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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 sampling criteria of NUREG-0737 is
preparation of procedures for relating radionuclide 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 my 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 inforinal guidance 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 primry purpose in pr;ebaring a orocedure for relating radionuclide
concentrations to core damage is to be able to provide a realistic estimate
of core damage. We are primrily interested 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 preparing a procedure for
estinting core damage but is not intended to provide ar. all inclusive plant
specific list.

The rationale for selecting specific radionuclides to perform " core
danage estimates from fission product release" is included in the Rogovin
Report (page 524 through 527, attached). Basically, the Rocovin Report
states that three major factors must be considered when attenoting to,

i

estimate core damage based on radionuclide cor.centrations.

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 cuantity
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 overheatino 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 released' came from the gap or fuel
overheating / melt.

In addition to the radionuclide measurements, other olant 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 orovidino
an estirrste of core damage the information available from all indications
should be factored into the final estimate (i.e. if the incore temerature
indicators show fuel overheat and the radionuclide concentrations indicate
no damage, then a recheck of both indications should be performed).

Consistent with the catptorization 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.

1. No fuel damage.

2. Cladding failures (<10%).

3. Intermediate cladding failures (10% - bb).

4. Major cladding failures (>50%).

5. Fuel pellet overheating (<10%)

6. Intennediate fuel pellet overheating (10% - 50%).

7. Major fuel pellet overheatino (>50%).

8. Fuel pellet melting (<10%).

9. Intermediate fuel pellet meltina (105 - 50%).

10. Itajor fuel pellet melting (>50%).

.
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Because core degradation will in all probability not take place unifomly,
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 detemination is to find which of the four major
categories is indicated (for illustrative purposes, only radionuclide
concentrations will be considered in the following example, but as indicated
above, the plant specific procedure should include input 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. Utilizing the iterative
process

First calculate the maximum fuel melted by arbitrarily attributinq all
activity to fuel melt (under these conditions, five to ten melted
bundles may be predicted). Therefore, the worst possible condition
is fuel pellet melting." , ,

Second , calculate the.niaximum fuel overheated, by arbitrarily attributing
all activity to fuel pellet overheating (under these conditions,
aujor fuel pellet overheating is predicted).

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

l
'

At this point is is obvious that major cladding damage is present and that a
large amount of fuel pellet overheating has occurred with the potential ;

for some minor fuel cellet meltina. l
1.

Fourth, check for the presence of radionuclides which are indicators of
fuel pellet melting and overheating. In this instance, obvious-

indicators of overheating will exist alono with trace indicators of
potential pellet melt.

Fifth, based on the radionuclide indicators of fuel cellet 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 cellet overheating,
plus the activity attributable to 100% gap release from the total
activity found. This will result in a negative number because the
contributions from overestimating cladding damage (100% versus 70%)
and fuel overheating (major versus intermediate will exceed the
activity contribution from one melted bundle.

,
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At this point, knowledceable judgment must be employed to establish the
best estimate of core camage. 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
melting. Based on knowledae of core temperature variations, it is
highly unlikely that 1005 cladding damage would exist without significant :
fuel melting. Also, some of the activity attributed to fuel pellet :

overheating must be associated with the amount of fuel pellet melting
which is indicated.. Therefore, the best estimate of fuel damage would

',

be that " intermediate fuel overheating had occurred, with ma,ior cladding
y damage and the possibility of minor fuel pellet meltino in one or two

e ! fuel bundles out of 150 fuel bundles."

The above example is obviously ideal and makes the major assumotions
that:

4

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

In actuality, at no time will all radionuclides be at equal concen-
trations in all fuel rods.' Because the time to reach equilibrium
fur each radionuclide is different, due to their hiohly variable

#production and ditferent decay rates. Some isotopes will aaproach
equilibrium quickly, while others never reach equilibrium. Therefore,
it is necessary to facton, in reactor power history when detemining
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
power history.

B. Eouilibrated samples are readily available from all samole locations
,

at the instant of samoling. Considering the large volumes of
liquid and vapor spaces that a leakage source migrates to and mixes!

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

C. Maximum core degradation occurred orior to initiation of samolino.
; Unless total cooling is lost, core degradation can be anticioated I

! to progress over a period of hours. Thus, there is not a given i

instant when samoling can be conducted with positive assurance that '

maximum degradation has occurred.
l

Considering that ideal conditions will not exist, then orocedure for
estimating core damage should be prepared in a manner that the effects
of variables such as time in core life and type of accident are accounted
for. Therefore, the procedure for estimating core damage should include
the determinat'on of both short and long lived gaseous and non-volatile'

radionuclides along with ratios for approoriate species. Each seoarate ,

radionuclide analyzed, along with predicted ratios of selected radionuclides 1

would be used to estimate core damage. This process will result in four i
'

separate estimates of core damage, (short and long-lived, gaseous and
non-volatile species) which can be weighed, based on power history, to
detemine the best estimate of core damage.

_
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The post-accident sampling system locations for liquid 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 of
these locations (reactor coolant, containment atmosphere, containment
sisips 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 damage can be obtained
by cosparing the total quantity and ratios of the radionuclides released
with the predetermined radionuclide concentrations and ratios which are
available in the core based on power 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 procedure for estimatino core
damage using measured radionuclide concentrations will probably rely
only on one or two sample locations during the initial phases of an
accident. The optimum radionuclides for estimating core damace will al::c,
in the short tem, be based on recent power history. When eouilibrium
conditions are established at all samole locations, radionuclide analysis
can be perfomed to obtain a better estimate of core damage. The soecific

4 radionuclides to be analyzed under equilibrium conditions may be different
than those initially anhlyzed because of initial abundances and

'

different decay rates.

The specific sample locations'to be used during the initial phases of an
accident should be selected based on the type of accident in proaress
(i.e. for a BWR, a small liquid line break in the primary containment
would release only small quantities of volatile species to the dry well.
Therefore, sampling the dry well first would not indicate the true macnitude
of core damage). For the same small break accident, if pressure is reduced
by venting safety valves to the suppression o001, then the suooression
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 samole locations, based on type of
accident, the procedure should include a list of primary samnie locations.
This list should include both a orime licuid and caseous location and state
the reasoning used to determine ' hat these locations are best. Aridi tionally,t

the procedure should address other plant indications which can be used to
verify that the sample locations selected are best for the specified
accident coadition.

Finally, the procedure should incorporate plant specific examples which
show estimates of core damage based on predicted radionuclide concentrations.

,

Methodology for this step is provided by letter of May 4,1981, from
McGuire Nuclear Station, Docket No. 50-369.

.
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stum;4 cccurred at 3 hours 45 minutes. ca:oy in t: e cc. .
7. All of the fuel rods in the core burst, dunng an 14. The cama;3 in :.. cc c cm -ds from the tcp

approximately 30-minute (center bundle) to downward at feast 7 feat, rad probably 8 feet,
40 minute (lowest power peripheral bundles) over mest of the c:re ..-d c~sists of oxygen
pened after the top of the core was uncovered embrittled Zircaioy c! add ng 1:o;ed by a ced of
at depths ranging from 1% feet (center bundle) debris that probcc!y cenists cf feel pc!Iet frag-
to 2 feat (peripheral bundle) from the top of the ments, partially dissc!<ed fuel pe!!ets, shells of
fuel rods. Zircaloy oxide, and segments of embrittled Zir-

8. Temperatures at which liquefied fwd (UO dis- caloy cladding with outer skins of Zircaloy ox-
2

solved in the zircorwum metal.-zircoruum dioxide ide, all glued together with liquefied fuel into a
liquid eutectic at about 3500 to 3600'F) could relatively tight and compact mass extending
be formed were calculated to have first been entirely across the core from well to waI and
reached at 6 inches from the top of the fuel in . penetrated by only a few vertical passageways,
the fuel rods in the central fuel bunde about 33 at most. In addition, fingers of liquefied fuel ex-
minutes after the top of the core was un- tend downward from the debris bed in several
covered and were reached as low as 36 inches continuous subchannels betweeti fuel rods, en-
frota the top of the fuel. Such temperatures compassing the neighbcring fuel rods, to a .

were cz'culated to have been reached in the depth of about I foot above the bottom of the
peripheral bundles at a depth of about 14 fuel stack :n the fuel rods. Not less thari 32%
inches from the top of the fuel in about 46 of the fuel assemblies have such fingers of
minutes after the core was uncovered and at a 'icuefied fuel.
depth of about 41 inches in 57 minutes.

9. The peak temperatures calculated for the fuel
rods ranged from 4370'F in about 52 minutes c. Core Dcmage Estimates from Fission
for the highest powergd bund's to a maximum Product Release
of 4412*F for a modum powered bundle at 58 .

minutes to about 4358'F for a lower powered At shutdown the reacter core contained fissicn
peripheral bundle at about 78 minutes. products, activation products, and actinides. Some

10. The amount of hydrogen formed by oxidation of of these, notably krypton and xenon, are gaseous
solid Zircaloy cladding dunng the temperature and can diffuse through the fuel pe!!et to cc!!ect in
excurse was calculated to be about 308 the gap between the fuel and the cladding. To a
pounds, and that formed from aR of the dam- iesser extent, the halogens (iodine and bromjne) can
aged Zircaloy, includng that contamed in the also diffuse into the fuel-c!ad gap. Any perforation
liquefied fuel present at 3 hours, was calculated of the c! adding can release these fission products
to be about 720 pounds. This is the mamum into the reactor coolant.
amount of hydrogen estimated to have been tf the fuel temperatures are higher than operating
formed. The maximum could be as high as 820 temperatures, but well below melting, other radioac-
pounds. tive materials are volatilized and can diffuse out.

11. The major releases of hydrogen to the contain- Also, diffusion of the noble gases and halogens in-
ment occurred before 4 hours accident time creases so that a larger fraction of these can be
and during the long depressunzation around 8 released. The release of cesium is quite variable
hours. No significant amount of hydrogen was and could be caused by compound formation. Se-
produced after about 4 hours. cause of this variability and what is now known

12. The mirumum water level occumng in the core about cesiurn, it is not possible to determine pre-'

up to 3 hours is estimated to have been 4 % cisely the temperature at which a reasonably large -

ft from the bottom of the fuelin the fuel rods on fraction of the cesium would be released; however,
the basis of the amount of hydrogen produced, it is befieved temoeratures would not be lower than
the amount of rado&cikity released, the time at 1300*C (2370*F).ta7,1aa

which significant levels of radioactivity were At higher temperatures that cause the liquefac-
" detected, and the structural damage instimated tion or melting of fuel, some fraction of cther fission
in the core. products such as te!!urium can be released. Data

13. The total amount of Zircaloy oxidized is calcu. reported show that the escape of te!! unum depends -
lated to be not less than 16400 pounds and on many factors other than temperature.188 Under'

may have been as high as 18 700 pounds; i.e., oxidizing conditions some ruthenium may be

.
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rateased ta':re me:t.ng. In genere!. r .t..er larga the most s: vere!y c.magud fuel Sma:! tracitns..

fractions cf toth ta!!urium and nas6i.m are approximately 10 0 cr less, cedd have been
released in melting; but urid:r some ccadtions, released frem perforated but otherv.ise undamaged

these materials can also be released before mell'.
rods, but this cannot te weil estimated.

-

The presence of ruthenium and tellunum does not*

prove that melt has occurred, but the absence of
them is a good indicator that melt has not occurred. Leaching frcm Irradiated Fuel

More recent expenmental work,8W while te@ Very small fractions of the remaining groups may
13 conkm pmmus data, has nd def al me have been re! eased from the very hottest fue!. The
r1"***vns regardng cond-,~ z- +y tem , ,; .i .: mecharusm for release of these refractory. -

perature w. -- a d- @ W W materials is probably teachmg. Leaching from irradi-

would be h ated (JO has not been thoroughly studied. Hcwev-
2 88 83

-

Many W me h products and at d he er, the work of Katayama and of Forsyth and
* * * " ' * * 8'' Eklund* has shown that the leaching rates are

released onh in relatively ames amounts men at slow, compwable e those from glass. Quantitadves

1

devated W h, N Wp W data, especally for Jhe temperatures and conditions
peHets am W scene d me mas mmctmy emstmg ih TMI-2, are too sparse for a reliable cal-
radoacew maw can be W d T.as om- cuistion of the rate of leaching, especany when one

cess k sbw and och smal kactions W mese considers that the condition of the damaged fuelis
materials find their way into the coolant by leacheg. tdy udncm
The tonger damaged fuel is in contact with water' An additional complication is presented because

me mcm materiah am mlh the effective surface area cf irradiated fuel present-
ed to the water is almost impcssible to estimate be-

Categones of Fission Product Re! eases and Their
cause of cracking and porosity. The mest that can
be done with the available data :s to form an *edu-Rebtion ,to TMI-2 cated guess' as to whether the fuel appears to be

.

,

p. . M es be M mainly n the form of very targe pieces or in the form
into typical release groups, based on flie eene with of very fine fragments. Without additional data it is'

we N d One M m @om not possible to estimate the actual size distnbution
Ret S is in wdw d deceasmg volaWity. - of the fragments. However. a small fraction of the'

i Noble gases (Kr,Xe) most refractory. material can be expected to have,

found its way into the reactor coc! ant. An accroxi-8 Halogens (I, Br)
mate teaching calculation is presented in Appendix

| 5 Alkal metals (Cs, Rb)
' E.7. On the basis of this approximate calculation it

IV TeNunum (Te)
V Allmline earths (Sr, Ba) is possible to state, with very low confidence, that a

VI Noble metais (Ru, Rh, Pd, Mo, Tc) large fraction of the fuel can presentty be fragment-

VI Rare earths and actitudes
ed and that the size of the fragments is more Skely

VIE Refractory oxides of Zr and Nb to be a few millimeters than dust!ike. A similar cal-
cdab W W cased out by 6ers? Ms

The fraction of gaseous and volatile fissen pro- c nclusi ns, althcugh not identical with these, ,indi-
ducts released depends on the temperature and the cate mat N obsened ac% may have been
size of the fuel fragments. If the temperature is high ca e fea ng m arge-sW frap
or if the fuel is highly fragmented, neariy complete m a a by enhn of We ses no mme -

release of the volatile materials can be assumed. than a few percent smalter than 2 mi!!imeters .in di-
me condih M h W 6ted ameter and none smaller than O.6 mdlimeter in diam-

W h accident at tmh 2/ss 4 % ''''
release of groups I and I can be assumed from a5

,

fuel that was severely damaged, plus some add-
donal ka&n h fuel mds whose W was Expected Dispersion of the Fission Preducts from
perforated without damage to the fuel This add- the Reactor
tional amount from perforated but otherwise undam-

Prirx::ipal fuel damage probably started before 3
aged n,ds is. probably pardy balanced by the hours after tur-Une trip. There was probably onlyamount not released from severeiy damaged fuel

A major fracten of group 18 and a much smaRer minor damage before 2 hours. The calculated total
ss f fission products, activation products,

fracten of group IV could have been released from inventcry o

525
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TABLE Il 5G. Actnity in auf.e.n : groups' c., the very high scLb :j :.;, a in '..ater and the
-

-

~
strong tendency of atmc:;myic iodine to plate out

Group Activity en surface quickly reduccs tne amount of iodine in
*'

the air. Cesium, less volatile. is not expected to bes
i 2.97 x 10 Ci present in the air in a sign!!; cant quantity. On the

other hand, the sclubility of xenon arid krypton iss
11 4.47 x 10 Ci

,

very low; these gases will be fcund almost entirely
7 *

111 4.6 x to Ci in the air.
To sunnanze, nearW complete cleaso of nobles

IV 1.61 x 10 Ci gases, iodine, and cesium from damaged fuel is ex-

V 3.85 x 10 Ci pected, even if the temperature is below the molting! s

point. Significant releases of totunum, rutherwum,
VI 6.34 x 10 Ci and more r ti a y materials wiu occur only if thes

: temperature apprh the @ # M d8
|

Vil 2.69 x 10 Cl the noble gases wiH be found in air, and most of the
'

4.8d x 10 Ci other fission products will be found in water.s
vill ..

i

Total . 5.11 x 1(r' C1"

Distnbution of Fission Products at the TML Site
* A few eternents of low total activity, notaely Fe, Cu.

.

As. and se. nave oeen arbitrardy located on the basas of - Analyses of samples cf containment air, reactor
.

" Total does not oude agree mtn calculated total coolant water, and auxi!!ary building tank water are:ncting point.

actvdy oecause of rounding. surnmanzed in Ref.197. Reacter ccc! ant ar.alyses
-

snow between 7% and 15% cf the calcu!ated 'nven-

and actinides Is given in Table !! 56 for 3 hours after tory of iodine and cesium isotcces to be :n the -

coolant. If these measurements are corrected for
'

*
shutdown.

A detailed discussion of the fission product- dilution by water from the borated water storage^

tank, the fractions will be a factor of 3 higher..release pathways begins in Section it.8 of this re-
Results for refractory materials show great variation.

pcrt where a short summary is inck.'ded, Radioac-
A sample taken on April 10 was analyzed by four la-tive material released to the reactor coolant may

have been partiaEy flushed to the containment boratories. There was a large variation from !abora-

through the open PORV (RC-R2). Some of the ma- tory to laboratory, indicating low confidence in the ,

terial may have been flushed to the contamment pri-
results. Analyses of krypton and xenon isotoces in

or to the contamment isolabon and then pumpedJo the contamment atmosphere also shcwed censider- i

the auxiliary building. However, the coolant may able variation. ihac , based on the most abun- f
3

have contained only a minute fraction of the total dant isotopes (a5Kr and '33Xe), there seemed to be

activity at this time;it is highly irnprobable that a sig-
29% to 62% of the core inventory of noble gases in i,

'

nificant fraction of the coolant was released before
the containment air. Only 2% to 3% of the iodine '.

1

tha reactor building sump pumps were shutdown. and cesium was found in the auxiliary building tanks.

There is an unsubstantiated m,0Z;ytoe that more On August 28, 1979, a hole was drilled into the
.

i
water leaked to the auxiliary buildmg after pump reactor building and samples of sump water were

shutdown. This leakage would have termmated removed. Analyses of these samples showed 22% i
i

when the reactor building was isolated after 3 hours to 48% of the core inventory of iodine and cesium to ;
be in the reactor building sump water.tsa in addition

56 minutes. i
i

Most of the material flushed out of the RCS prob- to iodine and cesium, very small amounts of Ru, Zr,i

ably remained in the reactor building. Some adti- fe, Sb, La, and Ag were fcund. As expected, little -,

Sr was found. At most, the amounts correspond-80 .

tional material may have volatilized from the makeup '

tank. Assde from thiese losses, which are not ex- ed to a few millionttis of the core inventory. About

pected to be very large, estimates of the total activi-
0.02% of the core inventory of 12s'"Te was found.

i
'

AE of these sample analyses were corrected for
ty released from the fuel can be rnade by analyzing

,
'

~ the reactor building air and water samples, the reac- decay of the radionucfides to the time of analysis.

tor coolant, and the auxiliary busiding tanks. This correction process is certainly more accurate

lodine is quite volatile, and it may be supposed than the analyses themselves; i.e., the accuracy of
-

the estimates does not depend on the accuracy of |that a significant fraction is found in the air. Howev-'

:

1
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the d; et/:0 fon. T4.h'a :;-57 is a ree . - t.,: .t :- ~ - c':. " : ; - , : t:e.m genera:-e *

e:! by the b; ..:r, t .*. : t e: tion several as-*'

of the ra.;2 cf *.cfaldes. : '

pects of the hydtc;cn 'pretiem* are discussed.
The following subjects arc treated in this sectiott'

Findings ,

.

From these results, one can cautiously conc!ude 1. hydrogen producticn.

that between 40% and 60% of the core inventory of 2. hydrogen accounting, ,

-

3. calculatien of bubb!e si-a.re! ease groups I-!!! was released to the coolant; that ,

4. removal of the hydrogal bubble, and
only a small fraction of group IV was released; and 5. the hazard from the hydtcgen bubble.that only minute arnounts of the remaining g

iwere released. The amount of idi isi sotopes
,

released is consistent with leachwig (see Appendix
Hydrogen Production

g,7), ,

These data tend to conArm other analyses of Two possible sources of hydroger. are con-
.

core damage. The data on, radioactivity released sidered metal-water reactions and radiolysis. Oth-

. are too sparse and vanable for a precise conclusion er conceivable sources include oxidation of UO -2

to be madelon the amount of core damage; howev- which has not been investigated. The producten of

er, the fcl!owing conclusions appear to be support- hydrogen frcm meta!-water reactions is known to
ed. have been targe; therefore any hydrogen from other .'

mec.5anisms is expected to be smaH b ccm#sen.
1. About 50% of Me reactor core was damaged suf- Ra@ sis b not expected to produce large

ficiently to release the most vclatile fission pro- amounts of hydrogen. It ,is investigated because the
,

ducts. possibility cf oxygen production was considered at
2. The !cw fract'ons of te!! unum, ruthenium, and the time cf the accident. If oxygen had been

,

strentium indicate that no significant quantity of released. the hydrogen that was trapped ,in the
fuel reached the melting point of UO (52007).2 reactor coc! ant system ccW he become h- ,

.

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

Metal-Water Reac |cn,.

d. Hydrogen Production, Removal, and Hazard Many metals are oxid.ized by water. The reaction
.

- is very slow at low temperatures for mcst metals.
'ntrcduction Both steel and zirconium are oxidized at an increas-

One of the surprises of TMI 2 was the formation ing rate as the temperature rises. The oxidation of

of targe amounts of hydrogen from the reaction of zirconsum, the major constituent of the cfadding. cc-

TABLE Il-57. Total volatile isctopes released from core ,

A'
Released Isotope (fraction of core inventory) ,. j ,, 4g

'3'l(IM,} *Cs *Cs Kr'33 ITo Xe
!

Environment 0.01' 2 __-

8 &-

* R8 Atmosphere 0.46 - -

RB Water 0.22' O.48' O.34' x-

RC Water 0.14' O.12' 0.C8' X ,

-
,

0.03 0.03 0.02Aux. S!dg. Tanks -

Totals O.46 0.39 0.63 0.44

'See Ref.199
2oashes indicate tow values (generally less than 1%).

.

3Sest estimate from data in Ref.197. -

' Average of observations.-
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seE Un* $' May 4, 1981 ' " *'"**' '*'' '*'
,.3,,, 3

Mr. Harold R. Dancou. Director y\N / 9:; I

office of Nuclear Rameter Regulation
'

U.S. Nuclear Regulatory Comnission p
-

'

Washington, D.'C. 20555 , q' N\y -
-

N -T~.

3.@//A[.,Artantion: Ms. E. Adansam, Chief - 74 ; Q -

s* C *

Licensing Branch No. 4
%n. .

.2;
. s ,.s .y' 9/Re: McGuira Nuclear Station ''"'g, .

*

Dockar Nos. 50-369, 50-370

Daar Mr. Denton:
-

Attached are tan copies of McGuire' procedura, AP/0/A/5500, "Isti=.ata of Failed
Fuel 3ased on I-131 Concentration". This is one of the i=ple=enting pre-
cadures for the McGuire E$ergency Plan and as such should be included with
the other i=plementing procedures previously submitted on Feb:.:ary 13, 1981.

By copy of this letter, three cohias of this implementing procedure are being
~'

provided to NRC, Region II.

Very truly yours,

...

/ -

Wf'14== 0. Parker, Jr.

GAC:pw
Attachment

ec: M. J. Graham (w/o attach.) Mr. J. P. O'Railly, Director (w/3 cys.)
Resident Inspector U.S. Nuclear Regulatory Con =ission
McGuire Nuclear Station Regian II

101 Marietta Street, Suite 3100

Atlanta, Georgia 30303

/HB7WMKy' l65KJ Corp
Bur sq=1,z/ EL M4W 7D

_

7?t:s. /stra 6S |a) 7W2E AdWSo

/ &w:er(Ace..a'dlc ca JuJ)/'cdJ0

A- ff-,J mnff uim cs16 yNcs'
~~

g9 y :dMc a. ,.

ev ..

w-2-66-0 S c-1134- . __
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_ {1) STATION: Me.G - UNIT:
-

,

A P/ 0..] A(g s e e/ 4 .,' (2) CF.ICK LIST APPLICA.3LZ 70:
~ ~

-

~

(3) SA:: a IVALUATICN - PART A

The 1:en :o which this evalua: Lou is applicable represen:s:

Tes No T A change :n the sea:Lon or procedures as described i: :he ISAT '
or a test or experimen: no: described in the ?SART

If :he answer .:s :he above is "Tes", a::ac5 a de: ailed descripcism of the 1:e=
bei=g evalua:ed and an iden:1 fica:icn of :he affec:ed see: ion (s) of :he FSAR.

(4) SA:: i E7ALUATION - 7 ART 3

Tes No X W"11 :his 1:em require a cha=ge :o :he 'sca:i== Technical
'

Specifica:Lons?

If the ansva: a :he above is "'!as," ide=:1'y the specif1:sti==(s) aff ec:ed
and/or a::ach :he applicable pages(s) wi:h :he change (s) d-dica:ed.

(5) SA :.a E7ALCAT' CN - PANT C
1

As a resul: of the 1:em :n which :his ev.C.ua:ics is applicable:

Tes No % Will che probahd'':7 of a:i accide== previously evalua:sd
i= che TSAR be i= creased?

Yes No X W' ' ' he esuseque=ces of a= accide== previ:usly evalua:ed
i= .he FSAR be i= creased?

Tes No X May :he possib''d ry of an accide== vhich is differe==
than any already evalua:ed 1: he TSAR be c:aa:ed?

Yes No X V' b che probabd ' d =y of a =ali=c:i== cf equip =en:
i=por.a== to saf a:7 previsualy evalua:ed i: -he ISA1-

i be increased?
Yes No >< Will the consequences of a =alf=c:1== cf equip =e==

important to saf e:y previously evalua:ed i= .he FSAA
be increased?-

.X May the passib''':y af -.alf==c:ic: of e:uip===='

Yes No
importan: to safe:7 differe== :ha= a=7 al sady evalua:ed
i= the TSAR be crea:ed?

Yes No Y Will .he =argin of safe:-r as def1=ed 1: :he bases :s a=y
Ta- W cal Specification be reduced?

.

If :he ansva: :o a=y of the precedi=g is "Tes", an ===eviewed saia:7;

ques:i=n is i=volved. . Jused.f7 :he ec=clusi:n :ha: a= == reviewed sais:7.

ques 1on is__or is so: i=volved. A::ach addi:i==al pages as :ecessary.

(5; ??'.'AEID 3T: M c. d b - 4 f L DATI: M */6/

(7) P.:.uIWED 3T: .h E ' JA'"I: N O
/ V ' '

.
(3) Page 1 of 1
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DUEZ POUZ1 CCMPANT ,
-

McGtTIRI NUC1ZAR STATION ,

IshZ OT TAILD FUIL 3A5ZD ON 1-131 CONCIE3AT*.0E. . ~
- - "

.
.

1.0 sv=o ==s

1.1 1"'-48 reac:o coolan: radia-lon =o=1:or has alar =ad.
1.2 1ENT-18 reac:or coolan: fil:a 1A radia':1on =o=1:or has alar =ad.
1.3 1 EMF-19 reactor coolan: fil:s; 13 radia:1on =o=1:== has ala m ed.

1.4 Any plan: cond1:1on in which :he operats vould suspec: failed
fual or van: an as dmate of .he a=ou== af fsiled fuel.~

.

1.O In adia:a Ac:1cn _ . . . . _ _ .

.

.

2.1 Au:oma:1c

Nona
.

2.2 W-='
.

2.2.1 Cb:aln a cha=1s: / sa=;16 =f :he :as:::: ::ala=: i= c der :=

data ==i=a :he I-131 c===a=::a:'d: of the coola==.
2.2.0 C=ca :he I-121' c ==sh nati== is.k=cu f== :he :sas::: escla==

'

da:aW a which cf the fo11cv1=g f:ur casas bas: descri":ss
,

-ha prese== fuel csudi.ic=s.-

NOTE: A. *he - Lars ch::1=ad by us1=g :his- p:: cad =a are a: _
,

bas , esti=atas o_17
,

3. All fomulas quotad are based upe= se"'''h:1.= full
power em:s iod1=a. If fuel da= age is suspe :ad :s have

oce= Tad d=i=g :1=es of :sduced pove: : =aa: :he .1=a =f
.

significa== pcvar cha=ge, che es:s iod1=a i_ve=== 7
. =ua: be :==pe=sa:ad ac:::d1= gly by usi g I:cles=a " .2.

'

* 31s is the c==ac:ics fac::: T.

C. All values give= ars ===ali:ed := vel ==es of c=ola==
'

a: =m=al reacts ::cla=: systa= p:sssu:s z=d :a= para-

:u=a. To es :se f=r c:har NC systa= :a= para ==es or

reduced NC sa=ple :a= para:.t ss, use - ' = sura 4.1. *his

is the cc :ac:1on fae:mr I. |-

D. D a decay of T 13' :n :-121 has bas: =agla=:ad as
a

i=sig=1 fica == in this a-4 sis.7

.

. b

I
I

\

.

\

%

_e a - - . = - e enu.- ; . op e o eny p ,;**=** * **,_j"*-=*-*_==
_ _ .

; __ * "* ** * ** "** * * *
_ _ _ , _ _ _ _ _ , _. _ _ , ,_
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2. -

r.. . .. ..

E. Iodine spiking smy oc=== af:ar a shu:down or . ..: - .
**

- ' sis =ifican: power cha=ge. Da:a fran other __ _ . . . g- .

~

Westinghouse pla=:s has shown ha: .he iodine
spiking process has been observed .o occur duri=g
a period of 1 to 3 days af:a= the cha=ge or shu -
down. However, the spike see=s to peak during .he
period from 4 to 8 hours af ter the. change. I-121
concentrations can increase by a factor' of 2 to
15 above the equilibrium levels duri=g these times,

* al: hough an '-- ease over a fae:or of 10 is unusual .

*

and would only be seen a: a shu:down. I: creases .

-

by a fae:o of 2 :n 3 are :.pical fe: a sig=1 fica ==
power decrease (i.e., 100 to 50~. pcver). Do so:

=ist=:e: pre: :his :e=porary cha=ge f:: fuel failure
;

if :here is :o a:har evide=ce of fuel da= age. C:he:

avide==e, f fuel da= age ca= be c==s:i:u:ad by a=74

d'Ad-=-d n of * .adecua:e c=:e c=cl1=g, loose parts
. .

'-dd-=:ist, high i= core the==occuple i= dica:1=s, a::.

7. If esti a:es for fusi failure are needed !=r fuel
condi:i=ns other han . hose cevered by -de four -

cases described below, or if =cre accurate fuel

fail.tre data is needed, see See:i=s ". 2.7 of .his

p;ccedure.
~ G. "he fallevi=g four cases c=ver a rary b :ad :s=ge of

core c==di:ists. Choosa :he one hat bes: sui:s :he
existing conditicss.

E. Che=1stry samples should be :2ke: as soon as da= age

is suspec:ed.

2.2.2 Case I - No:=al Cpers:1=n

2.2.3.1 '"he ==ndi:i=ns whi:h per:21: :o Case - Nor=al

operation are as follows:
,

2.2.311.1 No:=al reac:== operation a: a=y power
.

.

or shu:d:.~ vi.h e u= usual c: dizi==s
pria :s shu:dev... Adecua:e c:re cool 1=g

has been -s'~~=' ad.
,

.

. . . . . . . . . . _ . . . . . . _ . _. . . ..

-, . . __ .
_ _ _ _ _ _ _ _ - . _ _ _ _ , _ _ _ . . _ _ _ _ __ _ ._._ _ . . _ - _ _ .. . _ _ _ .

..__..._.. _ _.__._. _ . _ _
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.. : . . 2.2.3.2 If the abova bas: dese:1 bas the esta conditions, .
-

.: _ _ _ usa the fallowi=g farmulas to calcula:a the s=ga
*

of failed feal values. Ivalua:a es :actics facts:s

I and T by using Esclosures 4.1 and 4.L
2.2.3.2.1.(Maasured I-131 es= cent: :1cn uC:/=1

~3'

. + 3.5 x 10 uCI/al) Z T

= Number of failed p1=s (Max. arpac:ad and

best!. stimate)
2.2.3.2.2 (Maasured I-131 esseen::a:ima :CI/=1

~3
_. : +.4.9 x 10 uC /ml) I . Y

_ = Number of failed p1=s O'i=. arpac:=d)

2.2.3.2.3 (Maasured :-131 cc=ca==:a:1== C:/,1

+ 1.3 C / 1) I!

= ?arca=: failed fuel (Max. a= pac:ad and

bas: assi=a:s)
2.2.3.2.4 (Maasured I-121 c:::s==:a.1== 2 C / 1

' *

+ 2.5 :C:/=1) I! '

,

' _ .. =_?ar:a==_ failed _ fuel (M1=. expac:ad)

NOTI: Typical values for I-121 c==ca= : :i== i= 2 C!/=1 is:
~g

a normally opera:1sg pla=c are be:vae= 1.0 x 10 and'
-24.0 x 10 u C:/=1. ' These values are based == :ha rase:m:*

coolas: I-121 ac.ivi:das azparia==ad by :ha Zio: a=d :o s=

Pla==s.

2.2.4 Casa II - Mac;ssempi: Ciad Da= age
2.2.4.1 *he es=di:1c=s which par:21= := Casa ::. -

Mac=ssempic clad da= age are as fell:vs:
.

2.2.4.1.1 Nor=al rase.s operation a: a=7 pcvar,

or shu deva vhara scue =a ~-= d -= * 'ad

I failure (i.e., a locsa par: ===1:::

d r''em:1c=) or a flow f.=duced failura is
suspe::ad. *he cara has adecuara eso11=g

and =o sig=ifica=: f a1 =varta= para:ura

is obsa red.

!
:

'

.
.>

t

.

'

1. .

. . .. _ . . . . . - .. . . . . . . - - . . . - - .

. - - - - - - - . - - ~ - - . , - , , . - . . . , _ . . . , , . . , , . - - . . . - . . - , , , _ _ . - _ . _ - ., , -..-,m,..-.-..,.,,,,-+,---,._,..,.w. . -



. _ - - . _ _ __ .~.

%-
-

-
.. '

/ .-- 2.2.7. 2 If 53 abov3 ban: dateribas .h3 c= 0 esM':1oss,

.;..-
- use tha fallowi=g ia:- 'as :o calcula:a he range ..

- of failsd fuel values. Ivaluata es:: action factors .

I a=d T by us1=g I=closurs 4.1 a=d 4.2.
2.2.4.2.1 (Massured I-131 c6scas :::in= =CI/ 1

-2+ 5.5 x 10 u C /=1) IT

= N.m bar of failed p1=s (Max. expec:ad)

2.2.4.2.2 (Maasured I-131 c==ce==:sti== u C /mi'

+ 16.5 x 10" uCI/=1) I T ,

.
= Nu=ber of failed pi=s (3as: es:1=s:a)

' ..

2.2.4.2.3 (Maasured I-121 c:=ca=::a:i== .CI/ 1.

~

+ 27.4 x 10 u C!/=1) I T

= Nu=ber of failed p1=s (M1=. arpec:ad) -

2.2.4.2.1 (Maasured I-131 concas::a:1 = 2 C /_1 -

+ 27.9 :C-/ 1) IT-
,

= Per a=: failed fuel (Max. a=pec:ad)

2.2.4.T..f. (Maasured I-121 c:=cs==:a:1:= u C / 1
,' + 33.7 u C-/=1) I!-

= ?st:a== failed fuel (3es: as:1=a:a)<

2.C. 4.2.6 (Maasurad.!-131 c==ca== a: ion a C:/-l
+ 139.5 2CI/ 1) I!

= ?ar==== failed fuel (M1=. arpec:ad)

' 2.2.5- . Case III - Severs Tuel overta=perature

2.2.5.1 The c==di:1c=s wh' -* per:a1=,:s case III -'

Severe Yual overta=pera:urs are as f:'.1:vs:
2.2.5.1.1 OfI :7pe accida=: +. ara :hara has bes:

f
a= abso:=al shu:dev: a=d i: is suspec:ad

,

-ha: :he fuel has bee: a: lass: par:1211r.-

====vered f=: a ;a" -" -3 -- s ;-sa: : .has ;

a fav d u:as. 7ci'd g 1: :ba :::a is
|

da:ac:ad by high 1=c=:n :ha =ce=upla :sadi=gs j"

a=d loss of =argi: :s sa:::a:iss. Yual J.
1.

clad oxida:i== is da:ac:ad hv. excass .

hydregS: is ~h* C:::2' a=: or i= .he
1

:sse:c; coola== sa=ple; h=vaver, =a fuel

=al:ing'-is suspac:ad.-

.

_.._ . ..__- . . _ . . . . . . . . . . _ . .. . . _ . .

- . - - - - - - - _ - - - - , _ . - . _ - _ _ - - - - . . . - - . , . . .
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-
.

. . - - 2.2.5.2 If -J:a above base describes the cara c=-dd =1o=s,

- - --- use :he fallowi=g fm =ulas to calcula:a tha ra=3a . :;

of failed fuel values. Ivalua:a cor ee. ion facts:s .
- -

.

I and T by usi=g I= closures 4.1 a=d 4.2.
2.2.5.2.1 (Maasured I-121 ce=ca=::a:im= u C:/=1

+ 2.4 u C /=1) I Y

Nu=har of failed p1=s (Max. axpec:sd)=

2.2.5.2.2 (Maasu' red I-131 ce= centra-d uCI/=1
+ 2.9 u CI/=1) I T

,,

Nu=ber' of failed pins (3as: esti=a:a)=
6 .

- ! 2.2.5.2.3 (Maasured I-131 en=ca=::atic= u C /=1
+ 3.2 u C!/=1) I.T

.

Nu=bar of failed pi=s (Mi=. expe=:ad)
.

=

*

2.2.5.2.4 (Massured * ~ --- ===:a:1 = 2 C!/ 1~

, ,+ _5 .,c..:., .. C _ ._.i . .* ..

?ar:a== fai'.ed fuel (Max. axpos:ad)=

"

2.2[5.2.5 (Maasu =d I-121 ::=ca==:a:i== uC /=:..

<

* 535 u C /.J.) IT. .

- - -

. _ _ . as d-=:a)?ar:a=: failad fuel (3as:=-

,.

2.2.5.2.6 (Maasu.-ad -131 ce=ca== a 13: u CI/=1- .
_

+ 1675 uC:/ 1) I!-
-

= ?ar==== failed fuel ('" . expec:ad)

2.2.6 Casa 17 - Tual Mal:1=g

2.2.6.1 The condi 1==s ed rh par ai= :s Casa IV - Fual

Mal.1=g, are as fol".cvs:
,

2.2.6.1.1 Sava = ac=1ds== vhara ha = has ham: a=
ab=c =al sh::dev.- and :he c::= is ====vered
f = = a 1==g p arie d e d ti=a . :::::= .har-

=occuple : =paratura : adings a = above
2200*? f== a 1 =g paried of :i=a. Tual

,

=al:i=g is surn sed (i.e. , fusi :a= para-
8:..ra ex=eev U . 7 7) a:d is verified by

the i=a n .;.* pera:a .he i=ce== i=s: u-,

=a=:acie:,sesta= p-=parly.

-
'

. .
.

e

|

|

|

l
,
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_
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ese .

-6- -
- - -

*
.

.

. . e. . . . ..

- -
_. _ 2.2.6.1 If :ha above bas: dese:1 bas tha em:0 condici:=s,

. ._ ; . use the folleving fo==ulas to calcula:a the failed "

- - - ' fuel values. Evaluata ec :actics fae: ors I and Y _

by us1=g E=closuras 4.1 a=d 4.2.

2.2.6.2.1 (Emasured I-131 conce=::a:1m= u CI/=1
1

IT I+ 5..' u CI/=1) -

= Nu=bar of failed pi=s (3as: esti=ata)
~

2.2.6.2.2 (Maasured I-131 conce===a 1o= u CI/=1
+ 2790 uCI/=1) I!-

= ?ar:am: of failed fuel (3as: es:1=a:a) |

2.2.7- If fuel c==di: ions echa tha= : hose described aheva exist, or

if a = ora da: ailed fallad fuel as ha-de= is desired for
.

*

ei har a=argn=cy c: =orni opera:1==, c==:ac: :he app =pria:a-

|

I

Was:ingh= usa pacple below 1= the order lis ed u=:11 c== ac: i

is ada.

2.2.7.1 I=arga==y Pla=: C:=di:1==s - I=arga=.7 Raspe=sa
|

!aa= Was:1=ghouse, ?i:: shur.h, Pa==s71va=ia
.

* 2.2.7.1.1 Jira::::: Ha=k Rappel 412/Of6-361.1 Wc:k
,

412/366-6751 E==e

2.l.7.1.1 Depu=y Dirac m : Ko= Lehr 412/156-3401 Work

2.2.7.1.3 TacbEticzi ' Supper- h 2 gar: 2== -derson
412/373-5766 Work; 412/327-8239 E==a

2.2.7.1.4 Ma:arials Desig=: Wally Chubb 412/373-4364 Wer

2.2.7.2 Nor=al 712== C==di:is=s
2.2.7.2.1 Sou ha = Regis=al Ma=ager - 5: ave L::gd== -

404/885-5900, Work

2.2.7.2.2 Westi=ghouse - 2uka lapresa=:a.iva - Mika
,

.

*'*a: - 412/373-3160, W::i
'

Wally Chuhb - 412/373-4364,2.2.7.2.3 Ma:arials Desig:- -

Work

3.0 Subsecue=: Actio=s

3.1 Tollow up as necessary vi:h Westi=ghouse - ?i::shurgh, ?a==sylva=ia.

depe= ding c= .hs pla== si:ua.1on. .

.

$
e

w a o% e *+ee - .+o- -amo.*= -am., ow. ee =w Me.-.#= m-% +ee== e a e * = = * = me + eme=e - *.e e = e gene -=e e e ese

v % 6 .c, ,, - = = - we.s - =--
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* 4.0 Z= closures --

4.1 Density Correc:1cu Fac:or, I, for NC "ampara:ura Changes .

1

4.2 Iodina 131 Inven:=ry corrac_1on Fae:or, T, for reducsd power
operation or for times of power change

4.3 Iza=ples
!

,

I

;

.

.

. .

. =
.

.

.

.

.

.

.

.

I

1

)
., i

.

|
-

i
.. . 1

:
'

,

I
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AP/0/U5500/33 .

Inciosure 4.1 _ - .

Density Corree: ion Tac:or, I, for NC Ta=pera:ure Changes

Tisd :he appropriats NC Sys:am a= para:ure a: :he cima of accident. Ei=d
he approxi=ata camperature at which the NC samples are esken. The-

inte=saction of both muabers is :ha densi:y correction faeror, I.

NOTI: Nor..al.NC System sample :m:pera:=re is approzi=a:aly 90 7. Use ,

-Jtis :ssperature if no other i=f=r=ation.is available.
.

.

.

NCS it=pla Te=cera:::a *?
i i

80 90 1 100 |;

. .

.996 .998 1100 -

<

150 .983 .985 .987

?. 200 .966 .968 .970

25 6 .945 .947- .549"

w

*/ 300 .921 .923 .926
s
f. U - 350 .894 .895 .897

=
!3 400 .862 .864

.
.865

a u u

* || 450 .327 .825 | .830
.

*A :
, . i

.,00 .,e. . . . = . = . , e, 0-
;-a .

a
*I 550 .739 .740 .74 1.

:-
3"

'

560 . 7".8 .729 .731
a

s* 570 .71e .e18 .719 -

$ 580 .706 .708 .708
G

590 .693 .694 .695*
"

600 .680 .}81 .683
.

.

..

e

-- -- - - . - -... ,.. .. 2.. .. w. . . . . . . . . . _ _ _ _ , , , , . . .. . ..
_

-_.- . . . - , , . . _ . . _ , . - _ . . . . _ , _ , , . . . , , , _ _ , . _ , _ _ _ , , _ , , , , , , , , , , . ,.__
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AF/0/A/5500/33
Inclosure 4.2 .

Iodina 131 I= van:ory Corree ics, T, fc: Reduced .-
Power Operation or for T1=es of ?=ver Cha=ge

i

Si:ua:Lon 1

To co=ect.for cara Iodine Inven:ory if fuel da= age is suspected to have
occu=ed during times of any power level excep: 0: where .he power level
has no: changed greater .han +10: via* - the las: 22 days, use the follovi=g
equation.

.

.

100, ,
*

Full Power a: :1== of failure
.

where Y is de ec= action factor to be used i= See:1:= 0.0.

I=a=ple: S e pla== has been a: 35% full pcver f : :he las: 30 days whe= fuel
da= age is suspected. herefore:

'
.

~00 - = 2. S'6Y ,= 3.,, .
1 .

51:ua:1: 2
,

.

To co=ect for enre indise if fuel da= age is suspected :o have cc: =ed a:
,

:1=es other han fi: 51:ua:1on 1 above, use .ha fc11cv1=g equa 1==. !
i

I
4

'

)
;

'100
. - . y.

. .

old pcue: level i= (s'I ) + ov ;cvar level 1: : (1-e" ;=)
. .

vnera:
|.

Y = conec:1on fac.c =c be used i= Se::ica 2.0

:1d power level 1: = .he f't pcvar before the pcver cha=ge

new power level in = :ha : full power af:e :he pcus: '-=-ge a: which-

-ime :he fuel failure has oc :::ed |.

t

A; = is :he decay cess:an: f== I which equals .056i. day
_

~

m
: = is de =edian .1== to ake a power cha=ge plus .:he .1=a af:e -ha power-

cha=ga unedi da= age is suspec:ed :o have oc===ed, i= days.

Iza=ple: If 1: mok 1 hours to -.ake a pcver cha=ge a=d da= age was suspected
10 hours af:e: -ha pova: cha=ge. -

-
,

9
: = * 10 = 1' hours

. .

|

. - . . . . . . . . . _ . - . . - - - _ . .. _ . . - . . . . . . -. . .

---,- ,- - ,+-,.,my e ,, .-..,J,_'- - -
.......,,.y._

_ , ,
,,.,,_.,,.__,...,..,,,y_,,.,__.,.,,-..,.,-,,.,,,,-.,y. _ _ - . _ - _ , _ _ ._,. . . ..

. . , . . .

-

.. - - , . , _ . . ,
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F=closurs 4.3 ._

Izamples

?:chle: 1 -

a. Power level has been decreased from 852 to 502.

5. This power change took four hours and occu = ed be:ves: 1200 and 1600.
8

T a: 50% is 570 7.
AVG

c. At 1800 a loose par: =eni::: ala::: goes -off d-dd =ati=g a loose obj ec:<

in ha core. The reacco: is =o: : ripped. -

d. A Chemis:ry aan is i=nediacaly dispa::had :c .aka a sa=pis NC Sys:e=
as failed fuel is suspec:ad.

a. Che=is::y sa=pla d add c=:as I-131 co=es= :a::.:= is 10.C 'u C / 1.

Par: 1. Da:ar=i== ha bes: esti=a:a of ths ::=.her of f aCad pins.

?ar: 2. Oe:ar d e the bes: as:i=a:a of pa- - #ailad fuel.
.

- *

3c10:13: .

. *.
*d= is Casa II, Step 2.2.4

.

Use equa:1on 2.2.4.2.2 for ?ar: 1

Use equa:1on 2.2.4.2.5 fm Par: 2

\
.

t

f.Maasured I-131 ce=cs==:atie: /_1
. I ., = .N.c=h ar o ., .,a__. ac. ;,=s,.ar:r _. . -

g ,,

( 16.5 x 10 u C2/=1 -

Deta:- d *a I: E= closure L.1 T b M7 a: M.g7g
n

Asst ==a NC3 54==la Te=pera:::s is 90*?
3 e:afors, I = .7*.3

De:e==ine T: I=closura 4.2

1

1. = .0864 day --

,
s.

l.

:= (4) - (2) = A hours
- 4

2 |

Ka=e=cer, : is cha =eddr :1=a := aka a power change p1=s :he diff ers=cs be: vee: )
:he :i=a wee :he da= age is suspected a=d :ha' i=a :ha saw pcver level is reached. l

'

. das 1

4 cours x = ..:.. . . c.ays 'u=ver: : := days : =.

3 ., s..s . l..
I

..
l
,

. . . . . .. .. , . . . . . - . . . . _ . .

.- . . _ . . , _ . ~ . _ _ _ _ . . . _ , . . . - - . . _ . ,. , . _ . . _ _ . _ _ _ . _ _ _ . . ,y.. .. . . . . - _ .
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I= closure 4.3
Examples.

100,=
. , .. . .-

,3 .c.0864 4 7 _1)c.167 d*7) +50Il-. (.86447_t)(.16747)['-

i.. ; -.. _
EInn

100 - 1.183T= -

85(.9857) + 50 (.0143)
.

.

f,

i
*

10 u CI/31
Ps : 1. (.718) (1.183) = 51.5 =52 fail 4 piss , wee:

-216.5 x 10 uCI/mi-

.

. .

.

. <

-

. _
,

.

.

. Measured I-131 C:ses== 2:1c= u C / 1 I * ,. = . ,a _, , a . ,,:a 1,
Par: - .. .... 83.7 uC;/mi. .

.

.

10 "~.C;/=12.e uC.J 1 (.718) (1.133)= 0.1% failaa fuel Assaer
5

.

.

5

L

e .<4

e

.. . . - _ . . . _ . . . . - - . . . ... . - - .. - - - - _ _ _ _ _ _ _
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A?/0/A/5300/33
Inclosure 4.3

Examplas

:

?-eble= 2
.

h

a. 3a :mactor has jus: ::1pped ins:a= 17 from 100% power dua :o a
=alfu=c 1o=1=g ins :u=e==. There were no u= usual emed'.ic=s prio
:o :he ::1p.

.

ob. I, ; is nov 557 7 a: 0% power.A -

. .

c. 3e opera:=r, whila hay 1=g so reasc= :s suspe : failed fuel, is
curious abou: tha a=cu== of failed fuel prese== ==v f=1* =vi=g :he '

::1p.

d. A Cha=is :7 :aa= is sa== :o :aka a= NC sa=pla 12 hours af:a
the =1p .

~

a. 3a Cha=is :7 sa=pla gives ,a= :-2,21 :==ca=::azie: :f 0.3 x 10 =C /=1.
(A :7pi-*' value f :; e o= ally opera i=g pla==. Ses So:a ==da:.

Casa I, S:ap 2.2.342.)

f. Che=is:;7 persc==al also **dd-=:a .ha: 'NC sa==la :a= para:::a is 100*?.

Par: 1. Deta==1=a -la =az1=u= expected au=ber of failed fual piss.
,

Par: 22. Oata-- d*a :he -=*-~ expec:ad per:a== fai'.ed fuel 1: :he c=ra.

Selu:i== .

"is is casa I, S ap 2.2.3

Usa squa.1:= 2.2.3.2.1 fc: Par: 1

Use equati==.2.2.3.2.3 for Par: 2

.

Maasured I-131 e==cen=a:i== uC*/=1
ar: Z ., = Nu=be: :,. ., w,,.a, p,~<,

: .. . .
-.

3.3 x 10 ~ uCI/=1
.

.

De:ar=i=a I. * 'azura 4.1 NC Ta=pera:ure is 537*7 a: C: -

NC sa=pla ca= para:ura is 100*7

"heraf::a, I a.732

.

e- e e.. . ,s o . . .

+ e---y-ar----, ,y-- v - ,- - - --- . , . _m ,.,,.,,_m_
, = _ _ _ _ _ _ . _ _

_ ,, _ , _ _ _ , . ,,

_ ee p em a w_ _

, ,h* 966Guf * D " P SP 'M 4 ee ** GO @

_ _ _
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Esclosura 4.3
Examples

De:a=1sa T: Inclosurs 4.2
1 davS1:na: ion 2: t = 12 hours = .3 days -
4 hrs.

100Y= -

100
j (.0864)(.5)

4
.0864) (.5)l-|

._ . ,.

-

0 3-e i- .
e y .c

T = 1.044

son: If : =0c a sample was akan i=adia:aly, T = 1.0.,

. ..

2. 0 x 10'' C /=1 ( . ...,) (_, 0., , ) = *. ,,.ar: e .: .*c .. , .

3.3 x 10-3ac:/=1

or =4 :s 5 failed piss Answer'-

. .

.

.

-
,

,z__. ,. y.nasured I-131 Conce==a:1mn u C /=1 , I , ,., , . ,a, , ad .,.,,,
. . _

1.S uCI/=1

2.0 x 10 u CI.M (.732) (1.044) = .0085 * failed fual
1.3 u CI/mi

^a aheva - 'as:s a s d-d'-=:1ve of =c =m1 epara:1:n.

.

! Ansvar

NC~I: ;-121 sy '<d"g =ay be a pr 'cle= here. Sea Scap 2.2.2, Sc:s E.d

.

., m. "3 . _ , _ , , . , , , , , , _ . . . , , , , _ , _ . . , , , . , . . _ , _ , , , . , , , _ . . _ _ . , _ _ , . _ _ .. _ , _ . , _ , , _ . _ _ , . . _ , , . _ , _ _ _ - _ _ , . , _ .,m,,,
-=ee, _ , , , . _ . , ,,

ew gy.gy .
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*~ 'osere 4.3 ..

Izamples *

?-ehle= 3'

'

a. Power level has been between 50% and 65% for ha las- 30 days and
is p;ssently at 60% a: 1800.

b. O is =575*7 a: 6'0 power.gg
1

-

c. I: is desired .o see if a:.7 sis;=1ficas: failed fuel exist.t i= he
care even though :o abnor=al oc:urre=cas have takas place. .

d. A: 2200 :he same day, a che=1stry sa=ple is :ake: ef the NC sys:sm.
'

he che=1s: 7 sa=ple i= dica:es '!-131 c=nce==:a:ic is 3.9 : 10 .C /=1.
~

e.
.

?ar: 1. De:ar * a :he bes: es:f.=a:e of :he :.:=her of failai pi=s.

Far: 2. De:ar d e .he 'ses: esti,=a.e of :he : failed fuel.

.

.

Solu.ics
-

his is Casa I. Step 2.2.3 --

Use equa:ics 2.2.3.2.1 is: Far: 1

Usa equa:Lon 2.2.3.2.3 for Part 2

.

Measured I-131 Cesce== a:ics uC / 1 , .

,ai_. d pi=s!=-..,ar ,

.:. er :: e- - -
. . _. .-33.5 x 10 uC /mi ,

. i

* |

Dece- d-e I: E= closure 4.1 T is 575 7 a: 6C: pcve |
AVG . i

#
A.ssure NC3 sa==le :s=p. Of 90 7

haref=:e 7. =.7~.3

;

,
Oate =ine Y: Inclosura 4.2

. ,

Si:ua:Lon 1 !
.

. i

Y = 00'0
1

1.67=
3 |

,

e.. i

l

I

Is

.
, ,

4

.

-es, a.eman e ge - e ep g e g g ,4 ,m,,,, ,ew n. e e.mo- to ge e av m P4 84 * *

-.ge .ma e4 m.d e-e , gg e +emm e m,q ,g. ae une g pp, p* Wr$h bM , g+-m
s- - -+ --- -y m--r yw- ---www-w - y- **.p- w g -- 9~ .- .p.-q- wm- v-e---.---ey-we--- --y ------,-m--ww- - epww*- wm-um---m--m-- p --. g-
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Examples

-2 '
.9 x 10 u C /-J

Far: 1. (.713) (1.67) = 13.27
-33.5 x 10 uCI/mi ,

14 failed pi=s Answer=

-
.

.

.

.

. . ,

t

.

Ifaasured -131 Conese::a:1:n u C!/=1 -g, a ,. ,. , I , , , . ,,c ,; :.,
- -

.
'

.

1.8 aCI/mi
.

S
3.9 x lo uC/d (.713)(1.67) = .325% failed fuel .L.svar

1.8 CI/mi

he aheva ==mbers are acceptabla f== a ==== ally c:arating Plan:. .

.

O

a

.

1

-

e

.

.

m , m se e met # ""

>sa m . m dw a eegw m PW"- e e ee- G**"** " *''** *' *
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E= closure 4.3 c

*

Izamples

? oble= 4

a. The u=1: has been a: 97: povar for a' =c= h whe= a depressu:1:a:Lon
of the NC sys:a= occurs.

h. The reac:or = rips..
.

*

c. Esavy vibratio= is obsarved i=.the NC pu=ps.

d. The==ccouple :ampara:::ss over 1000*? are i= dica:ad i: .he enra.

a. IIM7 48 a=d IIM7 13 have ;=== off.

f. Safe:y !=jas:1c= vas delayed a=d i: is susnes:ad :he cara was sc=ve:sd.
.

be: wee: 30 a=d 60 i=u:ss befera sufficia== reac::: vessel wa a: level
was regai=ad.

. .

5 The d=cera 1=s::.:=e=:a i== systa= is sci'.* cperable.

h. The 3C sa=ple d-d'-=:as a I-131 c ca=::atie= of 38C0 u CI/=1.

1. A N d ===y sample is : dan i==edia:aly (vi ' d- :ha hour) af:a :ha
-

trip. .

?ar: 1. Data =i=a the -=*-- expec:ad : ' er of failad ;-M.
.

Part 2. De:ar d"a .he -mv'm m expec:ad ~ of failed fuel.

Sci 2:1c=

"his is Casa III, 5:ap 2.2.5
%.

Use equaric= 2.2.5.2.1 for Part 1

Use equa:1cs 2.2.3.2.4 for ?ar: 2

De:n- d a I: I= closure 4.1 NC Ta=p. O a: 0 power is 357*7g
- Assu=a sa=ple :e=pers ura of 30*7

,

harafere, I s.720 -

.

Ds:n dma T:
.
'

'00.

1.03
T = ~9

=
e

.. . . - . . .

. ,. - .--.A....-..-,n.,,
,, ..-.....,,..-....,.,n.,

~._n-.,* * . , . , , . _ . . , - , , , . . , _ _ . , , . _ _ , , ,. , _ _. ,,_ _ .-+ ..

, -- --a,..,.. ,,nn .__
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Esclosure 4.3
7.zamples

,

~ 3800 uC'~/ ~t
?an 1. (.730) (1.03) = 1190.5

2.4 uCI/mi

=1191 ==mber failed p1=s, az. ez;e :ad A=sveg

.

.

. .

.

<

~
.

.

3800 uC*/~~'?an 2. (.730)(1.03) = 2.2S: fallad fuel, =az. expected A=sw- ,

1253 uC /mi

. .

O

!
1

|

|

|

l
.

I

4-

,

* |

. ,

% |

|

j
i

e 9

., -e-. e . ,em %- w+, ,e. . .. .- e- - --.-*eh+ =-* * * * * * * eaa ee. - = *
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