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Mr. R. Dietch : SEPB
Vice President
Nuclear Engineering and Operations
Southern California Edison Company
2244 Walnut Grove Avenue
Post Office Box 800
Rosemead, California 91770

Dear Mr. Dietch:

SUBJECT. TMI ACTION PLAN ITEM II.B.3, POST-ACCIDENT SAMPLING SYSTEM
SAN ONOFRE NUCLEAR GENERATING STATION, UNIT NO. I

Enclosed is the HRC staff's evaluation of your December 3, 1982 submittal
regarding the post-accident sampling system for San Onofre Nuclear
Generating Station, Unit No. 1. The evaluation found that you meet nine
of the eleven criteria in Item I1.B.3 of NUREG-0737. A discussion
of the open items (criterion 2 and criterion 10) is contained in the en-

closed evaluation.

We request that you address the open items within 45 days of the receipt
of this letter.

Sincerely,

Original signed by

Dennis M. Crutchfield, Chief
Operating Reactors Branch #5
Division of Licensing

Enclosure:
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' UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

September 1, 1983

Docket No. 50-206
L.S05-83-09-042

Mr. R. Dietch

Vice President

Nuclear Engineering and Operations
Southern California Edison Company
2244 Walnut Grove Avenue

Post Office Box 800

Rosemead, California 91770

Dear Mr. Dietch:

SUBJECT. TMI ACTION PLAN ITEM II1.B.3, POST-ACCIDENT SAMPLING SYSTEM
- SAN ONOFRE NUCLEAR GENERATING STATION, UNIT NO. I

Enclosed is the NRC staff's evaluation of your December 3, 1982 submittal
regarding the post-accident sampling system for San Onofre Nuclear
Generating Station, Unit No. 1. The evaluation found that you meet nine
of the eleven criteria in Item II1.B.3 of NUREG-0737. A discussion

of the open items (criterion 2 and criterion 10) is contained in the en-
closed evaluation.

We request that you address the open items within 45 days of the receipt
of this letter. '

Sincerely,

6enn1s M.;éZ;téé;?g?f{ Chief

Operating Reactors Brdnch #5
Division of Licensing

Enclosure:
As stated

cc w/enclosure
See next page




Mr. R. Dietch

cc

Charles R. Kocher, Assistant
General Counsel

James Beoletto, Esquire

Southern California Edison Company

Post Office Box 800 ’

Rosemead, California 91770

David R. Pigott

Orrick, Herrington & Sutcliffe
600 Montgomery Street

San Francisco, California 94111

Harry B. Stoehr _

- San Diego Gas & Electric Company
P. 0. Box 1831

San Diego, California 92112

Resident Inspector/San Onofre NPS
c/o U. S. NRC

P. 0. Box 4329 .

San Clemente, California 92672

Mayor
City of San Clemente
San Clemente, California 92672

Chairman

Board of Supervisors

County of San Diego

San Diego, California 92101

California Department of Health

ATTN: Joseph 0. Ward, Chief
Radiation Control Unit

Radiological Health Section

714 P Street, Room 498

Sacramento, California 95814

U. S. Environmental Protection Agency
Region IX Office

ATTN: Regional Radiation Representative
215 Freemont Street ,

San Francisco, California 94111

John B. Martin, Regional Administrator
Nuclear Regulatory Commission, Region V
- 1450 Maria Lane B
Walnut Creek, California 94596




cizted to Operation of
fre Nucles Genercuirg Station Unit No. 1

thern California ‘Fdison
Docket NWNo. 50-206 :

Post-Accident Sampling System (NUREG-0737), 11.B.3

The post-accident sampiing system (PHSS) is eva]uated tor compliance
with the criteria in NUREG-0737, Item II.B.3. The licensee should
provide intormation on ihe capebility to obtain and guantitatively
analyze reactor coclant znd containment stmosphere samples without
radiztion exposure to eny individual exceeding 5 rem to the whole
bedy or 75 rem to the exiremities (GDC-1S8) during and following an

accicent_in. which there i<_eore<degradgﬁion_mmuaiﬁxials_io_be_anaszeg: -

end guantified include certain radionuclices that are indicators of
core damzge (e.g. noble gases, isciopes of iodine and
cesium, &nd nonvolatile isotopes), hydrogen in the con;ainment atmos-

- A ~ f - N K
cases or hydrogen, Loron, and chloride in
Gesgs 5 g s

To setisfy the reguirements, the licensee should (1) review and modify
his samp11ng, chemical analysis, and radionuclide determination cap-
abilities as necessary to comply with NUREG-0737, Item II.B.3, and- —
(2) provide the staff with information pertaining to system design,
analytical capabilities and procedures in sufficient detail to demon-
strate that the requirements are met. o
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By letier cated December 3, 1882, the licensee proviced informetion on .
the PASS.

Criterion: (1)

The licensee shall have the capability to promptly obtain reactor
coolant szmples and containment atmosphere samples. The combined
time allotted for sampling and analysis should be three hours or

less from the time a decision is made to take a sample.

The PASS has sampling and analysis capability to promptly obtain press-
urized and unpressurized reactor coolant samples, znd analyze these
samples and containment atmecsphere samples within three hours from the
time a decision is made to take a sample. Samples will be taken and
with the exception of chlorides znalyzed at a shielded underground
semple siation 400 feet from the control ~room—The-steiien—provides ————e o
the czpability of remote analysis of the reactor coolant, with remote
collection and dilution of the rezctor coolant and containment atmos-
phere szmples for subseguent re diclogical analysis by using Unit 1

- ~

!aboratcry cﬂuwyneni. In azdgition, the Unit 1 Diesel Geperators will

power occurs. The NRC staff has determined that these provisions meet

criterion (1) of Item I1.B.3 in NUREG-0737 and are, therefore, acceptable.

Criterion: (2)

The licensee shall establish an onsite radiological and chemical
analysis capability to provide, within three-hour time frame
established above, guantification of the following:

.
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caces; icdines and cesiums, and non-volatile

isotopes);
b) hycrogen levels in the containment atmosphere;

c) dissolved gases (e.g., HZ), chloride (time allotted for
analysis subject to discussion below), and boron concen-

tration of liguids.

d) Alternatively, have in-line monitoring capabilities to perform

all or part of the zbove analyses.

The PASS is capable of analyzing, by grab samples and remotely controlied
in-line monitors, noble gases, jodines and cesiums, non-volatile isotopes,
boron, chloride, hycrogen, pH, and dissolved gases in the primary coolant

. and the_containment etmosphere. i »

The NRC staff finds that thé licensee partially meets Criterion (2) by
establishing an on-site radioligical and chemical analysis capability.
However, the licensee should Ergvide a procedure, consistent with our
clarification of NUREG-0737, Item II.B.3, Post Accident Sampling System,
transmitted to the licensee on June 30, 1982, to estimate the extent of
core damage based on radionuclide concentrations and taking into consider-
ation other physical parameters such as core temperature data ;nd sample
location. Guidance for the procedure to estimate core damage is attached
(Attachment 1). In addition, the licensee should describe the acturacy

of the chloride analysis. e

Criterion: (3)

.
Py i
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Reactor coolant and contginmegt'atmosphéke ‘sampling during post

ac¢ident conditions shall noturequire an isolated auxiliary system.




=zlior coolant uring post accident

conditions does nc sysem to be placed

in uperation in Order to perform the samp)ing function. The PASS

provides the ability to obtain samp1es from lcop C of the reactor coolant
system and the contzinm ent atmosphere without using an isolated auxiliary
system. The licensee's proposal to meet Criterion (3) is acceptable since
PASS sampling is performed without requiring operation of an isolated
auxiliary system and PASS valves which are not accessible after an
accident are envirormentally qualified for the conditions in which they

need Lo operate.
Criterion: (4)

Pressurized reactor coolant samples are not reguired if the licensee
can quantify the amount of dissolved gases with unpressurized reactor
coolant samples. The measurement of either total dissolved gases or

H2 ges in reactor coolant samples is consicered adequate. Measuring

.

theaOz:Concenirat10n~T$~recommended;méutmi&zagimmagdaécxy, S —

The PASS is eble to obtain pressurized resctor coolant semples and also

can cuantify the amount of dissolved geses. 0, concentration measure-

Z
ment cezpabilities is being provided to meel the recuirements of Regulatory
Guide 1.97, Rev. 2. The oxygen anzlyzer will provide an auto-rangin

3 o =

A

remote rezgout with four renges: 0 to 18.8 ppb, 2 1.8 to 199 ppb, a
0.18 10 1.999 ppm &and 1.8 to. 19 3380 opm. The'a;cuzacy of the read1ng
is + 4% in the 1owest range. The NRC staff has determined that. these

provisions meet Criterion (4) of Item II.B. 3 in NUREG-0737 and are,

therefore, acceptabie.

e
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Criterion: (5) wl  :  et

The time for a chloride analysis to be performed is dependent upon

two factors: (a) if the p]gntfs coolant water is seawater or brack-
ish water and (b) if there is oh]y a‘§1ng1e barrier between primary
containment systems and the cooling water. Under both of the above
conditions the licensee shall provide for a chloride analysis within -
24 hours of the sample being taken. For all other cases, the
1icensee shall provide fof the analysis to be completed within 4 days.
The chloride analysis does not have to be done onsite.

An uﬁdi]Uted grab sample facility is provided which meets the 96-hour
chloride 1imit for a fresh water plant. The undiluted grap samples will
be analyzed offsite at General Atomic Company within four days. The NRC
staff has determined that these provisions meet Criterion (5) and are,

therefore, acceptable.

Criterion: . (6)

The design basis for plant equipment for reactor coolant and con-
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ment etmosphere sampling and analysis without radiation exposures
, 10 CFR
rt 50) (i.e., S5.rem whole body, 75 rem extremities). (Note that

b]

!
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ny indivicual exceeding the criteria of GDC 19 (Lppendix A
P
the design and operational review criterion was changed from the
operational Timits of 10 CFR Part 20 (NUREG-0578) to the GDC 19

criterion (October 30, 1979 letter from H. R. Denton to a1l licensees).

[¢}]

The licensee has performed a shielding analysis to ensure that operater
~exposure while obtaining and analyzing a PASS sample is within accep-
table limits. This operator exposure includes entering and exiting the
sample panel area, operating sample panel manual.walves, positioning the
grab semple into the shielded transfer carts, and performing manual
sample dilutions, if required, for isotopic analysis: PASS personnel

radiation exposures from reactor coolant and:;gontainment atmosphere
: \
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nalyeic ere within S.rem whole bogy and 75 rem exiremities
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which meet the recuirements of GDC (19) and Criterion (8) &nd are, iheve-
C

Criterion: (7)

The analysis of primary coolant éamp]es for boron is required for
PWRs. (Note that Rev. 2 of Regulatory Guide 1.97 specifies the
need for primary coolant boron analysis capability at BWR plants).

Boron analysis of the reactor coolant will be performed by an in-1ine boron

meter with & measurement capability from 100 pﬁm 4,400 ppm under accident

conditions with an accuracy of + 2%. We find that this provision meets the

recommendations of Regulatory Guide 1.97; Rev. 2 and Criterion (7) and is,
therefore, acceptable.

Criterion: (8)

If in-1ine monitoring is used for any s

o))

mpling and analytical
cepability specified herein, the licensee shall provide backup
' 1

ens
campling through grab samples, and shall demonsirate the

(@]

zoebility of anzly¥zing the camples. Esteblished planning for

ns
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nalysis at offsate facilities is acceptable. Equipment provided
for backup sampling shall be cepable of providing at least one
semple per day for 7 days fo1fowing onset of the accident, and

at least one sample per week until the accident condition no

Tonger exists.

The PASS has diluted grab sample capability and undiluted backup
grab sample capability for samp]fng within 30 days as required.
Diluted grab samples will be analyzed at the Unit 1 site and
undiluted samples will be sent offsite for ané?ysis. Provisions

to flush in-line monitors are provided in the PASS using demineralized

¥ hong
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weter anc¢ nitrogen. The NRC staffihas determined that these provisions meet

Criterion (8) of Item II.B.3 in NUREG-0737 and”are, therefore, acceptable.

Criterion: (9)

kS . .
.

The Ticensee's radiolecgical and chemical ssmple analysis capability
shall include provisions to:

a) Identify and quantifyvthe isotopes of the nuclide categories
discussed zbove to levels corresponding to the source term
given in Regulatory Guide 1.3 or 1.4 and 1.7. \Where neces-
sary &nd practiceble, the ebility to dilute samples to
provide capability for measurement and reduction of personnel
exposure should be provided. Sensitivity of onsite liguid
sample analysis cepability should be such as to permit
measurement of nuclide concentration in the range from
approximately 1Im Ci/g to 10 Ci/g.

b) Restrict background levels or radiztion in the radiological
mical analysis facility from sources such that the

ysie will provide resulis with an acceptably

1 error (epproxtmately a factor of 2). This can be
1iched through the use of sufficient shielding around

e scurces, anc by ihe use of a ventilation

h will control the presence of airborne

radioactivity.

The radionuclides in both the primary coolant and the containment
atmosphere will be identified and quantified. Provisions are avail-
able for diluted reactor coolant samples to minimize personnel
exposure. The PASS can'perforh radioisotopé analyses at the levels
correspohding to the source term given in Regulatory Guide 1.4,

Rev. 2 and 1.7. The activity detection range for reactor coolant



o ®
is 1 to 107 Ci/cc. Radietion background levels will be restricted
by shielding and venti]ationQiﬁ;thegfadiqquicaW and chemical under-
ground samp1jng station analysis fééi]itfééisuch that analytical
results can be obtaihed within an acceptably small error (approxi-
mately a factor of 2). The NRC staff finds that these provisions
meet Criterion (9) and are, therefore, acceptable.

Criterion: (10)

Accuracy, range, and sensitivity shall be adequate to provide pertinent
data to the operator in order to describe radiological and chemical
status of the reactor coolant systems.

Analytical accuracies.for gamma spectra, boron, hydrogen, bH, and. oxygen
analyses are estimated. The equipment and procedures used for post-accident
sampling and analyses will be calibrated and chemistry personnel retrained
in the use of the system on a frequency of at least once every six (6)
months.

"The NRC staff finds that the licensee partially meets Criterion (10). The
lTicensee should verify that the accuracy is consistent with the guidelines in
our letter dated June 30, 1982 for chloride analysis. The licensee should
also provide information on the measurement ranges and sensitivity of the
procedure to demonstrate on the standard test matrix that the selected pro-
cedures and instrumentation will achieve the accuracies.

A report on the evaiuation of Sentry Equipment Corporation and General
Electric Company analytical chemical procedures for post accident analysis
is provided for information (attachment 2). RS

Criterion: (11)

In the design of the post accident sampling and analysis capabiiity,
consideration should be given to the.following items:

O oo
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or purging cazvole Jiines, for recucing plaieocut in
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sevple line, for minimizing §E5p]efioss'%F’distortion, for '
preventing blockzge of sample lines by locse material in the

RCS or containment, for appropriate disposal of the samples,

and for flow restrictions to 1imit recactor coolant lcss from a
rupture of the sample line. The post accident reactor coolant’

and containment atmosphere samples should be representative of

the reactor coolant in the core area and the containment atmos-
phere following & transient or accident. The sample lines should
be as short as possible to minimize the volume of fluid to be taken
from contzinment. The residues of sample collection should be

returned to containment or to & closed system.
b) The ventilation exhaust from the sampling station should be
filtered with charcoal adsorbers and high-effciency particulate

air (HEPA) filters.

The licensee has zddressed provisicns for purging to ensure semples

. are representative, size of sample line to 1imit reactor coolant loss
from a rupture of the sample line, and ventilation exhaust from PASS
filtered through charcoal adsorbers and KHEPA fTilters. Furthermore,
information was also provicded regarding containment zimcspherve semple

1ine heat tracing-to 1imit jodine plateout.

The NRC.staff has determined that the licensee meets Criterion (11) of Item
11.B.3 or NUREG-0737. '

. e

Conclusion

The NRC staff concludes that the post- accident sampling system partially
meets the criteria of Item IT.B.3 of NUREG-0737. ‘The licensee's responses
to nine of the criteria are acceptable. The two criteria which have not
been fully resolved are: ;

i

£
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Criterion (2] provide a core damaye’ estimate Drecedure.
o _ FalA
Criterion (10} provide information demonstrating applicability of

procedures and instrumentation in the post accident

water chemistry and radiation environment.

ACKNOWLEDGEMENT

Paul Wu contributed to this evaluation.
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Tne mejor issue remaining 1o complete our evaluetion of NTOL's for
compliance with the post-accident sampling criteria of NUREG-0737 is.
preparation of procecures ior relating radionuclide concentrations
to core damsce. To cate, none of the applicants has been successiul
in providing an acceptable procedure. Lc a conseoguence, each NTOL hes
2 license condition which may restrict power operations. ‘One of the

contributing fectors in the applicant's slow responses to this item is

their confusion on exactly what to prepare. The- attachment is intended
+o provide informal guidance to each NTOL applicant so that their
procedures, when prepared, will address the core damage estimation in a
manner ecceptable to us.

We anticipate thet preparztion of a final procedure 7or estimating core

damzge may take approximately 12 monihs. Therefore, we are willing to zecept

zn inierim procedure which focuses on fewer radionuclides than are indicated

in the attachment. The interim procedure in conjunction with a £irm dete

for the final procedure would be used to remove the power restricting
1icense condition.

The primary purpose in preparing a procedure for relating redionuclide
concentrations to core camzge is to be able to provide a realistic estimate
of core camage. We ere primarily interested in besing able to differentiate
n four mejor fuel conditons; no ¢zmage, cladding failures, T over-
fctimates of core camage should be as real ic as
17 & gore actually has cne percent cladging Tailures, we a0 not
diction of fifty percent cOre melt or vice versa:i extremes in
ection could significantly 2}ter the actions taxken 10 recover
cident. Therefore, the procedure Yor estimating core cdamace
include not only the mezsurement of specitic radionuclides but s
+od assessment of. their mezning bzsed on all available plant indicete
11 in
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ist.

The rationale for selecting specific rzdionuclides to perform "core
damace estimates from Fission product release” is included in the Rogovin
Renort (page 524 through 527, attached). Besically, the Roaovin Report
ctztes that three mejor factors must be considered when attempting to
estimate core demage based on radionuclide concentraticns. '

1. Tor the measured radionuclides, what percent of the total availeble
activity is released (i.e. is oniy gap activity relezsed, is sufficien
activity relezsed to predict fuel overheating or is the quantity
of activity released, oniy available through core melt?)

c
g core damage but is not intended to provide an a1l inclusive piant
3
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2. \hat radionuclides are not present (i.e. some radionuclides will,
in a1l probability, not be releazsed unless fuel overheatina or '
melt occurs). The zbsence of these species bounds the maximum
extent of fuel demage. .

‘ 2.  Yhat are the ratios of various radionuclide species (i.e. the gap
| activity retio for various. redionuclides 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 mezsurements, other plant indicators may

be azvzilzble which can aid in estimating core damage. These include

incore temperature indicztors, total quantity of hydrogen releazsed Trom
zirconium degradation and containment radiation monitors. When providina .
zn estimate of core demzoe the informetion available from ail indications
should be factored into the final estimate (i.e. i¥ the incore temnereature
indicators show Tuel overheat and the radionuclide concentrations indicate
no cemzoe, then a recheck of both indicztions should be performed).

Consistent with the categorization of fugl damage in the Rogovin Renort,
the four major categories of fuel demzce can be further broken down,
<imilar to the following list, consistent with-state-of-the-art technoioay.
_ The sugoesied catecories of fusi damage are intended solely to zddress Tuel
intzcrity Tor pest-accident sampling and do not pertain to mEeliWda T normal T T T T T
0ff-site doses as a consecuence of fuel Tailures.
L 4
1 No fuel demzage.
A Cladéing failures (<10%).
3. Intermedizte cladding failures (10% - 5 %).

e

tzjor cladding failures (>50%).

o

. fuel peliet overheating (<10%)

intermediate fuel pellet overheating (10% - 50%).

(@]

7. Major fuel pellet overheating (>50%).
8. Fuel pellet melting (<1C%).

o. Intermediate fuel pellet meltina (10% - 50%).

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




Example

—h — J>

Fourth, check

Becezuse core cecradztion wiil in 211 probebility not take plece uniformly,
the final catego*wes will not be clear cut, as are the ten listed above.
Therefore, the preparation of a core demzge estimate should be an jterative
process where the first determination_is to find which of-the four mejor
categories is indicated (for illustrative purposes, only radionuclide
concentrations will be conswcored in the followinn exampTe, but as indicated
above, the plant specific procedure should include input from other plant
indicators). Then proceed to narrow cown the estimate based on all available
cata and knowWedce of how the plant systems function.

v

In & given accident cendition, there is 70% claed failure, significant
fue] overheating and one fuel bundle melted. Utilizing the iterative

process .
First calculete the maximum fuel meted by arbitrarily attributing all
activity to fuel melt (under these conditions, ¥ive to ien melted
bundles may be predicted). Therefore, the worst possible condgition
is fuel pellet melting.”

Second , calculate the maximum fuel overhezted, by arbitrarily attributing

all activity to fuel p°11et overhezting (unccr these cond1t»ons,
major fuel pellet overhezting is preo(cted) '

feijures, by arbi

Third, celculzte the meximum c15d01 ng traerv attributing
a11 activity to c1coc1nc Tailures (under these conditions, areater
than 100% fuel cladding cemage is predicted).
+ this point is is cbvious that maior clzddinc damage is present and that 2
aroe amount of Tuel pellet overheating has occurr ed with the potential
or some minor fuel pellet meltina.

presence of racdionuclides which are indicztors of
ing and overheating. In this instance, obvious :
rhezti

for
fuel pellet m
T ing will exis: 2lono with trace indicators ok

inditztors of
potential pell

Fifth, based on the radionuclide indicators of fuel pellet ov:rhnatino

damage (confirmed by incore temperature) make an estimate of how-
much fuel overheated. This result will in all prcbability indicate
major fuel pellet overheating.

Sixth, subtract the activity estimated from fuel pesllet overhezting,
plus the activity attributable to 100% aap release from the total
activity found. This will result in a negative number because the
contributions from overestimatina cladding damage (7100% versus 70%)
and fuel overhezting (major versus intermediate will exceed the
activity contribution from one meited bundie.




o

At this point, krowledcezble judgment must be employed to establish the
best esiimate of core camage. Althouch all damage could be attripbutzble
+o cladding damage and fuel pellet overheating, the trace of radionuclide
indicztors of fuel pellet melt indicate the possibility of some fuel
melting. Based on knowledae of core tamperature variations, it is

highly unlikely +hat 100% cledding czmage would exist without significant
fuel melting. Also, some of the activity attributed to fuel pellet
overheating must be acsociated with the amount of fuel pellet melting
which is indicated. Therefore, the best estimate of fuel camege would

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

The above exzmple is obviously ideal end makes the mzjor assumptions

4 4 o
that:

A. The racdionuciide/s monitored are at ecual concentrations in all
fuel rods.

n actuality, at no time will 211 radionuclides be at equzl concen-
rztions in a1l fuel rods. Because the time to reach eguilibrium

each redionuclide is different, cue to their hichly variable
production and different decay retes. Some jsotopes Will approach
equilibrium quickly, while others never reach equilibrium. Theretore,.
it s necessery 1o factor;ﬁn‘reactor~powerwhistoty;whEﬂWQﬁigﬁﬁiﬂj"9
wnich radionuclide is optimum Zor monitoring in a given accident
condition., Probably the eptimum radionuclides for ectimating core
cemage will vary as & funciion of time after refueling znd bzsed on
power histery.

Hh oot

ror
o

E. Touilibreted samples are rezdilv available irom @
T the ins-ani OF s&mbling. Considering the 1&rgd

[3quid and veDoTr SDEces Thzt 2 leakage source miare X
with, for other thzn very Jerge leaks, it wil]l tazke mzny hours ar
even days to epproach equilibrium conditions at all

C. Mzyimum core dearedztion occurred prior tO jnitiation of semolind.
Unjess total cooling is 10st, COre cegracaiion can Se anticipated

to progress over & period of hours. Thus, there is not 2 given

instant when sampling can Dbe conducted with positive assyrance that
maximum decradation hes occurred.

o

Considering that sdeal conditions will not exist, then procedure vor
estimating core damage <hould be prepared in a manner that the effects

of varizbles such as time in core life and type of accident are accounted
for. Therefore, the procedure for estimating core damaoe should include

the determination of both snort and long lived gaseous and non-vclatile
radionuciides along with ratios for approoriate species. Each ssparate
radionuclide analyzed, 2iong with predicted ratios of selected redionuclides
would be used to estimate COTe dzmzge. 1his process will result in four
ssparate ostimzies of core damage, (short and long-lived, gaseous and
non-volati cies) wnich can be weighed, based on power history, to

ie spe
determine the best estimate of core camage.




The post-zccident sampling system locztions for liguid and czseous sembles
varies for ezch plant. To obtain the mest eccurete assessment of core
damege, it is necessary to sample and analyze redionuclides from each of
thece locations (rezctor coolant, contzinment atmosphere, containment

sumps &nd suppression pool), then relate the measured ‘concentrations to the
total curies for each radionuclide at each samole Jocation. These measured

redionuclide concentrations nsed to be decay corrected to the estimzted

+ime of core demage (to). Their relationship to core damage can be obtained
by comparing the total quantity and ratios of the radionuciides released
with the predetermined radionuclice concentrations and ratjos which are
availzble in the core based on power history. Assuming one hour per sample
locztion to recirculate, obtein and analyze & semple from each location

it would take hours to perform each of those analyses.

Based on the above rationzle, the final procsdure for estimating core
demzge using mezsured radionuclide concentrztions will probably rely

only on one Or two szmple locztions durina ithe initial phzses of an
sccident. The optimum radionuclides for estimziing core cemaae Will also,
in the short term, be based on recent DOWEr history. Yhen equilibrium
conditions ere estzblished &t all sample locztions, radionuclide anelysis
can be performed to cbtain & better estimate of core damage. The specific
racionuclides to be anzlyzed under equilibrium conditions may be different
+han those initially anmalyzed because of initial abundances and

gifferent decay raties.

+ions to be used during the initial phases of an

ted bzsed on the type of eccident in proaress

jouid line break in tne primary containment

zntities of volztile species 1O the dry well.

well first would not indicate the true magnitude
emz1] break asccident, if pressure js reduced

accidant should be csele
(i.e. for & BWR, a smal
would release only smal
Therefore, sempling the dry
of core cemzge). For ihe szm

The specific sample loc
21
=

m ¢

jon 2 0]

by venting savety valves to the suporession pool, then the suppression
chzmber vepor space would contain the majority of gcaseous activity. In the
case of a small steam line syrezk, without venting safety valves @0 the
suppression pool, the dry welli may be the best sampie location.

To account for the variations in prime sample iocztions, bzsed on type
accigent, the procedure should include a list of primary-szmnie locat
This 1ist should inciude botn a prime liguid and gaseous location e&nd
+he reasoning used to determine that these locztions are best. Adcition
the procedure should acddress other plant indicztions which can be used to
verify that the szmple locations selected are best Jor the specified
accident condition.

e
Tv,

Finally, the procedure should incorporate plant specific examples which

chow estimates of core damage based on predicted radionuciide concentrations.
Mathodology for this step is provided by letter of May 4, 1981, from

McGuire Nuclear Station, Docket No. 50-368.
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7. Al tezl 1o an the o g an % Ths
a-oroximately Z0-minuvie (center bungie) o cowrn
4C-minute (b'.-.'=s' powesr :-eri:h-:ra.’ bundies) cver
period ghier the top of the core veas uncovared embriti
at cazihs ranging frcm 1'% fest (center bundie) gabris C
to 2 iz=! {peripheral bundle) from tha {cp of the ments, pa*‘: 2lly disszived fuel pellels, <!
fuel rods. 7 Zirceloy oxice, 2nd segments of embritth

8. Temperztures at v/hich fiquefied fuel (UO, dis- - ~caloy cladding with outer skins of Zirca!
solved in the zirconium metal-zircenium dioxide | ide, all gluaed tcoether with diguefied fuel
liguid eutzctic at about 3500 to 335007) could relatively ticht and ccmpact mass ex!
be fermed were caiculated to have first been ~ entirely acress the core from wall to w.
reached at 6 inches from the top of the fuelin = _ peretraied by cnly a few verical passap
the fuel reds in the central fuel bundie about 33 at most. In aZdition, fingers of liguefied
minuies cHer the top of the ccre weas un- {end downward from the debris bed in:
‘covered znd were reached as low as 25 inchas continucus subchanne's between fuel ro:
frcm the top of the fuel. Such tempszraiures compessing the neighboring fuel rods
were ceiculzied o have been reached in the depth of ebout | fcot above the botiem
peripheral bundlzs at a depth of sbout 14 feel stzck in the fuel rods. Not less thr
inches from the top of the fusl in zbout 46 of ihn fuel assembiies have such fing
minutes afer the core was unceovered and at a liquehed fual.
cepth of ebzut 41inches in 57 minutes
The pezk temperztures cealculzied for the fuel
rods ranged from 43707 in ebout 52 minutes ¢c. Core Dzmage Esiimztes from cion
for the hichest powered bungie to a maximum Froduct Release
of 4432°F for 2 megdium powered bundle at 58 :
minutes to zbout 433E°F for 2 lower powered At shutdown the rezcior core contsined
periheral bundie at ebcut 78 minutes. products, activation products, & ’d actinides.

10. The emount of hyGrogen {ormegd by oxidation 6f {T\HEEE, NTIatly Krypion™ ang™xenon, "are T
fus! peliet 1o ¢
.. T i IS

sciid Zircelov clecding curing (h L
excursion was czlcuigied to engd ihe cledding
pcunds, and that {ermed from {iccine and bromy
egeg Zirczioy, including that ¢ ed czp. Any per
liguzfied fus! present at 3 hours, w e thesz fission ¢
to b2 zbout 720 pouncs. 'Tnis
amount of hycrogen estimeted i Mo res are h‘;hsr than of
formed. Tne maximum coulc &2 ok tempe: ; 2l bslow meiling, othar
poungs. . tive mazlerizls are vcleliized and can dife
M. The mzaicr relzases of hyd'o:ew {o the contain- Alse, ciffusion of the ncble gesas and halog
ment occurred before 4 hours accicent lime crezses so that a lerger fraction ol these
and during the long Cepressurizziicn eround 8 reizzsed. The relezsz of cesium is cuite .
hours. No¢ signilicani emount ¢f hydrogan vas and couid be czused by compound formati
preduced atier ebout 4 hours. czuse of this Vc’lcb lity and hat s now

12. The minimum wzter level occurring in the core  zbout cesium, it is’ not flssitle to oalermx
up to 3 hours is estimated to have been 4T % cisely the tempereture at which a reasona

# from the botiom of the fuel in the fuel rocs on fraction of the cesium wouid be released; h
the basis o’ the emzunt of hydrogen proouced it is belizved temperatures wouid not be low.
the amount of radicactivity relezsed, the time at mo C (23707877

which significant leveis of radicaclivity were At hicher ‘AEI"‘,’,}EFE"L. gs that cause the &
"detected, and the structural dama;e estimated tion or meling of fuel, Qe"\a fraction of cthe:

fium czn b2 releasa
cape of tshurium ¢

" in the core, products such as
13. The ictal amount of Zircaloy cxicized is calcu-  reperisd show that oe
lzted to b2 not less than 18400 pounds and  on meny fecters clher than temperature. W
may have bezen as high 2s 18700 pounds; ie,  cxigizing conditions some ruthenium ¢

:; {n
L
®
v



¢ cenfirm grevious z. has rot resolved afl the
questicns  regercing conditions—especially  tem-
pereture condiiicns—under !
woulc e released _

Mzny of the fission products and most of the
aclinides occur as refraciory oxides and are
released orly mn relztively small amourits even at
ciavaied lemperatures. However, if damagaed fuel

pelists are rewetiad, sOME of the mcre reirectory

c=dicective matsrial can be leached out. Tris pro-
cess is siow and only small fraciions o©f these
materizle Anc their way into the coolant by Jezching.
The lon =

~cer damzced fusl is in contact with water,
relzesed.

-
~ P —bm et -~
e More TEIEnas ere

Caiecories of Fission Eroduct Releases aend Their
Relalion to THVi-2 :

Siesicn preducts and actinides can b2 divided
into tynical reizzse croups, besed on the ezse with
which iney ere velatiized. One such grouping (from

Ref 721 is in orcar of cecreasing voiatility.

/

and veiztile fission pro-
e and the
¥ the temperature is hici
mented, nearly complete
‘als can be assumed.

an
-l-2,"‘fs nearly complete
lezse of gcroups | and i can be assumed from all
fuel that was severely camaged, plus scme addi-

pericraied without czmege to the fuel. This addi-
tionz! zmeunt fiom pericrated but othenvise undam-
agec rods is. srobebly partly balanced by the
=meunt not released frem severely demaged fuel

A mazjor faciion of group I and a much smaller
traciion ¢f orcup IV couid have been relezsed from

.
-
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Very small frection

principal mechanism

s of

‘e remeining Croups may
have been re'zzsed Som ihe very hotiest fuel The

for release of these refractory

materials is prebzbly leaching. Leaching from wradi-
ated UO, has not been ihcroughly sfudisd. Howev-
er, the work of Katzyama'®2'%2 and of Forsyth and

Sklund™®* has shown thz

=t the leaching rales are

slow, comparzsie to those irom gizes. Quantitalive
dzta, especielly for the temperatures ard conditions
existing ih TMi-2, are too sparse ior a refietle cal-

culztion of the rete of

lsa

ching, especially when one

‘considers thz! the concition cf the damagead fuel is

completeily enknown.

An acciticnal comzlicetion is presented betause
ihe efective suriace arez of irraciated fuel present-
s

ed to the weter i

Imest impossitle to estimaie be-

a.’
cause of cracking and porosity. The mest that can
be done with the evailebie date is to form an edu-
czied cuess® as to whether the fuel zppears fo be
- by
i

of very fine fragmants.

not possitle to estim

of the iragments.. Howe
most refracicry material can be excecied o have

conciusions, althcugh
czte thatl the obszrved

O

m
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n

4
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ver, & smell fraction of the
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imeters in Ci-

r than 0.6 milmeter in diam-

Expected Cispersion cf the Fissicn Preducts irem

the Reacior

Principal fuel damagse
hours afer turbine trip. There was preoebly only
minsr camece before 2 hours, The czicuiated toig

: y i9% Fect
inventory =~ of fission

~r~

i

probably stzried teiore 3

ducts, aclivafion procucts,
Y




ST LB, ACtniy in 1ol T LISURS
Group Achvily
i 8~
i 267 x 10° Ci
g .
H 447 x 107 Ci
m 7 Ci
46x 10 Ci
v 1.61 x 10° Ci
Y 3.85x 108 Ci
Vi 6.34 x 10° Ci
3y e
Vil 269 x 10° Cl
Vil 480 x10°Ci
Toial . 5.11x10°Ci™*
*A few eiements of low total aclivity, noiably Fe, Cu,
t<. znc Sb, heve been arbilrarily loczted on the basis ol
meling ponl.
“*Tcial coes noi cuile agree with calculated total
activity becauee of rcuncing.
znd actinices is given in Tz5le II-56 for 3 hours alier
shutdown. '

A Csiziied discussion of the fission product-
relezse paihvways begins in Seclion IIIB of this re-
noH where 2 shoft summary is included. _Radicac-
iive maierial relezsed 10 she reacior coclant may
heve been paruely noched to the containment
tarough the cpeEn PORV (RC-RZ). Some ci the me-
izrizl may have been fiushed 1o the coniainment pri-

isclziion ang then puUmpPET
mewever, the coclant may

b
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iy =

—_t

PR S 3
c-.,.r-’it‘/ = wus g,

JMp puUmSS Wer
g possibility ' tha
fary buiicin er pump

weuld

:al fiushed out of the RCS prob-
reactor buiicing Some &
hzve volatlized from the makeup
hese losses, which are not ex-
e estimatzs of the total activi-

-
maier

ne cdi-

[}

i

icnal material may

Asige frem n

dto be very large,

ssed from the fuel can be made by analyzing

he reacior buiicing air and water sampies, the reac-
or coolant, and the auxiiary tuilding tanks.

lodine is guite vclatiie, and it may be suppcsed

2l & sig! ifeant fracticn is found in the air. Howev-
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cther hand, the soludility of xenon and krypton o
. very low; these gases wiil be found almest entire!,

in the air. . ,

To summarize, nearly compiete reiease of not!
cases, iccing, znd cesium from damaged fuel is €x
pected, even if the temperature is below the meltin
point.  Significant relezses of tellurium, rutheniur
2nd more refractory malerials will occur cnly H th
temperature apprdachgs the melting point Nost ¢
the noble gases wiil be found in air, and mest of th
other fission procducts will be found in water.

at the TMI Site

-

Disiribution of Fissicn Products

air, react

Anzlyses of samples of conteinment
coclant water, end auxiliary building tanx weter o

Ref. 197. Reactor coolant analyvac
~lm

summarized in

show betwsen 7% and 15% of the czlculeted inve:
tory of icdine &n cesium isotcp3s o be in v
coolant. If these measuremants &re correcied !
diution by water from the borated waler stong
tznk, the fractions will be 2
5 {ory materials show grezt varinl
cample iaken on Api 10Vras znzl
boratories. There was a large varziion from labor
ry to lzboraiony, indiczting low coofidence in !t
s of krypicn angd xenen isciopc:
moephere also ghowet congic:
zple varigiion. However, nzsed on ihe most At
cznt isolopes (EsKr ang %
g% to £2% of the core
f 2inment air. Only
was found in the &
a hol
mplas ¢l sump water .
samples showed 7
scine ang ne
be in the reactor building sump water.®® In age”
to iodine and cesium, very sirell amcunts of Ru,
Nb, Sb, Lz, anc Ag were iound. As expacted.’
20g, was {cund. At most, tha zmounts COrrespy’
ed to 2 {ew millionths cf the € inventory. Al
0.02% cf the core inveniory of 1287 Te was fcunc
All of these sample anglyses were corrected
decay cof the radionuciides to the sme of anai
‘This correction process is certainly more acet
shan the analyses themselves, the accuray
the estimates does not genend on the accuins

{
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7).
These data tend to confirm other analyses of

core czmage. The data on radiozclivity released
are too sparse and varizble for 2 precise conclusion
to bz mzcz on the amount of core damage; howav-
er, the fcliowing conclusions zppear to be support-

ed.

1 Abou! 50% of the reactor core was Ca
4y to relszse the moest volelile fission pro-

magad suf-

nciently
cucts.
Ti ow fractions of telWrium, ruthemum, and

e

- sirontivm incicate thal no significent guaniity of
.2l rezched the maiting point of UO (5200°F).

3. The amount of refracicry isoicpes m the reactor .
coclant is consistent with leaching.
d. Hycdrogen Prcduction, Removal, and Hazard

. celculeiion of bubble glze, |
LT '-ro‘.'“? o’ ‘mo h d c;en bubble, and
oY o

Hydrogen Preduction

Two p:ssib'e sources of hycrogen are cer
sidered: metzl-water reactions and radiolysis. Ot
er conceiveble sources include oxidation of UO
which hes not been investigzied. The production «
hydrcgen frcm metal-waler reactions s known
hzve bean largs; thersfore any hydrogen from oth
mechzanisme is expecied to be small in comparisc
Radiolysis is no! expected to _produce laf

amounts of hydrogen. 1t is invesiigaled because

possisility of oxygen produciion was Cons: idered
the 4me of the accident I oxygen hzd bet
released, the hvcrogen ihat was U

trepped in
d have tecoms famr

reactor coclent sysiem coul

able.

Relezsed 1catooe Hraciion of core inventory) s., ,i‘\’ﬁ
- 133 V31, 7133 § 127 T4 L -~
To Xe | ( T Cs Cs k,{/ 2.
Environment c.01’ -2 — -
RB Atmecsphere 0.483 - —_ - X
RB Waler : - 0.22¢ 0.48* o034 A
RC Waler - o.1¢! 0.12* 0.08* X
Aux. Elcg. Tanks - C.03 0.03 0.02
. Totals 0.46  0.29 0.63 0.44
. 'See Ref. 199
2" zshes indicale low values {gererally less t=an 1* )
:sesl eslimate lrcm cata in F\e! 187.

[

Average of chservations.
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