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3.0 Scope:

3.1 Purpose:

This procedure dentifies e responsibility and
methodology to pefform core damidge assessment for both
the Turkey Poi and St. Lucie\ Plants. Methods for
estimating core/ damage assessment \are based upon post
accident radioduclide concentrations\ within the reactor
coolant systepd and containment, and ayxiliary indicators,
including copek exit thermocouple, hydrogen, and containment
high range pyadiation monitors.

An estimafe of core damage can then be\ used to assist
in evalugting protective action recommendations, severity
of plant/conditions, and/or recovery plan opdrations.
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[\_ The/Off-Site Emergency Organization provides al expanded ;EF
~\é?‘7 emgrgency response capability to ‘-assist the lant 1in \
‘;gaé§‘ administration, communications, engineering, tgchnical (\
mgﬂ. upport, security, and public relations. This
{5@ organization, which consists of the Emergency Tec
Q
';J%#:' support at the
s (ECO) and/or Recovery Manager (RM). Specifically,
ffﬁ? support includes estimating core damage, using th
/éy methodology provided in the applicable appendix, to ‘
/I?Q' , differentiate among four major fuel conditions. These M\te
thz_ are: No Damage, Fuel Overheating, Cladding Failures,
ﬂ ‘/ Core Melt \ l
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The methodology attached is site specific and is based
upon Westinghouse and Combustion Engineering Owners Group
(generic) core damage assessment guidelines.

3.3 Authority

At the request of the ECO or RM, the Emergency Technical

Manager will direct his staff to perform core damage

assessment using the applicable guidelines in the attached ‘
appendix. The ECO or RM will request that appropriate
input parameters be provided by the plant in order for |
the ETM's staff to perform the assessment.

4.0 Precautions

4.1 The assessment of core damage obtained by wusing the
attached methodology is only an estimate. The techniques
employed are only accurate to locate the core condition
within one or more of the 10 categories of core damage
described in the methodology.

available (e.g., containment high range radiation monitor)
represent only preliminary estimates. Other plant
indicators (e.g., radionuclide concentrations) should
be obtained to improve upon estimation of core damage.

‘ 4.2 Core damage assessment using indicators that are readily

4,3 Measurements obtained during rapidly changing plant
conditions should not be weighed heavily into the
assessment of core damage. If deemed necessary, these
pertinent indicators should be measured within a minimum
time period particularly during rapidly changing
conditions.

. It is recommended that measurements be made, if possible,
when plant conditions stabilize.

5.0 Responsibilities

5.1 The Emergency Control: Officer or Recovery Manager will
request the Emergency Technical Manager to perform core
damage assessment using the methodology attached.

5.2 The Emergeﬁcy Control Officer or Recovery Manager will
request the plant to provide appropriate data in order
to perform the assessment.

5.3 The Emergency Technical Manager will direct his staff
to perform core damage assessment (when staffed
accordingly) using the attached methodology. A QA
approved computer program may be used, if available.
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6.0

7.0

8.0

5.4 The RM will use this information as deemed appropriate
in evaluating severity of plant conditions, protective
action recommendations, and/or recovery operation.

References

6.1 Turkey Point Plant Radiological Emergency Plan.
6.2 St. Lucie Plant Radiological Emergency Plan.

6.3 Procedure 1101, Duties of the Emergency Control Officer,
Off-Site Emergency Organization.

6.4 Procedure 1102, Duties of the Recovery Manager, Off-Site
Emergency Organization.

6.5 Procedure 1105, Duties of the Emergency Technical Manager,
Off-Site Emergency Organization.

6.5 Appendix I, St. Lucie Units 1 and 2 Core Damage Assessment
Guidelines, Rev. 2, August, 1987.

6.7 Appendix II Turkey Point Units 3 & 4 Core Damage Assessment
Guidelines, Rev. 0, December, 1986.

Records

All information wused to estimate core damage, including
appropriate worksheets will be documented by the Emergency
Technical manager or his staff designee.

Instructions

8.1 The ECO or RM can request that an estimate of core damage
be performed by the Emergency Technical Manager's staff,
when deemed appropriate. The ECO or RM will request
*pertinent data from the plant to perform the assessment.

8.2 The Emergency Technical Manager will direct his staff
designee to perform the estimate using the methodology
provided in the applicable appendix.

8.3 The staff designee will perform the estimate using this
methodology and the assistance of a QA approved computer
program (when available). Available pertinent plant
data needed to perform the assessment will be provided
to the staff designee through the ECO or RM.
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8.4

8.5

8.6

All pertinent data available should be used in estimating
core damage. This includes radionuclide data and auxiliary
indicators, including core exit thermocouple, hydrogen,
and containment high range radiation monitor.

Results in terms of fuel condition should be provided
to the Emergency Technical Manager and Recovery Manager
(and/or Emergency Control Officer) as timely as possible.

Updated estimates to core damage may be requested
periodically by the ECO or RM as plant conditions change
and/or stabilize. These updates should be performed
using the most recent available data and the methodology.
Results should continue to be reported to the ETM and
RM (or ECO).
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The core damage ‘assessment methodology is divided into
four main sections. Each section contains its own table
of contents and 1list of enclosures. A fifth section,
sumnary of results, has been added as a guideline for
a comprehensive evaluation of results.
INDEX
SECTION ' PAGE
A. Radiological Analysis of Samples 3
B. Core Damage Assessment using Hydrogen 30
c. Core Damage Assessment using Core Exit 57
' Thermocouple Temperatures
D. Core Damage Assessment using Radiation
Dose Rates 65
E, Summary of Results 76
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1.7 PURPOSE

2.9

3.9

This section ‘provides a method under post-accident plant
conditions to determine the type and degree of reactor coras
damage which 'may have occurred by using fission product
isotopes measured in samples obtained from the Post
Accident Sampling System (PASS). There are three factors
considered in this section which are related to the
specific activity of the samples. These are the identicy
of those isotopes which are released from the core, the
respective ratios of the specific activity of those
isotopes. and the percent of the source inventory at the
time of the accident which is observed to be present in thae
samples. The resulting observation of core damage is
described by one or more of the ten categories of core
damage in Enclosure Al.

REPERENCES

2.1 Development of the comprehensive procedure guideline
for core damage assassment, CE Owners Sroup Task 467,
July 1983.

2.2 Post Accident Sampling System Operating Procedures.
I-C-112, PSL-l1 and 2-C-113, PSL-2.

DEFINITIONS

3.1 Fuel Damage: For the purpose of this methodology,
fuel damage is defined as a progressive failure of tha
material boundary to prevent the release of
radiocactive fission products into the reactor coolant
starting with a penetration in the zircaloy cladding.
The type of fuel damage as determined by this -
methodology is reported in terms of four (4) major
categories which are:. no damage; cladding failure:
fuel overheat; and fuel melt. Bach of these
categories is characterized by the identity of the
fission products released, the mechanism by which they
are released, and the source inventory within the fuel
rod from which they are released. The degree of fuel
damage is measured by the percent of the fission
product source inventory which has been released into
fluid media and therefore available for immediate
release o the environment. The degres of fuel damage
as determined by this methodology is reported in terms
of three levels which are: initial; intermediate: and
major. This results in a total of ten possible
catsgories as characterized in Enclosure Al.
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Source Inventory: The sourse inventory is the total
quantity of fission products expressed in curies of
each isotope present in either source: the fuel
pellets or the fuel rod gas gap.

4.n PRECAUTIONS AND LIMITATIONS

4.1

The assessment of core damage obtained by using the
methodology in this section is only an estimate. The
tachniques employed in this section are only accurace
to locate the core condition within one or more of the
19 categories of core damage described in Bnclosure
Al. ' The methodology is based on radiological data.
Other plant indications may be available which can
improve upon estimation of core damage. These includa
incore temperature indicators, the total quantity of
hydrogen released from zirconium degradation and
containment radiation monizors. Whenever possible
these additional indicators should be factored inzo
the assessment.

The methodology in this. section relies upon samples
taken from multiple locations inside the containment
building to determine the total quansity of fission
products available for release to the environmene.
The amount of fission products present at each sample
location may be changing rapidly due to transient
plant conditions. Therefore, it is recommended tha:
the samples should be obtained within a minimum time
period and if possible under stabilized plant
conditions. Samples obtained during rapidly changing
plant conditions should not be wsighed heavily into
the assessment of core damags.

A number of factors influence the reliability of the
chemistry samples upon which this section is based.
Reliability is influenced by the ability to obtain
representative samples due to incomplete mixing of the
fluids and equipment limitations. The accuracy
achieved in the radiological analyses are also
influenced by a number of factors. The equipment
employed in the analysis may be subjected to high
levels of radiation exposure over extended periods of
time. Chemists are recommended to exercise
~onsiderable caution to minimize the spread of
radiocactive materials. Samples have the potential of
being contaminated by numerous sources and they may
not resul: from a uniform distribution of the sample
fluid. Cooling or reactions may take place in the
long sample lines. Therefore, the results obtained
may not be representative of plant conditions. To
minimize these effects multiple samples should be
obtained over an extended time period from each
location, conditions permitting. )
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s,7 INSTRUCTIONS

S.1 Obtain the following plant indications and source of
indic;tion. Record on Enclosure A2. Because of
transiént conditions the values should be recorded as

$.2

5.3

close as possible to the time at which the
radiological samples are obtained.

S.1.1 Reactor Coolant System:

Pressure , PéIG

Tamperature (Tavg) op

Reactor Vessel Level
Shows: (Full, Void or
Baelow Recorder)
Pressurizer Level ' 3

S.1.2 Containment Building:

Atmosphere Pressure PSIS

Atmosphere Temperature Op

S.L.3 Prior 37 days Power History

POWER, PERCENT DURATION,

SQURCE:

m w e ————

OAYS

Estimated average power level during last 30 days:. 3

Estimated average power level during last 4 days: %

S.1.4 Time of Reactor Trio

Date: Time:.

£.1.5 <Change in Refueling Water Tank (RWT) Volume

gal. Time:

$.1.6 <hange in Boric Acid Makeup Tank (BAMT) volume

gal. Time:

5.1.7 Safety Injection Tanks injected (yes/no): ___ _

Select the most appropriate sample locations required
for core damage assessment using the guidelines

provided in Enclosure Al.

Obtain and analyze the selected samples for fission
product specific activity using the procedures for

Post Accident Sample System operation described in

Reference 2.2. Record the required sample data,

~
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5.5

5.6
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corrected to Standard Temperature and Pressure (sT2),
and time of sample collection on Enclosure A2. All of
the isotopes listed in the enclosure may not be
observed in the sample.

Correct the sample specific activity atc STP for decay
back to the time of reactor trip which is recorded in
step 5.1.4 using the following equation. Enclosuyre a4
is provided as a worksheet.

A
A =
o e~ AT
Where: A, = the specific activity of the sample
corrected back to the time of reactor
erip, uei/ce.
A = the measured specific activiey,
uci/ecc
X a the radiocactive decay constant,
1/sec.
t = the time period from reactor trip to

sample analysis, sec.
Identificacion of the Fission Product Release Source.

$5.5.1 <Calculate the following ratios for each noble
gas and iodine isotope using the specific
activities obtained in step 5.4. Enclosura AS
is provided as a worksheet.

Noble Gas Ratio = Noble Gas Isotope Specific Activity
Xe 133 Specific Activity

Iodine Ratio s Iodine Isotope Specific Activiey
I-131 Specific Activity

$.5.2 Determine the source of release (gas gap or
fuel pellet) by comparing the results obtained
in step $.5.1 to the predicted ratios provided
in Enclosure AS. An accurate comparison is not
anticipated. Within the accuracy of this
methodology it is appropriate to select as the
source of release that ratio which is closest
to the value obtained in step 5.5.1.

Quantitative Release Assessment

$.6.1 Calculate the total quantity of fission
products available for'release to the
environment. BEnclosure A6 is provided as a
worksheet.
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If the water level in the reactor
vessel recorded in step S.1l.1
indicates that the vessel is full, the
quantity of fission products found in
the reactor coolant is calculated by
the following equation:

Total Activity, Ap, Reg (Ci) =

Where:

5S.6.1.2

50601.3

Ay (uci/ce) X RCS volume X 1.9 (-6)

Ag = the specific activity of
the reactor coolant
sample corrected to time
of Reactor trip obtained
in step 5.4, uci/cec.

RCS Volume = in units of ce, the full
reactor coolant system
water volume corracted to
standard temperature and
pressure using Enclosurse’
AS.

RCS Volume = Water Volume X densicy
ratio (Enclosure A8).

SL1l Water Volume is 2.945
(8) ce

SL2 Water Volume is 2.3383
(8) e=2 ’

1.9 (=6) » 2i/uci

If the water levels in the reactor
vessel and pressurizer recorded in
step S5.1.1 indicates that a steam
void is present in the reactor
vessel, then the quantity of fission
products found in the reactor coolanz
is also calculated by step S.6.1.1.
However, it must be recognized thas
the value obtained will overestimate
the actual quantity released.
Therefore, this sample should be
repeated at such time when the planc
operators have removed the void from
the reactor vessel.

I£f the water level in the reactor
vessel recorded in step S.l.1 is below
the low end capability of the indi-
cator, it is not possible to determine
the quantity of fission products from
this sample because the volume of
water in the reactor coolant system is
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unknown. Under this condition, assess-
ment of core damage is obtained using
the containment sump sample.
5.6.2 The quantity of fission products found in the
containment building sump is Jdetermined as
follows:

5.6.2.1 The water volume in the containmens
building sump is determined from the
sum of the following sources as
applicable:

(gal) RCS Volume

+ . (gal) the injected S.I.T.
tanks volume (step 5.1.7)

+ (gal) the Delta volume
change. in B.A.M.T. (step S5.1.6)

+ (gal) the Delta volume
change of the RWT
(step 5.1.5)

Sump Volume = _ (gal) Total gal X 3785
cc/gal = _ec

Maximum Values in gallons for each unit from
applicable FSAR Ch. 6.

SL1 SL2
RCS Volume (cold){gal) 53,309 57,499
Safety Injection Tanks 34,949 45,564

(SIT) volume (gal)

Caution: Values reported indizate
maximum volumes in applicable PSAR.
Water volume in containment building
sump is only applicable in
recirculation mode.

$5.6.2.2 The quantity of fission products in
the sump is calculated by the
following equation:.

Total Activity, A (Ci) = A
(uci/ee) X Sump Vgluégm?cc) X L.ﬁo(-S)

Where:. A, = the specific activity of the
containment sump sample corrected to
the time of reactor trip obtained in

“step $.4, uci/cec.
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The quantity of fission products found in the

containment building atmosphere is determined
as follows:

-

5.5.3.1 The volume of gas in the containmen: *

building, at the time of the acciden-
is corrected to standard temperature
and pressure using the following
equation: '

Gas Volume (STP) = Jas Volume X (P, + P;) X (T + 489)

5.7

5.6.4

Pz (Tl + 4619)

Whera:
Gas Volume = 7.996 X 19!9 ce

Ty, P, = Containment Atmosphere
temperature and pressure
recorded in stsp 5.1.2

Ty, P, ='Standard temperture,
32°P, and Standard prassurs
14.7 psia.

5.6.3.2 The quantity of fission products (Zi)
’ in the containment atmosphere is
calculated by:

Total Activity A (Ci) = Ao (ycjilee) X
sas VolumeoTETe, cc) X 1.0?‘é{
(Ci/ueci)

Where: A, = The specific activity of the
containment atmosphere sampl2
corrected to Standard Temperturse
and Pressure and for decay to
the time of reactor trip.
(Enclosure A4)

The total quantity of fission products
available for release to the environment is
equal to the sum of the values obtained from
each sample location (liquid and gas).
Enclosure A7 is provided as a worksheet.

Plant Power Correction

The quantitative release of the fission produces is’
expressed as the percent of the source inventory at
the time of the accident. The equilibrium source
inventories are to be corrected for plant power
history. }
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To corract the source inventory for the case in’
which plant power level has remained constant
for a period greater than four radiocactive half
lives the following procedure is employed,

--Bnclosure A9 is provided as a worksheet.

5.7.1.1 The fission products are divided into
two groups based upon the radiocactive
half lives. Group 1| isotopes are :ta
be employed in the case where core
power had not changed greater than
+ 10% within the last 39 days prior
to the reactor trip. Group 2 isotopes
are to be employed in the case where
core power had not changed greater
than + 19% within the last 4 days
prior to the reactor trip

S.7.1.2 The following equation may be applied
to the fission product Sroup which,
meets the criteria stated in S.7.L.1.,

Sroup | Power Correction Pactor =
Average Powar Level Por Prior 37 Days
109

Sroup 2 Power Correction Pactor =
Average Power Leval For Prior 4 Days
199

To correct the source inventory for the case in
whizh plant power level has not ramained
constant prior to reactor trip, the following
equation is employed. The entire 30 days power
history should be employed. Enclosure Al) is
provided as a worksheect.

Power Correction Pactor =
Z’ Pj (L - e -th) . -Atg
109

Where: Pj = Steady reactor power in period j
ty = duration of period j (sec)

tg = time from end of period i to
reactor trip (sec)

A = decay constant (Enclosure A4)
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S.8 Comparison of Measured Data with Source Inventory

5.3

The total quantity of fission products available for
release.to the environment obtained in step 5.6.4
(Enclosure A7) is compared to the source inventory
corracted for plant power nistory obtained in step
5.7 (Enclosure A9 or Al9). This comparison is made
by dividing the total quantity available for release
by the power corrected source inventory. Enclosurs
All is provided as a worksheet.

Cores Damage Assessment

The conclusion on core damage is made using the three
parameters developed above. These are:

l. Identification of the fission product isotopes
which most characterize a given sample, step 5.3
(Enclosure A2).

2. TIdentification of the source of the relsase, step
S.5 (Enclosure AS).

3. Quantity of fission product available for release
to the environment expressed as a percent of
source inventory, step 5.8 (Enclosure All).

Knowledgeable judgement is used to compare the above
three parameters to the definizions of the 19 NRC
categories of fuel damage found in Enclosure Al. Core
damage is not anticipated to take place uniformly.
Therefore when evaluating the three parameters listed
above the methodology in this section is anticipated
to yield a combination of one or more of the L9
categories defined in Enclosure Al. These categories
will exist simultanecusly.

The type of core damage is described in terms of the
10 NRC categories defined in Enclosure Al. The dagree
of core damage is described as the percent of the
fission products in the source inventory at the time
of the accident which is now in the sampled fluid and
therefore available for release to the environment.

<







RADIOLOGICAL CHARACTERISTICS OF NRC CATEGORIES OF FUEL DAHAGE

BNCLOSORE Al

| | | 7 | 'RELEASE OF CNARACTERISTIC |
HRC CATEGORY OF | MECHANISH OF | SOURCE oF | CHARACTERISTIC | 1S0TOPE. w.xt;ar:ssqn AS A ]
FUEL. DAMAGE | RELFASE | RELPASE | 1SOTOPE | PERCENT OF SONIRCE INVENTORY |
1. No Fuel Damage | ilalogen Spiking | Cas GCap | 1-13t, Ce-137, | less than | |
| Tranp licanfum | | kb 88 | |
2. Inittal Cladding Failure) | Gas Gap | [ Less than 10 |
J ) | i | |
3. lIntermediate Cladding | Clad Burat and Cas | Gas Cap | Xe-131m, Xe-133, | 10 to S0 |
Fatture | Cap Diffuston Releasel | 1-131, 1-133 | |
4. Major Cladding Fatlure | | Cas Gap | | Creater than 50 |
| | | l |
5. laftial Fuel. Pellet | | Fuel Pellec | | Less than 10 |
Overhcat tng | Grata Houndary | | Ce-134, Rb-88 | |
6. 1ntermcdiate Fuel | Diffuston | Fuel Pellet | Te-129, Te-132 | 10 to 50 |
Peddet Overh. atfng | } i | |
7. Hajor Fucl Pellet | D1ffustonal Relcase | Fuel Peller | { Creater than SO |
Overheat §ng | FProm U0, Gratas | | | |
8. Pucl Pcllet Melt | | Fuel Pellec | | less than 10 |
| | | | |
9, lmtermcdlate Fuel | Excape feom | Fuel tellee | Ra-140, ta-t4o, | 10 to 90 }
Pedlet Held | Holten Fuel | | 1a-142, Pe-344 | [
10, Hogar bael Pelbet Hele | | Fuel Pedtee | | Creater than 50 |
l | 1 I |

{
'
|
[
!

L8/8 *3eq

¢ A9y

LL 30 61 93eg
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ENCLOSURE A2 (sheet | of 2)

INPUT PARAMETERS (ref. step 5.1)

Unie:

Reactor Coolant System:

‘ SOURCE:
Pressure PSIG -
Temperature (Tavg) 3
Reactor Vessel Lavel Shows Full

(Circle One)- Void
Below Recorder

Pressurizer Level ' %
Containment Suilding:

Atmosphere Pressure PSIG

Atmosphere Temparature Op _
‘Prior 30 Days Power History

Power, Percent ’ ' Duration, Days
Estimated Average Power Level During Last 30 Days ___ = 3

Estimated Average Power Level During Last 4 Days 3

Change in volume of RWT gal. - Time:

Change in volume of BAMT __gal. Time:

SIT injected (yes/no):
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ENCLOSURE A2 (sheet 2 of 2)
INPUT PARAMETERS - RADIONUCLIDE DATA (ref. step 5.3)

UNIT:

SAMPLE NUMBER:

SAMPLEZ LOCATION (RC3, SUMP, CONTAINMENT):
TIME OF SAMPLE COLLECTION:

. MEASURED SPECIFIC ACTIVITY @ ST?
1SOTOPE A(uCi/ecc)

Xr 87

Xe=-131m

Xe=133

I-131

I-132

I-133

I-135

Cs-134

Rb-88

Te-129

Te=-132

Sr-939

Ba-140

La-140

La-142

Pr-144

NOTE: NI means not identified

Performed by:

Date:







EMCLOSURE A3

SANPLE LOCATIONS RECOMMENDED FPOR CORE DAMAGR ASSESSHENY (ref. atep 5.2)

| | | | | swroounw | STEAM |

ACCIDENT SCENARYIO | RCS | RCS | CONTAINMENT | CONTAINMENT |  COOLENG |: CENPRATOR |
KNOWN | uor 1£c | eRreSSuriZER | sunp * | _ATHOSPHERE | SYSTEM | SECONDARY |

Small Break LOCA, | s I s | - | YES | Yes | — |
Reactor Power DIX | }: l ] | | [
Small Sceak LOCA, | (X | YES | - | - B b | —-— |
Reactor Power CIX | | | | | | |
Small Stesm | Yes i YES i — I _— | — ) — I
Line Break \ | I { | } |
Lirge Break LOCA, | YES ) -— | YES | YES | YES | -— |
Reactor Pouer DIX | B | | } | | {
large Break LOCA, 1 ——- | -— | YEs | YES | Es | — |
Reuctoc Power <12 { \ | I | | |
large Steam | Yes | —~—- j - | YES | - | - {
Linc Break ] | | } | | |
Steam Cenerator } YES | -— | — } YES | -— | YES |
| 1 | i | | |

Tube Rupture

* avajlable only on recirculation

L8/8 °3eQ

T _4A9Y

LL 30 81 ¥8eg




Page 19 of 77
Rev 2

Date 8/87

ENCLOSURE A4 (REF. STEPS 5.3 AND 5.4)

RECORD OF MEASURED SPECIFIC ACTIVITY (DECAY CORREZTED)

UNIT:

TIME OF REACTOR TRIP,

SAMPLE NUMBER:

ENCLOSURE A2:

SAMPLE LOCATION (RCS, SUMP, CONTAINMENT):

TIME OPF SAMPLE COLLECTION: .

Performed by:

Date:

NOTE:

DECAY MEASURED SPECIFIC DECAY CORRZCTED
CONSTANT. ACTIVITY @ STP SPECIFIC ACTIVITY,
ISOTOPE A(l/sec) A (uci/ce) Ao (uci/ce)
Kr 87 1.5 (-4)
Xe L3lm 6.7 (=7)
Xe 133 1.5 (=3)
I 131 9.9 (=7)
I L32 3.4 (=-3)
I 133 9.3 (-6)
I 13% 2:9 (=5)
Cs 134 1.1 (-3)
8 5.5 (=-4)
Te 129 1.7 (-4)
Te 132 2.5 (-6)
| Sz 89 1.6 (=7)
 Ba_ 149 6.3 (~7)
| La 140 4.8 (-6)
La 142 1.2 (-4)
Pr 144 6.7 (=4)
Ao = A, where A and \ are as above, and ¢ = time period in
a= & seconds from reactor trip to sample collected.

NI means not identified







ENCLOSURE AS (ref. step 5.5)

RECORD OF FISSION PRODUCT RELEASE SOURCE YDENTIPICATION

Unit:
Sample Numher:
lacation: 5
| DECAY CORRECTED | | Activity Ratio | acTiviTy mATIO | IDENTIPIED
| SPECIFIC ACTIVITY l CALCULATED | FPUEL PELLET | IN GAS GAP | SOURCE (GAS GAP|
1SOTOPE | (ENCLOSUREA4), uct/cc | USOTOPE RATIOS | INVENTORY** |  INVENJORY ¢¢ ] OR PUEL PELLET)|
ke 87 | | | 0.2 | < 0.001 |
Xe 13im |} | ] 0.003 | o.001 - 0.003 |
Xe 133 | | 1.0 | 1.0 | 1.0 | NA
113 | | 1.0 | 1.0 | 1.0 | NA
1132 | | | 1.4 | o.01 - 0.05 ]
11 | | | 2.0 | 0.5 - 1.0 {
113 | | | 1.8 i 0.1 - 0.5 1

Nohle Cas Ratfio = Decay Correctued Nohle Gas Specific Acttivity

Decay Corrected Xe 133 Specific Activity

lodine Ratlo = Necay Corrected lodiane lsotope Specific Act

lvlty

Decay Corrected I-131 Specific Activity

&s Table 3.) of Reference 2.1

Performed Ny:

Date: - .

NA = NOT APPLICABLE

L8/8 @*3eq

[A)

LL 30 QT @8eg
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ENCLOSURE A6 (Sheet 1 of 2)

-

QUANTITATIVE RELEASE ASSESSMENT WORKSHEET (ref. step 5.3)

ACTIVITY (Ap, ges)

SUMP

RCS Tayq °F (ref. step 5.1.l, Enclosure A2)

Vessel Level Indication (Full, Void, Selow Recorder)
(ref. step 5.1.1, Enclosure A2)

IF PULL OR VIID, perform the following calzulation for
each Lsotope measured:

Ap, Rres (C;) = Ao (uci/cec) X RCS Volume X L.0 (=6) (Ci/uci)

Where: Ao = decay corrected specific activity of RCS sampla
(Enclosure A4)

RCS volume = Water Volume X Density Ratio at 32§
Tavy (Enclosure ‘A8). PSLl water voluma is 2.945 (3)
¢ and PSL2 water volume is 2.388 (3) cc.

Eacer resul:s in Enclosure A7 (Ap, RCS)

IF¥ BELOW RECORDER, Use Containment Sump CTalculation 3elow.

ACTIVITY (Ap, gump)

Determine sump water volume by adding the £5llowing (raf.
Step 50602)0 :

SLl SL2
RC3 Volume = gal 38,332 37,4
SIT Injected Volume i gal 33,749 45,564
BAMT Injected Volume = 4 gal (Enclosura A2)
RAT Volume Change =+ gal (Bnclosure A2)
Vg = Total Sump Volume = gal x 3735 cc/gal= sz

Ap, sump ™ Ap uci/ce) X Vs X 1.0 (-6) (Zi/uci)

Where A, = decay corraected specific ac:ivity of SuUMP
sample (Enclosure Ad)

Enter resulss in Eanclosure A7 (AT,

sump)
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ENCLOSURE A6 (Sheet 2 of 2)

CONTAINMENT ASTIVITY (Ap ogone!)

Performed by:

Date:

*

o —

Calculate Containment Volume in ce, including pressure and
temperature corrections (Ref. step 5.6.3)

V. = Containment Volume (cc) =
7.996 (19) - X 14.7 + PL X 32 + 4690
- 14.7 T1 + 460

wWhere: Pl = Containment pressure in psig (ref. step 5.1.2,
Enclosure A2)
Tl = Containment temperature in °F (ref.
step 5.1.2, Enclosure A2)

Ar, cont = Ao (uci/ec) X Vo X 1.0 (-6)

Where:. Ao = decay corrected specific activity for
containment sample (Enclosure A4)

Enter resul%s in Enclosure A7 (AT, cont!
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1"" ENCLOSURE A7
RECORD OF CORE RELEASE INVENTORY (ref. step $.6.4)

L XY

UNIT:

REACTOR COCLANT CONTAINMENT SIMP CONTALNMENT
SAMPLE WMBER, , SAMPLE NUMBER, ATMOSPHERE SAMPLE T0TAL

(i) (<i) (1) ¥ cuavTrTy
orore | (MBS ) (RBBrere (el i

Kr 87
Xe 13lm
Xe 133
I 131
T 132
I 133
I 135
Cs 134
Q-
Te 129
Te 132
sr 39
Sa 149 |
La 19
La 142
°r 134

Toral Quantity (Ci) = Ap, ges * Ap, s * Br, cvr
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‘ ENCLOSURE A9-PSLL (ref. step 5.7)
RECORD OF STEADY STATS POWER CORRECTION
ONIT: Performad By:
AVERAGE 39 DAYS POWER LEVEL: Date:
AVERAGE 4 DAYS POWER LEVEL:
v - R &L ¥
PUEL POWER BUILIBRIM CORKRECTED
HISTORY CORRECTIN X SOURCE = SOURTE
ISOTOPE GROUPING FACTOR NVENTORY™® DIVENTORY
%r 97 2 5.8 (1)
Xe 131m 1 4.6 (4)
Xe 133 L 1.3 (7)
I 131 L 7.9 (6)
T_132 2 7.7 (3)
I 133 2 6.7 (6)
‘ T 1358 2 L.1 (6)
FUEL PELLET INVENTORY
Ke 87 2 3.2 (7)
Xe L3ilm L 4.9 (S)
Xe 133 1 1.5 (8)
T 13t L 7.6 (1)
I 132 2 L.l (38)
I 133 2 1.5 (8)
I 135 2 1.4 (8)
cS 134 L 1.2 (7}
Rb &3 2 4.8 (7)
Te 129 2 2.8 (1)
Ta 132 L 1.2 (8)
| Sz 89 1 6.8 (7)
L 1.4 (i
La 140 1 1.4 (8
La 132 2 1.5 (3
Pr 1 2 9.6 (7)

Carrected source Inventory = Power Carrection Factor X Equilibrium Source
Inventory

*Values from Table 3.4 and 3.5 of Refarence 2.1
. Growp 1 Power Correction, Pactor = Average Level for Prior 39 days

10

Group 2 Powver Correction, Pactor = Average Level for Pricr 4 Days
199
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‘ . ENCLOSURE AS9-PSL 2 (ref. step 5.7)
RECORD OF STEADY STATE POWER CORRECTION
UNIT: . Performed By:
AVERAGE 397 DAYS POWER LEVEL: Date:
AVERAGE 4 DAYS POWER LEVEL:
SL 2
FUEL POWER EQUILIBRIUM CORRECTED
HISTORY CORRECTION X SOURCE = SOURCE
ISOTOPE GROUPDNG FACTOR INVENTORY* INVENTORY
GAS GAP INVENTORY
Kr 97 2 5,5 (1)
Xe 13Llm 1 4.6 (4)
Xe 133 L 1.3 (7)
T 131 1 7.2 (6)
I 132 2 7.7 (3)
I 133 2 6.7 (6)
I 135 2 1.1 (6)
‘ FUEL, PELLET INVENTORY
Kr 87 2 3.2 (1)
Xe 131lm 1 4.9 (5)
Xe 133 1 1.5 (8)
T 131 1 7.6 (7)
I 132 2 1.1 (8)
T 133 2 1.5 (3)
1 135 2 1.4 (8)
cS 134 1 1.2 (7)
Rb &3 2 4.8 (7)
| Te 129 ) 2.5 (7)
Te 132 L 1.2 (8)
Sr 89 1 6.6 (7)
Ba 133 T 1.4 _(8)
La 140 1 1.4 (8)
La 132 2 1.5 (3)
Pr 144 2 9.6 (7)

Corracted source Inventory = Powver Correction Factor X Equilibrium Source -
Inventory .

*alues fram Table 3.4 ard 3.5 of Refarenze 2.1

' Group 1 Power Correction, Pactor = Average Level for Prior 30 days
) ’ 199

Group 2 Power Correction, Pactor = Average Level for Prior 4 Days
: 120

0 S S St R R S
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ENCLOSURZ Al7-PSLLl (ref. step S5.7.2)
RECORD OF TRANSIENT POWER CORRECTION

UNIT: — - Performed By:
e —
Date:
Prior 30 Days Power History: p»oweR, % DURATION, TIME TO TRI2,

Days (ty4) Days (:g)

S —————

SL1
POWER EQUILIBRIUM CORREZTED
. CORRECTION X SOURCE = SOURCE
1SOTOPE FACTOR INVENTORY INVENTORY
3AS GAP INVEZNTORY
Kr 87 6.5 LOL
Xe 13lm 4.6 (4)
Xe 133 1.3 (7)
I 13l 7.0 (6)
I 132 7.7 (3)
T 133 6.7 (5)
T L35 1.1 (8) i

PUEL PELLET INVENTORY

Kr 87 3.2 (7)
Xe 13lm 4.9 (5)
Xe L33 1.5 (3)
T L3lL 7.6 (7)
I 132 1.1 (8)
I L33 1.5 (8)
I 135 1.4 (8)
cS 134 1.2 (7)
Rb 88 4.8 (7)
Te 129 2.5 (7)
Te 132 1.2 (8)
Sr_ 89 5.6 (7)
Ba 1490 1.4 (8)
La Lig Lo4 (_S)
La 142 1.8 (89)
Pr 144 3.6 (7)

Corrected Source Inventory = Pcwer Correction Factor X
Equilibrium Source Inventory

*Values from Table 3.4 and 3.5 of Reference 2.1
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‘ ENCLOSURZ AlD-PSL 2 (ref. step 5.7.2)
RECORD OF TRANSIENT POWER CORRECTION
UNIT: ' - Performed By:
Date:
Prior 30 Days Power History: powER, § DURATION, TIME TO TR!S,

Days (tj) Days (tg)

H

SL 2 ]
POWER - EQUILIBRIUM CORRECTED
CORRECTION X SOURCE = SOURCE
ISOTOPE FACTOR . INVENTORY INVENTORY
SAS GAP INVENTORY

Kr 87 6.5 (9)
Xe 13lm 4.6 (4)
Xe 133 1.3 (7)
T 131 7.0 (6)
I 132 7.7 (3)
I L33 6.7 (5)
I L35 1.1 (8)

PUEL PELLET INVENTORY

Kr 87 3.2 (7)
Xe 13lm 4.9 (5)
Xe 133 1.5 (8)
T 131 7.6 (7)
I 132 1.1 (8)
I 133 L.5 (8)
I 135 1.4 (8)
CS 134 1.2 (7)
Rb 88 4.8 (7)
Te 129 2.5 (7
Te 132 1.2 (8)
Sr 89 5.6 (7)
Ba 149 1.4 (8)
La 149 1.4 (8)
La 142 1.5 (8)
Pr 144 3.6 (7)
Corrected Source Inventory = Pcwer Correction Pactor X
Equilibrium Source Inventory

‘

" *Yalues from Table 3.4 and 3.5 of Reference 2.1
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‘ ENCLOSURE All (ref. step 5.8)
" RECORD OF PERCENT RELEASE

UNIT: Performed By:

, Date:

TOTAL QUANTITY POWER CORRECTED
AVAILABLE FOR RELEASE SOURCE INVENTORY Ci
ISOTOPE (ENCLOSYRE A7), Ci (ENCLOSURE A9 OR Al1Y) PERZENT?

. GAS GAP INVENTORY

Xr 87
Xe 13lm

131
132
133
135

[allalilal )

. FUEL PELLET INVENTORY

Kr 97
Xa L3lm
Xe 133
| T 131
I 132
I L33
I L35.
CS 134
Rb 853
Te 129
Te L32
| Sr 89
| Sa 149
| La 140

: La 142
‘ 5t 144

Total Quanzity Available for Relaase

L ]
Percent =

Power corrected source laventory X 120
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SZCTION B

CORE DAMAGE ASSSSSMENT
USING
HYDROGEN
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PURPOSE:

This section provides the methodology for use under post
accident plant conditions to determine the excent of fuel
clad damage which may have occurred. It utilizes hydrogen
measured in samples obtained with the Post Accident
Sampling Systam (PASS) and containment hydrogen analyzers.
The measured hydrogen is related to the amount of fuel clad
oxidation. <Clad oxidation is in turn related to clad
damage which is expressed in terms of the percent of fuyel
rods which are ruptured and the percent which

are embrittled. The resulting observation of damage is
described by one or more of the seven categories of core
damage in Enclosure Bl.

REFERENCES: .

2.1 Development of the comprehensive procedure guideline
for core damage assessment, CE Owners Group Task 467,
July 1983.

2.2 Operation of the CE Post Accident Sampling System
(PASS). Chemistry Procedure No. 1=-Cll2 for PSLl and
No. 2-Cll3 for PSL-2. :

2.3 Clarification of TMI action plan requirements. NURSS
0737, Item II.8.3.

2.4 Determination of Hydrogen gas: in containment.

Chemistry Procedure No. 1-C-80 for PSL-l and 2-C-89
for PSL-2.

DEFINITIONS:

3.1 Clad Runture: The fuel clad ruptures when the
internal gas pressure exceeds the external coolant
pressure and the clad yield strength is reduced
because of elevated temperatures. Clad rupture
results in release of gaseous fission products from
the gas gap and possibly some fragments of fuel
pellets but does not otherwise destroy the structure
of the fuel assembly.

3.2 Clad Embrit:-lement: At temperature above the

rupture temperature significant oxidation of the clad
occurs. If the oxidation exceeds the embrittlement
threshold, fragmentation of embrittled clad may
subsequently occur from thermal shock, hydraulic
pressure forces or handling such that the structure of
the fuel assembly is destroyed and substantial fuel
pellet fragments are released to the cocolant.
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4.7 PRECAUTIONS AND LIMITATIONS:

4.1

4.5

The assessment of core damage obtained by using <his
methodology is only an estimate. The techniques
employed in this section are only accurate to locate
the core condition within one or more of the 7
categories of coras damage in Enclosure Bl. The
methodology is based on hydrogen data. Other plans
indications may be available which can improve 4pon
estimation of core damago. JThese include radiologizal
sample characteristics, incore temperature indicators,
and contiinment radiation monitors. Whenever possible
these additional indicators should be factored iaco
the assessment.

This methodology relies upon hydrogen samples taken
from the containment atmosphere and the reactor
coolant system hot leg. Those samples may contain 2
mixture of hydrogen generated within the core by -lad
oxidation and also hydrogen from radiolytic
dissociation of water and oxidation of aluminum and
zinc in the containment. The estimate of clad damage
is influenced by the amount of hydrogen generated by
ex-core ‘sourzes and by the ability to identify planz
conditions conducive to such hydrogen generation.
Therefore, a hydrogen measurement is not a unique
indicator of the amount of core clad oxidation.

There are areas of aluminum components ia the
containment building. This alunxnum would oxidize
rapidly as= temperatures about 299°F and would be
consumeld within about two hours. The remainder of zhe
aluminum and other oxidizing material react at a rate
determined by temperature and over a longer time. The
methodology in this.section assumes all of the shor:
term transient hydrogen is generated within the firsec
two hours and is added to the slower accumulation as 2
function of time. Hence, the metholdology is valid for

- hydrogen samples taken after about two hours with

temperatures about 200°F, or after the short term
oxidation is complete.

The methodology in this section yields estimates of
the percentages of fuel rods with ruptured clad and
embrittled clad., Simultaneous with embrittling of the
clad, there may be clad melting and pellet overheazing
occurring. This seztion provides an estimate of only
the percentage of rods which have progressed to at
least =lad rupture or clad embrittlement, and does no=
attempt %o predict and physical configuration of those
rods which have prograssed beyond local clad
fragmentazion.

Depending on the accident scenario, a given total
amount of hydrogen produced by oxidation-of fuel clad
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can represent varying local amounts and distributions
of clad damage.

The methodology in this saction is applicable under
conditions for which there are no voids measurable by
the Reactor Vessael Level Monizoring System. It is
assumed that if such voids had been found, their
removal would be accomplished by using the Reactor
Vessel Vent System as prescribed elsewhers in the
actions to mitigate the consaquences of accidents.
However, if the hydrogen samples are taken under
conditions in which measurable void 3dces exist, a
guideline for analysis is provided in the addendum
attached to this sesction to estimate the contribucion
of that source to be added to the total hydrogen
measured.

5.n INSTRUCTIONS:

S.1

Obtain the Following Plant Indicators.

S.1.1 Core damage can occur following reactor trip
only when the coolant level within the reactor
vessel drops below the top of the active fuel.
Several instrument records are available from
which an estimate of the core uncovery and
recovery times might be made. The instruments
are:.

Reactor Vessel Level Monitoring System
Core Exit Thermocouple Temperature
Core Exit Thermocouple Saturation Margin

Obtain data from these instruments according
to the instructions on the worksheet of
Enclosure B2.

S.1.2 The magnitude of Reactor Coolant System (RCS)
pressure during the core uncovery period can
influence the number of early clad ruptures.
Interpret the data from Step S.1.1 to determine
~he best estimate for the time period of core
uncovery and determine the range of RCS
pressure during this time period. Record on
the Enclosurse 32 worksheet.

5.1.3 The presence of some subcooled inlet flow while
the core is uncovering can slow the uncovery
and cause greatar local clad oxidation for a
given total amount of core oxidation, thereby
leading to a greater underestimate of the
number of damaged rods predicted by this
procedure. Observe available instrument
records to determine if there was some reactor
vessel inlet flow during the rising temperature
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portion of the core uncovery period. Include

net flow from charging and letdown systams,

HPSI, LPSI, spray, etc. Record the data on =he
“.Baclosure 32 worksheet.

S.1.4 Record the conditions in the containment ani
the reactor coolant system at the time the
hydrogen samples are obtained in Step 5.2 fol-
lowing. Enter on the worksheet of Enclosure 33.

Obtain a liquid sample from the RCS hot leg and a 3as
sample from the containment atmosphere and analyze
them for hydrogen zoncentration using the procedures
for Post Accident Sample System operation described in
Reference 2.2. Record the results on the worksheetz 3¢
Enclosure 83. Follow the instructions on Enclosure 33
to obtain the total amount of hydrogen measured in
units of cudbic feet of hydrogen at standard
temperacure and pressure. )

The total measured hydrogen in Step 5.2 includes the
hydrogen generated by three processes: 1) core clad
oxidation, 2) radiolysis of water and 3) oxidation of
containmens materials such as aluminum and zinec. The
amount of hydrogen generated by the last two processes
is calculated and then subtracted from the total
measurad to yield the amount generated by core clad
oxidation.

Enclosure 85 is a worksheet for calculating the amoun:
of hydrogen generated by oxidation of materials within
the containment. It utilizes measured data for the
containment temperature as a function of time up to
the sampling time and a plant spacific curve of the
rate of production as a function of containment
temperature in Enclosure B6. Record the data required
on Enclosure BS and complete the indicated .
calculations to obtain the cubic feet of hydrogen a=
STP generated by containment materials oxidation,

The hydrogen generated by radiolysis is a function of
operating power and decay time. Record the data
required on the worksheet of Enclosure 87, and
utilize the curve of Enclosure B3 to obtain the cubic
feet of hydrogen at STP generated by radiolysis. The.
appropriatze power is detesrmined as follows:

S.4.1 ~For the case in which the operating power is
conszant or has not changed by more than # 19
perzent for a period greater than 39 days, tha:
power is used. '
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$.4.2 Por the case in which the power has not
- remained constant during the 30 days prior =o
the reactor trip engineering judgement is used
--to determine the most representative pover
level. The following guidelines should be
considered in the determination.

5.4.2.1 The average powar during the 39 day
time period is not necessarily the
most representative value for
determining radiolysis by fission
products.,

5.4.2.2 The laist power levels at which the
reactor operated should weigh more
heavily in the judgement than the
earlier levels.

5.4.2.3 Continued operation for an extendaed
period should weigh more heavily in

the judgement than brief transient
levels.

5:.4.3 For the case in which the reactor has produced
power for less than 30 days, this methodology
may be employed. However, the estimate of
hydrogen from radiolysis will be too high and
therefore the calculated hydrogen by core
oxidation will be too low. Hence an
underprediction of core damage may resuls.

Enter the amounts of hydrogen from Steps 5.2, 5.3 and
5.4 on the worksheet of Enclosure B9. Subtracs the
amounts in S.3 and 5.4 from 5.2 as indicated on the
worisheet to yield the cubic feet of hydrogen
generated by core clad oxidation. Adjust with the
plant specific constant as shown on the worksheet to
obtain the estimated percent of the core clad which is
oxidized. This value represents the quantity of
hydrogen produced per percent of zirconium oxidized.

Enter the abscissa of the curve on Enclosure 819 wizh
the percent of core clad oxidized from Step 5.5. Use
the curve labeled with the pressure closest to but
greater than the RCS pressure during the core uncovery.
period as obtained in Step S5.1.2 and recorded on
Enclosure B2, e.g. if pressure during core uncovetg is
1390 psia, the curve labeled with tamperature 13809°F
is used. Read on the ordinate of Enclosure Bl9, the
percent of fual rods with ruptured clad. Record on
the worksheet of Enclosure B9. Yote that the
sensitivicty of measursment of hydrogen is comparable
to the range of oxidation on Enclosure Bl9. Hence,
small amounts of clad rupture ara not reliably
predicted by the methodology in this section.
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Enter the abscissa of the curve on Enclosure 3ll wish

‘the percent of core clad oxidized from Step 5.5. Read

on the ordinate the lower and upper values of the
range jindicated by the curve for the percent of fual
rods which have embrittled clad. Record on the
worksheetz of Enclosure B9.

For a given percent oxidation of the core clad, the
lower limit estimated of embrittled clad in Step 5,7
is, for most accident scenarios, the least amount of
pozential fuel scructural failure. Actual values are
probably gJreater. The upper limit of the range in
Step 5.5 may be interpreted as follows:

5.8.1 When the pressure during uncovery, from Steo
5.1.2 and recorded on Enclosure B2, is lass
than about 100 psia, a rapid core uncovery by
blowdown is concluded. Heatup with minimum
clad oxidation occurs. The extent of potential
clad structural failure by melting may be
greater than the upper limit of embrittlement
from Step 5.7 as determined by oxidation.
dence, use the upper limit from Step 5.7.

5.3.2 When there is inlet flow while the core is
unco''2ring, the rate of uncovery is slower than
agsuned in the derivation of the curves on
Zaclosures 319 and Bll. Ffor a measured total
amount of oxidation, the local percentage
oxidation is probably greater along a shorter
langth of the upper portions of the fuel.
ence, favor the upper limit from Step 5.7.

Cora Damage Assassmant

The conclusion on core damage is made using the two
results from above. These are:

L. Percentage of fuel rods with ruptured clad, Step
S.6.

2. Percentage of fuel rods with embrittled or
struczurally damaged clad, Step 5.7.

Knowledgaable judgement is used tod compare the above-
two results to the definitions of the 7 NRC

categories of fuel damage found in Enclosure Bl. <ore
damage does not take place uniformly. Therefore when
avaluating damage using these results, Enclosure Bl
may yield a combination of zategories of damage which
exist simultanecusly.




HRC Categery
of Fue) Damage

). e Fuel Camage

2. Initia) Cladding
Fatlure

3. Iatermediate
Cladding Fallure

4. Major Cladding
1 fl"&“ e

i Iaittal Fual Pellet
Overheating

6. Iatermediate
fuel Pellet

Tesperature
Range (°F)

~J50

1800-3350

Overheating

7. Najor Fuel Pellet
Overheating

ENCLOSURE B1

CLAD DAMAGE CHARACTERISTICS OF MAC CATEGORIES OF FUEL DAMAGE
Mechanism Characteristic  Messuremeat Percant of
of Damage Measurement Range Damage Rads

|
Hons . - .- Less Than )
Rupture Due to 'lhﬂ- Core <1550°F* Less Thaa 10
Gas Gap Exit . l o
Ovarpressurizatisn Thermocouple <1700°F* 10 te 50

- Temperature .

: $2300°F

' 2% Greater Thaa 50

! Oxidation
Loss of Structural 'houut of Equivalent Core Less Than 10
Integrity Due to | Hydrogen Gas Oxidation
Fuel Clad Preduced % ) § |
Oxtdation i (Equivalent te, <18% .

X Onidation )
of Core) !
l o W : Greater Than 50
. |

* Depends on Reactor Pressure and Fuel Burmup Valves Glven for Pressure <1200 psla and Burnup 20.

L8/8 ?3eq

T AdY

LL 30 g¢ 3Beg
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I . CORE UINCOVERY QoNDITIONS

Step 3.1.1 Time pericd of cors uncovery. Camplete the following table using
recorded i:L_sr.mmn: data.

; Estimated Estimaced
Instument Core Uncovery Time Core Racovery Time

Reactor Vessel Level Lower Limit Elevation Lover Limit Elevation
Moitoring System Uncovers (core Recovers.

uncovery) Time

Time
Core Exit Thermocouple Start of Cantinuous Rapid Tamperature
Temperature Rise or Exceed 6G0°F Drop to Saturation

Time Tirm

Tamperaturs Tamperature
Core Exit Thermocouple Start of Superheat Return to Saturation
Saturation Margin Time or Subcooling

Time

Step 5.1.2 Interpret above data to cbtain best estimate for time pericd of”
oore uncovery and obtain pressurizer pressure range during that
pericd. The superheat derived fram the thermoccuple temperature

‘ and correspanding system pressure is considered as the best
indicator for core uncovery during boiloff and should be used, but
should be campared with the other indicators to help identify

| poasible ancmalies. The pressure during uncovery is used later in
} ) Enclosure Bl), Step 5.6, to determine the appropriate zurve for
‘ assessment of the murber of clad ruptures.

i ' Core Uncovery Cors Recovery

Tire

‘ oressure

Step 5.1.3 Estimate vessel inlet flow rates during core uncovery heatup
| pericd, up to approximately the time of peak core exit thermocouple
1 temperature. Net inlet flow indicates that the methodology may
| have additional bias which underpredicts clad damage.

Charging Flow Rate
Letdown Flow Rate
HPSI Flaw Rate
LPST Flow Rata

. Other Inlet Flows

Net inlet flow = Charging flow + HPSI and LPSI flow + other inlet
flow - letdowm flow

Performed By: Datea:

~n
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ENCLOSURE B3

SAMPLING CONDITIZNS AND MEASURED HYDROGEN

om

St2p 5.1.4 Obtain the RCS and containment condisions at the time of sarpling

for hydrogen.

Reactor ~colant System Cantainment

Sampling Time - Sampling Time

Pressure psig AtTosphere Pressure osig

Tempterature, T 3 Atmosphere Temperature N3

Reactor Vessel 3 Has Hydrogen Reccrbiner Yes/No

Coolant Level QOperated

Pressurizer Level 3 Does Pregsure or Tempera- Yes/VNo
ture History Indicate a ' ’
Hydregan Bum

Step 5.2 Hydrogen Sample Data Reduction. -

Cnt. Sample , Cont. Vol. , (32 +463) (Hormal Temp.) Fe3 Hydrogen

(Vol. 3/100) (Fe3) + 469 ac STP
x 2.3 (8) x 492 - 469 = 3
Hot Leg Sample , RCS Vgl.' x Density Ratio _ 1090 Fe3 Hydrogen
(c=/%g 3 ST?) (Fre?) (Enclosure 34) ac STP
x x act/ STP - 10 = g3
Total = Cont. Sarpla (£e3) + Hot Leg Satple = + = =3,

Als:; record total on Enclosura 89.

*RcS liquid volume is: SLL = 19,401 £=3
SL2 = 17,198 £

Nots: If the Reactor Vessel Coolant Level indication shows a2 measurable void,
refer to the addendum to this seczion. This addendum contains instructions to
calculate Hydrogen in the void. The woid volume should be subtracted from zhe
RCS volume above. The estimated hydrogen in the void is to be added to the
total hydrogen measured above.

Performed By: Date
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ERCLOSURR €4

RATIO OF H20 DENSITY T0 N30 DENSITY
AT 8TP vs. ‘

-y .
—rrxs LTt M)
N .

1.0

+75

.50

.25

,oacr/fm, Density Ratio
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2XIO9URE 8%

HYDROGEN TR2RATID DY QONTADMENT |

[
H

step 5.1 Record the contairmnt tamperacture at selected time lntervals and calculace

the hydrogen genscrated by oxidation of contairmant materials u

: tilizing »
plant-specific production rates from Enclosure 86. L3 the

\ 2 k] 4 b} 5
o e Avg, Contairmment Hz(? . Rata
Time at Start tainment arval Tap. During fe/hr, P
of Intecvals Tarperature { P) | Duraeion (hr) | Incerval (Or) EZnclosure 36) <:gi Jﬁu?‘gl-n

Accident Starts

Saple Time

Loryg Tern Hydrogen Production in Containmene, Total

(sumacion of Colum 6) SCF
short us'n n.pi.:lhydrogcnpm?\mim‘;y contairment aluminam,

2,277 £2° for SL1 and 5238 £ for SL2 (Reference 2.1 + «r
Table 4-3,) *

Tozal Hydrogen Production in Containment = <P

Record total an Enclcsure B9 also,

\ and 2 Itams in Colums'l and 2 are input plant daea
3 Interval Duraticn is she line diffsrence Detween consec:sive
tampearturs readings.

Performed By:

Date:
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- ENCLOSURE B6 - SL1
EYDROGEN PRODUCTION RATE FROM ALOMINUM AND
ZINC VS TEMPERATURE POR ST. LUCIE OMIT 1

]
1
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e
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EXCLOSURR B6 -~ SL2

EYDROGER PRODUCTION RATE FROM ALUMINUM AND
ZINC VS TEXPERATURS POR ST. LOCIE UWIT 2

- e} - JOURY JESE 1 S5N PO Py [ - - |-
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‘ . ENCLOSURE 87
" HYDROGEN SENERATED SY RADIOLYSIS

step 5.4 Record the follcm.ng data and utilize the curves of Enclosure 33 to
determine the hydrogen generated by radiolysis.

prior 30 days power history Pover, Percent Duration, Davs

Note: No calculation is
required to determine power
level, gquidance on judgement
is provided in Step 5.4.

Estimated Power Level based cn a pawer history:
Operating Power (Mwt):

Power to use in evaluating long term hydrogen pmduc'- ion by
radiolysis = (Full Power, Mwt) X Power Level.
- 199

(Ffull Power:. SLL = 2700 Mwt: SL2 =2700 Mwt)

. T, = Time of Reactor Trip Time
T; = Time Sample Taken (see Enclosure 33)

Decay Time (Time Interval, T; - T,) Hours

Enter abscissa on Enclosure 88 with above decay time and read two values of
hydrogen produced by radiolysis, one from each curve, in cubic feet of hydrogen
at STP per MWt coerating power. Multiply by above power and record as follows:

Sydrogen Produced x Oparating = Total Hydrogen

Limit Surve (SCF/Mwt, Enclosure aa) Power (Mwt) Produced (32F)
Upper
Lower

Results fram Radiological Analysis of Samples are used to estimate whether the
upoer limit for major fuel overheat or lower limit for intermediate fuel
overheat is appropriate. Circle corresponding value of hydrogen above and also
record on Enclosure B9,

Performed By: . Data:
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Step 5.5

Step 5.6

Step 5.7

Step 5.8

Step 5.9
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ENCLOSURE 89
+ CORE DAMAGE ASSESSENT FROM

; HYDROGEN MEASUREMENT
Hydrogen Measurad, Step 5.2, Enclosure B3(Total) Sl
Hydrogen Produced in Containmene, Step 5.3, e
Enclosure B85
Hydrcgen Produced by Radiolysis, Step 5.4, SCF
Enclosure B7
Subtrac: Step 5.3 and 5.4 fram 5.2 o Get cF
Hydrogen Produced by Core Clad Oxidation
Divide by (4.2l E3 far PSL1] or (4.584 =3 = 3

for PSL2]. These values represent the

quantity of hydrogen produced per persent = § Core Clad Oxidized
of Zirconium oxidized for St. Lucie Unitc 1

and Unit 2, respectively. Referencs 2.1,

Table 4.2,

Enter abscissa on Znclosure B1lD with "t Core Clad Oxidized" and raad
ordinate from curve labeled with pressure during core uncovery as
given on Enclosure B2, Step 5.1.2. Record here Percent of Fuel Rxds
with Ruptured Clad s.

Enter abscissa on Enclosure Bll with above "§ Cor= Oxidized" and read
range of values on ordinate. Record here .

Percent of fuel rods embrittled

Range - Upper 3

- Lover 3

Raview Step 5.1 of these instructions <o determine which of these
limits is more likely to be representative of the cors damage.

From Enclosure 31 selec: the core clad damge categories based on the
above percentages of rods ruptured and r=ds erbrittled.

Aporoved By: ‘Dates




% OF RODS WITH ROPTURED CLAD
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EMCLOSURE BlO

PERCENT QP PUXL ROOS ¥WITE, ROPTURED
CLAD VS CORE CLAD OXIDATION

1200°r
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=

WHEX THE PRRSSURE
¥ STX? 5.1.2 18

USE CURVE LABXLED

%= WiTE TEPERATURR
=i <100 PSIA 1200°?
e £1200 PSIA 1500°F
e $1650 PSIA 1800°F

1L I AL

B R|

1.0

§ OXIDATION OF CORR CLAD VOLUMR




§ OF FUEL RODS WITB LOCAL OXIDATION EMBRITTLEMENT
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ENCLOSURE Bl1
§ OF THE PUEL RODS WITH OXIDATION EBRITTLENENT VS
TOTAL CORE OXIDATION
POR 1% 70 )% DECAY HEAT AND 300 PSIA T0O 2500 PSIA
WHEX COOLANT LEVKL DROPS BY BOILOFP WITH
‘M0 INLET FLOW OUNTIL CORE IS RAPIDLY QUENCHED
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5.7 ADDENDUM TO SEITION B

ESTIMATION OF AMOUNT OF HYDROGEN
IN REACTOR VESSEL HEAD VOID




1.9

2.0

3.9

Page 52 of 77
Rev 2

Date 8/87

PURPOSE:

The purpose of this addendum is to provide the methodology
to calculate the amount of hydrogen gas contained in a veoid.
in the top of " the reactor vessel. This hydrogen is added
to the measured amount in Step 5.2 of Section B to
determine the total hydrogen generatsed by all sources,

LIMITATIONS:

2.1

2.2

2.3

2.4

The preferred method of determining the amount of
hydrogen in the primary system is to sample liquid
from the hot leg when the system is full. However, if
the system cannot be filled, a method based on this
addendum could be used to estimate the hydrogen which
is in the vessel void and which would not be evident
£rom the hot leg liquid sample.

This method applies when the coolant level is above
the hot leg and the remainder of the primary system is
£filled. Verification that the steam generator tubes
are filled can be provided by the existence of natural
convection flow in the primary system. If the coolant
level is below the hot leg, this method does not apply.

A reactor vessel level monitoring system is required
which can provide the coolant level. The volume of
the void is obtained by relating the volume in the
vessel above the coolant level to the value of level.

The methodology in this addendum provides the
analytical means for only an estimate of the hydrogen
contained in the void., The presence of other gases

.including helium, nitrogen and fission product gases

will add uncertainty to the result.

INSTRUCTIONS:

3.1

Determine the conditions of the void as follows:.

Vv = Void volume Gtt3) derived from measurement of
coolant level

T, = Temperature of liquid at coolant surface (°F)
as.moasurnd by CET
Pgas = Water saturation pressure at tenmperature éL
(Enclosure BBl) .

P.oe ® Reactor coolant system pressure (psia) ’




- 3.2

3.4

3.5
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A first approximation is made assuming the following:

3.2.1 The partial pressure of vapor in the void is
assumed equal tO saturation pressure at the
liquid temperature, Ty,» This implies no
‘heating of the void gas by the reactor vessel
walls and head. They are normally at reacesr
outlet temperature and could remain above thae

temperature of the void causing the vapor ts %a
superheated.

3.2.2 All the non-condensible gas in the void is
hydrogen. This implies no helium or fission
product gas from ruptured fuel rods and no
nitrogen fgom Safety Injection Tanks. A sacond
approximation which eliminates this assumpcion
is given in 3.4,

Calculate the amount of hydrogen as follows:.

Pa, ™ Peor ~ Paat’

P
H
Fed B, @ sTP = (V)(_2 )(_ %92 )
‘ 14.7 Tg + 469

Add this amount to the total hydrogen in Step 5.2 of
Section 3. '

A second approximation can be made in planzs wizh a &=
designed PASS (i.e. PSL2) which measures both total
gas and hydrogen which ars dissolved in the hot lag
liquid sample. This approximation includes the
following assumptions ragarding the ralacive
solubilities of the non-condensible gases in the
liquid. )

3.4.1 The gases are assumed to have the same values
" of Henry's law constant which relates the
partial pressure of gas to the amount of gas
dissolved in the liquid sample at equilibrium.

3.4.2 When the dissolved gas is not in equilibrium
with the gas in the void, the dissolved
concentrations are in the same ralative -
proportion as if equilibrium did exist.

The partial pressure of hydrogen-is calculated from:

Paz = (Proe - psat)x (c:c:/kc;.')ﬂ_Z

(ce/k9) coeal

and the amount of hydrogen in the vessel head void is




3.6
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This procedure can be extended to include specifiz
values of Henry's law constants but the assumpzion of
equilibrium at the gas liquid interfaces would sz2ill »e
questionable. Also, to utilize detailed values of zhwe
gas constants, the individual gases in the sample
would have to be identifisd and measured. This would
require additional measurement capability.
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ENCLOSURE 882
RECORD OF HYDROGEN IN VOID

Reactor Vessel Coolant Level Indication ( L to 8 ): = VL

Percent Void Height = VL, x 100 = )
8

Note: 13 correspands £o approximately 0.135 Fe.

Void height above fuel aligmment plate = 3 x)J.185 7 =
13

V = Void Volume = 195 £23 X Void Heighe (Pt) =
e

T, = Temperature of Lig:id at
ccolant surface (CF) as

measured by CET. =
Pgae = Pressure at Ty fram
Enclosure 831 =
Peor = RCS pressure (psia) =
Arount of Hydrogen Calculation: ?52 ® Peor = Pgac
'P = -
L)

rdn,ase =y () ( 492 )

407 71, * 460

= 2dd this amount £o the total
hydrogen in Sten 5.2 of
Section 3 (Enclosure B83)

Approved By: Date:
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SECTION C

ASSESSMENT OF CORE DAMASGE
USING CORE =XIT THERMOTOUPLES TEMPERATURES
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3.0
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PURPOSE:

This section provides the methodology for use under post
accident plant conditions to determine the number of fuel
rods with rupeured clad. It provides an estimate of
damage up to about the time when the peak core temperatura
reaches about 2399°F. At that time most of the rods
probably have ruptured clad but little other structural
degradation has occurred. Therefore this procedure applies
to the relatively less severe accidents although it may be
used for other accidents to confirm that damage exceeads
this minimum amount. The resulting sbservation of core
damaga is described by categories 1 through 4 of the seven
NRC categories in Enclosure Cl.

REFERENCES:

2.1 Development of the Comprehensive Procedure Guidelines
for Core Damage Assessment, CE Owners Sroup Task 4567,
May, 1983. .

2.2 Inadequate Core Cooling, St. Lucie Unit 2, Pinal
Safety Analysis Report, Appendix 1.9.8B.

2.3 Generic Thermal-Hydraulic Functional Design Objectives

for Inadequate Core Cooling Instrumentation, CE-NPSD-
199, prepared for the CE Owners Sroup.

DEFINITIONS:

3.1 Clad Rupture: Clad rupture is defined as a break in
the fuel rod clad at least sufficient to release the
internal gas pressure. Rupture may be preceded by
ballooning of the clad if the internal gas pressurs
exceeds the extsrnal coolant pressure during an
accident, and the temperature is higher than normal.

PRECAUTIONS AND LIMITATIONS:

4.1 The assessment of core damage obtained by using this
method is only an estimate. The techniques employed
in this section are only accurate to locate the core
condition within the first four of the 7 categories of -
core damage described in Enclosure Cl. The
methodology is based on core exit temperature data.
Other plant indications may be available which can
improve upon estimation of core damage. These include
radiological sampls characteristics, the total
quantity of hydrogen released from zirconium
degradation and containment radiation monitors.
Whenever possible these additional indicators should
be factored into the assessment.







4.2
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The assessment of damage provided by this procedure
extends up to the time of clad rupture on most of the
fuel rods. This time occurs early in very severe =ore
uncovery accidents. More severe core damage cannot be
quantified by this procedure.

The relationshiiip between the core exit thermocouple
temperature and the clad temperature varies with the
core uncovery senario. This procedure applies to slow
core uncovery by boiloff of the coolant. For other
more rapid uncovery scenarios this procedure could
yield a very low estimate of the number of ruptured
rods. In general, for core uncovery at pressures
below about 1290 psia there is high zonfidence thas ac
least the predicted estimate of rods are actually
ruptured.

3.0 INSTUCTIONS

S.1

5.2

Obtain the following from the instrument recordings:

S5.1.1 ¢From the recording of maximum cors exit
thermocouple tempavature as a function of time,
obtain and record on Enclosure C2 the maximum
temperature and the time iz occurs. As many
thermocouples as possible should be used, in
this way equipment malfunction may be de:ec'ed
if a :Hermocouple reads greater than 16573°F
or varies considerably from its neighboring
tharmocouples.

5.1.2 From the recording of reac%or coolant system
pressure as a funczion of time, obtain and
record on Enclosure C2 the pressure during the
period of maximum thermocouple temperature.

Seleczt the curve on Enclosure T3 which is labeled wizh
a pressure approximately equal to or greater than the
pressure in Step S5.1.2. Enter the abscissa at the
maximum semperature from Step S.l1.1 and read on the
ordinate the percent of the fuel rods which have
ruptured clad. Record on Enclosure C2.

The resul: in S.2 is probably a lower limit estimaza
of damage. Some judgemsnt on the bias is available as-
follows.

S.3.1 This .procedure applies most directly for
relazively slow core uncovery with a maximum
temperature below the rapxd oxidation
temperatures at about 1809°F and above. A
smooth core exit thermocouple recording and an
uncovery duration of 20 minutes or longer ara
indicators for a good prediction of clad

. ruptures.
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$.3.2 1If the pressure in 5.1.2 drops to less than
about 170 psia within less than about two
minutes of acczident initiation, a large breax
is. indicated. This causes undetected core
heatup followed by flashing during refill.
.Depending on the rate of refill, the thermo-
couple temperature may rise rapidly then quench
when the core is recovered. This procedure
could yield a very low estimate for the percen:
of rods ruptured.

5.3.3 If the pressure in Step 5.1.2 is above about
- 16590 psia, it could exceed the rod internal gas
prassure depending on rod burnup, causing clad
collapse onto the fuel pellet instead of
outward clad ballooning. The clad rupture
criteria are less well defined for such
conditions, but at temperatures above 1390°F
where the highest pressure curve applies on
Enclosure C3, clad failure sufficient to
release fission gas is likely and this
procedure may be used to obtain estimates of
damage.

5.4 Core Damage Assessment

Use the percen: of rods ruptured from Step 5.2 and the
clad damage characteristics of Enclosure Cl to
determine the NRC category of cladding failure. This
procedure yields damage estimates in categories 2, 3
or 4 (Enclosure Cl).




7.

ENCLOSURE C1

CLAD DAMAGE CHARACTERISTICS OF MRC CATEGORIES OF FUEL DNMAGE

WRC Categery Tomperature Mechanism Characteristic  Measurement Percent of
of Fuel Damage Rangs (°F) of Damage Heasuremeat Range Damage Reds
No Fuel Damage A150  Mome - - Less Than )
Inftial Cladding Rupture Dus to Hax{mum Core <1550°F* Less Thaa 10
faflure Gas Gap Extt . .
Intermediate J& 1200-1600 Overpressurization ' Thermocouple <1700°F* 10 te SO
Cladding Fallure Tesperature
Mejor Cladding £2300°F
Fallure <23 Greater Thaa S0
) _ Oxidation
Inttiad Fuel Pellet | Loss of Structural Amouat ef Equivalent Core Less Than 10
Overbesting ;-t:;::t: Due to .P‘ym‘ucmd Gas Oxl;;ttoa
we 8 <
Intermediate f 1600-3350 Oxidation (Equivalent to «<18%
fua) Pellet - % Ouidation
Overheat ing of Cere)
Major Fuel Pellet 13 § Greater Than 50

* Depends on Reactor Pressure and Fuel Burnup Valves Gliven for Pressure <1200 psia and Burmup >0,

T Ady

L8/8 ®aeq
LL 30 79 98eg
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ENCLOSURE C2

RECORD JF TEMPERATURE PRESSURE AND
cene DAMAGE ESTIMATE

Record the following data

Maximum Care Exit Thermocouple Tamperature®

(see Instruction 5.1 in the text for gquidelines)

Time of Maximmm Tamperature

Reactor Coolant Systam Pressure at Above Time

From Enclosure C3, at maximum thermocouple
tamperacture and at appropriate pressurs

Read percent of ruptured rcds

Cament on probable bias of results in 5.2
(see paragrapn 5.3 in text).

NRC category of cladding failure from

Enclosure Cl

psia

*As many thermocouple raadings as poasible shoulld be recorded. | In this way
t malfunction may be detected if a thermocouple reads greater than
1550°F or varies considerably from its nsighbtoring chermoxouples.

equi

Maximm Core Exit Thermoccuple Terperature

%,

g f pf

Performal 3y: Date:
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" ENCLOSOR® C3
PERCENT OF FUKL RODS NITH RUPTURED CLAD VS
MAXINUM CORE EXIT THERMOCOUPLE TENPERATURE

WHEN THE PRESSURE USE CURVE LABELID
IN STEP 5.1.2 18 WITH TEMPERATURE

< 100 PSIA 1200°?
<1200 PSIA 1500°?
<1650 PSIA 1800°?
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‘ 1L.Nn PURPOSE:

This section provides the methodology £or use under post
accident plaat conditions zo determine the tYPe and degree
of core damage which may have occurred by using radiacion
dose rates measured inside the containment building using
the containment high range radiation monitor. The
radiation dose rate is related ts the quantitative release
of fission products from the core expressed as the percentc
of the source inventory at the.time of the accident. The
resulting observation of core damage is described by one or
‘more of the seven categories of core damage in Enclosuyre DL,

2.9 REFERENCES:

2.1 Development of the comprehensive procedure guideline
for core damage assessment, CS Owners Sroup Task 467,
July 1983.

3.9 DEFINITIONS

3.1 Fuel Damage: For the purpose of this section fuel
. damage is defined as a progressive failure of the

matarial boundary to prevent the relesasa of
radicactive fission products into the reactor coolanc
starting with a penetration ia the zircaloy cladding.
The type of fuel damage as determined by this
methodology is reported in terms of three major
categories which are: no damage, cladding failure,
and fuel overheat. The categories are characterized
by the resulting radiation dose rate inside the
containment building. The degree of core damage is
determined by making a comparison beiween-dose rates
measured following an accident and analytically
determined values of the realistic or best estimate
dose rates that would correspond to the spacific
categories of core damage. The degree of core damage
as determined by this section is reported in terms of
three levels which are:. inizial: intermediate: and
major. This results in a total of seven possible
categories as characterized in Enclosure Dl.

3.2 Source Iaventory: The source inventory is the total

quantity of fission products expressed in curies of
each isotope present in either source; :the fuel
pellets or the fuel rod gas gap.
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4.7 PRECAUTIONS AND LIMITATIONS:

4.1

4.2

4.4

The assessmant of core damage obtained by using the
methodology in this section is only an estimacs. Tha
techniques employed in this section ars only accurate
to locaze the core condition within one or more of the
7 categories of core damage described in Enclosure
Dl. The procedure is based on radiation dose rate.
Oother plant indications may be available which can
improve upon the estimation of core damage. These
include sample radiological analysis, incore
temperature indicators, and the total quantity of
hydrogen released from zirconium degradation.
Whenever possible thess additional indicators should
be factored into the assessment.

This section relies upon radiation dose rate
measurements taken from the higher of two high range
radiation monitors located inside the containment
building to determine the total quantity of fission
products released from the core and therefore
available for ralease to the environment. The amount
of fission products present at the location of the
monitors may be changing rapidly due to transient
plant conditions. Therefore, multiple measurements
should be obtained within a minimum time period and
when possible under stabilized plant conditions.
Samples obtained during rapidly changing plant
conditions should not be weighed heavily into the
assessment of core damage.

A number of factors influence the raliability of cthe
measured radiation dose rates upon which this
procedure is based. Reliability is influenced by the
ability to obtain representative measurements due to
incomplete mixing of the measured media, and equipmen:
limications. Additionally the procedure relies upon
analytically determined values of the best estimate
dose. rates that are anticipated to correspond to the
specific categories of core damage. These analytical
values are based upon assumptions made about the
identity and relative proportions of the fission
products released from the core and their transpors
within the containment building. Therefore, the

method is only accurate to within the validity of the _

assumptions.

The methodology in this section is limized to the
upper bound condition of fission product release from
the core due =0 fuel overheat. Simultaneous with fuel
overheat, there may be localized fuel pellet melting
within the cors. The transport of the non-volatile
fission products released due to melting is not

known. The dose rates measured under conditions of
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fuel pellet melting are anticipated to exceed those,
shown in Enclosure D3, for major fuel overheat.
However, -this procedure does not attempt to identify
the extent of any potential fuel melting.

This section is limited to the interpretation of the
dose rate measurement resulting from a mix of fission
products. The methodology cannot accurately
distinguish between the conditions of fuel cladding
failure and fuel ovarheat when the resulting dose
rates are the same. The methodology does provide an
upper limit estimate of the prograssive core damage.
Concurrent conditions of cladding failure and overheas
should be anticipated due to the radial distribution
of heat generation within the core. Distinction
between the type of core damage requires the
identification of the characteristic fission
products. The procedure for core damage assessmen:
using radiological analysis of fluid samples is
required to explicitly distinguish between the
categories.

This methodology is limited in applicability to those
conditions in which the fission product inventory in
the core has had sufficient time to reach

aquilibrium. Equilibrium fission product inventory is
a function of reactor power and burnup. Based upon
the fission products of concern equilibrium conditions
are achieved after thirty days of operation at
constant power., Constant power is considered %o
include changes of no greater than + 1O percent. The
methodology may be used following non-constant

periods of operation by using engineering judgement to
select the most representative power level during the
period. This method may also be used if the resactor
has produced power for less than thirwsy days, however,
the resulting assessment of core damage would be an
underprediction of the actual conditions.

INSTRUCTIONS

5.1 Record the following plant indications.

S.1.1 Containment Building:

Radiation Dose Rate Rads/hr.

Time of Measurement Date Time
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$.1.2 Prior 37 days power history:

Power, Percent Duration, Days

S.1.3 Time of reactor trip
Date Time

Record these values in En~losure D2.
Plant Power Correction

The measured radiation dose rate inside the
containment building is to be corrected for the plan:
power hiscory. A corrsction factor is used o

adjust the measured dose rate to the corresoonding
value had the plant been operating at 109 percent
power.

5.2.1 To correct the radiation dose rate for the case
in which plant power level has remained
constant for a period greater than 39 days a
simple ratio of the power may be employed., . The
reactor power is considered to be constant if
it has not changed by # LI percent withia the
last thx:ty days prior to the reactor trip.

5.2.2 To correct thc radiation dose rate for the case
in which reactor power levsal has not remained
constant during the 39 days prior to the
reactor shutdown engineering, judgement is used
to determine the most representative power
level. The following guidelines should be
considered in the determination.

5.2.2.1 The average power during the 39 day
time period is not necessarily the
most representative value for
correction to equilibrium conditions.

§.2.2.2 The last power levels at which the
reactor operated should weigh more
heavily in the judgement than ths
earlier levels.
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5.4
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$5.2.2.3 Conginued operation for an extended
period should weigh more heavily in

the judgement than brief transianc
levels.

$.2.3 1In the case in which reactor has produced power
,for less than 39 days the procedure may be
~employed. However, the estimate of core damage
obtained under this condition may be an under
prediztion of the actual condition.

5.2.4 The following equation is applied to determine
the radiation dose rate corresponding to
. equilibrium full power source inventory

condicions.
Equilibrium Measured - 129
Nose Rate ' * Dose Rate X  Reactor Power Leval '3
(Rad/Hr) (Rad/Hr)

The reactor power level and the resulting dose
rate corraction factor used above will be the
same for all subsequent measurement of the dose
rate. Record these values to raduce the work
required to evaluate the subsequent
measurements.

The decay correction £or the radiation dose rate
requires the determir. :ion of the time duration
batween the reactor trip and the measurement of the
dose rate. This is done simply using the time of
reactor shutdown recorded in Sestion S.1l.3.

The conclusion on the extent of core damage is made
using the equilibrium dose rate, the duration of
reactor shutdown, and the analytically determined
dose rates provided in Enclosure D3. The ejuilibrium
dose rate is plotted on Enclosure D3 as a function of
time following reactor shutdown. Engineering
judgement is used to determine which category of core
damage shown on BEnclosure D3 is most representative of
the particular value that has been plotted. The
following criteria should be considered in the
determinasion.

S.4.1 Dose rate measurements may have been recorded
during periods of transient conditions within
the plant. Measurements made during stable
plant conditions should weigh more heavily ia
the assassment of core damage.
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Dose rates significantly above the lower bound
for the category of major fuel overheat may
indicate concurrent fuel pellet melting. The
methodology in this seczion may not be
emmployed to estimate the degree of fuel pellas
melting.

Dose rates within any category of fuel
overheating may be anticipated to include
concurrent fuel cladding failure. The
mechodology in this section may not be used :=>
distinguish the relative contributions of the
two categories to the total dose rate. The
methodology does give the estimate of the
highest catsgory of damage.

Dose rates corresponding to the two categories
of major cladding failure and initial fuel
ovarheat are observed to overlap on Enclosure
D3. The evaluation of other plant parametcsars
may be required to distinguish between them.
However, concurrent conditions may be
anticipated.




Enclosure D1

Radiologic Characteristics of NAC Categories of Fuel Damage

Hechanism of

kR

4.

WeC Categery of Source of Pevcent of Source laveatory Oistribution of f.tulo-
fuel Damige Release From Core Release Released te Coataisment Products {n Centafament
Ne Fuel Damage Halogen Spiking Gas Gap Less than 1 - Alrhorne
Yramp Uranfum )
Initial Cladding —] Gas Gap Less than 10 Alrborne
Fatlure
Intermediate Clad Burst and Gas Gap 10 to 50 Afrborne
Cladding Fatlure > Gas Gap Biffuston
Ralease
Major Cladding Gas Gap Greater than 50 Alrhorae .
Fallure - ‘
Iattial Fusl Pellet | Fuel Pedlet Less than 10
Overheating Alrborme:
> 6rain Soundary 100X Moble Gas
Biffusion 255 Halogen
Intermediate Fuel Fuel Pellet 10 to 50
Pellet Overheating | Plated Out
25% Halegen
. 1% Solids
Hajor Fuel Pellet Diffusional Release fuel Pallet Greater than 50 o
Pellet Overheating From I.i()2 Grains & e
(]
® N
§

LL 30 ¢ 98eg
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ENCLOSYURE D2

CONTAINMENT HIGH RANGE RADIATION MONITOR
(CORE DAMAGE ASSESSMENT) WORKSHEET

Highest Radiation Dose Rate (CHRRM) | Rads/hr

Time of Measurement Date:. _ Time:

Prior 39 Days Power History:

Power, Percent " Duratcion, Days

Time of Reactor Trip Date: Time:

Equilibrium Dose Rate (Rad/hr) =

Measured Dose Rate (Rad/hr) «x 190
Reactor Power Level (3)

Refer to Enclosure D03 to obtain category of core damage. See
step 5.4. .

Performed by:

Date:
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SECTION B

SUMMARY OF RESULTS
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SUMMARY OF RESULTS:

section A, or radiological analysis of samples, is the mos=
complete 2nd possibly the most accurate of the mecthods used :t>
assass the degree of core damage. This saction of the
mathodology provides tha instructions required to determine cove
damage up to the major fuel melt category identified in the NRC
guidelines for core damage assessment.

Other indicators which are described in Sections 3, C and D of
these mezhodology are limited to the fuel overheat category of
core damage. Sect=ion B, which usas the hydrogen content of bdoth
the reacsdr coolant and containment building atmosphere f£or an
indication of fuel cladding oxidation is most applicable wizhin
the fuel overheat catzegory. Section ¢, which uses the
information f£rom reaczor coolant core exit temperatures is moss
applicable within the cladding failure cazegory. While Seczion
D, use information Srom arsa dose rates within containment and
it is most applicable within both cladding failure and fuel
overheat catagori2s of damage.

It is importanz %o note that core-damage is not anticipated to
take place uniformly. Therefore a combination of one or more of
the categories of fuel damage will most likely exist
simultaneously. The results obtained from the radionuclide
analysis should be compared with the results of the evaluacion
of other available indizazors for a comprehensive assessment.
If£ the resul=zs are in agreement, the core damage assessment is
complete. If the results are not in agreement, a recheck of
both analyses may be performed or certain indicacions nay be
discounted or weighted more heavily based on engineering
judgementc.
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DISCUSSION

The purpose of this Appendix is to provide a step-by-step procedure for
assessing the extent of core damage at Turkey Point based on post-
accident radionuclide concentrations within the RCS and containment. In
addition, this procedure provides for the use of auxiliary indicators, such as
containment hydrogen, containment high range radiation monitor, and core
exitﬁthermocouple data to substantiate the radiological analyses results.

The methodology presented herein conforms to the general guidelines
developed by Westinghouse under contract to the Westinghouse Owner's
Group, "Westinghouse Owner's Group Post-Accident Core Damage
Assessment Methodology" with appropriate plant specific modifications.

The format of the Appendix is "Instruction on Worksheet", and presumes
the user is familiar with the basis for the methodology.

The analyses methods and their range of core damage assessment are listed
below:

Radiological Analysis: Percent of clad damage, fuel overheat, or

fuel melt
Hydrogen Concentration: General category of clad damage

Containment High Range: General Category of clad
Radiation Monitor

damage, fuel overheat, or fuel melt
Core Exit Thermocouple: General Category of clad damage

Reactor Vessel Level: Potential core damage; Yes or No

P

(=
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2.0 SUMMARY OF DATA REQUIRED

In order to complete this procedure, the information listed in the example
Plant Data Sheet must be provided.

3.0 RADIOLOGICAL- ANALYSIS

3.1 -+ POST ACCIDENTS'SAMPLING

Table II - 1 presents a list of sampling locations recommended for different
accident scenarios.

Samples of the selected nuclides, which are listed in Table II - 2, should be
taken at the indicated locations after the accident is defined.

3.2 DETERMINATION OF SOURCE INVENTORY

Determine the source inventory by performing a power correction of
the equilihrium activity. Complete Table II-3.

3.3 DETERMINATION OF RELEASE PERCENTAGES

3.3.1 Calculate decay corrected specific activity for all nuclides by
. completing Table II - 4. See instructions below:

For those isotopes in Table II - 2 which do not list a parent
(i.e., radiosotopes that are not Xenons, Rb-88, La-140, or I-
132) Calculate the decay factor as follows:

Decay factor = e M Where: A = Decay Constant from
e = 2,7183 ‘ Table II - 2

t = Time from Reactor
shutdown to sample

analysis (seconds)
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For isotopes in Table II-2 which list a parent, it is necesshry to calculate
both the decay factor and the Parent-Daughter Factor. This is required
because of the "Daughter” isotope measured, some will be from the decay
of the daughter concentration at time of shutdown and some will be from
the decay of the parent. The Parent-Daughter factor is the theoretical
fraction of the total measured daughter isotope which can be attributed to
the decay of the Daughter concentration available at time of reactor
shutdown.

Calculate the Parent-Daughter Factor (F;) for the daughter nuclides as

follows:
-Adt
0
Fr = Qd ¢
Oy
Where . .
LR
K = Decay branching factor
Ad = Daughter decay constant, See Table II - 2 on Page 10
Ap = Parent decay constant, See Table Il - 2 on Page 10
Q?, = Parent source Inventory, See Table Il - 3 on Page il
C§= Daughter Source Inventory, See Table II - 3 on pagen
t = Time fram post-accident reactor shutdovm to sarple

analysis time, (Seconds)

Q4 - The total theorectical daughter activity at the time of
sample., . 7 .

* Fr is only applicable for daughter nuclides. For parent
nuclides this factor is ignored.

Calculate the decay factor for both parent and daughter nuclides.

Decay factor = e“’
e = 2,7183

Where: A = Decay constant from Table II - 2

t = Time from reactor shutdown to
sample analysis ( seconds)




6/83

FLORIDA POWER & LIGHT COMPANY Q@ EPIP 1302 APP. 11

Rev. 0

Date pecember, 1986

Page cf
8 30

3.4

4.0

3.3.2 Containment Activity
Calculate containment activity for samples obtained from
the containment atmosphere by completing TABLE If - 5.

3.3.3 . Sump Activity

Calculate sump activity for samples obtained from the
sump by completing Table If - 6.

3.3.4 RCS Activity

Calculate RCS activity for samples obtained from the
reactor coolant system by completing Table II ~ 7.

3.3.5 Inventory Released

Calculate total activity and % invex;tory released by
completing Table II - 8.

CORE DAMAGE ASSESSMENT

Determine the level of core damage by completing Table Il - 9. Enter
results into "Summary Worksheet" on Page 28.

SUBSTANTIATION OF CORE DAMAGE STATE USING AUXILIARY INDICATORS

-

Utilize containmentuhydrogen concentration, Reactor vessel level, core
exit thermocouples, and containment radiation readings to substantiate
radiological analysis results by completing Tables I - 12, 13, and 14. Enter
resuits into "Summary Worksheet" on page 28.
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CORE DAMAGE ASSESSVENT
PLANT DATA SHEET
SAVMPLING CONDITIONS
Unit:
Time of Reactor Trip: Date/ Time: Prior 40 Days Power History
- Power % Ruration, Days

Operating Point

Reactor Coolant System:

Pressure PSIG
Temperature (Tayg) OF
.Reactor Vessel Level Shows ft.

(Lowest Recorded Reading)

‘ Pressurizer Level %

Containment Building:

Atmosphere Pressure PSIG

Atmosphere Temperature OF

Surp Water Level ft.
Tank Data:

Refueling Water Storage Tank Level ft.
Safety Injection Accumulators Injected (yes/no):

Auxiliary Indicators:

Containment Hydrogen Concentration: V/O Hy

Core Exit Thermocouples: OF °F ____©°F
(Three highest reliable readings)

Containment Radiation Monitor RDG: R/hr

Loose Parts Monitoring System Alarm (Yes/No):

Form 2719 ANOI‘I Rev 683
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RADICNUCLIDE DATA
SAVPLE NUMBER:

SAMPLE LOCATION (RCS, SUMP, CONTAINVENT):
TIME OF SAVPLE COLLECTICN:

MEASURED SPECIFIC ACTIVITY @ STP
ISOTCPE A (uCi/ece)

Kr-85m

. Kr-87

At ———— —— i ova

r——

Kr-88

Xe-131m

Xe-133

Xe-133m

Xe-135

[-131

[-132

I-133

Cs-134

Cs-137

Te-132

Ba-140

Ta-140

Rb-88

1-135

-$

[ o
o
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Suggested Sampling Locations
Principal Other
Scenario Sampling Locations Sampling Locations
Small Break LOCA, ‘
* Reactor Power > 1% RCS Hot Leg Containment RCS Pressurizer
Atmosphere
» Reactor Power < 1% RCS Hot Leg** RCS Pressurizer
Large Break LOCA
* Reactor Power >1% Containment Surp, Containment
Atmosphere, RCS Hot Leg
* Reactor Power < 1% Containment Sump, Containment
v Atmosphere
Steam Line Break . RCS Hot Leg, RCS Pressurizer
Containment
Atmosphere -
Steam Generator Tube RCS Hot Leg, Secondary Containment
JRupture System Atmosphere
Indication of Signifi- Containment Surp, Containment
cant Containment Sump Atmosphere
Inventory
Cbntainhent Building Containment Atmosphere,
Radiation Monitor Alarm Containment Sump
Safety Injection RCS Hot Leg RCS Pressurizer
Actuated
Indication of High RCS Hot Leg RCS Pressurizer

Radiation Level in RCS

* Assume operating at that level for some appreciable time.

** [f a RCS hot leg sample is unavailable and a RCS cold leg sample is
available, obtain a RCS cold leg sample. However, for a cold leg sample to be
a good representation of the RCS, the primary water should be circulating
through the system. :
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TABLE II - 2
QORE DAMAGE CATEGORY VS. RADIOISOTOPIC DATA
DECAY DBECAY
DECAY CONSTANT BRANCHING
CQONSTANT COF PARENT FACTOR
ISOTOPE , SEC-1 PARENT , SEC1 K
CLAD FAILURE
Kr-85m 6.313 E-5
Kr-87 2.193 E-4
Kr-88 9.921 E-5
Xe-131m 9.809 E-7 [-131 1,438 E-6 0.008
Xe-133 2.196 E-6 [-133 1.386 E-5 . 0.976
Xe-133 2,196 E-6 - Xe-133m 5.121 E-6 1.00
Xe-133m 5.121 E-6 [-133 1,386 E-5 0.024
Xe-135 3.039 E-5 “I-135 4.158 E-5 0.70
$1-131 1.438 E-6
[-132 1.229 E-4 TE-132 3.575 E-6 1.00
*1-133 1.386 E-5
[1-135 4.158 E-5
1Rb-88 9.363 E-4 Kr-88 9.921 E-5 1.00
FUEL OVERHEAT (ABOVE AND)
*Cs-134 1.585 E-8
Cs-137 1.057 E-9
FUEL MELT (ABOVE AND)
ALa-140 6.906 E-6 Ba-140 9.042 E-7 1.00
Te-132 3.575 E-6 '
% Denotes leading indicator. If a quick assessment of core damage is desired, ’
utilize leading indicator. Otherwise, use as many as are available.
4 Rb-88 is used only as an indicator of clad failure.
3
b
$
z
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TABLE II - 3

DETERMINATICN OF FISSION PRODUCT SCURCE INVENTORY, SI, IN CIRIES

NOTE : '

This method is based on constant power level for a minimum of
40 days prior to shutdown or trip. Otherwise, see RCF Worksheet

Page 29.
1SOTCPE EQUALIB - PCP* QRRECTED
ACTIVITY, Ci ACTIVITY, Ci
Kr-85m 1.319 (7)
Kr-87 2.528 (7)
Kr-88 3.556 (7)
Rb-88 3.612 (7)
1-131 5.057 (7)
Xe 13Im 5.628 (5)
Te 132 7.155 (7)
1-132 7.271 (7)
1-133 1.028 (8)
Xe-133 1.029 (8)
Xe-13am 2.705 (6)
#Cs=134
1-135 9,604 (7)
Xe-135 2.709 (7)
#Cs=137
Ba-140 3.813 (7)
La-140 9.053 (7)
# For Cs134

Equalib Activity

# For Cs 137
Equalib Activity

Where D = nunber

Form 2719 {Noa ‘Rev 6/83

2.984 (6) + D x 1.04 (4), Curies

2.653 (6) + D x 6.91 (3), Curies

of EFPD since BOC .

* PCF = Power Correction Factor ‘ NOTE: NI means not

identified
BCF = LAST 40 DAY RLN MVt Performed by:
PLANT RATED MVt (2200) Date:
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TABLE II -~ 4
DECAY CORRECTED SPECIFIC ACTIVITIES OF

SAMPLING ANALYSIS

SEE PLANT DATA SHEET

Measured
Nuclide | Location

Activity

SEE PAGE 5 | PAGE 4 | CALCULATE

Parent- Decay Decay Corrected
X Daughter x F+ Specific Activity
Factor (Fp) | Factor (uCi/ce) at time of S/D

N/A = Not Applicable

Performed by:

Date:

Note: See Section 3.3 of
procedure for definition

of terms.

Form 2719 {(Non Stocked) Rev 6/83

Calculate Parent-Daughter Factor for
Daughter nuclides using the following

formula

Fr = 8; e- Adt
d

Where: ad

At
. ol -t A t{+Qde?d
Qd K'T_A = Qp{e ’ e d § d |

Calculate the Decay Factor for both
Parent and Daughter nuclides as follows:
At

Decay factor = e

e

2.7183
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) TABLE II - 5
CONTAINVIENT ATVMOSPHERE ACTIVITY, CURIES
/
Performed by:
Date:
Decay Corrected |
Isotope Specific Activity X Atm Vol. = Activity, Ci

Céntairment Activity

Step 1: Calculate containment volume in cc, including
pressure and temperature corrections.

Vo = 4.387 x 1010 x Il;zx %}‘1;_45_@)_
1 2 + 460)

Py

14.7 psia

To = 320F
If sample temperature and pressure are different from
the temperature and pressure of the medium from which the
sample was taken, then

Py = sample pressure

Ty = sanple temperature

If they are the same, then

containment pressure
containment temperature

Py
T

. Step 2: Calculate containment activity for samples
obtained from the containment atmosphere

Containment Activity = Vo X (decay corrected specific
activity)
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TABLE II - 6
CCNTAINVENT SUVP ACTIVITY
Corrected | Sump
Isotope Specific Activity X Volune = Activity, Ci
Per formed by:
Date:
Sutp Activity

Step 1: Find surp water volume.
Water level
Vs = Monitor Reading (ft) x 11,360.7 ft2 x 28,3 x 103 ce,
ft
Step 2: Calculate sump activity for samples obtained from the sump.

Surp activity = Vg x (decay corrected specific activity)
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TABLE II - 7
REACTCR COOLANT SYSTEM ACTIVITY, CURIES
Decay Corrected | Water Density | Density Corrected | RCS
Isotope | Specific X Ratio = Specific Activity x Volume = Activity, Ci

RCS Activity Performed by:

Date:
Step 1: Find Refueling Water Storage Tank Volume.

Water level

VRWST = Monitor Reading (ft) x 962.113 (ft2) x 28.3 x 103 93_3_
: ft

Step 2: Find RCS water volume.

i) Prior to recirculation,
VRCS = 2.660 x 108 + (1.211 x 109 - VRWST) + VaorVs

ii) During recirculation
VRCS = 2.660 x 108 + (1.211 x 109 - VRWST) + V
Where Vaoom = 7.56 x 107 (only if accumulators are injected)

Step 3: Determine the density ratio by entering Figure 1 with
RCS temperature.

Step 4: Calculate density corrected specific activity.

Density Corrected = Decay Corrected yx Density
Specific Activity Specific Activity Ratio )
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TABLE II - 8
TOTAL ACTIVITY AND
INVENTCRY RELEASED
See Page 13 | Page 14 Page 15 balculate See Page 11 | Calculate
Cont. Cont.
Atm. + Surmp + RCS = Total * Source X 100 =%
Isotope|Activity Activity | Activity | Activity Inventory Inv, Released

Form 27119 (Non. fRev 6/83

Performed by:

Date:
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TABLE II - 10

NORVAL OPERATING ACTIVITIES, CURIES*

Nuclide ° Activity
Kr-85m 268.84
Kr-87 184.46
Kr-88 662.78
Rb-88 660.18
Xe-131m 325,27
Xe-133 44,185.61
Xe-133m 481.78
Xe-135 1,216.53
1-131 399.27
1-132 147.46
1-133 644.15
1-135 346.03

e
<o
Qo
P

* These nuwbers are based upon an RCS volume of 9400ft3 and specific operating
activities in CORE DAMAGE ASSESSMENT PROCEDURE.
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DETERMINATION OF FUEL ROD GAS GAP ACTIVITY, GI, IN CIRIES

TABLE II -~ 11

NOTE:

26 36-

This method is based on constant power level for a minimum of 40 days
prior to shutdown or trip. Otherwise, see FCF Worksheet, Page 29.

EQUALIB t " | Corrected

Isotope Activity, Ci 2 *PCF 2 Activity, Ci
-Kr-85m 1.673 (3)

Kr-87 9.734 (3)

Kr-88 2.029 (&)

Rb-88 6.732 (3)°

1-131 2.906 (5)

Xe-13Im 3.924 (3) .

1432 4,493 (4)

1-133 1.862 (5)

Xe-133 4,657 (5)

Xe-13dm 9.644 (4)

1-135 1.003 (5)

Xe-135 3.107 (&)

* PCF = Power Correction Factor

PCF =

Last 40 day run MW

Plant Rated MW (2200)

Performed by:

Date:
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 TABLE II - 9

CORE DAMAGE ASSESSMENT

FUEL CORE
OVER- MELT
HEAT

Isotope %IR st NoA Gt %D %O 6

‘ ' Performed by:

Date:

Clad Damage Assessment

Using the % Inventory Released calculated in TABLE II - 8, calculate
% Clad Damage with the following equation where:

%IR = Percent Inventory Released
%D = Percent Clad Demage .
% = | (XIR GI = Gap Inventory (See Page 20)
100 x SI) - NOA |x 100 NOA = Normal Operating Activity
GI within RCS
) (Fram TABLE II - 10 on Pg. 19)
= Source Inventory (obtained on

page 11)
Using the % Inventory Released calculated in TABLE II-8

read % Fuel Overtemperature from Figure 2 or Figure 3.

Use Figure 2 for Xe, Kr, I and Cs isotopes and use Figure 3

for Ba and La isotopes. (Use nominal values) .

Core Melt Assessment

Using’ the % Inventory Released calculated in Table II - 8, read % Core Melt from
Figure 4 or Figure 5. Use Figure 4 for Xe, Kr, [, Cs, and Te isotopes and use
Figure 5 for Ba and La isotopes. (Use nominal values)

form 2719 (N’ml Rev 6783

|
Fuel Overtemperature Assessment SI
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FIGURE 2

RELATIONSHIP OF % FUEL OVERTEVIPERATURE WITH
% _ INVENTORY RELEASED OF XE, KR, I, CS

‘ I°'<
" 7.

S

yu

Core Inventory Released (%)
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Fuel Overtemperature (%)
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FIGURE 3

% INVENTCRY RELEASED OF BA, La
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FIGIRE 4

RELATIONSHIP OF % FUEL MELT WITH % INVENTORY
RELEASED OF XE, KR, CS, TE, I
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FIGURE 5
RELATICNSHIP OF % FUEL MELT WITH % INVENTORY
RELEASED OF BA, La-
I 1
-~
- - -~ -
P d

10.0 ¢ <
I 3
GP ::
I8 4+

1.0 ]

Core Inventory Released (X)

0.1 3

S

bk b
LR S Ak 2 B 2 J

bbb edd

b
L 4 v 5§ P9V E

0.01
1.0

————

10.0
Fuel Melt (%)







Form 2719 (Non.ﬂev 6/83

— =

Rev. 0

PIN (ORE DAMAGE ASSESSVENT Date December, 1986
FLORIOA POWER & LIGHT COMPANY Q) EPIP 1302 APP. II
Page of '
25 30
TABLE II - 12

STEP 1:

STEP 2:

STEP 3:

STEP 4:

QORE EXIT THERVDCOUPLES

Obtain at least three of the highest reliable CEIC readings and average.
-CAUTION-

Reflux cooling from the hot legs may cool the fluid near the vessel walls
and the CETC may read depressed temperatures.

-WARNING-
CETC readings > 1650°F may indicate equipment malfunction.
Corpare the average CETC terperature to the table below

Core Damage ‘ Thermocouple
Category Reading' (°F)
No Clad Damage ‘ 750
0 - 50% Clad Demage 750 - 1300
50 - 100% Clad Damage* 1300 - 1650
Fuel overheat * 1650

or fuel melt

* The extent of this damage state must be determined by other parameters.

Record the average temperature and core damage category.

CETC Average Temperature: OF
Core Demage Category:

Enter data into "SUVMARY WORKSHEET" on Page 28.

Performed by:
Date:
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STEP 1:

STEP 2:

STEP 3:

STEP 4:

Y EXPOSURE RATE (R/HR-MMT)

26

TABLE II - 13
CONTAINVENT HIGH RANGE RADIATION MINITOR

Q
D

Obtain CHRRM Reading (R/HR) and elasped time fram shutdown (or trip) to

CHRRM Reading, Hrs.
CHRRM Reading R/HR Time Hrs.

Calculate Exposure Rate = CHRREM R/HR x 0.775 =
2200 Mt

Enter exposure rate and time into graph below and determine

Core Damage Category:

Enter data into "SUVMARY WORKS " on Page 28
IW.O M . - . N
100.0 100% Noble Gas Release Damage
Category
§2% Noble
10.0 Gas Release Fuelmelt

1.0
Fuel
Overheqt
1.0-1 0.3% Noble Gas
. Release
y
1.0-2
1.0-3 $ 18.1 Normal Operating Clad
Noble Gas Release Damage
“1,0-4§ ,
1.0-5+ . \\ =
1.0 10.0 100.0 1000.0
Performed by:
Elapsed time from shutdown (or trip) (HOURS) Date:

|
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TABLE II - 14
HYDROGEN IN CONTAINVENT ATVDSPHERE

- NOTE -

The percentage of Zirec - Water reaction does not directly correspond to
the percent clad damage. It can be used to verify the range of extent of
clad demage estimated from radioisotopic analysis.

STEP 1: Read containment hydrogen monitor to determine the volume percent
hydrogen concentration.
V/O Hp =
STEP. 2: Determine the core damage category fram the Table below.

Core Damage Category

STEP 3: Enter into "SUMMARY WORKSHEET" on Page 28.

Core Demage Hydrogen
Category Monitor (v/O Hp)

No Clad Demage negligible

0 - 50% Clad Demage 0 - 7.4

50 - 100% Clad Demage®* . 7.4 - 14.8

* This Core Damage Category may also include fuel pellet overtemperature
or fuel melt. The extent of this damage state must be determined by
other parameters.

Performed by:
Date:
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Results of Radioisotopic Analysis:

% Clad
Damage

Results of Auxiliary Indicators

Method
CHRRM R ET
Hr -Mt
Hg Monitor V)
‘ CETC Avg. : OF
Is RVLS below zero Qyes

Has RVLS dropped below zero [Jyes

Sumary .of Results

judgement.

Performed by

Checked by

form 2719 (.Aed) Rev 6/83

SUVMARY WCRKSHEET

% QOver % Melt
heat

Category

CJno
Cno

1. Compare percent clad demage, percent fuel overheat and percent fuel melt
results obtained fram the radionuclide analysis.to those obtained from the
auxiliary indicators analyses.

2. ' If results are in agreement, the core damage assessment is corplete. If
the results are not in agreement, a recheck of both analyses may be
performed or certain indications may be discounted based on engineering

Date Time

Date __  Time
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POWER CORRECTION FACTORS FOR TRANSIENT POWER HISTORIES

For those isotopes listed in Table 11-2, that have a decay constant, A, greater
than 8.0 E-6 AND the constant power run is greater than four days the PCF is the
ratio of the 4 day run power level to the rated power level.

For the other isotopes except Cs-134, Cs-137 and power histories, the PCF is
defined by the relationship:

PCF = ¢

.

Where:

Note:

0
Aftj o-a Y

JPj(l-e e

RP
P‘j is the average MWt for interval f:J
tj' is the duration of PJ

Ai 1s the length of time between the end
of tj and shutdown or trip

RP is the rated MWt
tg = time from end of periocd j to
raactor trip (sec)

If using percent instead of MWt, the Pj/RP

term can be replaced with % power
100

The entire 40 days powerr history should be employed.

For'Cs-137, the relationship is the sarne; 2.653 (6) + D x 6.91 (3), Curies

a

Where D = nurber of EFPD since BOC

For Cs-134, utilize the figure on the next page.
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