POST-ACCIDENT SAMPLING
GUIDE FOR PREPARATION OF A PROCEDURE
TO ESTIMATE CORE DAMAGE

The major issue remaining to complete our evaluation of NTOL's for
compliance with the post-accident sampiing criteria of NUREG-0737 is
preparation of procedures for relating radicnuclide concentrations

to core damage. To date, none of the applicants has been successful

in providing an acceptable procedure. As a consequence, each NTOL has
a license condition which may restrict power operations. One of the
contributing factors in the applicant's slow responses to this item is
their confusion on exactly what to prepare. The attachment is intended
to provide informal gquidance to each NTOL applicant so that their
procedures, when prepared, will address the core damage estimation in a
manner acceptable to us.

We anticipate that preparation of a final procedure for estimating core
damage may take approximately 12 months. Therefore, we are willing to accept
an interim procedure which focuses on fewer radionuclides than are indicated
in the attachment. The interim procedure in conjunction with a firm date

for the final procedure would be used to remove the power restricting

license condition.

The primary purpose in preparing a orocedure for relating radionuclide
concentrations to core damage is to be able to provide a realistic estimate
of core damage. We are primarily interasted in being able to differentiate
between four major fuel conditons; no damage, cladding failures, fuel over-
heating and core melt. Estimates of core damage should be as realistic as
possible. If a core actually has one percent cladding failures, we do not
want a prediction of fifty percent core melt or vice versa: extremes in
either direction could significantly alter the actions taken to recover

from an accident. Therefore, the procedure for estimating core damace
should include not only the measurement of specific radionuclides but a
weighted assessment of their meaning based on all available olant indicators.
The following discussion is intended to provide general guidance pertaining
to the factors which should be considered in preparina a procedure for
estimating core damage but is not intended to provide ar all inclusive plant
specific list.

The rationale for selecting specific radionuclides to perform “core
damage estimates from fission product release"” is included in the Rogovin
Report (page 524 through 527, attached). Basically, the Ronovin Report
states that three major factors must be considered when attemoting to
estimate core damage based on radionuclide corcentrations.

1. For the measured radionuclides, what parcent of the total available
activity is released (i.e. is only gao activity released, is sufficient
activity released to predict fuel overheating or is the auantity
of activity released, only available through core melt?)
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2. 'What radionuclides are not present (i.e. some radionuclides will,
in all probability, not be released unless fuel overheatina or

melt occurs). The absence of these species bounds the maximum
extent of fuel damage.

3. What are the ratios of various radionuclide species (i.e. the gap
activity ratio for various radionuclides may differ from the ratio
in the pellet). The measurement of a specific ratio will then
indicate whether the activity releasad came from the gap or fuel
overheating/melt.

In addition to the radionuclide measurements, other plant indicators may
be available which can aid in estimating core damage. These include
incore temperature indicators, total quantity of hydrogen released from
zirconium degradation and containment radiation monitors. When oroviding
an estimite of core damage the information available from all indications
should be factored into the final estimate (i.e. if the incore temnerature
indicators show fuel overheat and the radionuclide concentrations indicate
no damage, then a recheck of both indications should be performed).

Consistent with the cateyorization of fuel damage in the Rogovin Renort,
the four major categories of fuel damage can be further broken down,
similar to the following list, consistent with.state-of-the-art technoloay.
The suggested categories of fuel damage are intended solely to address fuel
integrity for post-accident sampling and do not pertain to meetina normal
off-site doses as a consequence of fuel failures.

——
-

No fuel damage.

Cladding failures (<10%).

Intermediate cladding failures (10% - 5.4).
Major cladding failures (>50%).

Fuel pellet overheating (<10%)

Major fuel pellet overheatina (>50%).

2
3
4
5
6. Intermediate fuel pellet overheating (10% - 50%).
7
8. Fuel pellet meltina (<10%).

9

Intermediate fuel oellet meltina (10% - 50%).

10. Major fuel pellet meiting (>50%).




Because core degradation will in all probability not take place uniformly,
the final categories will not be clear cut, as are the ten listed above.
Therefore, the preparation of a core damage estimate should be an iterative
process where the first determination is to find which of the four maicr
categories is indicated (for illustrative purposes, only radionuclide
concentrations will be considered in the followina example, but as indicated
above, the plant specific procedure should include inout from other plant
indicators). Then proceed to narrow down the estimate based on all available
data and knowledge of how the olant systems function.

Example

In a given accident condition, there is 70% clad failure, significant
fuel overheating and one fuel bundle melted. Utilizino the iterative
process

First calculate the maximum fuel melted by arbitrarily attributing ail
activity to fuel melt (under these conditions, five to ten mel‘ed
bundles may be predicted). Therefore, the worst possibie condition
is fuel pellet melting."

Second , calculate the maximum fuel overheated, by arbitrarily attributinag
all activity to fuel pellet overheating (under these conditions,
major fuel pellet overheating is predicted).

Third, calculate the maximum cladding failures, by arbitrarily attributine
all activity to cladding failures (under these conditions, areater
than 100% fuel cladding damage is predicted).

At this point is is obvious that maior claddina damage is oresent and that a
large amount of fuel pellet overheatina has occurred with the potential
for some minor fuel oellet meltina.

Fourth, check for the presence of radionuclides which are indicators of
uel pellet melting and overheating. In this instance, obvious
indicators of overheating will exist alona with trace indicators of
potential peilet melt.

Fifth, based on the radionuclide indicators of fuel pellet overheatina
damage (confirmed by incore temperature) make an estimate of how
much fuel overheated. This result will in all orobability indicate
major fuel pellet overheating.

Sixth, subtract the activity estimated from fuel pellet overheating,
plus the activity attributable to 100% cap release from the total
activity found. This will result in a negative number because the
contributions from overestimatina cladding damage (100% versus 790%)
and fuel overheatina (major versus intermediate will exceed the
activity contribution from one melted bundle.



At this point, knowledgeable judgment must be employed to establish the
best estimate of core 355399 Although all damage could be attributable

to cladding damage and fuel pellet overheating, the trace of radionuclide
indicators of fuel pellet melt indicate the possibility of some fuel
meiting. Based on knowledge of core temperature variations, it is

highly unlikely that 100% cladding damage would exist without sianificant
fuel melting. Alsn, some of the activity attributed to fuel pellet
overheating must be associated with the amount of fuel pellet meitina
which is indicated. Thererfore, the best estimate of fuel damage would

be that "intermediate fuel overheating had occurred, with maior claddina
damage and the possibility of minor fuel pellet meltina in one or two
fuel bundles out of 150 fuel bundles.”

T:: above example is obviousi. ideal and makes the major assumotions
that:

A. The radionuclide/s monitored are at equal concentrations in all
fuel rods.

In actuality, at no time will all radionuclides be at eoual concen-
trations i1 all fuel rods. Because the time to reach eaquilibrium

fur each radionuchide is different, due to their hiahly variable
production and dirferent decay rates. Some isotopes will aoproach
equilibrium quickly, while others never reach equilibrium. Therefore,
it is necessary to factor in reactor power history when determinina
which radionuclide is optimum for monitoring in a given accident
condition. Probably the optimum radionuclides for estimating core
damage will vary as a function of time after refueling and based on
Jower history.

8. Eaquilibrated samples are readily available from all samoie Tocations
a% the instant of samol!ng. Considerina the large volumes Of
quid and vapor spaces t a Teakage source migrates to and mixes

with, for other than very large leaks, it will take many hours or
even days to aoproach equilibrium conditions at all samole locations.

Maximum core degradation occurred orior to initiation of samolinn.
UnTess total cnoilnq Ts lost, core degradation can be anticinated
to progress over a period of hours. Thus, there is not a aiven

instant when sampling can be conducted with positive assurance that
maximum decradation has occurred.

Considering that ideal conditions will not exist, then orocedure for
estimating core damage should be prepared in a manner that the gffects

of variables such as time in core life and type of accident are accounted
for. Therefore, the procedure for estimatina core damace should include
the determinat‘on of both short and lona lived gaseous and non-volatile
radionuclides alonag with ratios for aporooriate species. Each seoarate
radionuclide analyzed, along with oredicted ratios of selected radionuclides
would be used to estimate core damage. This process will result in four
separate estimates of core damage, (short and long-lived, gaseous and
non-volatile species) which can be weighed, based on power history, to
determine the best estimate of core damage.




The post-accident sampling system locations for 1iquid and gaseous samoles
varies for each plant. To obtain the most accurate assessment of core
damage, it is necessary to sample and analyze radionuclides from each cf
these locations (reactor coolant, containment atmosphere, containment

sumps and suppression pool), then relate the measured concentrations to the
total curies for each radionuclide at each samole location. These measured
radionuclide concentrations need to be decay corrected to the estimated
time of core damage (to). Their relationship to core damace can be obtained
by comparing the total quantity and ratios of the radionuclides released
with the predetermined radionuclide concentrations and ratios which are
available in the core based on nower history. Assuming one hour per samole
location to recirculate, obtain and analyze a samole from each location

it would take hours to perform each of those analyses.

Based on the above rationale, the final orocedure for estimatina core
damace usina measured radionuclide concentrations will probably rely

only on one or two sample locations during the initial phases of an
accident. The ootimum radionuclides for estimating core damace will alco,
in the short term, be based on recent power history. 'hen equilibrium
conditions are established at all samnle locations, radionuclide analysis
can be performed to obtain a better estimate of core damage. The specific
radionuclides to be analyzed under equilibrium conditions may be different
than those initially analyzed because of initial abundances and

different decay rates.

The specific sample locations to be used during the initial nhases of an
accident should be selected based on the type of accident in proaress

(i.e. for a B4R, a small liquid 1ine break in the primary containment

would release only small quantities of volatile species to the dry well.
Therefsre, sampling the dry well first would not indicate the true maanitude
of core damage). For the same small break accident, if pressure is reduced
by venting safety valves to the suporession pool, then the suppressicon
chamber vapor space would contain the majority of gaseous activity. In the
case of a small steam line break, without venting safety valves to the
suppression pool, the dry well may be the best samole location.

To account for the variations in prime sample locations, based on type of
accident, the procedure should include a list of orimary samnle locations.
This list should include both a prime liquid and caseous location and state
the reasoning used to determine that these locations are best. Additionally,
the procedure should address other plant indications which can be used to
verify that the sample locations selected are best for the specified

accident condition.

Finally, the orocedure should incorporate plant specific examples which

show estimates of core damage based on predicted radionuclide concentrations.
Methodology for this step is orovided by letter of May 4, 1981, from

McGuire Nuclear Station, Docket No. 50-368.



“w

12.

13.

Past Puy Vel TE -

a3 oi. B4 nuvaes, athougn ddditeni
slum;. .3 cocurred at 3 hours 45 minutes.

All of the fuel rogs n the core burst, dunng an
approximately 30-minute (center bundle} to
40-minute (lowest power peripheral bundles)
period after the top of the core was uncovered
at cecths ranging from |4 feet (center bundie)
to 2 feat (peripheral hundle) from the top of the
fuel rods.
Temperatures at which liquefied fu~l (UO, dis-
solved in the zirconium metal-zirconium y
liquid eutectic at abcut 3500 to 3600F) could
be formed were caiculated to have first been
reached at 6 inches from the top of the fuel in
the fuel rods in the central fuel bundie about 33
minutes after the top of the core was un-
covered and were reached as low as 36 inches
from the top of the fuel. Such temperatures
were cz'culated to have been reached in the
peripheral bundles at a depth of about 14
inches from the top of the fuel in about 46
minutes after the core was uncovered and at a
depth of about 41 inches in 57 minutes.

The peak emperatures caliculated for the fuel
rodsrmuqedhmnﬂ?ﬁmmszmmutu
for the highest powergd bundle to a maximum
of 4412°F for a medium powered bundle at S8
minutes to about 4358F for a lower powered
peripheral bundle at about 78 mmutes.

The amount of hydrogen formed by oxidation of

The major releases of hydrogen to the contain-
ment occurred before 4 hours accident time
and during the lcng depressurization around 8
hours. No significant amount of hydrogen was
produced after about 4 hours.

The minimum water level occurring in the core
up to 3 hours is estimated to have been 4= %
ft from the bottom of the fuel in the fuel rods on
the basis of the amount of hydrogen produced,
the amount of radioactivity released, the time at
which significant levels of radicactivity were

‘detected, and the structural damage estimated
" in the core.

The total amount of Zircaloy oxidized is caicu-
lated to be not less than 16400 pounds and
may have been as high as 18 700 pounds; ie.,
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4. The gamaza in t.. cg'¢ ¢ - ~3s lrom the top
downward at lezst 7 ‘=>* ~~d probably 8 feet,
over mest of the ccra . ~3 consists of oxygen
embrittied Zircaioy c'223 ng 1o0-ed by a ted of
debris that probably ccnosis of fuel peliet frag-
ments, partially disscived fuel pellets, shells of
Zircaloy oxide, and segments of embrittied Zir-
caloy clacding with outer skins of Zircaloy ox-
ide, all glued together with fiquefied fuel into a
relatively tight and compact mass extending
entirely across the core from wall to wall and
. penetrated by only a few vertical passageways,
at most. In acdition, fingers of liquefied fuel ex-
tend downward from the debrs bed in several
continuous subchannels between fuel rocs, en-
compassing the neightoring fuel rods, to a
depth of about | foot above the bettom of the
fuel stack n *he fuel rods. Not less than 32%
of the fuel assemblies have such fingers of
inuefied ‘usl.

¢. Core Dzmage Estimates from Fission
Product Release

At shutdown the reactor core contzined fission
products, activation produc's, and actinices. Some
of these, notably krypton and xenon, are gaseous
and can diffuse through the fuel pellet to ccliect in
the gap between the fuel and the cladding. o a
iesser extent, the halogens (icdine and bromine) can
also diffuse into ‘he fuel-clad gap. Any perforation
of the cladding can release these fission products
into the reactor coolant

If the fuel temperatures are higher than operating
temperatures, but wall below meiting, other radicac-
tive materials are volatiized and can aiffuse out
Also, diffusion of the noble gases and halogens in-
creases so that a larger fraction of these can be
released. The release of cesium is quite vanable
and could be caused by compound formation. Se-
cause of this variabiity and what is now <nown
about cesium, it is not possible to determine pre-
cisely the temperature at which a reascnably large
fraction of the cesium would be released; however,
it is believed temperatures wouid not be lower than
1300°C (2370°F).'87188

At higher temperatures that cause the liquefac-
tion or melting of fuel, some fraction of cther fission
products such as tellurium can be releasec. Data

reported show that the escape of tellunum depends -

on many factors other than temperature.’®® Under
oxidizing conditions some ruthenmum may be




released t2‘zre meltng la genaercl riiner luge
fractions <’ both telurium and nirsoum are
released n melting; but urdir somo cuinditions,
these materals can also be released tefore melL
The presence of ruthenium and teflurium does not
provottmmﬂhumnd.butﬂnabwmof
muacoodindcatothmnhunotm
\ore recent experimental work, 873 while tending
toconkmprmdlh.hanotnsowoddm
questicns regarding conditions—especially tem-
perature conditions—under which fission products
wouid be released. )

Many of the fission products and most of the
actinides occur as refractory oxides and are

elevated temperatures. However, if dama¢ad fuel
Mmmmdﬂnmnm
radoncﬂwmwidwbtluch‘dout. T.4s pro-
cess is siow and only small fractions of these
matmwm&mymmmmywm
The !onqordarmqedfmlishcomactwimmw.
the mere materials are released.

Categones of Fission Procuct Releases and Their
Relation to TMI-2 _

Fission products and actinides can be divided
morypicalrchaegrows.basodmu‘wmm
which they are volatilized. One such grouping (from
Ref. 191) is in order of decreasing volatility. !

Ncble gases (Kr, Xe)
Halogens (1, Br)

Alkali metals (Cs, Rb)

Tellurium (Te)

Alkaline earths (S, Ba)

Neble metals (Ru, Rh, Pd, Mo, Tc)
Rare earths and actinides
Refractory oxides of Zr and Nb

The fraction of gaseous and volatile fission pro-
ducts released depends on the temperature and the
size of the fuel fragments. If the temperature is high
or if the fuel is highly fragmented, nearty complete
releascof:hcvolaﬁhmt«ialscmboaamnd.

Undermoomdimmthmbnnahhted
for the accident at TMI-2,®® nearly complete
rehaaofgrwpslandlmboasmodfrmal
wmatmsv«dydamg.d.ptssomadd-
tional fraction from fuel rods whose cladding was
pedomedwm'mtdamagetomm This addi-
tionalamomt!mnpedoratedwocmwiscm
aged ruds is. probably partly balanced by the
amount not released from severery damaged fuel

Amaiorfracﬁonofgrwpmmdamuchsmaner
fracﬁoncfgfmwcwdhavebeenreieasod(rom
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the most sauvare'y ¢ .mac.d fuel Smal fractsrs.
approximatel; 107, ¢ less, coud have been
released from perforated but otherw.ise undamagad
rods. but this cannct t2 well estimated.

Leaching from Irradiated Fuel

Very small fractions of the remaining grougs may
have been released from the very hottest fuel. The
principal mechanism for release of these refractory
materials is probably leaching. Leaching from radi-
ated UO, has not been studied. Howev-
er, the work of Katayama %™ and of Forsyth ana
Exiund™* has shown that the leaching rates are
slow, comparable to those from giass. Quantitative
data, especially for the temperatures and conditions
cisﬁmi\mz.mtoosauubrarmw-
culation of the rate of leaching, especially when one
mmmcondiﬁonmmodmcedm|s
completely unknown.

An adcditional comglicaticn is presented because
the effective surface area cf irradiated fuel present-
ed to the water is aimost impcssible 1o estimaie be-
cause of cracking and porosity. The mcst that can
be done with the availatie data 's to form an ‘ecu-
cated guess® as to whether the fuel appears to e
mainly in the form of very ‘arge pieces Cr in tha form
of very fine fragments. Without additicnal data it is
not possitle o estimate the actual size distribution
of the fragments. However, a small fraction of the
most refractory. material can be expected to have
found its way into the reactor coclant. An approxi-
mate leaching calculation is presented in Appendix
L7. On the basis of this approximate calculation, it
is possitle to state, with very low confidence, that a
large fraction of the fuel can presently be fragment-
ed and that the size of the fragments 's more likely
to be a few millimeters than dustliike. A similar cai-
culation has been carried out by Powers. ™ His
conclusions, aithcugh not icentical with these, indi-
cate that the observed activity may have been
caused either by leaching from large-sized frag-
ments or by distribuion of particle sizes no more
than a few percent smaller than 2 milimeters n ci-
ameter and none smaller than 0.6 milimeter in diam-
eter.

Expected Disgersion of the Fission Prcducts from
the Reactor

Principal fuel damage probably started -efore 3
hours after turtine uip. There was orobably only
minor damage before 2 hours. The calculated ‘otal
inventary @2 of fission procucts, activation products,



TABLE 1I1-56. Activity in rulo e 2 groups®
Group i Aclivity

| 297 x10°Ci

" aa7x10%°Ci

" 4.6x 10’ Ci

v 1.61 x 10° Ci

v 2185x10°Ci

vi 6.34 x 10°Ci

il 269 x 10°Cl

vin 480 x10°Ci
Total 5.11 x 10 ci**

*4 few elements of iow lotal activity, notably Fe, Cu.
As. and Sb, have Deen arbilrarnly iocated on the basis ol

neiting point
**Tolal does not quite agree with caiculaied total
act vily necause of rounding.

and actinides ‘s given in Table I-£6 for 2 hours after

A detalled discussion of the fission product-
reteasopathwaysbcqinit\&cﬁmtladﬂisn-
port where a short summary is included, Radicac-
vive material released to the reactor coclant may
have been partially flushed to the containment
through the open PORV (RC-R2). Some of the ma-
teﬂdmhmbommmdtoﬂneonwpﬁ-
ammoonwmﬁonmmwn
the auxiliary building. However, the coclant may
mmtmdw-mnofucﬁmdmtotd
acﬁvwat:histimc:itishigﬂyimprobabbﬂﬂtasio-
mﬁcamtracﬁonofmecoohntwasre!emdbcfon
the reactor building sump pumps were shutcown.
There is an unsubstantiated possibility™®® that more
wat-rleakedtothom:iawb\ﬂdinqaﬁup\mo
shutdown. This leakage would have termnated
when the reactor building was isolated after 3 hours
56 minutes.

Most of the material flushed out of the RCS prob-
ablyrunaimdmthoromw Some addi-
ﬁondmateﬂdmyhanvdatﬁzndfrommen-km
ank. Aside from these losses, which are not ex-
pectedtobeverylargc.esﬁmatadthﬂotdacﬂvi—
wmwmw!udanmmuymm
the reactor building air and water samp'es, the reac-
tor coolant, and the auxiliary budding tanks.

Iodimisquituvo&atib.anditmaybosmpoud
thatasigdﬁcmlfractionisfomdinﬂnu". Howev-

. ———— ——— — - i

e-, the very high sC'.C .., 2 in water and the
sirong tendency of atma7Z’ "< iodine to plate out
on surface quickly reduces tne amount of iodine in
the air. Cesium, less volatile, is not expected 1o be
present in the arr in a sign.fzant quantity. On the
other hand, the sclubiiity of xenon and krypton is
very low; these gases will be found almost entirely
in the air.

Toumnarizo.nwfycompbumhmofnom
mm.wmmnmwubu-
pocbd.milthotemp«aturoisbcbwhm
point. Significant releases of tellurium, ruthenium,
MumrthMwimaWHh
temperature approaches the melting point. Most of
mmcuuwilbofmmdhair.mdnmtdh
other fission products will be found in water.

Distribution of Fission Products at the TMI Site

Analyses of sampies of containment air, reacior
coolant water, and auxillary puilding ‘ank water are
summarized in Ref. 197. Reac'cr ceclant analyses
show between 7% and 'S% of tre calcuiated ‘nven-
tory of iodine and cesium sotcpes to be in the
coolant. If these measurements are corrected for
dilution by water from the borated water storage
tank, the fractions wil be a factor of 3 nigher. -
Resuits for refractory materials show great vanation.
AwnplotakenonApanwasanalyzedbyfourla-
boratories. There was a large vanation frem 'abora-
tory to laboratory, indicating low conficence n the
results. Analyses of krypton and xenon isotopes n
<he containment atmosghere aiso shcwed consicer-
able variation. However, based on the most abun-
dant isotopes (25Kr and *2Xa), there seemed to be
29% to 62% of the core inventory of noble gases in
the containment air. Cnly 2% to 3% of the ocine
and cesium was found in the auxiliary building tanks.

On August 28, 1979, a hole was drilled into the
reactor building and sampies of sump water were
removed. Anaiyses of these samples showed 22%
to 48% of the core inventory of iocine and cesium to
be in the reacter building sump water.®® |n addition
toiodnoandceshmmsmallammtsofau. y i oA
ND, Sb, La, and Ag were found As expected, little
9g, was found. At most, the amounts correspond-
ed to a few millionths of the core inventory. About
0.02% of the core inventory of e was found.

All of these sample analyses were corrected for
decay of the radionuciides to the time of analysis.
This correction process is certainly more accurate
than the analyses ‘hemseives; ie. the accuracy of
the estimates does not depend on the accuracy of
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of the rc o2 ¢l wClatiles. \
Findings

From thcse resuits, one can cautiously conclude
that betecn 40% and 60% of the core inventory of
release groups |-l was released to the coolant; that
only a small fraction of group IV was released; and
that only minute amounts of the remaining groups
were released. The amount of refractory isotopes
reieased is consistent with leaching (see Appendix
7). .

These data tend to confim other analyses of
core damage. The data on radicactivity released
are oo sparse and variable for a precise conclusion
to be made on the amount of core damage; howev-
er, the fcllowing conclusions appear to be support-
ed

1. About 50% of ‘e reactor core was damaged suf-
ficiently to release the most vclatile fission pro-
ducts.

2 The low fractons of tellurium, ruthenium, and
strontium indicate that no significant gquantity of
fuel reached the meiting point of UO-‘. (S2C0°F).

3. The amount of refractory isotopes in the reactor
coolant is consistent with leaching.

the ¢
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d. Hydrecgen Production, Removal, and Hazard

Intreduction

One of the surprises of TMI-2 was the formation
dWmntsolhyaogmmvnrucﬁonof

el 3 5 *v* €l03m genarai-
23 by the BC .05« ~ ; caztion several &s-
pects of the hydregcn srotism” are discussec.
The foillowing subjects arc iraatzd in this section:

1. hycdregen procuction,

2. hydrogen accounting,

3. calculation of bubb'2 si™=.

4. removal of the hydrcg21 bubble, and
S. the hazard from the hydragen bubble.

Hydrogen Production

Two possible sources of hydroger, are con-
sicered: metal-water reactions and radiolysis. Oth-
er conceivable sources inciude oxidation of UO,
which has not been investigated. The production of
hydrogen frcm metal-water reactions is known to
have been large; therefore any hycrogen from other
mechanisms is expected 'o be small in comparnscn.
Raciclysis is not expected to procduce large
amounts of hycrogen. 1t is investigated because the
pessibility of oxygen preducticn was consicered at
the time cf ‘he accicent. f oxygen had been
released, the hydrogen that was tragged in the
reactor coclant system cculd have teccme flamm-
able.

Metal-Water Reaction

Many-metals are oxidized by water. Tne reaction
is very slow at low temgeratures for most metals.
Both steei and zirconum ara oxidized at an increas-
ing rate as the temperature rises. The oxidation of
zirconium, the major constituent of the cladding, cc-

TABLE 11-57. Total volatile isctopes released from core

Released Isotope (fraction of core inventory) 4/?\\ jaz f;-g’\ \
To e mlz‘;‘%- 5 T7cs es \KJ®‘ <r
Environment 0.01' -? - -
RB Atmosphere 0.46° - - - X
RB Water - o022 0.48* 038 =R
RC Water - 014 0.12* . oca* X
Aux. Bldg. Tanks - 0.03 0.03 0.02
Totals 0.46 0.39 0.63 0.44
'See Rel. 199

2nashes indicate low values (generally less than 1%}

3801: estimate from data in Rel. 197
Average of observations.
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Dure PoweEr CoMPANY
Powza Brriomvo
422 Sovrn Caumca Strrer, Cmamiorrz N C. 28242

WILLIAM Q. SanuER,  n,

ner Pagsioent

Srtam PegoucTion m’ ‘t 1981 .‘u-.e..‘J:‘JS:O,:;

Mr. Harold R. Denton, Directcr
0ffice of Nuclear Reactor Regulation
U.S. Nuclesr Regulatory Commission
Washingtom, D. C. 20535

Artention: Ms. E. Adensam, Chief
Licensing Braach No. &

Re: McGuire Nuclear Station
Docket Nos. 30=36%, 30-3i/0

Dear Mr. Denton:

tstizacze of Fail

Attached are ten ccpies of McGuire procedure, AP/C/A/3300,
Tuel 3ased on I-131 Concearration". This is cne of the izplemeatiag pro-
cedures for the McGuire Emergency Plan and as such should be iacluded wita
the other izplementing procedures previously submitted on Tebruary 13, 1981.

3y copy of this letter, three caﬁics of this implementing procedure are beiag
provided to NRC, Regiom II. N

Very truly yours,

bitilleioe. & %/74575\

william O. Parker, Jr.

GAC:pw

Attachment

cc: M. J. Graham (w/o attach.) Mr. J. P. 0'Reilly, Direczor (w/3 cys.)
Residenc Inspector U.S. Nuclear Regulatory Commissica
McGuire Nuclear Statiom Regon IZ

101 Marietca Street, Suice 3100
Atlanota, Georgia 30303
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SATEZZY EVALUATION - PART A
The item to which this evaluation is applicable represencs:

Yes §e X A change to the statisn or procedures as descoibed 4= cthe TSASF
O & tesSt or experi € 20t descrided in the FTSAR?

IZ the ansver to the above is "Tes", aszach a dezailed Zescripcica cf the it
being evaluacted and an {demsificacion of the affeczed secsicn(s) cf =he FSAR.

SATEIT EZVALUATION - PART 3

Vas Ne X Will chis fzem require a chamge I> the stazicm Techmizal
Specificacions?

=% :he ansver ©o the above is "ves," identily the stecifizazicu(s) affecsad
and/or asttachk the applicable pages(s) with the change(s) i=dicaced.

SATTTY IVALTATION - 42T C

As 3 Tesuls of the i3a3 %5 whizh this ev. Luatioz is applicable:

Tes Noe X Wil che probabilisy of ac accidezt previcusly evaluacsed
i3 the FSAR be izcreased?

Tes So X Till the couseguenmces 2f 23 accide=m: Frevizusly evaluazed
in the TSAR be ‘ncreased?

Tes Noe X May che possililizy of az acsidem: vhich is diffgre=ntc
thas any alceady evaluacted iz the TSAR de creazed?

Yes No X wWil. the probabilicy of s =allmesion ¢f esuizmens
izporsant to safecy previsusly evaluacted i= the TSA2
be increased?

Tes No X @411 zhe cousegquences o0f a2 =a’ lwmciicn of esuirment
izporsant to safesy srevicusly evaluated iz the TSAR
be increased?

Tes Noe X May the possibdiliszy of =alfumczion of equirme=t
impeortant to safecy different tham any alrsady evaluaced
i3 zhe TSAR be created?

Yes No X Will che mazgin of safecy as defined i= the bdases o any

Technical Scecificaticn “e reduced?

If zhe answer =0 aay of the prececing is "Tes", an umrevieved safacy
questisn is izvolved. Jusgsify che comelusica tRAT 2= =reviewed salaty
questicn is or is ot izvolved. Altack addizicz=al rages s tecessary.

AR 37 Micheel Sl O DATZ: el ala
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AP/0/a/5300/33

DUKE P0°ZR CODANT
MeGUIRE NUCLIAR STATION
ESTDATE OF FTAILID FUEL BASED ON I-131 CONCINTRATIION o =

\

fapeoes i
1.1 1DF-i8 reaccor coclant radiatios =oniior has alarmed. ‘

1.2 120-18 reactor coolant fil:zer 1A radiactios me=izor has alarsed. |

1.3 1DM-19 reactor coolass filser 13 radisticn scmiter has alataed. ‘

1.4 Any plant condition i3 vhish che cperator vould suspect falled |

fual or vant an estimace of the amount of falled fuel. ‘

2.0 I=smediace Accion B, -0
\

|

5 1 Autcmatic

Nene

ces Masual

2.2.5 Cheais 3 chemisssy sa=3lse 3¢ 2he TaasssT csc.a=t i evder 8
decermize e I-131 comcemsrasizs of :le cocla=:.

o P4 Czzce zhe I-13l csmcgtsratics 45 <mowe for the TeasiaT coclast i
dezarmize whizh of the fallowing faur casas Ses:t dascriles |
she prese=: fuel condicions. !

NI A. The mumiers sbzaized 5y using this sTscadura ate it _

besc, estizactas o=ly.

3. all formuias quotad acse based upes ecuililrvium Iull
pover caTe iocdize. I fuel damage is suspecied T2 Zave
sesusTed duviag cizes of reduced zowar or ear ile izs s3I
significa=: pover chamge, tle cove lodize lovealsTy
SustT be ccmpeasazed acacriiagly Sy usizg Izclosure S.l.
Tuis i3 tze correcsiom faczar Y.

c. ALl values givez are scrmalized s velu=es ¢f csolamt
at =oT=al TeacIST 3CLant SYSIET sressuTe ind tesvera-
cure. 10 cor=ecs fsr cther NC syste= temperatuTes oOT

-

ceduced NC sa=ple te=peracuses, use Izglosure 4.1, T

is che correczion facsar X.
121

D. Toe decay of “." s2 I-131 has bea= zeglaztac ais

iagig=ificant i3 this a=alysis.



e
E. i0dine spiking mey ocsus

significant powver chazge.
Westinghouse plaznts has s
spiking process has beez

a peziod of 1
dowvn., BHowvever, the spike
peziod from 4 to 8 houss

afzer a shustdowa or

Dacs from other : - %
hown tZat the iodize
observed to occsur duriag

to 3 days aftes tie change ot shus-

see=s TO peak during the
aZzar the.change. I-131

concencrations cas iscrease by a faccor of 2 co

25 above the equilisrsizm
although az iacrease cver
and would only
5y a facsor of 2

be seex a3
t2 3 are
Pover decrease
2LSL224TPTES chis tempeTe
42 there i3 20 othar evid
evidazss =% fuel
:.;d.ca"-a ¢f {=acecuace
ingigazian,
F. I2 estizacas for fuel
eondizicas otlier
cases descrided below, or

.b.n .h°

failuce data is zeeded, s
Procecuse.

G. The f2allowizg fous cases
core comdizisns. Choosae
existiag conditicas.

g. Chexziscry samples should

is suspec:ed.
Case I - Nort=al Cpesaczion
2.2.3.1 The csndisions wikich

(i.e., 1003

éa=age ca= de ss=s3itusad

levels dusing these times,
20 {s ususual

Izzreases

s fagsar of

a sig=ifizazc

2o 50% pover). Do =8t

=v cha=ge fsv Iuel falluse
ezce of fuel dazzage. Other
3y &=
lsose zazs

(-3 es

-.-‘.

kigh ‘zeaTs thar=oeccsuple imdlzacsiss, ess.

£ailure ave needed far fuel

se ccvered 3y tha four

i% =pTe acsurate Suel

ae Secciss 2.2.7 o2 shis

csver i ver? voaé Ta=ge o°

chg o028 t2at Sest suiss ks

be tixe= as soot as camage

serzaiz =5 Case T - lNormal

operatiss are as Iallovs:

"

8T shugtésvn wish 20 T=usual

prisr o skhuzdcwm.

e2e321.1 Notmal TeaaczoT

cpeTasion at aay Pover

:-::i::-."'s

adaguacsa coTe csoli=

=as Seezt =a:-=caic-ed.
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2.2.3.2 12 the accve best descrides :the cove condizions,
use the fsllowizg formulas to calculace the racge
of falled fual values. Zvaluats soToeccicn faciocTs
X and Y by usiag Eaclosures 4.1 azd 4.2,
2.2.3.2.1 (Mesasuved I-131 comceazrasicm uCI/=l
+3.5x20 0 ucT/al) - X - Y
= Number of failed pizs (Max. expected axzd
best (stizate)
2.2.3.2.2 (Msasuz+d I-131 coacemsrazics :CIl/al
+4.9%22070 uCT/al) + X . Y
» Number of failed rins (Miz. expec:ad)

9 .12
-

ca.d (Maasused I-131 cozcassrasiss ull/ml
¢ 1.8:CC/al) <X %

= Jercen: failed fuel (Max. azpecczed and

. |
-

Sest eszizace)
2:2:.3.2.6 (Maasuzsed I-1]) camcascTacsisa LoT/al

# 2.5u2C3/ak) » X+ 2%
s _Pgreens_3ailed fuel (Miz. expecced)

NOTE: Typical valuas for I-13] comcemcoacica 4= uCi/= for
a =or=ally operaciag plasc are betveez 1.0 2 107 224
2

4.0 x 107° uCT/al. These values ace tasad o= t-a reacss:
coolaas I-131 acctivisies experienzad Hv 2he Iio2 az=d Trocas
Plazcs.

Casa II - Macroscopiz Cad Damage
2e2.6.3 Tha coudisions which ser=aizs 3 Case 2. -
Maczoscopic clad da=age ave as Isllcws:
2.2.4.1.1 Sorzal zasctor 0peTasisn it A=y Pcwes,
ez shutdcwn wharve scme =esza=-z23. 21ad
2adlure (L.8., & louss 3ar: =oaissee
izdicacion) or a flov induced failcce is
suspectad. The coTe 23S idecuate csoling
and 20 sigaifican: fual svertezperacuce

is cbsarvred.



2.2.3.2 If ihe above Sest describes the coTe condiiloss,
use the follovisg for=ulas to calculate the rTange
of failad fuel values. Zvaluacta corvection facters
X azd ¥ by usizg Zaclosuss 4.1 a=d 4.2,
2.2.4.2.1 (Maasuzed I-l3l csmceasratios uCl/=l
+5.85220"%ycz/al) - X - ¥
» Nomber of failed pizs (Max. expected)
2.2.4.2.2 (Measured I-131 cocacezstratisa ull/aml
+16.5 2072 uc/al) + X - ¥
* Sumber of failec zizs (Zes: estizaca)
2.2.4.2.3 (Maasured I-131 csace=irTasisa .CiI/=2l
+27.6 220" uc2/al) + X - Y
o Number ¢f failed pizs (Miz., expecsed)
2.2.4.2.4 (Measuzed I-131 comce=sTasisz :Cl/=l
*$27.8:3C/al) 8+ ¥

w Perce=ns failed fuel Max. ewpectad)
2.2.4.2.5. Maasuzed I-131 csagamsTatiss ull/al
¢ 83.7uC2/al) - X2+ ¥
= Pgrze=: fiiled fuel (3est estizace)
2.8.4.2.6 (Maasuzad I-131 coocazzzatlon LCT/=l
*39.33€CC/al) - X - 2%
' = Zercens failed fuel (Miz. exvected)
223 Cise 11T - Severs Tuel Overzexzperatucse
2.2.5.1 The csmdicicas whizk derzaliz s Case 122 =
Severs Tuel Overtemperictuse aTe as Iz lows!
2.2.5.2.1 DT cvpe acside=s wheTs tZate S3s Deex
as abeorT=al shucsdowm azd LI is suspected
thaz zhe fuel has bee= at least cazIially
umeaveres ST 2 sesiss :F tizs Teacter has
a Sav =2=uczes. Veidizg iz :2e cSre i3
dezeczad >y 2igh izcsTe tharm=ocsuple Teadizgs
and loss 9f =3=gi= =0 saturaziss. Tuel
elad oxiiaciocn is decacted Ty excass
bydsogen i3 the csmtaizmen: o 3
se3c%0T zoClanT sample; novever, 20 fuel

=elzing is suspecssed.
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2.2.5.2 1% zie above best descrilbes the core scmdilloss,

use the followi=zg for=ulas o calsulase the Tange
of failed fuel values. Zvaluacte corvectios factoTs
X and Y by using Zzclosusves 4.1 and 4.2,
2.2.5.2.1 (Measured I-131 comcex=gratiss ull/al

¢ 2.6uCl/al) X ¥

e Nusber of failed pizs (Max., expested)
2.2.5.2.2 (Measured I-131 ssocemstratisa ull/=l

# 2.9uCl/al) + 2+ ¥

= NSumber of failed pins (Sest estizace)
2.2.5.2.3 (Measuszed I-131 conceazrasics ull/=l

¢ 3.2uCT/al) * X - ¥

e Number ¢f f3iled pins (Miz. expes

eg)
2.2.5.2.4 (Mazsused T-.l sszsa=sTatiscs 4Cl/=l
’1'¢5 C‘/-ﬂ) .x. !
= Serzes: fzilez fuel (Max. expes:ced)
2.2.5.2.5 (Measused I-131 sszce=zvasiss uCI/=l
w333 uCe/al) - % - ¥
i = Zerse=: fiilad fuel (3es: eszizace)
2.2.5.2.6 (Measuzeg I-13l1 comeemsracioz ull/z=l
* 1675 uCl/al) X2 - ¥
® Perzent failed fuel (M=, expestad)
Case IV = Fuel Malzizg

2.2.6.1 Tse condizicas which serzaiz o Case IV - Tuel

Malzizng, aze as I2llows: _

2.2.58.1.1 Severe acziie=: wheTe tlers 23S Seez it
abmorsmal saucsiowm and the core Is u=covered
2o & lomg pesiad 3£ 2ime. Iz23oTs ileT-
=o0csuTle TempeTiture Te3dings aTe acove
2300°7 f2- a leng pesiad of ctims.

asleing is sw  «ied (l.e., fuel la=perma-
s

sure exceey’ ¢ 17T aznd is verillied by
the i=: v nerats the izeste imsctTae

-

=
aenc3tiss systas FTSpesly.
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2.2.6.% £ :he above bes: describes the care condigions,
use the follcviag for=ulas to calculate the failed
fuel values. Evaluate corTecticn facszors X and ¥

by usiag Exclosuses 4.1 and 4.2.
2.2.6.2.1 (Msasused I-131 comce=cTasisz uCl/=l
¢ 5.2uCl/al) X - ¥
= Number of failed pi=s (3est estizace)
2.2.6.2.2 (Msasurzed I-131 comeceacTasios ulCl/=l
# 2790 uCT/=l) - X - ¥
® Persent of Zailed fuel (3est estizaca)
2.2.7 12 fuel ccadisions octher thax tlhose descrided ascve exiss, oF
£2 a2 =ove detailed failed fuel estinacion is desized for
eizheT emargency or 2WT=Al operactiss, CS2tact the appTorriace
westinghousse ecple Selow in the orvder listed unzil cazsac:
is =ade.
éedel.d IEmsrgenzy Plazs Coaditicas -~ Iasvgency Raspozse
Tea= Westiaghouse, 2iltsburgh, ‘ex=srivazia

-

. $¢2.7.3.2 Dizecz3e: Eask Ruppel 412/238=53612 verTk
e.2/366=8781 Zc= ‘
kel 1 1ol Dc:u-v Sizecsar: =03 Leks el2/238=3a0l Werk
$e2e7:3.3 u:zn_cz.‘. Suppors Mazages: 7Tom azdevsos
@l2/373=5766 Rozk; <12/327-3289 Zcze
2.2.7.1.46 Mazezials Dasiga: Wally Chubb +12/373=436e ez
2.2.7.2 Nor=al PMlans Condisisas
2.2.7.2.1 Souzies= Regional Mazzger - Stave oz3éss -
404/885-3500, Werk
2.2.7.2.2 Westizghouse - Duka Iepresestaiive - Mlia
Mller = 422/373-2160, Wark
* 2.2.7.2.3 Macsezials Desigs - Wally CSush - 422/373=e36e,
wark
3.0 Subsecuent ictions
3.1 Tollow up as aecessary 'J".:‘!': westizghouse - ?iztsburzi, Jez=sylvazia

depending on the pla=c situasion.




4.0

I=zlosures

age

4.1 Deasity Correciiom Facsor, X, for NC Tecperazurs Changes

4.2 Iodize 131 Iavemtery CosTection Factar, ¥, far reduced pover
cperation or for tizmes of pover change

4.3 Zxamples
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AP/0/A/33500/33
faclosure 4.1
Dezsicy Corsecsion Tacser, X, for NC Tempecsaturse Changes

Tizd cthe appropriacs NC System te=peractuce at the tize of accidens. Tiad
=he approxi=ate Cemperazure at which cthe NC samplas are takea. The
iazessection of both mumbers is che deasity corTection facsor, X.

NOTE: Nort=al NC System sample temperature is approxizactaly 90°7. Use
this cexperatuce 4if oo octher infst=stion is avallable.

NCS “w=ple Tezpesacuce oy
| s , so | w00 |
3 8
100 - 396 | .998 3
150 .983 | .98S .87
: 200 - -366 } .968 .370
- 250 965 | 947 .| 949
g: 300 922 .§23 926
-2 350 .89 .895% .397
g3 400 862 | .86 | .3z |
§.§ 430 827 ! .828 ' .330 |
23 500 787 .88 | .70 |
=3 530 .739 .740 .76l
is 560 728 ,729 I
X 570 J17 718 L
: 530 .706 .708 .70
- 30 .693 .63 .6358
600 ' .680 .81 .83
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AP/0/A/5300/33
Eaclosuse 4.2
Iodine 131 Iavenzory Corrvectics, ¥, Zez Reduced
Pover Operacios or for Tizes of Pcver Chazge

dsuatise 1

Te cortTect for core lodiae Izvencory if fuel damage is suspected I3 have
cccusTed duriang times of azy pover level except 0 where t2e pover level
has 20t chasged greater thanm +103 wicthiz cthe last 22 days, use tle followiz
eguatiss.

?e 2 100
s « Full Power at tizme of Iziluce

vhere ¥ is the correciioe facsor =o be usaed iz Secctizz o.0C.
damage is suspeczed. Thersicre:

- ig-f - 2.36

tTect £oT core iodize i2 fuel dazage is suspected o zave cscusTed al
otaer chan f£4i: Situaciocn 1 above, use the 33llowizg eguasica.

o
]

=00

q‘ : 3 - - s - - -
1) + zew pcver Level i= S (l-e I7)

eld powver lavel i= 3 (e

where:

4
]

gorrecsion faccar to be used <= Seczicz 2.0

sié sowar lavel = % = sthe T full pover belsrs tle pover ckaznge
sev pover level iz S = che S full pover after the cower sizmge it wiIel

cize czhe fuel failurs has sccusTed

“: = s cthe decay ccustan: for :'31 which equals .0864 day -
s @ ig =he mediis zime =3 =ake a power chanmge zlus tie tie alter IZa jover
s2ange meil damage is suspecsed o Rave oczurTed, 2 days.
Txa=ple: £ iz toeck 2 Zouss 2 =ake a pcver change 3 lasage vas suscectes
10 bhours after the fover chazge. ¢
’
i

..

« 0 = 0 hours

-
5 »

- - - - - — —— - = >

Examzle: The plant has bdees a2 333 S:ll sowver Sor the last 20 davs whes fual
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A2/0/47/8300/33
Eaclosure 4.3
Exa=ples

a. Pover level has been decreased from 855 zo 50%.

5. This power change sook four hours and occurTed besweex 1220 and 1680.
T at 3503 is 570
ave
€. AL 1800 a3 loose pacs zomiszsr ala 1 goes off indiszatizg a lcose odbjes:
I3 =he coTe. The TeactoT is 20t tripped.

éd. 4 QemiscTy tazn is i=medisc c.y i.saa’-~ o cake a sa=ple NC Sys:te=
as failed fuel is suspected.

-~

e, Coemissry sa=ple iadicaczes I-1l1 comce=sracz.sa s 10.0C oCl/=l.

Pazz Decar=ize the Sest esti=zcte 3¢ the zumber 0f fai_ed izs.
2T 2 seter=:ize =:e Sest eszi=ace of perzez: failed Zuel.

T=is is Case IZ, Step 2.2.4
Use equatiom 2.2.4.2.2 Sor Paz: 1l

Use egquacion 2.2.4.2.3 f3r Pass 2

| Measuzes I-1231 cnm:t:::::‘.s" .-.-._L\ -

2azzT L. e T @ Numser of 22:iled iz
. 16.5 2 10 ‘uCI/:.L »
& = 5 ol 2
Dezer=ize ¥X: ZIZaclosuce 4.1 ATC is $70°F at 3CS.

Assumg NCS Sa=sle Tempesazucse Is SO

- -
-
-

Thereiore, I =

Jecer=ize ¥: ZIZaclosuce 4.2
A. = .0864 day - ,
-
t e (4) = (2) = & hours

2
iese=ses, © is the =eciis time Ic =ake a power ciazge >lus Ile Iilferance teth aex
the Tize whem the Zamage is suspected amd che cime zhe zev scwer _avel is Tssached.

i 1 dav o
i3Ts s = 4L 20uss X = A éavs

(8]

cogvers = ¢t



"
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AP/0/a/33500/33
Exclosure 4.3

Exazples

-ls % § -l H M
.3.-L(.oau day " (.267 dan)| | o [l_. -((.oasa day ") (.167 uy)_fJ

100 .
T30.9857) + 0 (oS L83

A0SCHEL . (718) (1.182) = 51.5 =32 failed pias ssves
16.5 x 107 ucz/al
Maasuced I-i31 Coacesszaciss uCl/=l LT e = f3ites 4y
83.7 uCl/=al et e n S
10 uC2/=1 . . ¥

- . - - ® 2.4 : S : - -
m (.738) (1.183) O.15 Sailed Sual Answer
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AP?/Q/A/5300/33
Zaclosurze 4.3
Examples

7he reac:or has just tTipped instancly from 10CT powver due 0 a
:;alfunceioning iastmmens. Therc were 2o cmusual comdilions PTiaT
to the t=ip.

:sz is aow $57°7 az O pover.

The cpersaserT, while having 30 rTeascz o suspess falled fuel, I3
surious about the a=cunt of failed fuel prese=: 2ow fcllowizg =2
RIS

A Chamiscrv zeam is se=z 20 taks a3 NC sa=ple 12 houss afzer

the tTip.

The ThamiscTy sas=ple gives a2 I-131 ssacsacsractics 22 2.0 zx 0 e s
(a4 c¥pizal value S5 # soT=ally operasizg plans. See Nese =des

Case I, Scap 2.2.342.)
CaemiscTy pessce=el also indicace that NC-samplae zesmseracsuse Is 10077,
mes 1. Decter=ine the =aximu= expecsed mumbes of falled Itel rizs.

Pazs 22, Setas=ine the =aximum expectad perzexnt faiilled fuel = tle coTe.

es is Cann T, St®p 2.2.3

Tse equasiza 2.2.3.2.) for Pazs 2
Use eguatiss 2.2.3.2.3 for Pazrt 2

u

Mgasyred I-13l comcenzwasisa ull/=l

g + X+ T » Yemhar of Jalled pizs
3.3z 10 ° uCl/al

o 2

Dezar=ize X: :Zaclosure 4.1 SC Te=peractuce is 327 st CS

NC sacsple zemperacuce Is 100

Taezefzre, X 2,732
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Ezclosure 4.3
Exazples

Dezar=ize ¥: Eaclosurse 4.2

Sizuation 2: t = 12 bours H%—%:%-.s days
Te - J’oc -y o
100 ~1(-0864) (.5)] | QE"' - ((.cs64) (.53 |
e -
T e 1.064

.NOTE: 12t = 0 or a sample was cakan ‘=medisczely, ¥ = 1.0.

A
* A N B el %
PN 4 2.9 2 308 T sC:/al - v S .
43 o -3 - ¢ :. I.':‘) {-.3“) - L. -
3.3 2 10 "all/nl
— Measuzed I-131 Concestzacion uCT/3L | ¢ . v 4 % f3ited Fuel

1.8 uCl/al

2.0 = 10°% yez/ar

1.8ucCl/al

(.732)(1.044) = ,0085 = Zfailed Zual

The itove =umbers Tt indizacive of aortmal cyeractisa.

Acsver
NCTE: 1-i3l spikiang =ay be a rTotbles here. See Scep I.2.2, Nete I,
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A2/0/A/3500/33
E=closure 4.3 .
Examplas

Preble= 3

a. Powver level has beexn becween 50T and 653 for the last 30 dzvs acnd
is preseatly ac 602 az 18900.

B. T, is =575°F ac 60% pover.

8. I i3 desized 20 see &f any sigmificant failed fuel exists iz e
cSTe evexz tlough 20 abnoTmal ocsurTexnces 2ave takam placs.

d. At 2200 zhe same day, & chexiscry sa=ple i3 cakez 2f the NC sysctsm.
-
e. The chenissTy sa=pie izdicazes I-131 comcestrasiss is 3.5 x 10 ° uCl/=l.
dazs 1. Secetaine the best estinate 0f the umbar 9f failedl pizs.

Pass & Decar=ing zhe Yest estizmace of the S Zai_aed fuel.
Soluaticn

This is Case I, Scep 2.2.3 -
Use eguazicm 2.2.3.2.1 far Parz 1
Tse eguasios 2.2.3.2.3 for Parts 2

Measured I-131 Csacemzrasicas uCi/=1

Pase L.

* X « T & umbee 55 22iled Pizs

1.5% 10" ucz/al
Jeces=ize X: Z=2closusze 4.1 :AVG ig 575 T as 6C2 power

0
O

Assucs NC3 sa=sis *a=p. cf

Thereiorze I =.7.2

Secer=ine ¥: ZIZaclosure 4.2

Sizuation 1
100 »

TeS=e .67

L]



Page 6 o2 8§

AP/Q/A/3500/33
Eaclosuse 4.3
Examples
1.9 x 2074 ycz/ml
fazt i, = — e (.713)(1.87) = 13.27
3.5 210 7 uCl/ml ,
slé falled pi=s Ansver
Pass 5. Measuzed I-131 Comceszrasisn uCT/Sl | ¢ | v 4 % fa:tad Fual
l.3uC3/2d
1.9 21072 ycz/at
i - (.713)(2.67) = 3262 failed Zfuel Azsves

1.8 :CT/al

“we atcve aumbers aTe acceptadle for a zor=ally oCATAIilg Flast.
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AP/0/A/5300/33
E=closuse 4.3
Examples

Probles &

a. The unit has bee= at 972 pover for a mcath vhez a depressurizacion
of cthe NC systex cccsurs.

b. The reac:zor tTips.
(I Eeavy vibratiocn is ocbsaTved iz the NC pu=ps.
d. Ther=ccouple temperatuces cver 1000%7 aze imdizazed iz zhe cove.
6. 12 48 a=d 12T 13 tave goze 0ff.
£. Safecy Izjectisn was de_aved aad it :.‘s sus

secwees 30 and 60 =isuces 2efcrse suliiciex
was Tegalned.

"o

eczaz

3 20Te was umgsveses
eacsce

vessel wazar level

g hes izesTe Lastrumencatics sYsSem is st opetaila.

.-
P

3. The IC sample izdizates az I-i31l cozmsascracsion of 38C0 uCl/al.

i. & Chexmistry sazple s caken i=mediacaly (wizhis che housw) aftar =Sa
::1:0 ® )

Fazs 1. Detart=izne the zaxizum axpecsed aumber of falled izs.
Pars 2. Deczer=ize the =axim= expesczad T of falled fuel.

Saslreion

*ais is Case IIT, Step 2.2.3
~

Use equaczios 2.2.5.2.1 fSor Pazz 1l
Tse eguacsics 2.2.5.2.4 foz Pazt 2
Decerz=ize X: Zaclosure 4.1 NC Te=p. :LVG az O power is 337°7
it anSe
Assu=e Sa=ple te=perzczuce of 3077

Therveiore, X =.732

4

Jacar=ine

.‘
o
o

“

~4
¥
.
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AP/0/a/85300/32
Exclosure 4.3
Examoles

3800 uCl/=1
2.4 uCl/al

(.730) (1.93) = 1180.5

=1191 zumber falled pizs, =ax. expecied  Asswer

1800 uCT/=l
1285 ucT/al

(.730)(1.93) = 2.282 failed iuel, =2=. extected Answer



