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3.0 ~sco e:

3.1 ~Pur ose:

This procedure dentifies e responsibility and
methodology to p form core dam ge assessment for both
the Turkey Poi and St. Lucie Plants. Methods for
estimating core damage assessment are based upon post
accident radio uclide concentrations within the reactor
coolant syste and containment, and a xiliary indicators,
including co e exit thermocouple, hydro n, and containment
high range adiation monitors.
An estima e of core damage can then be used to assist
in evalu ting protective action recommend ions, severity
of plan conditions, and/or recovery plan op rations.

.2 Discu sion:

The Off-Site Emergency Organization provides a expanded
em rgency response capability to 'assist the lant in
a ministration, communications, engineering, t chnical
upport, security, and public relations. This

organization, which consists of the Emergency Tec ical
Manager and his staff provides engineering and techn cal
support at the request of the Emergency Control Offi er
(ECO) and/or Recovery Manager (RM). Specifically, thi
support includes estimating core damage, using th
methodology provided in the applicable appendix, to
differentiate among four major fuel conditions. These
are: No Damage, Fuel Overheating, Cladding Failures,

Core Melt i (
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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 ~Authotkt

At the request of the ECO or RM, the Emergency Technical
Manager will direct his staff to perform core damage
assessmqnt 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
attached methodology is only an estimate.
employed are only accurate to locate the
within one or more of the 10 categories
described in the methodology.

by using the
The techniques
core condition
of core damage

4.2 Core damage assessment using indicators that are readily
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.

4.3 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 Res onsibilities

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

Ct
I
CV

5.3 The Emergency Technical Manager will direct his staff
to perform core damage assessment (when staffed
accordingly) using the attached methodology. A gA
approved computer program may be used, if available.
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5.4 The RM will use this information as deemed appropriate
in evaluating severity of plant conditions, protective
action recommendations, and/or recovery operation.

6.0 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.

7.0 Records

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

8.0 Instructions

8 ' 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 gA 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 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.

8.5 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.

8.6 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 ova table
of contents and list of enclosures. A fifth section,
susiiary of results, has been added as a guideline for
a comprehensive evaluation of results.

SECTIOH PAGE

A. Radiological Analysis of Samples

B. Core Damage Assessment using Hydrogen 30

C. Core Damage Assessment using Core Exit
Thermocouple Temperatures 57

D,. Core Damage Assessment using Radiation
Dose Rates 65

E. Sumsary of Results 76
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SECTION A

RADIOLOGICAL ANALYSIS OP SAMPLES
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PURPOSE

This section provides a method under post,-accident plantconditions to determine the type and degree of reactor cor+
damage which 'may have occurred by using fission productisotopes measured in samples obtained from the Postgccident Sampling System (PASS) ~ There are three factorsconsidered in this section which are related to thespecific activity of the samples. These are the identityof those isotopes which are reLeased from the core, therespective 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 the
samples. The resuLting observation of core damage is
described by one or more of the ten categories of core
damage in Encl.osure Al.

2 0 REP'EREMCES

oevelopment of the comprehensive procedure guidelinefor core damage assessment, CE Owners Qioup Task 467,
July 1983 ~

2.2 Post Ac"ident Sampling System Operating Procedures.
I-C-LL2, PSL-L and 2-C-LL3, PSL-2.

3.'3 DEFINITIONS

3. L Fuel Oamage ~ Por the purpose of this methodology,
fuel damage is defined as a progressive failure of the
material boundary to prevent the release of
radioactive fission products into the reactor coolant
starting with a penetration in the xircaloy cladding.
The type of tuel. damage as determined by this
methodology is reported in terms of four (4) major
categories which ares. no damage: cladding failure;
fuel., overheat'nd fuel melt. Each of these
categories is characteriaed 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 tueL
damage is measured by he percent of the fission
product source inventory which has been released into
fluid media and therefore available for immediate
rel.ease to the environment. The degree of fuel damage
as determined by this methodology is reported in terms
of three levels which ares. initial; intermediate; and
major. This results in a total of ten possible
categories as characterized in Enclosure Al..
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3o2 Source Inventory< The sour"e inventory js
quantity of fission products expressed in cur~es of
each isotope present in either source; the fuel
pel.lets or the fuel. rod gas gap.

~ ~

PRE AUTZOHS AND LTNEThTZQMS

4.1

4 ~ 2

The assessment of core damage obtained by usi.ng the
methodology in this section is only an estimae,e.
techniques employed in this section az'e only accurate
to locate the core condition within one oz'ore of the
Lg categories of core damage described in Enclosure

The methodology is based on radiologicaL data.
Other plant indications may be available which can
improve upon estimation of core damage. These include
incore temperature indicators, the total quand,ity of
hydrogen released from sirconium degradation and
cont,ainment radiat,ion moni»ors. Whenever possible
these additional indicators should be factored in o
the assessment.

The methodology in this. section relies upon samples
taken from multiple locations i.nside the containmenr.
building to determine the total quan.ity of fission
products available for reLease to the environment.
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 weighed heavily into
the assessment of core damage.

4o A number of factors influence the reliability of "he
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
t,ime. Chemists are recommended to exercise
considerable caution to minimice the spread of
radioactive materials. Samples have the potentiaL of
bei.ng contaminated by numerous sources and they may
not resul» from a uniform distribution of the sampl.e
fluid. Cooling or reactions may take place in the
long sample l.ines. Therefore, the results obtained
may not be representat,ive of plant, condit,ions. To
mini'mire these effects multipLe samples should be
obtained over an extended time period from each
l,ocation, conditi.ons permitting.
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INSTRUCT TOES

5.l Obtain the following plant indications and source ofindication. Record on Enclosure A2. Because oftransi'6n conditions the values should be recorded asclose as possible to the time at which the
radiological samples are obtained.

SOURCE:

Pressure

Temperature (T )

Reactor Vessel Level
Shows: (Pull, Void or
Below Recorder)
Pressurizer Level

PSZQ

5. i. 3 oonaainmsna Buildings:

Atmosphere Pressure

Atmosphere Temperature

PSZQ

5 ~ i ~ 3 ppior 33 da s Pousn H~iseoe

POWER s PERCENT DURATZONP DAYS

Estimated average power level during last 30 days:.

Estimated average power level during last 4 days~

5.|..4 Time of Reactor Trio

Dates Time c.

5.1..5 Chango in Refueling Mater Tank (RMT) Volume
gal s Time t

5. l ~ 6 Change in Boric Acid Nakeup Tank (BAN) volume
ga l. T ime c

5.1.7 Safety In)ection Tanks in)ected (yes/no) i

5a2 Select the most appropriate sample locations required
for core damage assessment using the guidelines
provided in Enclosure %3.

5.3 Obtain and analyze the selected samples for fission
product specific activity using the procedures for
Post Accident Sample System operation described in
Reference Q.2., Record the required sample data,
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corrected to Standard Temperature and Pressure (STP),and time of samPLe collection on Enclosure A2. ALL ofthe isotopes listed in the enclosure may not be
observed in the sample.

5,4 Correct the sampLe specific activity at STP for deca
back to the time ot reactor trip which is recorded in

ecay

step 5 ~ L ~ 4 us ing the. following equation. Enclosure A4is provided as a worksheet.

A
aa

g t

Where: the specific activity of the sample
corrected back to the time ot reactortrip, uci/cc.

s the measured specifi" activity,
uci/cc
the radioactive decay constant,
l/sec.
the time period from reactor trip to
sample analysis, sec.

5.5 Identification of the Fission Product Release Source.

5 ~ 5 ~ L Calculate the foLLowing ratios for each noble
gas and iodine isotope using the specific
activities obtained in step 5.4. Enclosure A5
is provided as a worksheet.

Noble Gas Ratio ~ Noble Gas Isotone Specific Activit
Xe L33 Specific Activity

i \ 4 ~ *41~
I-L3L Specific Activity

5.5.2 Determine the source of release (gas gap or
fuel pellet) by comparing the results obtained
in step 5.5.L to the predicted ratios provided
in Enclosure A5 ~ 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.L.

5.6 Quantitative Release Assessment

5.6.1 Calculate the total quantity of fission
products available tor release to the
environment. Enclosure A6 is provided as a
worksheet.
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5 ~ 6 ~ L ~ L If the water level in the reactor
vessel recorded in step 5.L.L
indicates that the vessel is full, thequantity of fission products found
the reactor coolant is calculated bythe fol Lowing equa tion:

Total Activity, A RCS ( i)
Ao (uci/cc) X RCS volume X L.0 (-6)

Where: ~ the specific activity of
the reactor coolant
sample corrected to time
of Reactor trip obtained
in step 5 '. uci/cc.

RCS Volume ~ in units of cc, the ull
reactor cool.ant system
water volume corrected to
standard temperature and
pressure using

Enclosure'S.

RCS Volume ~ Water Volume X d'ensity
ratio ( Encl.osure AS) .

SLL Water Volume is 2.945
(8) cc

SL2 Water Volume is 2.393
(8) c"

L.O (-6) ~ i/uci
5 '.LE 2 If the water Levels in the reactor

vessel and pressurizer recorded in
step 5.L.l. indicates that a steam
void is present in the reactor
vessel, then the quantity of fission
products found in the reactor cool. an
is also calculated by step 5.6. L. L.
However, it must be recognized tha
the value obtained will overestimate
the actual quantity released.
Therefore, this sample should be
repeated at such time when the pLant
operators have removed the void from
the reactor vessel.

5 ~ 6 ~ L ~ 3 If the water level in the reactor
vessel recorded in step 5. L. L is be Low
the low end capability of'he indi-
cator, it is not possible to determine
the quantity of'ission 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 usingthe conta inment sump s ample.

~ ~

5.6.2 The quantity of fission products found in hecontainment building sump is determined asfollows i

5 ~ 6 ~ 2 ~ L The eater volume in the containmen
building sump is determined from the
sum of the following sources as
applicable~

(gal) RCS Volume

+ (gal> the infected g.t.v.
tanks vclume (step 5.(.7)
(gal) the Delta volume
change in B.A.M.T. (step S.Le6)

(gaL) the Delta volume
change of the RWT
(step 5.1.5)

Sump Volume ~ (gal) Total gal X 3785
cc/ga(. cc

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

RCS Volume (cold)(gal)
Safety Zn)ection Tanks

(SIT) volume (gal)

SLL

58, 30'3
34s349

SL2

57, 40'3
4o, 564

Caution: Values reported indicate
maximum volumes in appLicable PS%,R.
Water volume in containment building
sump is only appLicable in
recirculation mode.

5 ' '.2

Where~.

The quantity of fission products in
the sump is calculated by the
folloving equationi.

Total Activity, AT sum (Ci) ~ Ao
(uci/cc) X Sump Vo1ume yacc) X L.3 (-6)

Ao ~ the specific activity of the
containment sump sample corrected eo
the time of reactor trip obtained in

" step 5 ~ 4p uci/cce
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5 ~ 6a3 The quantity of fission products found in
containment building atmosphere is determined
as follows i

5 ~ 5 ~ 3 ~ 1 The volume of gas in the containment
'uilding>at the time of the accident

is corrected to standard temperature
and pressure using the following
equation:

~
P2 (Tl + 46'3)

Where:

Gas Volume ~ 7 ~ '395 X 1.31~ cc

Tl, Pl ~ Containment Atmosphere
temperature and pressure
recorded in step 5.1..2

T2, P2 ~ Standard temperture.
32oP, and Standard pressure
14. 7 psia.

5.6.3.2 The quantity of fission produce,s ("i)
in the containment atmosphere is
calculated by:

Tatti Activity A> ca „("i) v Aa (pcs(cc)
Gas Volume 75TP,cc) X l. ~

0'Ci/uci)

Where: Ao ~ The specific activity of he
containment atmosphere sample
corrected to Standard Tempertu=
and Pressure and for decay to
the time of reactor trip.
(Enclosure A4)

5 '.4 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).
Encl.osure A7 is provided as a d'or'csheet.

5.7 Plant Paver Correction

The quantitative release of the fission produc"s is
expressed as the percent, of the source inventory at
the time of the accident. The equilibrium source
inv'entories are to be corrected for plant poser
historyv
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To correct the source inventory for the case
in'hichpl.ant power level has remained constant

for a period greater than four radioactive halflives the following procedure is employed.
.-Enclosure A9 is provided as a worksheet.

5 ~ 7 ~ L ~ L The fission products are divided into
two groups based upon the radioactive
half lives. Group L isotopes are to
be employed in the case where core
power had not changed greater than

+ L0% within the last 30 days prior
to the reactor trip. Group 2 isotopes
are to be employed in the case where
core power had not changed greater
than + L'3\ within the last 4 days
prior to the reactor trip

5 ~ 7 ~ L ~ 2 The following equation may be applied
to the fission product Group which,
meets the criteria stated in 5.7. L. L.

Group L Power Correction Factor ~
.I.vora ~ rover Lovel For Prior 3~) ba s

Group 2 Power Correction Factor

LOO

5.7.? To correct the source inventory for the case in
whi h plant power level has not remained
constant prior to reactor trip, the foll.owing
equation is employed. The entire 30 days power
history should be employed. Enclosure AL'3 is
provided as a worXsheet.

Power Correction Factor ~

fj Pj (l - e >tj) ~

l00

Where: P j ~ Steady reactor power in period j
tj e duration of Period j (sec)

toj ~ time from end of period j to
reactor trip (sec)

g ~ decay constant (Enclosure A4)
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5.9 Comparison of measured Data vith Source Inventory
The total quantity of fission products available forrelease to the environment obtained in step 5,5,4(Enclosure A7) is compared to the source inventorycorrected for plant power history obtained in step5.7 (Enclosure A9 or ALQ) ~ This comparison is made
by dividing the total quantity available for release
by the power corrected source inventory. EnclosureAll is provided as a vorksheet.

5.9 Core Damage Assessment

The conclusion on core damage is made using the threeparameters developed above. These ares

L. Zdentifi.cation of the fission product isotopes
which most characterize a given sample, step 5.3
(Enclosure A2).

2 ~ Identification of the source of the release, step5.5 (Enclosure A5).

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

Knovledgeable judgement is used to compare the above
three parameters to the def ini ions of the L5 MRC
categories of fuel damage found in EncLosure hl. Core
damage is not, anticipated to take place uniformly.
Therefore shen evaluating the three parameters Listed
above the methodology in this section is anticipated
to yield a combination of one or more of the LO
categories defined in Enclosure Al. These categoriesvill exist simultaneously.

The type of core damage is described in terms of the
LO SRC categories defined in Enclosure AL. The degree
of core damage is described as the percent of the
fission products in the source inventory at the time
of the accident ~hich is neo in the sampled fluid and
therefore available for release to the environment.
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EVCLOSURE h2 (sheet l of 2)

ZVPUT PARANKTERS (ref. step Sel)
~ ~

Unit:
Reactor Coolant System:

Pressure

Temperature (Tavg)

Reactor Vessel Level Shoes
(Circle One).

PBZG

Full
Void
Belov Recorder

SOUR E:

Pressurizer Level

Containment Building:

Atmosphere Pressure

Atmosphere Temperature

PSZQ

'Prior 30 Days Power History

Power, P ercent Duration, Days

Estimated Average Power Level During Last 3'3 Days
Estimated Average Paver Level Duriog Last 4 Days

~ Time of Reactor Trip: Date~

Change in volume of RAT

Time~

gal. - Time:

Chaage io volume of BAHT gal. Time:

SZT injected (yes/no)i
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ENCLOSURE A2 (Sheet 2 of 2)

INPUT PWRVlET RS RADIONUCLIDE DATA ( ref ~ step 5. 3)

UNIT s

SAMPLE NUNBERs

TZNE QF SAMPLE CQCLEC t'IQ'V)

ISOTOPE
MEASURED SPECIFIC ACTIVITY 8 STP

A(uCi/cc)

'Xr S7

Xe l3 lm
Xe-L33

I-.L3I
I-L'32

I-L33
I-l35

Cs-L34
Rb-88
Te-l29
Te-l32
Sr-89
Ba-L40
La-L40
La-L42
Pr-l44

NOTEs NI means not identified

Performed by:

Dates





ENCLOSURE h3

ghgPLE LOCA'ttCNS RECOMGQlDED POR CORE DAMAGE hSSESSttEttk ref. ate 5.2

I I I

ACCI I)KHf SCVHAR10 ) RCS

I KH(NH 1IOT 1 j'.C

) Saal 1 break LOCA, ) MS

Rcnctor PnMcr ) lI
Saul l break LOCA, ) VkS

) Reactor Poicr CIZ

RCS

PR KSSIlk 1 Il'.R

CONTAIHHQff J CONTAlHHENT

SIIHP ATHOSI'IIVRY.

COOI.le:

SYSTEH

Yl;.S

)- YVS

I l SllllfOOHN STPAS

I 'PAIRRATOR

SECONDARY

l Saall Steaa

I I.ine break

VHS

Lsrgc brcak LOCA, ) YES

Rcnetnr Paver >IX
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~ available only on recirculation
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ENCLOSURE A4 (REF. STEPS 5.3 A'ID 5.4)

RECORD OF MEASURED SPECIFIC ACTIVITY (DECAY CQRRE TED)

UNIT:
TIME OF REACTOR TRIP, EHCLQSURE A2!
SAMPLE NlMBER:
SAMPLE LOCATION (RCS, SUMP CONTAZMMEM )

TIME OF SAMPIE COLLECTIONS

ISOTOPE

DECAY
CONSTANT.
l(L/sec)

MEASURED SPECIFIC
ACTIVITY 8 STP

A (uci/cc)
DECAY CORR'CTEQ

SPECIFIC ACTIVITY,
Ao (uci/cc)

Kr 87
Xe 1 3 1m
Xe 133

I L31
I L32
I L33

Te L29
Te l3

LE 5 -4
6 ' ( 7)
LE 5 -o)
9 ~ 9 (-7
8 ~ 4 (-5)
9 ' 6)

~ 9 5

5 ~ 5 -4
1 ~ 7 4)

~ 5 -6
~ 6 -7

6 ~ 3 -7

Pr l44 6 ~ 7 (-4)

Ao ~ A , where A and X are as above, and t ~ time period in
e -)t seconds from reactor trip to sample collected.

Performed by:

Dates

MOTE ~ MZ means not identified





ENCLOSURE A5 (ref . ateP 5.5)

Unit c

Saaple Nuaber t

!neat lon:

RKCORD OF FISSION PRODUCT RKI.KASK SOURCE lDKNTIFICATIOH

ISOTnrK

) DECAY CORRECTED )
Activity Ratio jin

SPECI I'IC ACTIVITT I CALCULATED ) FUEL PELLET

(KHCI&SURE44) ucl/cc ISOTOPE RATIOa INVENTORY~~

ACTIyITy RATIO I
IDENTI PI ED

IN GAS GAP I SOURCE (GAS GAP)

INVENTORY +~ OR PURL PELLET) f

I Xr Sl

Xe l)la
I Xe l3 1.0 1.0 1.0 NA

0.2 < 0.001 I

0.003 0.001 - 0-003 I

) l 132

I I 13

I Ilb

1.0 1.0

2.0
1.8

1.0

0.01 - 0.05

0.5 - 1.0

0.1 — 0.5

NA

Hh ~ NOT APPLICABLE

Noble Caa Ratio Deca Corrected Noble Gsa S eclflc Activlt
Decay Corrected Xe l33 Speclflc hct lvlty

Iodine Ratio Deca Corrected Iodine laato c Speclflc Art lvlty
Decay Corrected I-I I Spcclfle hctlvlty-

etc ggo a

O
o

~ ~ Table 3. 3 of Ref erence 2. I

Performed Dy:

Date:
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E.'f LOSURE A6 (Sheet l, of 2)

QUAND'ITATIVE RELEASE ASSESSNEAT WQRKSHEET (ref, step 5,6)
~ 4

RCS ACTIVITY (+ „C-)

R S Tav F (ref. step 5. l. L, Enclosure A2)

Vessel Level Indi"ation (Pull, Void, Below Recorder)(ref. step S.L.L, EncLosure A2)

ZF PULL QR VDI3, perform the following calculation for
each isotope measured:

AT RCS (Ci)» Ao ('uci/cc) X RCS Volume X L.Q ( 6) (Ci/uci)
Where: Ao» decay correc ed specific activity of RCS sample

(Enclosure A4)

RCS volume» Water Volume X Density Ratio at R"S
I'ave (Enclosure AB). PSLL water volume is 2.945 (8)c" and PSL2 water volume is 2.888 (8) cc.

Enter resul s in Enclosure A7 (LI„RCS)

IF BELOW RE ORDER. Use Containment SumP "alculation BeLow.

SUNUP ACTIVITY ( + sump )

Determine sump water volume by adding the follow ng (ref.
step 5.6.2).

RCS Volume
SIT Injected Volume
BAHT'nje"ted Volume
R'AT Volume Change

gal
+

goal.

gal
+ gal

SLL Sr 2
58. 333 57. 43')
34>')49 46, 564
(Enclosure A2)
(EncLosure A2)

Vs » Total Sump Volume » gal x 3735 cc/gal»

sump» Ao uci/cc ) X Vs X L ~ 0 ( -6 ) ( "i/uci )

Where A» decay corrected specific ac ivity of SUMP
s amp l.e ( Enc Los u re A4 )

8nter resul. s in Enclosure A7 (.Q su»)





Page 22 o f 77
Rev 2
Date 8/87

ENCLOSURE A6 ( Shee t 2 of 2 )

Cgq TAJ SHE!47 ACT TV i7Y (34p cont )

Calculate Containment Volume in cc. includinq pressure and
temperature corrections (Ref. step 5.6.3)

V„ ~ Containment Volume'cc)

7. 396 (10) X l4 ~ 7 + Pl X 32 + 463
l4 ~ 7 Tl + 460

Where: Pl ~ Containment pressure in psig (ref. step 5, l,2,
Enclosure A2)

Tl ~ Containment temperature in P (ref.
st.ep 5. l ~ 2, Enclosure A2)

t ~ Ao (uci/cc) X Vc X 1.0 (-6)cont,.

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

Enter resul s in Enclosure A7 (Q co„t)

Performed by<

Date:
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EKLXURE A,7

aanRO Oe nRZ REI.ZaS &VRVORC (eel. step 5.6.4)

UNIT':

ISVNPE

~~~R CXKAVP CRfl'AIN'T'UMP
C&7hINHEÃI'AMP~

'.)UMBER + SAMPLE NUMINE. AZNXPHERE SAMPIZ ~I'A'
(Ci) (Ci) NEER. ~ (Ci) ~V"Zm

(@~RE a6) ( A6) (ETCXD4J~5) ("i)

Kr S7

Xe L3L>

Xe 133

I L31

132

I L33

I L35

Cs 134

Ts L29

Te 132

Be 39

Ba L4)

La L4'3

La 142

?e 144

Tassel Quantity (Ci) ~ + RCS
+ Q ~ + +, ~

.Pexforaed by:

Date:



Page 24 o f 77
Rev 2
Date 8/87

~ ~

EECLOSURE AS

700

RATZO OP E20 DESSZTT TO E20 DENSZTY

AT STP va. TEMPERA~

~ ~

600
I" I

~ I

500

~ ~

400

300

200

~ )

I ~ I

I . I

I

~ I '

I l
'

II: I
I

100'

! 'I I

I ~

~ ( i ~ ~

":I.0"
0 .25 .50 .75 1.0

]PACT P STP ~ DENSZTT RATZO
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EHCM6VRE A9-PSL1 (ref. Step 5.7)

REC)RO OF SI,EPUK %'AT» PCNKR CORRECfKH
~ ~

UNITs

A~~ 30 QPgg POKER LKVKL:
AVERAGE 4 CAY'C%KR LEVKLs

Perfumed t3yi

Date:

IRnOPE

Sll
PCWKR RÃJZLIBRVJM

C)RRZCPZM X
FACIE LVJZN!amp

CDHB . KD

SXM'VEV?My

~ 7
Xe 13L+
Xe 133
I L3L
I L32
I 133
I L35

Xe
13'e

133
I 13L
I 132

I 135
CS 134

FUKL PEXLZl'VIKIURY

4.6
L. 7
74
7.7
6.7
1.1 (6)

3 ~ 0 7
4.9 5
L.5 8
7. 7
L.L 9)

L.4 9
L.2 7

T'e 132
Sr 89

La L40
La12
Pr 144

6.6 {7)
L.
1.4 (8)
1.5 3
9.6 7)

CorrectetL mourne Inventory ~ P~r Correction Factor X Equilibrt,um Smrce
Inventory

values fmn .able 3.4 and 3.5 of Referen~ 2 1t group 1 P~r Correcticn, Factor ~ Avera e Level for Prior 3Q da I
L09

group 2 Poser Correction, manor ~ Avera Level for Prior 4
NO
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KHCLO.'RJRE P8-PSL 2 (ref. step 5.7)

RHCDRD OF STEM% MAT KITER CDRRECTICg
0 A

UNIT:

WVEIAQE 3'3 DAYS K%MR LEVEL:
hVHQQE 4 Mfg K%KR LEVEL:

Performed By<

Date:

IR7IOPE

FUEL
HISTORY
GRXJPQKr

SL 2
KNUR KÃJZLIBRI'JM

«DRR~at X
FACIE INVMIOar

MRR~
SOUND

INVE~Ry

Xe 13L+
Xe L33
I L3L
I L32
I L33
I L35

FUEL PELLET INR&IORY

4.6
L.3 7
7.
7.7
6.7
L.1 (6)

Kr 97
Xe L3L+
Xe 133
I 131
I 132
K 13
I 135

CS 134

3. 7
4.9 5

.5 8
7. 7
1.1 9)

1.4 9
1 ~ 7

Te 132
Sr 89

La L40
La 42
Pr L44

6.6 (7)
L.
L.4 (9)
L.5 8
9.6 7)

Corrected source Inventory ~ Pcwer Correction Factor X Equilibrium Scarce
Inventory

Values fran .able 3.4 ard 3.5 of Referent 2.l.t Gztap 1 F~r Correctice, Factor ~ hvera e Level for Prior 30 da s
LOO

Group 2 Pcahae Corrects. Pactor ~ hvera Level for Prior 4 s
LOO
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ENCLOSURE Al'3-PSLL ( ref. step 5. 7. 2)

RECORD OF TRANSIENT POWER CORRECTION

UNrr: Performed By:

Dates

Prior 30 DaYs Power HistorY: PONBR\,DURATION TINT TO TRIP
DaY ~ (t 3) Days (t )

ISOTOPE

POWER
CORRECTION

FACTOR

SL1
EQUILIBRIUM

SOURCE
INVENTORY

CORRE TED
SOURCE

IVVENTORY

ICr 87
Xe 131m
Xe 133
I L3L
I L32
I L33
I L35

GAS GAP INVENTORY

6.5 '3

4. 6 (4)
1 ~ 3 7
7.0 (6)
7.7 3)
6 ' 6
L,l (6)

Kr 87
Xe 13Lm
Xe L33
I L31
I L32
I L33
I L35

CS L34
Rb SS
Te 129
Te 132

Ba L49
La 10
La L42
Pr 144

FUEL PELLET INVENTORY

3 ' (7
4.9 (5)
1 ' 3)
7.6 (7)
1. L (8)
L ~ 5 8
1.4 (8)
1 ~ 2 7
4.8 7)
2.5 7
1.2 (8)
6 ~ 6
l, ~ 4 (8
L ~ 4
1. o (8)
9 ~ 6 7

Corrected Source Inventory ~ Pcver Correc ion Factor X
Equilibr{.um Source Inventory

~Values from Table 3.4 and 3.5 of Reference 2el
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ENCLOSURE Al'3 PSL 2 ( ref. step 5. 7. 2)

RECORD OF TRANSIENT POWER CORRECTIQN

UNITs Psrsormad By:

Dates

Prior 30 DaYs Powar History: POWER. i DURATZOH, ZZHE ZO TRIP.
DaYs (tS) Days (t )

ISOTOPE

PQWER
ORRECTION X

FACTOR

SL 2
EQUILIBRIUM

SOURCE
~ INVENTORY

CQRRE TED
SOURCE

INVENTORY

Kr 87
Xe 13 1m
Xe L33
I L31
I L32
I L33
I 135

Kr 87
Xe 13lm
Xe 133
I L3L
I 132
I 133
I 135

CS L34
Rb 88
Te 129
Te 132

Ba L49
La LQ
La l42
Pr 144

GAS GAP INVENTQRY

6.5 '3

4 ~ 6 4)
1 ~ 3 7
7.0 (6)
7 ~ 7 3)
6 ' 5
L. 1 (6)

FUEL PELLET INVENTORY

3.2 (7
4 ' 5)
1 ~ 5 8)
7.6 (7)
1.1 (8)
L ~ 5 8
1 ~ 4 (8)
LE 2 7
4.8 7)
2.5 7
1 ~ 2 (8)
6 ~ 6
1 ' (8
LE 4
L.o (8)
9 ~ 6 7

Corrected Source Inventory ~ Pcver Correction Factor X
Equi, librium Source Inventory

eValues from Table 3.4 and 3.5 of Reference 2.1
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EN"LOSURE All (ref step 5.S)

RECORD OF PERCENT RELEASF

UNIT: Performed By:

Dater

ISOTOP E

TOTAL QUAÃtIVY
AVAILABLE FOR RELEASE

(EMCLOS'JRE A7). Ci

POWER

CORRECTED

SOURCE INVENTORY C i
(EN LOSrJRE A9 OR Al')) PER"EZ-.+

GAS GAP INVENTORY

Kr S7
Xe 131m
X@ L33

L3L
I 132
I L33
I L3

Kr 97
Xe L3L+
Ye 133
I 13L
I 132
I L33
I L35.

CS 134

FUEL PELLET IWTEMTORY

Ve 129

Sr S9
Ba 140
La L40
La L42
?r 144

Total Quan>ity Available for Release
over orrecte ource nventory X LOO
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SECTtOS a

CORE DAMAGE ASSESSNEH7
USIMQ

HYDROGEN
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TWBE,E OF OVTEVTS

1 ~ 3 PURPOSE

REFEREVCES

33

3 ~
'7

4 ~
')

OEF:VrrrOVS

PRECAUTZOi!S AVD

33

33

5 .'3 EVSTRUCT I GAS

34

35

5 '
5 ~ 2
5 '
5 ~ 4
5 ~ 5
5 '
5.7
5 '
5.9

Record of ?lant Candi"ion
Hydrogen Sampling
Cane.ainmen= Hydragen Generation
Radiolysis Hydrogen Generation
Core Clad Oxidation
Percent of Ruptured Fuel Rods
Percent of Embrittled Fuel Rods
Procedure 3ias Ad justment
Core. Damage Assessment

35
36
36
36
37
37
38
38
38.

ADDEVQU'8 TO SK-. OV 8 ES.XNATtQV OF AAQUVT
OF HYDROGEV lV REACTOR VESSEL HEAD VQT.D

51

r.EST OF EVCLOSURES

Enclosure Bl Clad Damage Characteris=i"s a'.:RC
Categories of Fuel Damage

Eqcl.osure 82 Record of Core Uncavery Candi" ions

Enclosure 83 Record of Sampling Candi ions and
leasur d Hydragen

Encl.osure 84 Ratio zf Water Density at Sample
Temperature to Density a" STP, as
Function of Temperature

Enclosure 85 Record and Calculation War%shee far
Hyd.ogen Generated in Containment

39

40

41

42

43

Enclasure 86-SLl

Enclosure 86-SL2

Hydrogen ?raduction Rate in
Con ta inmen" as a Function of
Temperature far St. Lucie Uni= l

Hydrogen Production Rate in
Containment as a Function of
Temperature for St. Lucie Unit 2

45





Page 32 of 77
Rev 2
Date 8/87

VABt.E Or CDN EVVS ( O".IT'rVuEZ)

Enclosure B7 Record and Calculation aorksheet for
Hydrogen Generated by Radiolysis

46

Enclosure BB Hydrogen Production by RadioLysis
as a Function 7ime After Reac or Trip 47

EncLosure 39 are Damage Assessment from Hydrogen
Measurement

48

Enclosure BL'3 Per "ent of Ruptured Rods as a Function
of "he Percent o Core Clad oxidic,ed

49

Enclosure BLL Percen" of Embri tied Rods as a
Function of the Percent of Core Clad
Oxidir.ed

50

Enclosure BBL Saturated Mater Pressure and
Temperature

55

Enclosure BB2 Record of Hydrogen In Void 56
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1. 0
PURPOSELY

This section p'rovides the methodology fo«se under costaccident plqgt conditions to determine the extent of f~eLclad damage which may have occuz'red. It utilizes hydz'ogenmeasured in samples obtained with the Post Accident
Sampling System (PASS) and containment hydrogen analyzers.
The measured hydrogen is relapsed to the amount of fuel c'adoxidation. Clad oxidation is in turn relat.ed to clad
damage which is expressed'i.n terms of the percent. of fuel
zods which a e rupt.ured and the percent which

embritz.led ~ The z'esulting observation of damage is
descz ibed by one oz'ore of the seven categories of core
damage in Enclosure BL.

2 5 REFERENCES:

2, 1 development of the comprehensive procedure guidelinefor coze damage assessment, CE Owners Group Task 467,July 1983,

2.2 Operation of the CE Post Accident Sampling System
(PASS) ~ Chemistry Procedure No. 1-CL12 for PSLL and
No. 2-CLL3 for PSL-2.

2.3 Clarificat.ion of TAZ action plan requizements ~ VUREQ
5737, I em IZ.B.3.

2.4 Oetermination of Hydrogen gas in containment.
Chemistry Procedure No, L-C-85 for PSL-1 and 2-C-85
for PSL-2 ~

3 ' 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 produczs from
the gas gap and possibly some fragments of fuel
pellets but, does not otherwise destzoy the structuz'e
of the fuel assembly.

3 ~ 2 Clad Embrit l.ement: At temperatuz'e above the
rupture tempezature significant oxidation of the clad
occurs. I f he oxidation exceeds the embritz,lement
threshold, fzagmentation of embrittled clad may
subsequen ly occur from thez'mal shock, hydraulic
pressure fozces or handling such that, the structure of
the fuel assembly is destroyed and substantial fuel
pellet fragments are released to the cooLant.
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PRECAUTIONS AND CINITRTIQAS:

4 ~ L 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 core damage in Enclosure BL. The
methodology is based on hydrogen data. Other plant
indications may be available which can improve upon
estimation of core damage..These include radiologic>>
sample characteristics, incore temperature indicators,
and contiinment radiation monitors. Whenever possible
these additional indicators should be factored into
the assessment.

4 ' This me hodology relies upon hydrogen samples taken
from the containment atmospher ~ and the reactor
coolant system hot, leg. Those samples may contain
mixture of hydrogen generated vithin the core by clad
oxidation and also hydrogen from radiolytic
dissociation of vater 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 'sour"es and by the ability to i.dentify plan"
conditions conducive to such hydrogen generation.
Therefore, a hydrogen measurement is not a unique
indicator of the amount of core clad oxidation.

4 ' There are areas of alumi.num components in the
containment building. This aluminum vould oxidixe
rapidly a temperatures about 200oF and vould be
consumed within about, tvo hours. The remainder of the
aluminum and other oxidizing material react at a rate
determined by temperature and over a longer time. T¹
methodology in this. section assumes all of the shor=
ter~ transient hydrogen is generated within the first
tvo hours and is added to the slaver accumulation as
function of time. Hence, the methodology is valid for
hydrogen samples taken after about t~o hours vi h
temperatures about 200 F, or after the short term
oxidation is complete.

4 ' The methodology in this section yields estimates of
the percentages of fuel rods vith ruptured clad and
embrittled clad. Simultaneous with embrittling of he
clad, there may be clad melting and pellet overhe~ ing
occurring. This section provides an estimate of only
the percentage of rods which have progressed to at
least lad ruoture or clad embrittLement, and does no"
at empt «o predict and physical configurati.on of those
rods vhich have progressed beyond local clad
fragmentation.

4+5 Depending on the accident scenario< a given totaL
amount of hydrogen produced by oxidation of fuel clad



Page 35 of 77
Rev 2
Date 8/87

repr'os ent varying local. amounts and distributionsof clad damage.

The methodology in this section is applicable under
conditions for which there are no voids measurable bythe Reactor Vessel level Noni oring System. Zt is
assumed that if such voids had bean found, their
removal would be accomplished by using the Reactor
Vessel. Vent System as prescribed elsewhere in the
actions to mitigate the consequences of accidents.
However, if the hydrogen samples are taken under
conditions in which measurable void does exist, a
guideline for analysis is provided in the addendum
attached to this section to estimate the contribution
of that source to be added to the total hydrogen
measured.

5.0 t3STRUCTZOAS:

5.1 Obtain the Following Plant Zndicators.

5. 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 availabl.e from
which an estimate of the core uncovery and
recovery times might be made. The instr'uments
are:.

Reactor Vessel Level Nonitoring System
Core Exit Thermocouple Temperature
Core Exit Thermocouple 'Saturation Margin

Obtain data Crom these instruments according
to the instructions on the worksheet of
Enclosure 82.

5.1.2 The magnitude of Reactor Coolant System (RCS)
pressure dur'ing the core uncovery period can
infl.uence the number of early clad ruptures.
Znterpret the data from Step 5.1.1 to determine
the best estimate for the time period of core
uncovery and determine the range of RCS
pressure during this time period. Record on
the Enclosure M worksheot.

5..1 ~ 3 The presence of some subcooled inlet flow while
the core is uncovering can slow the uncovery
and cause greater 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 reac or
vessel inlet flow during the rising temperature
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portion of the core uncovery period. ?nclude
net flow from charging and Letdown systems,
HPSI, LPSZ. spray, etc. Record the da a on

..Enclosure 92 worksheet.

5. L.4 Record the conditions in the containment
the reactor coolant system at the t,ime the
hydrogen samples are obtained in Step 5.2 fol-
Lowing. Enter on the worksheet of EncLosure B3.

5 F 2

5.3

Qbtain a Liquid sample from the RCS hot leg and a gas
sample from the containmeht atmosphere and analy„e
them, for hydrogen "oncentration using the procedures
for Post Accident Sample System operation described in
Reference 2 ~ 2. Record the results on the worksheet of
Enclosure 83. Follow the instructions on Enclosure 33
to obtain the total amount of hydrogen measured in
units of cubic feet of hydrogen at standard
temperature and pressure.

The total measured hydrogen in Step 5.2 includes the
hydrogen generat,ed by three processes: L) core clad
oxidation, 2) radiolysis of water and 3) oxidation of
containmen" materials such as aluminum and zinc. The
amount of hydrogen generated by the last two processes
is calculated and then subtracted from the total
measured to yield the amount generated by core clad
oridation.

5 ~ 4

Enclosure B5 is a worksheet for calculating the amoun=
of hydrogen generated by oxidation of materials within
the containment. Zt utilizes measured data for the
containment temperature as a func ion of time up to
the sampLing time and a plant specific curve of the
rate of produc" ion as a function of containment
temperature in Enclosure B6. Record the data require"
on Enclosure B5 and complete the indicated
calculations to obtain the cubic feet of hydrogen at
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 B7, and
utilize the curve of Enclosure BS to obtain the cubi"
feet of Hydrogen at STP generated by radiolysis. The .

appropria e power is determined as foLLows:

5.4. L For he case in whi"h the operating power is
constant or has not changed by more than + L3
percent for a period greater than 3Q days,
po~er is used,
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S ~ 4 ~ 2 For the case in which the powez has not
~ remained constant duz'ing the 3Q days pz iorthe reactor trip engineezing judgement.-to determine the most representative powerLevel ~ The foLlowing guidelines should beconsidered in the determination.

5 ~ 4 ~ 2 ~ L The average power during the 3') daytime period is not necessarily the
most representative value for
de termining radio Lys is by fi.s s ionproducts.

5.4.2.2 The last power levels at which thereactor operated should weigh moreheavily in the judgement than theeaz'lier levels.
5.4 '.3 Continued operation for an extended

peri.od should weigh more heavily in
the judgement than brief transientlevels.

5.4.3 For the case in which the reactor has produced
power for Less than 30 days, this methodology
may be empl.oyed ~ However, the estimate of
hydrogen from radiolysis will be too high andtherefore the cal-ulated hydrogen by core
oxidation will be too low. Hence an
underpz'ediction of core damage may resul

5,5 Enter the amounts of hydrogen from Steps 5.2, 5.3 and
5,4 on the worksheet of Enclosuze 19. Subtrac the
amounts in 5. 3 and S. 4 fz'om 5. 2 as indicated on the
worksheet 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 quanti,ty of
hydrogen produced per percent of zirconium oxidized.

5 ~ 6 Enter tha abscissa of the curve on Enclosure BL') with
the percent of core clad oxidized from Step 5.5. Use
the curve labeled with the pressure closest to but
greatez than the RCS pressure during the core uncovery
period as obtained in Step S.L.2 and recorded on
Enclosure B2. e.g. if pressure during core uncover is
L3'30 psia, the curve Labeled with temperature LSOO F
is used. Read on the ordinate of Enclosure BL'3, the
pezcent of fueL rods with ruptured clad, Record on
the worksheec of Enclosure B9. Hote that the
sensf,tivity of measurement of hydzogen is comparable
to the range of oxidation on EncLosure BLQ. Hence,
small amounts of cl.ad rupture are not reliably
predicted by the methodology i.n this section.



Cl



Page 38 0 j 77
Rev 2
Date 8/87

5.7 Enter the abscissa of the curve on Enclosure Bl,L wi-h
the percent of core clad oxidized from Step 5.5.
an the ordinate the lover and uoper values of the
range indicated by the curve far the percent of fueL
rods which have embrittled clad ~ Record an the
warksheet of Enclosure B9.

5. B For a given percent oxidation of the core clad,
lower limit estimated of embrittled clad in Steo 5.7
is, for mos accident scenarios, the least amount af
po" entiaL fuel structural failure. Actual values are
probably greater. The upper limit ot the range in
Step 5.5 may be interpreted as follows'

~ 8 ~ l.

5 F 8 '

When the pressure during uncovery, from Steo
5. L.2 and recorded on Enclosure B2, is l.ess
than about LOO psia, a rapid core uncovery by
blowdown is concLuded. Heatup with minimum
clad oxidation occurs ~ The ex" ent of potential.
cl~d structural failure by melting may be
greater than the upper limit of embrittLement
fram Step 5. 7 as determined by oxidatian.
Hence. use the upper l.imit from Step 5.7.

When there is inlet flaw while the core is
unco" ring, the rate of uncovery is slower than
assumed in the derivation af the curves on
Enclosures BLO and BLL. For a measured totaL
amount of oxidation, the local percentage
oxidation is probably greater along a shorter
Length of the upoer portions of the fuel..
Hence, favor the upper limit from Step 5.7.

5.9 Care Dama e Assessment

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

L, Percentage of fuel rods with ruptured clad. Step
5. 6.

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

Knowledgeable judgement is used ta compare the abave-
two resuLts to the definitions of the 7 MRC
categories of fuel damage found in Enclosure Bl ~ Core
damage does not talce place uniformly. Therefore when
evaluating damage using these results, Enclosure BL
may yield a combination of categories of damage which
exist, simultaneousl,y.
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Step 5.l.l Time period of core unoovery Cmylete the foll~~ table usingrecorded instrument data.

Reactor Vessel Level
~toring System

Estimated
Core Uncove

Lower Limit Elevatim
Uncovers (core
uncovory)

Tlirt
Estimted

Core Recove Tim

Lcanr Limit Elevaticn
Recovers.
Time

Core Exit Theamxouple
Terperature

Core Exit Thernacx~le
Saturation Aargin

Start of Ccntinums
Rise or Exceed 66Q FTi~
TIRI+eeeteee

Start of Superheat
7ime

Rapid TeTperature
Drop to Saturation
Tiem
Tmlpoee ell l'e

Return to Saturat,ion
or Suboooling
Time

Step 5.1e2 Interpret above data to obtain best estimate for time period of
core uncovery and obtain pressurizer pressure. range during that
period. The superheat derived fran the thenaacuple temperature
and correspcnding systen pressure is considered as the best,
indicator for core uncovery during boiloff and should be used, but.
should be empared with the ~Her indicators to help identify
possible axrnalies. The pressure during uncovery is used later in
Enclosux 81'), Step 5.6, to determine the appropriate euve for
assesmant of the nunher of clad tugcuzes.

Tire

? ressure

Step 5.1e3 Esthaate vessel inlet flm rates during core uncovery heatup
period, up to approximately the tine of peak core exit thernocouple
temperature. Met inlet flnr indicates that the methodology nay
have additional bias which udezpredicts clad damage.

Charging Flm Rat,e

Letdown Flaw Rate

HPSZ Flar Rate

LPSZ Flew Rat.a

Other Inlet Fl~
Net inlet fleer ~ Charging f~ + HPSZ and LPSZ flaw + other inlet
flee - letdcm flm

Performed By~ Dame
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W~CXCSUJK B3

SVPLLV3 CSDITIMS AND ~RED HYD~~

Step 5eLe4 Obtal-L the RCS and contalaLnnt condltlons at thc ti~ of s3PpLiqgfor hydrogen.

Reactor CcoLMLt o tern Ccntainnant

Sanpling Time

Pressure

.eapterature, Tavg

Reactor Vessel
Coolant Level
Pressurizer Level

San@ling Tz~

P+ig ts~ese gsessuse

At~pherc Temperature

Has Hydrogen Reacnhiner
Operated
Does Pressure or Tempera-
ture History Indicate a
Hydrogen BuzT1

eslg

Yes/Mo

Yes/Mo

St~ 5.2 Hydrogen Sample Data Reduction.

Cent. Savile „Cent. Vol. x (32 + 463) (Horma3. Ten@.
) Ft Hydrogen

(vol. X/Laa) (Ft3) + 46'3 at STP

x 25 (6) x 492

Hot Leg SarrpLe x RCS Vyl.~
x Density Ratio L'3'A Ft Hydrogen

(o=Ag '9 KP) (Ft ) (Enclosure B4) at STP

x act/ STP - l.30') f 3

Teeel Cene. Sample (fe ) + Has Lag ga~le e +

Also record total on Enclosure B9.

~KS liquid voluna is: SLL ~ L'3,49L f=3
SL2 ~ L'3sL98 ft

Mote: If the Reactor VesseL Ccolant Level indi ation s~s a measurable void.
refer to the addendum'to this scc"ion. This addendum contains instructions to
cal"-ulate Hydrogen in the void. The void volure should be subtrac"cd fran the
RCS voltiM above. Thc estimated hydrogen in the void is Co bc added to the
total hydrogen measured above.

Performed By: Date
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Step 5 ~ 3 R~rd tho cccltai!P&lt c&Tporatuw at selectad
~s hy'4?D90n generated b/ oxldatxccl of cÃiMLc~t lIlhterials utiljg~plane.-specific producticn rates fran Enclosure 86.

Time at Start
of !ntervals

Ccntairmant Intarval
cure ( P) Quraticn (hr)

4
hog. Ccntaimmlt

Tcipo During
Interval ( F)

5

~(~+n', "
tnaloeuzs 36)

Q Produced e
(wI 3) X

Accid~t Starts

le Vi~

~ Tern Hydrcgen productica in Ccetaimant, Total
(Surmeticn of Column 6)

Hart teqn rapid hydrogen pQuction by rcetain~t slunimm,
2,277 ft~ for SL1 and 5235 ft for S42 (Reference 2.L +
TabLe 4-3, )

Total Hydrapen produc icn in Ccnesic~t

Record total cn closure B9 also.

I and 2 I~ in Col~~ L and 2 are input plant data
3 Interval, Duretim is .~e Line differ«xa ~sn ccnsec-ivs
t&~urs readings,

Performed By:

Date:
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I i
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HYDRAE'~SO'EQ SY RADEOLYSI~

Record the follydata and utilize Ne curves of Enclosure aa to
determine the hydrogen genetated by radiolysis.

Prior 39 days pcwer history

pote.. go calmlation i.s
required to determine pcwer
level, guidance on judgment
is provided in Step 5.4.

Pmer, Percent Duration, Days

Estimated Pcwer Level based on a power history..

atin Power ('.Art) s

P~r to use in evaluating long term hydrogen production by
radiolysis ~ (Full Power, Art) X Pcver Level.

109

(.Full Pcamr".. SL1 2700 &a; SL2 2700 ~)
To Time of Reactor Trip Ti~
T Tire Satnple Taken (see Enclosure B3)

Decay Tind. (Tire T.nterval. Ti - T ) Hours

Enter abscissa cn Enclosure 98 with above decay im and read two values of
hydrogen produced by radiolysis, cne fran each curve. in cubic feet of hydrogen
at, ~ per 4&t caerating poesr. NQ.tiply by above power and record as foll~s:

Limit Curve
Hydrogen Produced < Operating Total Hydrogen

(SCFhhrt, Enclosure BG) Pcwe» (~) Produced (~)

Upper

Reiults fran Radiological ~lysis of Samples are used to estimate &ether the
upper limit for major fuel overheat or l~r limit for intermediate fuel
overheat is appropriate. Circle corresponding value of hydrogen above and also

~
record cq Enclosure 19.

Performed By: Date:
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ENCLOSURE B9

CDRE CARVE ASSESS~ ~
NNSBL

"tep 5,5 Hydrogen measured, Step 5.2, Enc],oeure B3(Total)

pp~ogen Praduced 1'cnta1,~te Stop 5 ~ 3

Enclosure B5
SC:

Hydrogen Pradu~ by Radiolysis Stop 5.4,
Enclosure B7

Subtrac= Stop 5.3 and 5.4 fzcnl 5.2 to Qet
Hydrogen Prcduced by Core Clad Oxidation

Divide by j4.21 E3 for PSLL3 or f4.64 E3
for PSL2]. 7hese values represent the
quantity of hydrogen produced per per=ant
of Lirconi~ oxidized for St. Lucie Unit l
and Unit 2, resoec ively. Reference 2,l,
.able 4.2.

\ Core Clad Oxidized

Stop 5.6 Enter abscissa m Rmloeure B13 with "\ ~e Clad Oxidized" and read
ordinate fnm c~e labeled with pressure during core unoovery as
given on Enclosure B2r Step 5 ~ l, ~ 2 ~ Record here Percent ot Fuel Rais
with Ruptured Clad

Stop 5.7 Enter abscissa on ~closure BLL with above "0 Core Oxidized" and read
range of values on ordinate. Record here

Percent of fuel zads erbrittled

Range - Upper

- Eever

Step 5.8 Review Step S.l of these instructicas to determine which of these
lisLits is aare li'<ely to be representative of the core damge.

Step 5.9 Ram Enclosure BL selec the coze clad danage categories based m the
above per=entages of rods ruptured and rods enhrittl.ed.

~raved By: Dates
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ESCIA78URE b10
PERCEXT Ot FUEL ROO$ 1CITN. RUPTURED

CLAD VS CORE CLAD OZIDATION
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ESCLORHt4 b1l
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o.') ADDE!IDUN 7'3 SECTTO.'I 8
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1,O PURPOSEs

The purpose of this addendum is to provide the method 1
to calculate the amount of hydrogen gas contained in a void

o 0 ogy

in the top of the reactor vesse1. This hydrogen is added
to the measured amount in Step 5 ~ 2 ot Section B to
determine the total hydrogen generated by all sources,

2.0 LIMITATIONS:

The preferred method of determining the amount of
hydrogen i.n the primary system is to sample 1iquid
from the hot leg when the system is full~ However, j,f
the system cannot be filled, a method based on this
addendum could be used to esti.mate the hydrogen which
is in the vessel void and which would not, be evident
from the hot leg liquid sample.

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

2.3 h 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.

2.4 The methodology i.n thi.s 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.

3eQ IMSTRUCTIOHSt

3.1 Determine the conditions of the void as follows:.

V ~ Void volume (tt ) derived from measurement of3

coolant level

TL ~ Temperature of liqui.d at coolant surface (oP)
as measured by CET

Psat ~ Mater saturation pressure at temperature TL
(Enclosure BB1)

Ptot ~ Reactor coolant system pressure (psi.a)
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3.2 A first approximation is made assuming the followi~
3 ~ 2.1 The partial pressure of vapor in the void is

assumed equal to saturation pressure at theliquid temperature, T<. This implies no
cheating of the void gas by the reactor vesseLwalls and head. They are normally at reactoroutlet temperature and could remain above the
temperature of the void causing the vapor to besuperheated.

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 from Safety Znjection Tanks. 4 second
approximation which eliminates this assumption
is given in 3.4.

3.3 Calculate the amount of hydrogen as fol.lows:.

Ptot Psat:
2

Pt3 H2 ~ STP (V)( )( 4»
)

14. 7 Tt + 460

Add this amount to the total hydrogen in Step 5 ~ 2 of
Section B.

3.4 A second approximation can be made in plants with a ""=

designed PASS (i.e. PSL2) which measures both totaL
gas and hydrogen which are dissolved in the hot. lag
liquid sample. This approximation includes the
following assumptions regarding the relative
solubilities of the non-condensible gases in the
l.iquid.

lt

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 relative
proportion as if equilibrium did exist.

3 5 The partial pressure of hydrogen is calculated from:

H tot sat X
(cc/kg)Htot sat

(cc/'kg)total

and the amount of hydrogen in the vessel head void is
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3.6 This procedure can be extended to include specifi-
values of Henry's Law constants but the assump ion
equilibrium at the gas liquid interface would s ill
questionable. Also'o utilix» detailed values of
gas coostants, the individuaL gases in the sample
wouLd have to be identif ied and measured. This wouL~
requ ire addi t iona 1 mea su romen t capab i L ity.
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EKXDSURE 882

RECDRD OF HYDR%EN IM Vol9

R~+gf lfgg] Cco lant Level Zrdiaat.ten ( L to 8 ): VL

percent void H<i&<
8

ly ~rrespcnds to approxunately O.f35 Ft.

Void height, abave fuel alicpmmt plat.e ~ 0 x '3.l95 ct
L4

V ~ Void Volund ~ L'35 f" X Void Height (Ft) ~
ft

T~rature of 'ibid at
coolant surface (~) as
naasured by ~.

P~t ~ Pressure at 7< fran
Enclosure sal

P~ ~ KS pressure (psia)

Anent of Hydrogen Calculation: ?H ~ P~ - pcot sat

PH
2

eSTP V(>) ( 4SZ )
P

l4o7 Tg + 460

d this anaunt to the total
hydrogen in Step 5.Q of
Section 9 (Enclosure B3)

Agpxovod ~'ate:
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PQRPQSEI

This seceion provides the methodology for use under Postaccident, plant conditions to determine the number of fuel,
zods with ruptured clad. It provides an estimate of
damage up to about the time when the peak core temperature
zeaches about 23'3'3 F. At that, time most of the rodso
pzobably have ruptured clad but lite,le oehez'tructural
degradation has occurred. Therefore this procedure appliesto the relatively Less severe accidents although it may beused for othez accidents to confirm thae, damage exceedsehis minimum amount The resul.eing )bservation of coze
damage is described by categories L thz'ough 4 of the seven
NRC categories in Enclosure Cl,,

2.9 REFERENCES:

2. L Development of the Comprehensive Procedure Quidel.inesfor Core Damage Assessment. CE Owners Group Task 467,
Nay< L983 ~

2.? Inadequate Core Cooling, St. Lucie Unit 2, Final
Safety Analysis Report, Appendix L.9.8.

2, 3 Generic Thermal-Hydraulic Functional Design Ob)ectivesfor Inadequate Core CooLing Instz'umentation, CE-NPSD-
L99, prepared for the CE Owners Group.

3.0 DEFINITIONS:

4 ~
the fuel rod clad at least sufficient to release theinternal gas pressure. Rupeure may be oreceded byballooning of the clad if the internaL gas pressuze
exceeds the external. coolant pressure during an
accident. and the temperature is higher than normal.

4 '3 PRECAUTIONS A.'4D LIAITAI'IONSt

4.1 The assessment of core damage obtained by using this
method is only an estimate. The techniques employedin this sec ion are only accurate to locate the core
condition within the first four of ehe 7 categories of
core damage described in Enclosure Cl. The
meehodol,ogy is based on coze exit temperature data.
Other plant indications may be available which can
improve upon estimaeion of core damage. These include
radiologicaL sample characteristics, the total
quaneity of hydrogen released from circonium
degradation and containment radiac,ion monieors.
Whenever possible these additional indicaeors should
be factored ine,o the assessment.
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4o2

4 '

T'e assessment of damage provided by this procedure
extends up to the time of clad rupture on most, offuel rods. This time occurs eazly in very seveze „-oze
uncovery accidents. 'Bore severe core damage canno bequantified by this procedure.

The zelationship between the core exit, thermocoupLe
temperatuz'e and the clad temperature varies wi h the
core uncovery senario. This procedure apoLies to slow
core uncovery by boilof of the coolant,. For other
moz e rap id uncovery scenar ios th is procedu re could
yield a very Low estimate of the number of ruptured
zods. In general. for core uncovery at pressures
below abou" 1200 psia there is high confidence tha" at
least the predic ed estimate of rods are actually
rupt,ured.

i. 0 INST JCT tO'.4S

5.], obtain the following from the instz'ument recordings:

5 ~ 1 ~ 1 From the recording of maximum core exit
thermocouple temperature as a function of t,ime,
obtain and record on Enclosure C2 the maximum
temperatuze and the time it occurs. As many
thcrmocouples as possible should be used, in
this way equipment malfunction may be detec"edif a thermocouple reads greater than 1650 F
o r varies cons ide rab ly from its ne ighbo r ing
the.mocoup les.

5 ~ 1 ~ 2 From the recording of reactor cooLant syst.em
pressure as a func ion of time. obtain and
record on Enclosure C2 the pressure during the
period of maximum thezmocouple temperature.

5 ~ 2 Sele"t the curve on Enclosure "3 which is labeLed wi h
a pzessure approximately equal to or greater than "he
pressure in Step 5.1 ~ 2 ~ Enter the abscissa at the
maximum temperature from Step 5.1 ~ L and read on the
ordinate the percent of the fuel rods which have
ruptured clad. Record on Enclosure C2.

5 ' The resul" in 5 ' is probably a lower limit sstimat
of damage. Some )udgement on the bias is availabLe as-
follows.

5 ~ 3 ~ 1 This,pzocedure applies most directly for
relatively slow core uncovery with a maximum
temperature below the rapid oxidation
temperatures at about LSOO F and above. A
smooth coz'e exit thermocouple recording and an
uncovery duration of 20 minutes or longer are
indicators for a good prediction of clad
ruptures.
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5 ' ' If the pressure in 5.L.2 drops to less
about L'30 psia within less than about two
minutes of accident initiation, a Large breamia indicated. This causes undetected core
heatup foLLowed by flashing during refill.
.Deoending 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 tor the percent
of rods ruptured.

5.3.3 If he pressure in S ep 5 '.2 is above about
. L650 psia, it could exceed the rod internal gas
pressure 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 LQQQ

P'herethe 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 Dama e assessment

Use the percen" of rods ruptured from Step 5 ' and "he
clad damage characteristics of Enclosure CL to
determine he !IRC category of cladding failure. This
procedure yields, damage estimates in categories 2, 3

or 4 (Enclosure CL).



EIKlOQIE Ci

CllD SIISSE CHNICTKRISTICS Of IOC CATEQNTES Of AJKl SIISCK

INC Cateiary
~f feel Ianna

Tessperature
Ia F

Necleaiso
of Oaaa

Characteristic Neasermst terceat ef
Ih t ~l ~0

l. Ns Feel Dassage

t. laitial ClaQIai
Failure

3. latesillate
Clo44Iay fa ilere

Nafor Cla4lla9
Failere

Rupture Oue to Naxiam Core
Gas Gap Kxit

l5Xhl0 Overyressurizatioa 'ieraxouple
Temperature

«lSSO'F»

«llOO F»

<2300'F
«2j

Oxihtiaa

less Thaa l
less ha@ l0

lO to 50

Creates Saa 50

S. laitial Feel hallet
OveAeatiay

C latefotlia'te
Feel Pellet
OveAeatiay

lIO0-33M

loss of Structural Asoeat If
lateyrity Due to Iiydreyea Cas
Feel Cla4 trohscel
Oxihtioa (Kqeivaleat toj Owi4tiaa

of Core)

Kqwivaleat Coca less Tiara l
OxI4tioa

«3j
«lbj

7. Nafor Feel tellet «CSj Creater Tiara 50

Cl W 'l7
A Qn «OO

Q

Q()
Q

COv 0
m

'epends on Reactor tressure and Fuel burnup Ialves Given fos pressure <I?00 psla and burnup i0.



Page 63 of 77
Rev 2
Date 8/87

EH~%RE C2

nVSaE nrZ~

Step 5,l Record the follming data

qaxi1~1 Care Exit Thermcouple Tteperature~
(see Instruction S.L in "Ne text for guidelines)

Time of L4xxi~ Tsrperature

Reactor Ccolant Systen Pressure at ~ T~
Step 5.2 Fzaa Enclosure C3, at maxim'hernoco

tceperature and at agp~riate pressure

Read per tnt of ruptured rods

Step 5.3 Chant cn probable bias of results in 5.2
(see paragraph 5.3 in text).

psia

Step 5.4 HBC category of claddi~ failure fran
Emlceure CX

~As many thermcouple readings as passible should be recorded,, In this way
equi t nelfunctim may be detected if a thernacauple reads greater "~
1550 F ar varies considerably fzaa its neighboring che~uples.

Naximun Core Exit Theaiaccupl.e Tenperature

Performed By: Gates
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L.O PURPOS<:

section provides the methodology for use under postaccident pleat conditions to determine the type and degreeof core damage which may have occurred by using radiation
dose rates measured inside the containment building usingthe containment high range radiation monitor. Theradj.ation dose rate is related to the quantitative releasefission produc s from the core expressed as the percentof the source inventory at the. time of the accident. T~eresulting observation of core damage is described by one ormore of the seven categories of core damage in Enclosure Dl.

2 ') REFERENCES:

2. L Development of the comprehensive procedure guidelinefor core damage assessment, CE Owners Group Task 467,July 1983.

3 ~ '3 DEP IAZTXO'HS

3 ~ f W * '

damage is defined as a progressive failure of thematerial boundary "o prevent the release of
radioactive fission products into the reactor coolantstarting with a penetration in the xircaloy cladding.
The type of fuel damage as determined by this
methodology is reported in terms of three major
categories which ares no damage. cladding failure,
and fuel overheat. The categories are characterized
by the resulting radiation dose rate inside the
containment bui.lding. The degree of core damage is
determined by making a comoari.son between dose rates
measured following an acci,dent and analytically
determined values of the realistic or best estimate
dose rates that would correspond to the specifi"
categories of core damage. The degree of core damage
as determined by this secti.on is reoorted in terms of
three levels which ares. ini. ial; intermediate: and
major. This results in a total of seven possible
categories as characterized in Enclosure Dl.

3 ~ 2 Sour-e Invent~or < The source inventory is the total
quantity of fission products expressed in curies of
each isotooe present in either source: the fuel
pellets or the fuel rod gas gap.
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4 g pREQKUT'fOHS AND LZilIThTIOHSf

4 ' The asses'smant of core damage obtained by using t'e
methodology in this section is only an estimate.
techniques employed in this section are only accurateto loca e the core condition within one or more of the
7 categories of core damage described in Encl.osurepl, The procedure is based on radiation dose rate.
Other plant indications may be available which can
improve upon the estimation of core damage. Theseinclude sample radiological analysis. incore
temperature indicators, and the total quantity of
hydrogen released from zirconium degradation.
Whenever possible these additional indicators should
be factored into the assessment.

4 ' This section relies upon radiation dose rate
measurements taken from the higher of two high rangeradiation monitors located inside the containment,building to determine the total quantity of fission
products released from the core and therefore
avail. able for release to the environment. The amountof fission products present at the location of the
monitors may be changing rapidly due to transient
plant conditions. Therefore. multiple measurement3
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,

4 ~ 3

4o4

A, number of factors influence the reliability of the
measured radiation dose rates upon which this
procedure is based. Reliability is influenced by theability to obtain representative measurements due to
incomplete mixing of the measured media, and equipmen"limitations. hdditionally the pr'ocedure relies uoon
analytically determined values of the best estimat,e
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 rel.eased from the core and their transpor
within the containment building. Therefore, the
method is only accurate to within the validity of the
assumptions ~

The methodology in this section is limi ed to the
upper bound condition of fission product release from
the core due to fuel overheat. Simul aneous with fueL
overheat, there may be Localized fuel. pellet melting
within the core. 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 anticipa»ed to exceed»hose,
shown in Enclosure D3, for major fuel overhea»,.
However, this procedure does not attempt »,o iden" ify
the extent of any potential fuel melting.

4.5

.4 ~ 6

This section is limi ed to the interpretation of the
dose rate measuremen», resul.ting from a mix of fission
produ" s. The me»hodology cannot accurately
distinguish between the conditions of fuel cladding
failure and fuel overheat when the z'esulting dose
rates are the same. The methodology does provide an
upper limit estima».e of »he progressive core damage.
Concurzen», conditions of cladding failure and overheat
should be anticipa»ed Cue to the radial. distribution
of heat generation within the core. Dis»,inction
be»ween the type of core damage requires the
identification of »he characteristic fission
products. The procedure tor core damage assessmen.
using radiological analysis of fluid samples is
requized»o explicitly distinguish between the
categories.

This methodology is limited in applicability to those
conditions in which the fission product inventory in
the coze has had sufficient time to reach
equilibrium, Kquilibrium fission product inventory is
a function of reactor power and burnup. Based upon
»he fission produc" s of concern equilibrium conditions
are achieved after thirty days of operation at
constant power. Constant power is considered to
include changes of no greater »han + 10 pezcent. The
methodology may be used following non-cons»an»,
periods of operation by using engineez'ing judgement. to
select the most representa».ive power level. during »he
period. This method may also be used if the reac»or
has produced power for less than thirty days, however,
the resulting assessment of core damage would be an
underprediction of the actual conditions.

5.0 I'INSTRUCTIONS

F 1 Record the following plant indications.

5. l. i Containment Building i

Radiation Dose Rate

Time of Measurement Date

Rads/'hr.

Time
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5.LE 2 Prior 3'3 days power history:
Po'wer, Percen" Duration. Da s

5.1.3 Time of'eactor trip
Date

Record these values in EncLosure D2.

5.2 Plant Power Correction

The measured radiation dose rate inside the
containment building is to be corrected for the plant
power history. A correction factor is used to
adjust the measured dose rate to the corresoonding
value had the plant been operating at LO'3 percent
power.

5 ~ 2 ~ L To corr ct the radiation dose rate for the case
in which plant power level has remained
cons ant for a period greater than 30 days a
simple ratio of the power may be employed.. The
reactor power is considered to be constant ifit has not, changed by + L3 per"ent within th
last thirty days prior to the reactor trip.

5 ~ 2 ~ 2 To correct the radiation dose rate for the case
in which reactor power level has not remained
constant during the 3D 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 ~ l

5 ~ 2 ~ 2 ~ 2

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

The last power levels at which he
reactor operated should weigh more
heavily in the judgement than the
earlier levels.
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5 ~ 2 ~ 2 ~ 3 Continued operation for an extended
period should veigh more heavily in
the judgement than brief transi
levels ~

5.2 ~ 3 Tn the case in which reactor has produced powerfor less than 3:3 days the procedure may be
- employed. However, the estimate of core damage
obtained under this condition may be an under
prediction of the actual condition.

5. 2.4 The folloving equa" ion is applied to determine
the radiation dose rate corresponding to

~ equilibrium full power source inventory
conditions'qui

1 ibr ium Measured 1') 0
Dose Rate 'ose Rate Reactor Pover Level,
(Rad/Hr) (Rad/Hr)

The reactor power level and the resul ing dose
rate correction factor used above vill be the
same for all subsequent measurement of the 8oie
rate. Record these values to reduce the voz'.c
required to evaluate the subsequent
measurements.

5.3 The de ay correction for the radiation dose rate
requires he determin:ion of the time duration
between the reactor trip and the measurement of the
dose rate. This is done simply using the time of
reactor shutdovn recorded in Section S.l.3,

5,4 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 03. The equilibrium
dose rate is pLotted on Enclosure D3 as a func ion of
time following reactor shutdown. Engineering
)udgement is used to determine vhich category of core
damage sham on Enclosure D3 is most representative of
the particular value that has been plotted. The
following criteria should be considered in the
determinat ion.

5 ~ 4.1 Dose rate measurements may have been recorded
during periods of transient conditions vithin
the plant. Measurements made during stable
plant conditions shouLd veigh more heavily in
the assessment 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 section may not be
emmployed to estimate the degree of fuel pelle-
meltingo

Dose rat,es within any category of tuel
overheating may be anticipated to include
concurrent fueL cladding failure. The
methodology 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
highes" category of damage.

Dose rates corresponding to the two categories
of ma jor cladding failure and initial fuel
overheat are observed to overlap on Enclosure
03. The evaluation of other pLant parameters
may be required to distinguish between them.
However, concurrent conditions may be
anticipated'.
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ENCLOSURE D2

CONTAZNNENT HIGH RANGE RADZATZQN MOHZTQR
(CORE DAKWGE ASSESSMENT') WORKSHEEV

Highes t Radiation Dose Rate (CHRLl)

Time of Measurement Date:.

Prior 30 Days Power History:

Power, Percent

Rads/hr

Time:

Duratio~n, Da a

Time of Reactor Trip Date c

Equilibrium Dose Rate (Rad/hr)

Measured Dose Rate (Rad/hr) x

Time~

Reactor Power Level i
Refer to Enclosure 03 to obtain category of core damage. See
step 5 ~ 4 ~

Performed by:

Dates
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SECTION

SUMMhRY OF RESULTS
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SU~~ggg CF RESULTS:

Section A. or radiological analysis of samples, is the mos"
compl.ete and possibly the most accurate of the methods used
~~sess che degree of core damage. This section of che
methodology provides the instructions required to determine core
damage up to the major fuel melt category identified in the qRC
guidelines for core damage assessment.

Other indicators «hich are described in Sections 3. C and 0 of
these me hodology are Limited to the fuel overheat category of
core damage. Section 8, which uses the hydrogen content of boch
the reactor coolant and containment building atmosphere for an
i,ndica-ion of fuel cLaddi.ng oxidation is most applicabLe within
the fuel overheat, category, Section C, which uses the
information rom res" or coolant core exit temperatures is mos"
appLicable wichin the cladding failure category. While Section
D, use information rom area dose races within containment and
ic is most applicable within boch cladding failure and fuel.
overheac categories of damage.

It is importan to note chat core damage is not anticipated to
take place uniformly. Therefore a combination of one or more of
the categories of uel damage will most Lithely exist
simul"aneously..he results obtained from the radionuclide
analysis should be compared wi"h the resuL s of che evaluation
of ocher availabl.e indicators for a comprehensive assessment.
If che resul"s are in agreemenc, che core damage assessmenc is
compl.ete. If the resuL s are not in agreement, a recheck of
both analyses may be performed or certain indications may be
discounted or weighted more heavily based on engineering
judgement.
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1.0 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
exit thermocouple 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 over heat, or

fuel melt

Hydrogen Concentration: General category of clad damage

Containment High Range:

Radiation Monitor

General Category of clad

damage, fuel overheat, or fuel melt

Core Exit Thermocouple: General Category of clad damage

Reactor Vessel Level: Potential core damage; Yes or No





FLORIDA POWER 5 LIGHT COMPANY

Pm'urr IM"INZERImrmAIaamr
PIK IMINRMBRRRfP

CD EPIP 1302 hPP. II

Rev. p

Oate Decaliter, Ig86

Page of

2.0 SUMMARY OF DATA RE UIRED

In order to complete this procedure, the information listed in the example

Plant Data Sheet must be provided.

3.0 RADIOLOGICALANALYSIS

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.

DETERMINATIONOF SOURCE INVENTORY

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

3.3 DETERMINATIONOF 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:

Oecay factor e
e ~ 2.7183

Where: A = Oecay Constant from
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 necessary to calculate
both the decay factor and the Parent-Daughter Factor. This is r equired

because of the "Daughter" isotope measured, some willbe from the decay

of the daughter concentration at time of shutdown and some willbe 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 (Fr) for the daughter nuclides as

follows:

-Adt
F. - Qd

'd

Where:

Ad t -A dq -A t
Qd

= K
A A

Q e -e $ + Qd e
o p

) o
Ad-A p

K=
Xd

Rp

Decay branching factor
Daughter decay constant, See Table II - 2 on Page lo

Parent decay constant, See Table II - 2 on Page io

Parent source Inventory, See Table II - 3 on Page ff

Daughter Source Inventory, See Table II - 3 on page n

Tirre fran post-accident reactor shutdown to sample
analysis time. (Seconds)

The total theorectical daughter activity at the tirre of
sample. ~

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

Calculate the decay factor for both parent and daughter nuclides.

Oecay factor e
At Where: A = Oecay constant from Table II - 2

t Time from reactor shutdown to
sample analysis ( seconds)
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3.3.2 Containment Activity
Calculate containment activity for samples obtained from

the containment atmosphere by completing TABLE ll - 5.

3.3.3 Sump Activity

Calculate sump activity for samples obtained from the

sump by completing Table II - 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 % inventory released by

completing Table II - 8.

3.4 CORE DAMAGE ASSESSMENT

Determine the level of core damage by completing Table II - 9. Enter

results into "Summary Worksheet" on Page 28.

4.0 SUBSTANTIATION OF CORE DAMAGESTATE USING AUXILIARYINDICATORS

Utilize containment hydrogen concentration, Reactor vessel level, core

exit thermocouples, and containment r adiation readings to substantiate

radiological analysis r esults by completing Tables II - 12, 13, and 14. Enter

results into "Summary Norksheet" on page 28.
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S/APLING CCNDITI(ÃS

Uni t:

COBE QhNKE ASSESSII
PLAMr re SHEET

Tine of Reactor Trip: Date/Tine:
Operating Point

Prior 40 Days Pof"er History
Potger '/ t'uration, Days

Reactor Coolant System:

Pressure

TEAperature (Tavg)
,Reactor Vessel Level Shows
(Lowest Recorded Reading)

Pressurizer Level

PS IG

OF

ft.

Containment Building:

Atmosphere Pressure

Atmosphere Temperature

StIT)p Water Level

PSIG

OF

ft.

Tank Data:

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

Auxiliary Indicators:

Contaiment Hydrogen Concentration:
Core Exit Thernmcouples: oF oF

(Three highest reliable readings)
Containment Radiation Moni tot RDG:

Loose Parts Monitoring System Alarm (Yes/No):

V/0 H2

OF

R/hr
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RADICNIXLIDEDATA

SEAPLE NEEDER:

SN%'LE UX'ATICN (KS, SG4', CCNI'AIR%&F):

TIME GF SAMPLE COLLKTKN:

MEASURED SPECIFIC ACTIVITYI KP
ISOKPE A (uCI/cc)

Kr-85m

Kr-87

Kr-88

Xe-131m

Xe™133

Xe-133m

Xe-135

I-131

I-132

I- 33

Cs-134

Cs-137

Te-132

Ba-140

La-140

Rb 88
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TABLE II - 1

Su ested S lin Locations

Scenario
Principal

S lin Locations
Other

S lin Locations

Small Break UXA
« Reactor Power w 1%

p Reactor Power < 1%

RCS Hot Leg Contaianent
Atmosphere
RCS Hot Leg««

RCS Pressurizer

RCS Pressurizer

Large Break MC'A
« Reactor Power > 1%

« Reactor Power ( 1%

Steam Line Br eak

Contaianent Surp, Contaianent
Atmosphere, RCS Hot Leg
Contaianent Swq, Contairment
Atmosphere

RCS Hot Leg, KS Pressurizer
Containrrmnt
Atmosphere .

Steam Generator Tube
Rupture

Indication of Signifi-
cant Contairment Serp
Inventory

KS Hot Leg, Secondary
System

Contaianent Swp, Contairrnent
Atmosphere

Con ta inmen t
Atmospher e

Contaiment Building Contaianent Atmosphere,
Radiation Monitor Alarm Contaianent Smp

Safety Injection
Actuated

RCS Hot Leg RCS Pressurizer

Indication of High
Radiation Level in RCS

RCS Hot Leg RCS Pressurizer

Asswe operating at that level for some appreciable tirre.
«« If a KS hot leg sanple is unavailable and a RCS cold leg sandie is
available, obtain a RCS cold leg san@le. 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

CORE MS'ATEGORY VS. RADIOISOIOPIC DATA

ISOICPE

DHC'AY

CCNSTAÃF

, SHC-I PARmr

DECAY
CCNSTANI'F

PARENI'
SK;I

DEC'AY
BRANCHIKx
FACKR

K

Kr-85m
Kr-87
Kr-88
Xe-131m
Xe-133
Xe-133
Xe-133m
Xe-135

)I-131
I-132

>1-133
I-135
Rb-88

6.313 E-5
2.193 E-4
9.921 E-5
9.809 E-7
2.196 E"6
2.196 E-6
5.121 E-6
3.039 E-5
1.438 E-6
1.229 E-4
1.386 E-5
4.158 E-5
9.363 E-4

CLAD FAILURE

I-131
I-133
Xe-133m
I-133
I-135

TE-132

Kr-88

1.438 E-6
1.386 E-5
5.121 E»6
1.386 E-S
4.158 E-5

3.575 E-6

9.921 E-5

0. 008
0.976
1.00
0.024
0.70

1.00

1.00

Cs-134
Cs-137

1.585 E-8
1.057 E-9

FUEL OVI>+AT (ABOVE AND)

La-140

Te-132
6.906 E-6
3.575 E-6

FUEL MELT (ABOVE AND)

Ba-140 9.042 E-7 1.00

Denotes leading indicator.
utilize leading indicator.

If a quick assessment of core danage is desired,
Otherwise, use as many as are available.

Rb-88 is used only as an indicator of clad failure.
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TABLE II - 3

DETERMINATICN OF FISSION PIGEXXT SGUIKZ INVEÃIGRY SI IN CURIES

This nathod is based on constant power level for a minimm of
00 days prior to shutdown or trip. Otherwise, see KF %brksheet
Page 29.

Kr-8%
Kr-87
Kr-88
Rb-SS
1-131
Xe 131m
Te 132
1-132
1-133
Xe-133
Xe-13%

Ks-130
1-1
Xe-135

/IICs-137
Ba-100
La-100

~IB
ACTIVITY, Ci

1.31 7
2.528 7
3.5 6 7
3.612 7
5.057 7
5.628 5
7.155 7
7.271 7
1.028 8
1.029 8
2.705

8.813 7
9.053

CDREClXD
ECTIVITY, Ci

g For Csl34
Equalib Activity = 2.984 (6) + D x 1.04 (4), Curies

0 For Cs 137
Equalib Activity = 2.653 (6) + D x 6.91 (3), Curies

Where D = nItITIber of EFPD since BOG

* PCF = Power Correction Factor

LAST 00 DAY KN hNt
t )

MZE: NI means not
identified

Performed by:
Date:
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TABLE II - 4

DEC'AY COHHECIED SPECIF IC ACTIVITIES GF
SAMPLING ANALYSIS

SEE PLANI'ATASHEET SEE PAGE 5 PAGE 4

Nuclide Location
Measured

Activity

Parent-
x Daughter x
Factor (Fr)

Decay

Factor

Decay Corrected
Specific Activity
(uCi/cc) at time of S/D

N/A = Not Applicable

Per formed by:

Date:

Calculate Parent-Daughter Factor for
Daughter nuclidcs using the following
formula

- ddt

Note: See Section 3.3 of
procedure for definition
of terms.

%here:
0

ed "~z-zp ep

o -at-a~t -ddt +
Qd e d

e

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

Decay factor = e At

e = 2.7183
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TABLE II - 5

CCNFAI%5ÃF A%%SPHERE ACTIVITY CURIES

Per formed by:
Date:

~lsoto
Decay Corrected
S cific Activit Atm

Vol�

.

Containment Activit

Step 1: Calculate contairment voltlne in cc, including
pressure and temperature corrections.

Vc = 4.387 x 1010 x ~P x T +
Pl ( 2 + 460)

P2 = 14.7 psia

T2 = 32 F

If sarrqle temperatur'e and pressure are different fran
the temperature and pressure of the mediun frcm which the
sanple was taken, then

P1 = san@le pressure
T1 = sample tEmperature

If they are the same, then

Pl = contairmrent pressure
Tl = containment tEmperature

. Step 2: Calculate contairment activity for samples
obtained fran the contairment atmosphere

Containment Activity = Vc x (decay corrected specific
activity)
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TABLE I I - 6

CCNI'AI NREM SU%'CTIVITY

~Iso to
Corrected

S cific Activit
Sump
Vol use

Per formed by:

Date:

S Activit

Step 1: Find serg water volsne.

Water level
Vs = hhnitor Reading (ft) x 11,360.7 ft2 x 28.3 x 103 gr

ft3

Step 2: Calculate sump activity for san@les obtained fran the swan.

Sunup activity = Vs x (decay corrected specific activity)
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TABLE II - 7

REACKR aXKANI'YSTEMACTIVITY CURIES

Decay Corrected
)

Water Density
~

Density Corrected ) RCS

Isotope Specific x Ratio = Specific Activityx Volune = Activity, Ci

RCS Activit

Step 1: Find Refueling Water Storage Tank Volte.

Performed by:

Date:

Water level
VIBST = Monitor Reading (ft) x

4 ft~

Step 2: Find RCS water volune.

i) Prior to recirculation,
RCS = 2.660 x 108 + (1.211 x 109 - VEST) + VAQXM

ii) During recirculation
VK = 2.660 x 108+ (1.211 x 109 - V~) + VA~

Where VA~ = 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 cortected specific activity.

Density Corrected — Decay Corrected x Density
Specific Activity Specific Activity Ratio
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FIGURE 1

WATER DENS ITY RATIO

500

200

100

1.3 1.4
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TABLE II " 8

'IOI'AL ACTIVITYAND
INVEFKRY RELEASED

t

See Page 13 ( Page 14 Page 15 Calculate See Page 11 Calculate
Cont. ( Cont.
Atm. + Sunp + RCS = Total 4 Source x 100 = %

Isotope Activity Activity Activity Activity Inventory Inv. Released

Performed by:

Date:
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TABLE II - 10

K%MAL OPERATIC ACTIVITIES CXEIES~

Nuclide ~Activit

Kr-85m
Kr-87
Kr-88
Rb-88
Xe-131m
Xe-133
Xe-133m
Xe-135
I-131
I-132
I-133
I-135

268.84
184.46
662.78
660.18
325.27

44 185.61
481.78

1,216.53
399.27
147.46
644.15
346.03

~ These nurrbers are based upon an RCS volune of 9400ft3 and specific operating
activities in COBE ENNhGE ASSESSMEPF PBCCIEURE.
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TABLE I I - 11

DEI'EFMINATICN OF FUEL RCG GAS GAP ACTIYITY GI IN CURIES

NfE:

This rrethod is based on constant peter level for a minimm of 00 days
prior to shutdown or trip. OthervIise, see PCF %brksheet, Page 29.

Isotope
EQJLIB 1 (

Cor rec ted
Activity, Ci < +PCF -" Activity, Ci

- Kr-85m

Kr-8?
Kr»88

I-131

Xe-131m

I i32
l-133
Xe-133

Xe-13%

1-135

Xe-13$

1.673 (3)
9.73'3)
2.029 (0)
6.732

(3)'.906

(5)
3.920 (3)
e.e93 (O)

1.862 (5)
4.651 {5)
9.600 (ff)

1.003 (5)
3.i07 (ff)

e'CP = Power Correction Factor

PCF = Last 40 da run QV

Plant Rated 15V (2200)

Per formed by:
Date:
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TABLE II - 9
CORE QIOIMK ASSESSMENI'UEL

OVER-
HEAT

~teoto e %IR SI GI

Clad Dema e Assessment

Performed by:
Date:

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

(%IR
100 x SI) - NBA

GI

Fuel Overt eratur e Assesmmnt

x 100

%IR
%CD
GI
MBA

SI

Percent Inventory Released
Percent Clad Damage
Gap Inventory (See Page 20)
Normal Operating Activity

within RCS
(Fran TABLE II - 10 on Pg. 19)
Source Inventory (obtained on

page 11)
Using the % Inventory Released calculated in TABLE II-8
read % Fuel Overterrperature fran 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'he % Inventory Released calculated in Table II - 8, read % Core Melt fran
Figure 4 or Figure 5. Use Figure 4 for Xe, Kr, I, Cs, and Te isotopes and use
Figure 5 for Ba and La isotopes. (Use naninal values)
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FIGURE 2

RELATICNSHIP OF % FUEL OVERTIMERA'IURE WI'IH
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FIGURE 3

RELATICNSHIP OF % FUEL OVEIGIM'ERA'IURE Wl'IH
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FIGURE 4

RELATICNSHIP OF 96 FUEL MELT WI'IH % INVENIMY
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FIGURE 5

RELATICNSHIP OF 96 FUEL MELT WI'IH % INVPGURY
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TABLE II - 12

CORE EXIT 'IHEHNDXePLES

STEP 1: Cbtain at least three of the highest reliable CZIC r eadings and average.

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

STEP 2:

CEIC readings ) 1650oF may indicate equipment malfunction.

Gxrpare the average CEIC temperature to the table below

Core Damage
Category

No Clad Damage

0 - SN6 Clad Damage

50 - 10%6 Clad
Damagee'uel

overheat
or fuel melt

'Iherrrecoup le
Reading'oF)

750

750 - 1300

1300 - 1650

1650

e'he extent of this dansge state must be determined by other'arameters.

STEP 3: Record the average temperature and core drlnage category.

CEIC Average Temperature:
Core Damage Category:

oF

STEP 4'nter data into "SUNIRY KEKSHEET" on Page 28.

Performed by:
Date:
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TABLE II - 13

CCNFAI%KNr HICH RANGE RADIATICNKNIFE

STEP 1 ~

STEP 2:

STEP

3'TEP

4:

Cbtain CHUM Reading (R/HR) and clasped time fr(m shutdown (or trip) to
CHHRM Reading, Hrs.
CHRRM Reading R/HR Time Hrs.

Calculate Exposure Rate = CKGÃ R/HR x 0.775 =

2200 le
Enter exposure rate and tim into graph below and determine

Core Damage Category:

Enter data into "SIMQRY NNKSHEET" on Page 28

1000.0

100. 0

10.0

105 Noble Gas Release

52% Noble
Gas Release

Damage
Category

Fuelmelt

Fuel
Overheat

0.3% Noble Qas
Release

).0-2

1.0 3 5 1L1 Nodal Operat)nS
Noble Gas Release

Clad
Oamage

'1.0 i

1.0 5
).0 10.0 100.0 1000.0

Perfosnmd by:
Elapsed time from shutdown (or trip) (ROURSI
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TABLE II - 14

HKKKGEN IN GNI'AI%1ENI'KOSPHERE

The percentage of Zirc - Water reaction does not directly correspond to
the percent clad damage. It can be used to verify the range of extent of
clad damage estirrated fran radioisotopic analysis.

STEP 1

STEP 2:

Read contairrnent hydrogen rranitor to determine the volune percent
hydrogen concentration.

V/0 H2 =

Determine the core damage category fran the Table below.

STEP 3:

Core Damage Category

Enter into "SUIjhRY N3KGHEET" on Page 28.

Core Damage
Category

No Clad Damage

0 - 5%6 Clad Damage

50 - 10096 Clad

Demagee'ydrogen
Monitor (v/0 Hp)

negligible

0 - 7.4

7.4 - 14.8

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

Performed by:

Date:
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SNAKY MNKSHEET

Results of Radioisotopic Analysis:

% Clad
Damage

96 Over
heat

% Melt

Results of Auxiliary Indicators

Method Category

H2 iVhnitor

CEIC Avg.

vs

op

Is RVLS below zero p yes

Has RVLS df opped below zero gyes

/no
Qno

Sunmar .of Resu I ts

1. Ccmpare percent clad damage, pefcent fuel overheat and percent fuel melt
results obtained fran the radionuclide analysis to those obtained fran the
auxiliary indicators analyses.

2. 'f results are in agreenent, the core danage assessment is ceoqlete. If
the results are not in agreement, a recheck of both analyses any be
performed or certain indications may be discounted based on engineering
judgement.

Performed by Date Tffne

Checked by Date
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A) For those isotopes listed in Table II-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.

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

to-zi t)
PCf ~

E~ P (1 -e ) e

%here:

P~ is the average NMt for interval t~

t~ is the duration of P~

xi is the length of time between the end
of t~ and shutdown or trip

RP is the rated NWt

time from end of period ) to
reactor trip (sec)

Note: If using percent instead of MWt, the P)/RP
tera can be replaced with ~X iowcr

100

The entire 00 days power history should be employed.

C) For Cs-137, the relationship is the sarra, 2.653 (6) + D x 6.91 (3), Curies
Where D = nurser of EFPD since BOG

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