (0.653)
. 1-135 6.59 h | 189.0 1132 (0.225), 1260 (0.286
Alkali Metals | Cs-134 2.06 v 19.6 605 (0.98), 796 (0.85)
Cs~-137 30.17 y 12.3 662 (0.85)
Cs~-138 32.20 m | 178.0 463(0.307), 1436 (0.76)
Tellurium Group | Te-132 78.00 h | 138.0 228 (0.88)
Noble Metals | Mo-99 66.02 h | 183.0 740 (0.128) ikl
Ru-103 39.40 d | 155.0 497 (0.89)
Alkaline Sr-91 9,52 h | 115.0 750 (0.23), 1024 (0.325)
Earths $r-92 2.71 h | 123.0 1384 (0.9)
Ba-140 12.80 d | 173.0 537 (0.254)
Rare Earth Y-92 3.54 h | 124.0 934 (0.139)
P;a-lko 40.20 h | 184.0 487 (0.455), 1597 (0.955)
Ce-141 32.50 d | 161.0 145 (0.48)
Ce-144 284.40 d | 129.0 134 (0.108)
Refractories | Zr-95 64.00 d | 161.0 724 (0.437), 757 (0.553)
Zr-97 16.90 h | 166.0 743 (0.928)
* h = hour
d = day
m = month
y = year

BSEP/Vol. XIII/PEP-03.6.3
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ATTACHMENT D

Integration of Containment Atmosphere Hydrogen Measurement
Into Core Damage Estimate

The extent of fuel clad damage as evidenced by the extent of metal-water
reaction can be estimated by determination of the hydrogen concentration in
the containment. That concentration is measurable by either the containment
hydrogen monitor or by the Postaccident Sampling System.

A correlation has been developed which relates containment hydrogen
concentration to the percent metal-water reaction for Marks I and II type
containments. That correlation is shown in Exhibit 3.6.3-5. Note A to that
exhibit indicates the major assumptions used in duveloping the correlation.
Note B indicates the method by which Brunswick plant can use the correlation
to determine the extent of clad damage.

BSEP/Voi. XIII1/PEP-03.6.3 18 Rev. &




ATTACHMENT D (Cont'd)

EXHIBIT 3.6.3-5

¢ Basie) MARK I11: 380,000 FT3/S00 SUNDLES

3 ¥ 8 8 ¢ & % ¢ 8 ¢

Hydrogen Concentration for Marks I and II Containments as a
Function of Metal-Water Reaction

BSEP/Vol. XIII/PEP-03.6.3
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ATTACHMENT D (Cont'd)

Note A to Exhibit 3.6.3-5
Analytical Assumptions
(For Marks I and II Containments)

1. Containment Volume = 350,000 ft?

2. Number of Bundles = 500

3. Fuel Type =8 x 8 R

4. All hydrogen from metal-water reaction released to containment.
5. Perfect mixing in containment.

6. No depletion of hydrogen (e.g., containment leakage).

y Ideal gas behavior in containment.

BSEP/Vol. XIII/PEP-03.6.3 20
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Step 1.

Step 2.

Step ..
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ATTACHMENT D (Cont'd)
Note B to Exhibit 3.6.3-5
Determination of Clad Damage From Hydrogen Monitor Reading
Obtain containment hydrogen monitor reading in percent.

Using the curve in Exhibit 3.6.3-5, determine the metal -water
reaction for the reference plant, HURr.f.

The metal-water reaction from the actual in-plant conditions (MWR)
in determined from the following equation:

% MR = OWR__ ) x 500 x __V
N 350,000

where:

N = Number of Bundles = 560
V = Total Containment Free Volume, ft® = 2.86 x 10*

BSEP/Vol. XIII/PEP-03.6.% 21 Rev. &
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‘I' ATTACHMENT E

Sy

Integration of Containment Atmosphere Radiation Measurement
Into Core Damage Estimate

An indi.ation of the extent of core damage is the containment radiation level

which is a measure of the inventory of fission products released to the

containment. This attachment contains a correlation of the containment |
radiation monitor dose rate to the percent of fuel inventory airborne in the
containment. The purpose of this attachment is to present that correlation

and provide a method to use that correlation to determine the degree of core '

damage.

Exhibit 3.5.3-6 provides the results of a correlation performed for the . ¥
Monticello plant. The key parameters which impact the containment dose rate l

are reactor power and containment volume.

The method whereby individual plants can apply this correlation is provided in
Note A to Exhibit 3.6.3-6.

. BSEP/Vol. XIII/PEP-03.6.3 22 Rev. &4
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ATTACHMENT E (Cont'd)

EXHIBIT 3.6.3-6

Percent of Fuel Inventory Airborne in the Containment

:
[ 4
31008 Pual Inventery = 1008 Rable Cases
- * 250 Jodioe
; . « I\ particulatas
-
e
.
- ks
e b
‘ i
M
‘ ...!_
' : L
h‘ L
©'
4
. 1 R ‘. 10
% Fuel Time Afler Shuidoun (Mrs)
Inventory
Released Approximate Source and Damage Estimate
100.00 100% TID-14844, 100% fuel damage, potential core melt.
50.00 50% TID noble gases, TMI source.
10.00 10% TID, 100% NRC gap activity, total clad failure,
partial core uncovered.
3.00 3% TID, 100% WASH-1400 gap activity, major clad failure.
1.00 1% TID, 10% NRC gap, maximum 10% clad failure.
0.10 0.1% TID, 1% NRC gap, 1% clad fai.ure, lonal beating of
510 fuel assemblies.
0.01 0.01% TID, 0.1% NRC gap, clad failure of 3/4 fue]l element
(36 rods).
107? 0.01% NRC gap clad failure of a few rods.
1074 100% coolant release with spiking.
5x 10¢ 100% coolant inventory release.
‘ 10°* Upper range of normal airborne noble gas activity in
containment .
BSEP/Vol. XII1/1iP-03.6.3 23 Rev. &
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ATTACHMENT E (Cont'd)
NOTE A to Exhibit 3.6.3-6

Determination of Clad Damage From Containment
Radiation Monitor Reading

The procedure for determination of fraction of fuel inventory released to the

containment is as follows:

Step 1: Obtain containment radiation monitor reading, [R] in rem/hr.

kS

Step 2: DNetermine elapsed time from plant shutdown to the containment

1adiation monitor reading (t] in hours.

Step 3: Using Exhibit 3.6.3-6, determine the fuel inventory release for the

reference plant [I]t.f in percent.

Step 4: Determine the inventory release to the containment [I] using the

following formula:

(1) = (1], /1670 v
P 237, 450

where:

P = reactor power level nuth (BSEP = 2436 Huth)'

V = total containment free volume, ft’ (BSEP = 286, 370 ft').

NOTE: Monitor location within the containment is assumed to have
an insignificant impact on dose rate due to fuel inventory

airborne in containment.

BSEP/Vol. XIII/PEP-03.6.3 24
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Concentration
Concentration
Concentration
Concentration
Concentration
Concentration
Concentration

Concentration

Time between Reactor Shutdown and Sample Time (days)

If time and availability permits, attach information necessary for the

EXHIBIT 3.6.3-7

Computer Inputs for the PASS Program

of 1-131 in Reactor Water (uCi/ml)

of 1-131 in Suppression Pool (uCi/ml)*
of Cs=137 in Reactor Water (uCi/ml)

of Cs-137 in Suppression Pool (uCi/ml)*
of Xe-133 in Drywell (uCi/cc)

of Xe-133 in Torus (uCi/cc)*¥

of Kr-85 in Drywell (uCi/cc)

of Kr-85 in Torus (uCi/cc)**

calculation of Inventory Correction Factors (see Attachment B); otherwise,

conservative default correction factors will be used.

Plant S

and Analysis Team Leader:

Projection Coordinator.

Dose Projection Coordinator:

#If unavailable, assume suppression pool activity = 0 uCi/ml.

Give completed exhibit to Dose

Enter data into PASS computer program and
provide results to Plant Sampling and Analysis Team Leader.

##1f unavailable, assume torus concentration equal to drywell in uCi/cc.

BSEP/Vol. XII
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EXHIBIT 3.6.3-8

VERIFICATION OF PASS
(A Computer program for estimating core damage
based on Postaccident Sampling System results)

This exhibit is intended to provide a means to ensure that PASS, a core Jamage
estimate program designed for the IBM Personal Computer, is working properly.
This is demonstrated by duplicating expected results of known computer inputs.
These results can be validated by comparison to manual calculations for the
same input.

Two different test cases are presented so that a number of alternate paths
within the program can be tested. The test cases with their expected results
follow.

TEST CASE 1
Computer Prompt Expected Input

Enter The Concentration of the Fission Products

Concentration of 1-131 in Reactor Water (uCi/ml) 1.72E + 3
Concentration of 1-131 in Suppression Pool (uCi/ml) 1.49E + 2
Concentration of Cs-137 in Reactor Water (uCi/ml) 6.55E + 2
Concentration of Cs-137 in Suppression Pool (uCi/ml) S.70E + 1
Concentration of Xe-133 in Drywell (uCi/cc) 1.82E + 2
Concentration of Xe-133 in Torus (uCi/cec) 2.41E + 2
Concentration of Kr-85 in Drywell (uCi/cc) 1.43E + 0
Concentration of Kr-85 in Torus (uCi/cc) 1.90E + 0

For the inventory correction factor do you want to use the conservative
default values which are bases upon BSEP's operations under the same
operational constraints (YES or NO)? YES

Enter time between the reactor shutdown and the Sample Time (Days) . 9
The results should resemble the printout on the following page. If they do

not, carefully check your inputs and try the test again. 1f the results still
are not similar, try a backup copy of the program. If that fails, then seek

programming help.

BSEP/Vol. A111/PEP-03.6.3 26 Rev. &
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EXHIBIT 3.6.3-8 (Cont'd)

ESTIMATE THE EXTENT OF CORE DAMAGE UNDER ACCIDENT CONDITIONS

DATE:
TIME:

03-28-1984
13:21:27

The concentration of the fission products are:

I1-131 in Reactor Water 1.72E + 3 uCi/ml
I-131 in Suppression Pool 1.49E + 2 uCi/ml
Cs=137 in luctor. Water 6.55E + 2 uCi/ml
Cs-137 in Suppression Pool 5.70E + 1 uCi/ml
Xe~133 in Drywell Air 1.82E + 2 wCi/ce
Xe~133 in Torus Air 2.41E + 2 uCi/cc
Kr-85 in Drywell Air 2 1.43E + 0 uCi/cc
Kr-85 in Torus Air 1.90E + 0 uCi/cc

Time between the reactor shutdown and the sample time is:

The Concervative Default values of the Inventory Correction Factors were used.

Estimate of fuel/cladding damage
Primary Coolant Analysis

2 days

Nuclide CwREF (uCi/ml) % Cladding % Fuel
4 Failure Meltdown __
. I-131 3.00E + 02 69.00 1.35 ]
Cs-137 1.00E + 02 _ 64.54 4.27 =

Containment Gas Analysis
Nuclide CwREF (uCi/ml) % Clidding % Fuel l
Failure Meltdown

. Xe-133 7.99E + 01 53.26 1.84

|_Kr-85 5.00E - 01 56.35 1.92 |

BSEP/Vol. XII1/PEP-03.6.3 27
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EXHIBIT 3.6.3-8 (Cont'd)

TEST CASE 2

Computer Prompt Expected Input
Enter The Concentration of the Fission Products

Concentration of I-131 in Reactor Water (uCi/ml) 1:.358 + 3
Concentration of 1-131 in Suppression Pool (pCi/ml) 1.18E + 2
Concentration of Cs-137 in Reactor Water (uCi/ml) 1.178 + 2
Concentration of Cs-137 in Suppression Pool (uCi/ml) 1.02E + 1
Concentration of Xe-133 in Drywell (uCi/cc) 1.84E + 2
Concentration of Xe-133 in Torus (uCi/cc) 2.45E + 2
Concentration of Kr-85 in Drywell (uCi/cc) 2.91E - 1
Concentration of Kr-85 in Torus (uCi/cc) 3.86E - 1

For the inventory correction factor do you want to use the conservative
default values which are bases upon BSEP's operations under the same
operational constraints (YES or NO)? NO
Enter time between the reactor shutdown and the Sample Time (Days)? 2
Enter number of Operating Periods from the unit operating history? 3

For period number (1) enter:

Average steady reactor power operated in this period (MWT)? 1000
Duration of this operating period (days)? 60

Time between the end of this operating period and the time of the

most recent reactor shutdown (days)? 254
For period number (2) enter:

Average steady reactor power operated in this period (MWT)? 2000
Duration of this operating period (days)? 200
Time between the end of this operating period and the time of the

most recent reactor shutdown (days)? L4
For period number (3) enter:

Average steady reactor power operated in this period (MWT)? 3000
Duration of this operating period (days)? 14

Time between the end of this operating period and the time of the

most recent reactor shutdown (days)? 0

The results should resemble the printout on the following page. If they do
not, carefully check your inputs and try the test again. If the results still
are not similar, try a backup copy of the program. If that fails, then seek
programming help.
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EXHIBIT 3.6.3-8 (Cont'd)
ESTIMATE THE EXTENT OF CORE DAMAGE UNDER ACCIDENT CONDITIONS
DATE. 03-28-1984
TIME: 13:27:17

The concentration of the fission products are:

1-131 in Reactor Water
1-131 in Suppression Pool
Cs=-137 in Reactor Water

Cs~137 in Suppression Pool

Xe-133 in Dryvcll. Air
Xe-133 in Torus Air
Kr-85 in Drywell Air
Kr-85 in Torus Air

Time between the reactor shutdown and the sample time is:

.35E
.18E
.17E
.02E
. 84E
.45E
.91E
.86E

W N N e e e e

+
+
+

+
+
+

o I S L

uCi/ml
uCi/ml
uCi/ml
uCi/ml
uCi/ce
uCi/cc
uCi/cc
uCi/ce

2 days

The Inventory Correction Factors were calculated from the following:

Period No. Operation Time Time Between Period Average Power
(days) & Last Shutdown (days) (MWt)
. 1 60 254 1000
2 200 Ll 2000
3 14 0 3000
Estimate of Fuel/Cladding Dar.age
Primary Coolant Analysis
\ Nuclide CwREF (uCi/ml) % Cladding % Fuel |
| Failure Meltdown
‘ I-131 ‘ 3.006 + 02 69.02 1.35 I
| Cs-137 9.99E + 01 64 .49 4.27 -
Containment Gas Analysis
Nuclide CwREF (uCi/ml) % Cladding % Fuel
| Failure Meltdown |
' Xe-133 8.00E + 01 53.30 1.84 !
Kr-83 5.00E - 01 56.40 1.92

. BSEP/Vol. XIII/PEP-03.6.3
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'l" WORKSHEET Al

CALCULATION OF ISOTOPIC CONCENTRATIONS IN PRIMARY WATER AND SUPPRESSION
POOL WATER (Cwi) AND DRYWELL GAS AND TORUS GAS LCgil

References

Section 3.3.1.
Section 3.3.1.
Attachment A

Exhibit 3.6.3-3

2
5

Cv1 (uCi/ml) = (Conzentration Rx HZO)i (0.08) +
(Cs**”, 1'*!) (Concentration Suppression Pool H,0) (0.92)

-[ + ] (uCi/ml)

= uCi/nlc""

and = uCi/nlI"‘

C;i fuCi/ml) = (Concentration Drywcll)i (0.57) + (Concentration Torus)i (0.43)
(Xe''?, K2*%)

. -{ : + ] (uCi/cc)

= vci/ccx.l’l
and = vc1/cc‘rll
BSEP/Vol. XII1/PEP-03.6.3 30 Rev. &
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‘I' WORKSHEET A2 i

CALCULATION OF INVENTORY CORRECTION FACTOR (Flil i

References ‘

Section 3.3.1.4
Attachment B
Exhibit 3.6.3-4

PJ ® e Wparmal Tj' = Days
TJ = Days Xi = Days !
FI, = 3651 (1 - o 1Y)
1, E’ (1-e 'x‘T’xo"iTJ')]
. (Cat??)
@y
' (Xe'??)
(Ke**)
BSEP/Vol. XI11/PEP-03.6.3 31 Rev. &
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. WORKSHEET A3

CALCULATION OF NORMALIZED ISOTOPIC CONCENTRATIONS IN PRIMARY WATER AND

SUPPRESSION POOL WATER (Cw "°°) AND DRYWELL GAS AND TORUS GAS (Cg o

References
Section 3.3.1.6 NOTE : For BSEP,
Attachment C Fw = 0.68622
Worksheet Al Fg = 0.20275
Worksheet A2

Ref Ait :
Ow1 = C|.1i » x !‘I1 x Fw
(c’lli' Illl)

= HCi/llc‘xn

vCi/lllnx

C;ihf = (:31 o“t x l~'Ii x Fg
(x.lil’ ‘l‘")

= uCi/cc Xel??

. uCi/ec Kr**

. BSEP/Vol. XIII/PEP-03.6.3 32 Rev. &



WORKSHEET A4
L

ESTIMATE OF FUEL/CLADDING DAMAGE

References

Section 3.3.
Exhibit 3.6.
Worksheet A3

1.7
32

Primary Coolant Analysis

| 1 | % Cladding | % Fuel
L;gggggc | Cwin'f Ci/ml)  Failure ___Meltdown
| | |
| I ‘
.-__c_‘Ll!7 ' l 2

Conta t Gas lysis

. . I % Cladding | % Fuel

__ Cs, 2 (uci/e1) Failure Meltdown _
‘ BSEP/Vol. XII11/PEP-03.6.3 33 Rev. &4
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. WORKSHEET B1

DETERMINATION OF CLAD DAMAGE FROM HYDROGEN MONITOR READING

References
Section 3.4.1

Attachment D
Exhibit 3.6.3-5

Containment Hydrogen Monitor Reading: “

MWR ref : %

Calculate % MWR:
% MWR = (MWR ref)(0.73)

' BSEP/Vol. XIII/PEP-03.6.3 34 Rev. &4
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. WORKSHEET B2

DETERMINATION OF FUEL INVENTORY RELEASE BASED ON CONTAINMENT
RADIATION MONITOR READING

References
Section 3.4.2

Attachment E
Exhibit 3.6.3-6

Containrent Radiation Monitor Reading: rem/hr

Time from Shutdown to Monitor Reading: hrs

[I] ref (Reference Fuel Inventory
Release, %, from Exhibit 3.6.3-6) : %

I (Actual Fuel Inventory Release) = [I] ref * 0.827
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