Dockets Nos. 50-269, 50-270 :DMB Ol (P
and 50-287 .

Mr. H. B. Tucker

Vice President - Steam Production
Duke Power Company

P. 0. Box 33189

422 South Church Street

Charlotte, North Carolina 28242

Dear Mr, Tucker:

SUBJECT: POST ACCIDENT SAMPLING SYSTEM (NUREG-0737, ITEM 11.B.3)

The staff has completed its review of your Post Accident Sampling System
(PASS), NUREG-0737, Item II.B.3, based on your submittals of December 1, 1982
and August 26, 1983.

As a result of our review, we find that you meet ten of the eleven criteria
associated with Item II.B.3. Your response to the criterion requiring a
procedure for estimating the extent of core damage is acceptable on on
interim basis. You should provide a plant specific procedure which includes
other physical parameters in addition to fission product activities to
provide a realistic estimate of core damage. You are requested to provide
this procedure to the NRC staff for review on a plant specific basis no later
than August 31, 1984,

In addition, you should confirm that the unqualified PASS valves identified
in your August 26, 1983 letter have been replaced with qualified valves.
The schedular exemption requested in your August 26, 1983 letter will be
the subject of a separate response from us.

We consider NUREG-0737, Item II.B.3 complete for the Oconee Nuclear Station
and any further action associated with the PASS will be handled on a plant
specific basis. Our Safety Evaluation is enclosed.
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Mr. H. B. Tucker -2~

The information requested in this letter affects fewer than ten respondents;
therefore, OMB clearance is not required under P. L. 96-511.

Sincerely,

TURLGINAL Siongp p

JOHN ., 5 TOLY, » ¥
John F. Stolz, Chief
Operating Reactors Branch #4

Division of Licensing

Enclosure:
Safety Evaluation

cc w/enclosure:
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Duke Power Company
cc w/enclosure(s):

Mr. William L. Porter

Duke Power Company

P. 0. Box 33189

422 South Church Street
Charlotte, NMNorth Carolina 28242

Honorable James M. Phinney
County Supervisor of Oconee County
Walhalla, South Carolina 29621

Office of Intergovernmental Relations
116 West Jones Street .
Raleigh, North Carolina 27603

Mr. James P. 0'Reilly, Regional Administrator
U. S. Nuclear Regulatory Commission, Region II

101 Marietta Street, NN, Suite 2900
Atlanta, Georgia 30303 -

Regional Radiation Representative
EPA Region IV

345 Courtland Street, N.E.
Atlanta, Georgia 30308

Ar. J. C. Bryant

Senior Resident Inspector o
U.S. Nuclear Regulatory Commission
Route 2, Box 610

Seneca, South Carolina 29678

Mr. Robert B. Borsum

Babcock & Wilcox

Nuclear Power Generation Division
Suite 220, 7910 Woodmont Avenue

Bethesda, Maryland 20814

Manager, LIS

NUS Corporation

2536 Countryside Boulevard
Clearwater, Florida 33515

J. Michael McGarry, III, Esq.
DeBevoise & Liberman

1200 17th Street, N.W.
Washington, D. C. 20036

Heyward G. Shealy, Chief

Bureau of Radiological Health

South Carolina Department of Health
and Environmental Control

2600 Bull Street :

Columbia, South Carolina 29201




UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION

TMI ACTION ITEM (NUREG-0737)

IT1.8B.3 POST-ACCIDENT SAMPLING SYSTEM

DUKE POWER COMPANY

OCONEE NUCLEAR STATION, UNITS NOS. 1, 2 AND 3

DOCKETS NOS. 50-269, 50-270 AND 50-287

Introduction

Subsequent to the TMI-2 incident, the need was recognized for an improved
-post-accident sampling system (PASS) to determine the extent of core
degradation following a severe reactor accident. Criteria for an accept-
able sampling and analysis system are specified in NUREG-0737, Item II.B.3.
The system should -have the capability to obtain and quantitatively analyze
reactor coolant and containment atmosphere samples without radiation
exposure to any individual exceeding 5 rem to the whole body or 75 rem to
the extremities (GDC-19) dufing and following an accident in which there
1s core degradation. Materials to be analyzed and quantified include
certain radionuclides that are indicators of severity of core damage

(e.g. noble gases, isotopes of jodine and cesium, and nonvolatile
1sotopes), hydrogen in the containment atmosphere and total dissolved

gases or hydrogen, boron, and chloride in reactor coolant samples.

To comply with NUREG-0737, Item [I.B.3, the licensee should (1) review

and modify his sampling, chemical analysis, and radionuclide determination
capabilities as necessary and (2) pgovide the staff with 1nfdrmatidn
pertaining to system design, analytical capabilities and procedures in

sufficient detail to demonstrate that the criteria are met.
Evaluation

By letter dated December 1, 1982 and August 26, 1983, the Ticensee provided
information on the PASS. '
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Criterion (1):
The licensee shall have the capability to promptly obtain reactor
coolant samples and containment atmosphere samples. The combined
time allotted for sampling and analysis should be three hours or

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

The Ticensee has provided sampling and analysis cépability to promptly
obtain and analyze reactor coolant samples and containment atmosphere
samples within three hours from the time a decision is made to take a
sample. During loss of off-site power, alternate power sources are
available for both the gas and liquid sampling systems that can be
energized in sufficient time to meet the three hour sampling and
analysis time limit. We find that these provisions meet Criterion (1)

and are, therefore, acceptable.

Criterion (2): _ ,
The 1icenseé shall establish an onsite radiological and chemical
analysis capability to provide, within the three-hour time frame
established above, quantification of the following:

a) Certain radionuclides in the reactor coolant énd containment
atmosphere that may be indicators of the degree of core
damage (e.g., noble gases, iodines and cesiums, and non-

volatile isotopes);
b) hydrogen Tevels in the containment atmosphere:
c) dissolved gases (e.g., H2), chloride (time allotted for

analysis subject to discussion below), and boron concen-

tration of liquids;

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

all or part of the above analyses.
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The PASS provides Qrab sample analysis for pH, conductivity, chloride,
and dissolved oiygen and hydrogen in the reactor coolant, and inline
monitoring of hydrogen in the containment atmosphere. The PASS also
provides the capability to collect diluted or undiluted liquid and
gaseous grab samples that can be transported to the radiochemical
Taboratory for hydrogen, bH, conductivity, boron, chloride, and radio-
nuclide analyses. The licensees core damage estimation procedure based
on fission product activities is acceptable for the interim. The final
procedure should include other physical parameters in addition to fission

product activities to provide a realistic estimate of core damage.

We find that the licensee partially meets Criterion (2) by establishing
an on-site radiological and chemical analysis capability. However, the
licensee should provide a procedure, consistent with our clarification of
NUREG-0737, Item II.B.3, Post-Accident Sampling System, transmitted

to the licensee on July 8, 1982, to estimate the extent of core damage
based on radionuclide concentrations and taking into consideration other
physical parameters such as core temperature data, sample location and
containment radiation levels and hydrogen concentrations. The licensee
indicated that this procedure will be available by August 31, 1984.
Guidance for the procedure to estimate core damage is attached.

Criterion (3):
Reactor coolant and containment atmosphere sampling during post-
accident conditions shall not require an isolated auxiliary system
(e.g., the letdown system, reactor water cleanup system) to be

placed in operation in order to use the sampling system.

Reactor coolant and containment atmosphere sampling during post-accident
conditions does not require an isolated auxiliary system to be placed in
operation in order to perform the sampling function. PASS valves which
are not accessible after an accident are required to be environmentally
qualified for the conditions in which they need to operate. By letter

dated August 26, 1983, the licensee notified the NRC staff that two PASS
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valves from each unit, formerly considered environmentally qualified, were
found to be unqualified for submerged operation. In View of the fact that
the valves are otherwise qualified except for the sole aspect of submerged
operation and the fact that the licensee has already undertaken a modifi-
cation and replacement program for the affected valves, the staff finds
this acceptable. The 1icensee, however, should expedite the installation
of the gualified valves and should provide confirmation to the NRC staff
when the qualified valves are installed in each plant. We have determined
that the above provisions meet Criterion (3) of Item I[I.B.3 of NUREG-03737

and are, therefore, acceptable.

Criterion (4):
Pressurized reactor coolant samples are not required if the licensee
can quantify the amount of dissolved gases with unpressurized
reactor coolant samples. The measurement of either total dissolved
gases or H2 gas in reactor coolant samples is considered adequate.

Measuring the 02 concentration is recommended,.but is not mandatory.

Pressurized reactor coolant samples are ;oo]ed, degassed and diluted to ‘
a known volume with an inert gas to obtain representative total dissolved |
gas samples at the PASS sampling station. The hydrogen and oxygen concentra- ‘
tion is measured by gas chromatography. We have determined that these provision
meet Criterion (4) of Item II.B.3 in NUREG-0737 and are, therefore, acceptable.

Criterion (5):

The time for a chloride analysis to be performed is dependent upon
two factors: (a) if the plant's coolant water is seawater or
brackish water and (b) if there is only a single barrier between
primary containment systems and the cooiing 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 Ticensee shall provide for the analysis to be completed

within 4 days. The chloride analysis does not have to be done onsite.
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Chloride analysis is performed at the sampling site on a diluted sample

by a semi-micro spot test for chloride. The limit of detection by this
technique is 0.08 ppb. This translates to an 80 ppb detection limit in
undiluted sample, assuming a dilution factor of 1000. A negative test will
require the need for jon-chromatographic analysis off-site. A sample

can be transported to this location and analyzed within 24 hours. A licensed
shipping container will be available. These provisions meet Criterion (5), and

are, therefore, acceptable.

Criterion (6):
The design bésis for plant equipment for reactor coolant and contain-
ment atmosphére sampling and analysis must assume that it is possible
to obtain and analyze a sample without radiation exposures to any
individual exceeding the criteria of GDC-19 (Appendix A, 10 CFR
Part 50) (i.e., 5 rem whole body, 75 rem extremities). (Note fhat
the design and operational review criterion was changed from the
operational limits of 10 CFR Part 20 (NUREG-0578) to the GDC-19
criterion (October 30,_1979 letter from H. R. Denton to all
licensees.) )

The licensee has performed a person-motion study to ensure that operator
exposure while obtaining, transporting, and analyzing a PASS sample is within
the acceptable Timits. This operator exposure includes entering and exiting
the sample panel area, operating sample panel manual valves, positioning the
grab sample into the shielded transfer carts, and performing sample
dilutions. PASS personnel radiation exposures from reactor coolant and
containment atmosphere sampling and analysis are within 5 rem whole body

and 75 rem extremities, which meet the requirements of GDC-19 and

Criterion (6) and are, therefore, acceptable.

Criterion (7):
The analysis of primary coolant samples 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.)

A diluted grab sample of the reactor coolant will be analyzed for
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boron up to 6000 ppm with an accuracy of + 300 ppm. At 1000 ppm
and below. the boron tolerance is + 50 ppm. This provision meets the
recommendations of Regulatory Guide 1.97, Rev. 2 and Criterion (7) and

is, therefore, acceptable.

Criterion (8):
If in-line monitoring is used for any sampling and analytical capa-
bility specified hérein, the licensee shall provide backup sampling
through grab samples, and shall demonstraté the capability of
analyzing. the samples. Established planning for analysis at offsite
facilities is acceptable. Equipment provided for backup sampling
shall be capable of providing at least one sample per week unti]

the accident condition no longer exists.

In-1ine monitoring is used for hydrogen concentrations in the containment
atmosphere. A backup grab--sample .can also be taken. pH and conductivity

are monitored in-line on liquid sample lines. Provisions are provided

- to flush the in-line probes with demineralized water to facilitate access

for repair. We find these provisions meet Criterion (8) and are, therefore,
acceptable. '

Criterion (9):
The licensee's radiological and chemical sample analysis capability

shall include provisions to:

a) ‘ Identify and quantify the isotopes of the nuclide categories
discussed above to levels corresponding to the source term
given in Regulatory Guides 1.3 or 1.4 and 1.7. Where necessary
and practicable, the ability to dilute samples to provide
capability for measurement and reduction of personnel exposure
should be provided. Sensitivity of onsite liquid sample
analysis capability should be such as to permit measurement
of nuclide concentration in the range from approximately lu Ci/g
to 10 Ci/g.




® ®
_7‘_

b) Restrict background levels of radiation in the radiological and
chemical analysis facility from sources such that the sample
analysis will provide results with an acceptably small error
(approximately a factor of 2). This can be accomplished
through the use of sufficient shielding around samples and
outside sources, and by the use of a ventilation system design

which will control the presence of airborne radiocactivity.

The radionuclides in both the primary coolant and the containment atmosphere
will be identified and quantified. Reactor coolant sampies are diluted to
minimize personnel exposure. The PASS can perform radioisotope analyses at

the Tevels corresponding to the source term given in Regulatory Guides 1.4,
Rev. 2 and 1.7.  Radiation background levels will be restricted by shielding.
Ventilated radiological and chemical analysis facilities are provided to obtain
results within an acceptably small error (approximately a factor of 2). We
find these provisions meet. Criterion (9) and are, therefore, acceptable.

Criterion (10): 4
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.

The accuracy, range, and sensitivity of the PASS instruments and analytical
procedures are consistent with the recommendations of Regulatory Guide 1.97
Rev.- 2, and the clarifications of NUREG-0737, Item II.B.3, Post-Accident
Sampling Capability, transmitted to the licensee on July 8, 1982.

b

Therefore, they are adequate for describing the radiological and chemical
status of the reactor coolant. The analytical methods and instrumentation
were selected for their ability to operate in the post-accident sampling
environment. The standard test matrix and radiation effect evaluation
indicated no interference in the PASS analyﬁes. The équipment and
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procedures used for the PASS will be tested or calibrated to maintain

a high Tlevel of reliability. Training of operators wf]] be conducted at
a frequency that will insure their competence. Hands on training will
be conducted twice a year and the PASS will be utilized dhring emergency
procedures. We determined that these provisions meet Criterion (10) of
Item II.B.3 in NUREG-0737, and are, therefore, acceptable.

Criterion (11):
In the design of the post-accident sampling and analysis capability,

consideration should be given to the following items:

a) . Provisions for purging sample lines, for reducing plateout in
sample line, for minimizing sample loss or distortion, for
preventing blockage of sample lines by loose material in the
RCS or containment, for appropriate disposal of the samples,
and for flow restrictions to limit reaétor coolant Toss from
a rupture of the sample line. The post-accident reactor .
coolant and containment atmosphere samples should be represen-
tative of the reactor coolant in the core area and the contain-
ment atmosphere following a transient or accident. The sample
lines should be as short as possible to minimize the volume of
fluid to be taken from containment. The residues of sample
collection should be returned to containment or to a closed

system.

b) The ventilation exhaust from the sampling station should be
filtered with charcoal adsorbers and high-efficiency particulate
air (HEPA) filters.

The Ticensee has addressed provisions for purging and recirculation back
to containment to ensure samples are representative, and double environ-
mentally qualified isolation valves to limit reactor coolant loss from

a rupture of the sample line. To limit jodine p]éteout, the containment
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atmosphere sample line is heat traced. OQur intent for Criterion 11(b)

is to reduce discharges of radioactivity during the sample flushing
procedure, when the purge water is drajned to an open sink. By purging
to containment, the Ticensee is minimizing discharges of radiocactivity
during sampling. We determined that these provisions meet Criterion (11)
of Item I[I.B.3 of NUREG-0737, and are, therefore, acceptable.

Conclusion

On the basis of our evaluation, we now conclude that the Post-Accident
Sampling System meets ten of the eleven criteria of Item II.B.3 in
NUREG-0737. The procedure for estimation of reactor core damage is
acceptable on an interim basis. The licensee should provide a plant
specific procedure to estimate the extent of core damge. This procedure
should include other physical parameters in addition to fission product

activities.

Dated: January 11, 1004

The following HRC staff personnel contributed to the prenaration of
this evaluation: F. {itt and J. Suermann.




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 may restrict power operations. One of the
contributing factors in the applicant's slow responses to this item is
their confusion on exactly what to prepare. The attachment is inteanded
to provide informal quidance 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 procadure would be used to remove the power restricting

1icense condition.

The primary purpose in preparing a procedure for relating radionuclide
concentrations to core damage is to be able to provide a realistic estimate
of core damage. We are primarily interested in being able to differentiate
between four major fuel conditons; no damage, cladding faiTures, 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 damage
should include not only the measurement of specific radionuclides but a
weighted assessment of their meaning based on all available olant indicators.
The foliowing discussion is intended to provide general quidance nertaining
to the factors which should be considered in preparing a procedure ¥or
estimating core damage but is not intended to provide an all inclusive plant
specific list.

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

1. For the measured radionuclides, what percent of the total available
activity is released (i.e. is only gap activity released, is sufficient
activity released to predict fuel overheating or is the auantity
of activity released, only available through core melt?)



2. Mhat radionuclides are not present (i.e. some radionuclides will,
in all probability, not be released unless fuel overheatina or
melt occurs). The absence of these species bounds the maximum
extent of fuel damage.

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

In addition to the radionuclide measurements, other plant indicators may
be available which can aid in estimating core damage. These include
incore temperature indicators, total quantity of hydrogen released from
Zirconium degradation and containment radiation monitors. When oroviding
an estimate of core damace the information available from all indications

should be factored . into the final estimate (i.e. if the incore temnerature.

indicators show fuel overheat and the radionuclide concentrations indicate
no damage, then a recheck of both indications should be performed).

Consistent with the categorization of fuel damage in the Rogovin Renort,
the four major categories of fuel damage can be further broken down,

similar to the following 1ist, consistent with.state-of-the-art technolaay.

The suggested categories of fuel damage are intended solely to address fuel
integrity for post-accident sampling and do not pertain to meetina normal
off-site doses as a consequence of fuel failures.

—
-

No fuel damage.
Cladding failures (<10%).

Intermediate cladding failures (10% - S50%).

= w N
. [ .

Major cladding failures (>50%).

5. Fuel pellet overheating (<10%)

6. Intermediate fuel pellet overheating (10% - 50%).
7. Major fugl pellet overheatina (>50%).

8. Fuel pellet meltina (<10%). '

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

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




Because core degradation will in all probability not take place uniformly,
the final categories will not be clear cut, as are the ten listed above.
Therefore, the preparation of a core damage estimate should be an itarative
process where the first determination is to find which of the four major
categories is indicated (for illustrative purpases, only radionuclide
concentrations will be considered in the followina 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 plant 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 attributing ail
activity to fuel melt (under these conditions, five to ten meitad
bundles may be predicted). Therefore, the worst possibie condition
is fuel pellet melting."

second , calculate the maximum fual overheated, by arbitrarily attridSuting
all activity to fuel pellet overheating (under these conditions,
mjor fuel pellet overheating is predicted).

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

At this point is is obvious that major cladding damage is present and that a
large amount of fuel pellet overheating has cccurred with the potential
for some minor fuel pellet meltinag.

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 along with trace indicators of
potential pellet melt.

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

Sixth, subtract the activity estimated from fuel pellet overheating,
plus the activity attributable to 100% cap release from the totai
activity found. This will result in a negative number because the
contributions from overestimatinag cladding damage (100% versus 70%)
and fuel overheating (major versus intermediate will excesed the
activity contribution from one melted bundle. .



At this point, knowledgeable judgment must be employed to establish the
best estimate of core damage. Although all damage could be attributable
to gladding damage and fuel pellet overheating, the trace of radionuclide
indicators of fuel pellat melt indicate the possibility of some fuel
melting. Based on knowledae of core temperature variations, it is

highly unlikely that 100% cladding damage would exist without siagnificant
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 major claddina
damage and the possibility of minor fuel pellet meltina in one or two
fuel bundles out of 150 fuel bundles."

The above example is obviously ideal and makes the maior assumptions
that:

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

In actuality, at no time will all radionuclides be at eaual concen-
trations in all fuel rods. Because the time to reach eauilibrium

for each radionuclide is different, due to their hiahly variahile T ‘
production and different decay rates. Some isotopes will abproach

equilibrium quickly, while others never reach equilibrium. Therefore,

it is necessary to factor in reactor power history when determining

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. :

at the instant of sampiing. Considering the large volumes of

i1guid and vapor spaces that a leakage source miarates to and mixes
with, for other than very large leaks, it will take many hours or
even days to aoproach equilibrium conditions at all samole locations.

C. Maximum core degradation occurred prior to initiation of samolinna.
Uniess total cooling 1s Tost, core degradation can be anticinated
to progress over a period of hours. Thus, there is not a aiven
instant when sampling can be conducted with positive assurance that
maximum deoradation has occurred.

Considering that ideal conditions will not exist, then orocedure for
astimating 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 determination of both short and long lived gaseous and non-volatile
radionuclides along with ratios for aporooriate species. Each separate
radionuclide analyzed, along with predicted ratios of selected radionuclides
would be used to estimate core damage. This process will result in four
separate estimates of core damage, (short and long-lived, gaseous and
non-volatile species) which can be weighed, based on power history, to

|
|
B.  Equilibrated sampnles are readily available from all samole locations
determine the best estimate of core damage.
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The post-accident sampling system locations for 1iquid and gaseous samoles
varies for each plant. To obtain the most accurate assessment of core
damage, it is necessary to sample and analyze radionuclides from each of
these locations (reactor coolant, containment atmosphere, containment

sumos 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 comparing the total quantity and ratios of the radionuclides released
with the predetermined radionuciide concentrations and ratios which are
available in the core based on oower history. Assuming one hour vcer samole
location to recirculate, obtain and analyze a sample from each locaticn

it would take hours to perform each of those analyses.

8ased on the above rationale, the final procadure for estimatina core
damage using measured radionuclide concentrations will orobably rely

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

different decay rates.

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

(i.e. for a BWR, a small Tiquid line break in the primary containment

would release only small gquantities of volatile species to the dry well.
Therefore, sampling the dry well first would not indicate the true magnitude
of core damage). For the same small break accident, if pressure is reduced
by venting safety valves to the suporession ocol, then the suppression
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 sample location.

To account for the variations in prime sample locations, based on type o7
accident, the orocedure should include a 1ist of orimary samnle locations.
This 1ist should include both a prime liguid and aaseous location and state
the reasoning used to determine that these locations are best. Additionally,
the procedure should address other plant indications which can be used o
verify that the sample locations selected are best for the specified

accident condition.

Finally, the procedure should incorporate plant specific examples which

show estimates of core damage based on predictad 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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All of the ‘el rods in the core burst, during an
approximately 30-minute (center bundie) to
40-minute (lowest power peripheral bundles)
pericd after the top of the core was uncovered
at decths ranging from %4 feet (center bundle)
o 2 fe=t (peripheral bundle) from the top of the
fuel rods.

Temperatures at which liquefied fuel (UO2 dis-
solved in the zirconium metal-zirconium dioxide

l Vel I - ‘Rcﬁa\l\w

liquid eutectic at about 3500 to 3600°F) could

be formed were calculated to have first been
reached at 6 inches from the top of the fuel in
the fuel rcds in the central fuel bundle about 33
minutes after the top of the core was un-
covered and were reached as low as 36 inches
from the top of the fuel. Such temperatures
were calculated to have been reached in the
peripheral bundles at a depth of about 14
inches from the top of the fuel in about 46
minutes after the core was uncovered and at a
depth of about 41 inches in 57 minutes.

The peak. \emperatures caiculated for the fuel
rogs ranged from 4370°F in abcut 52 minutes
fcr the highest powered bundle to a maximum
of 4412°F for a medium powered bundle at 58
minutes o about 4358°F for a lower powered
penpheral bundle at about 78 minutes.

The amount of hydrogen formed by oxidation of
solid Zircaloy cladding during the temperature
excursion was calculated to be about 308
pounds, and that formed from all of the dam-
aged Zrcaloy, including that contained in the
liquefied fuel present at 3 hours, was calculated
to be about 720 pounds. This is the minimum
amount of hydrogen estimated !0 have been
formed. The maximum could be as high as 820
gounds.

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

The minimum water level occurring in the core
up to 3 hours is estimated to have been 41+ %4
ft from the bottom of the fue!l in the fuel rods cn
the basis of the amount of hydrogen produced,
the amount of radioactivity released, the time at
which significant levels of radicactivity were

"detected, and the structural damage estimated

" in the core.

13.

The total amount of Zircaloy oxidized is caicu-
lated to be not less than 16 400 pounds and
may have been as high as 18 700 pounds; ie.,

®

Lo N Rl
caioy ‘0t cor.

14, The czmzz2 in t.. o2 ¢ 2 ~Is from the tco
downward at lezst 7 %2>t - ~c crobably 8 feet,
over mcst of the ¢czra2 -3 M”"i°ts of oxygen
embrittied Zircaoy ciaZar g dby atedof
debris that crozzoly conmict x;-' caiiet frag-
ments, partially dissclved fus! pellels, shells of
Jrcaloy oxide, and segments of embrittled Zir-
caloy cladding with outer skins of Zircaioy ox-
ide, all glued tcgether with iiquefied fuel into a
relatively tight and compact mass extending
entirely across the core from wall to wail and
penetrated by oniy a few vertical passageways,
at most. In acdition, fingers of liquefied fuel ex-
tend dewnward from the detris ted in several
continucus subchanneis between fuel recs, en-
compassing the neightoring fuel rcds, to 2
depth of abcut | foot above the bottom of ihe
fuel stack in the fuef rods. Not less than 32%
of the fuel assemblies have such fingers cof
liquefied fuel.

le L -

¢. Core Dzmage cstimates from Fission
froduct Release

At shutdown the reactor core contained fission
products, activaticn products, and actinides. Some

- of these, notably krypton and xencn, are gaseous
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and can diffuse throucgh the fuel pellet o collect in
the gap between the fuel and the ciadding. To a
lesser extent, the halogens (iodine and bromine) can
also diffuse into the fuel-clad gap. Any perforation
of the cladding can release these fission products
into the reactor cooiant. .

If the fuel temperatures are higher ‘han cperating
temperatures, tut wall below melting, other radicac-
tive materiais are vclatilized ang can ciffuse out.
Also, diffusicn of the ncbie gases and halogsns in-
creases so ‘hat a larger fracticn of these can be
released. The release of cesium is guite variable
and could be caused by compound formation. Se-
cause of this variability and what is now known
about cesium, it is not possitle to determine pre-
cisely the temperature at which a reasonably large
fraction of the cesium would be released; however,
it is believed temoperatures wecuid not be lower than
1300°C (2370°F). 187188

At higher temperatures that cause the liquefac-
tien or melting of fuel, some fraction of cther fission
products such as tellurium can te released. Data
reparted show that the escape of tellurium depends
on many facters other than temperature.’®® Uncer
oxidizing c¢onditions some ruthenium may be



releasad TEitre MENLRS IR gEnaril rliingr g2
fractions <f toth tellurium and ruirszoem are
released 0 meiting; but undzr scme caonditions,
these maierials can also be released tefcre meit.
The presence of ruthenium and teflurium does not -
crove that melt has occurred, but the absence of
themn is a goed indicator that melt has not cccurred.
\iore recent experimental work, 87190 while tending
to confum previous data, has not resoived all the

questions regarding conditions—especially tem-.

perature conditions—under which fission products

would be released. )

Manyofmeﬁssionpmductsandmosto(me
actinides occur as refractory oxides and are
released only in relatively small amounts even at
clevated temperatures. However, f camaged fuel
peilets are rewetted, some of the mcre refractory
radicactive material can be leached out. This pro-
cess is slow and cnly small fractions of these
materials ind their way into the ccoiant by leaching.
The longer damaged fuel is in contact with water,
the mare materials are released.

Categories of Fission Product Releases and Their
Reiation to TMI-2 ‘

Sission products and actinrides can be divided .

into typical release groups, based on the ease with
which they are volatilized. One such grouping (from
Ref. 191) is in order of decreasing voliatility.

Ncble gases (Kr, Xe)

Halegens (, Br)

Alkall metais (Cs, Rb)

Teilurium (Te)

Alkaline earths (Sr, Ba)

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

The fraction of gaseous and volatile fission pro-
ducts released depends on the temperature and the
size of the fuel fragments. If the temperature is high
or if the fuel is highly fragmented, nearty complete
refease of the volatile materiais can be assumed.

Under the conditions that have been caiculated
for the accident at TMI-2,'®8 nearly complete
release of groups | and Il can be assumed from all
fuel that was severely damaged, pius some addi-
tional fracticn from fuel rods whose cladding was
cerfcrated withcut damage to the fuel. This addi-
tional amcunt from perforated but otherwise undam-
aged rods is. probably partty balanced by the
amcunt not releasad from severely damaged fuel

A maijocr fracticn of group il and a much smaller
fraction cf group IV could have been released from

525

the moat savarahs ¢ .miazd fusl Smai fractcns..

approximately 107, cr less, ccud have Leen

released frcm pericraled tut other..ise undamaged.

rods. but this cannct t= well estimated.

eaching frcm Irradiated Fuel

Very small fracticns of the remaining groups may
have been released frcm the very hottest fuel. The
principal mechanism for release of these refractory
materials is probably leaching. Leaching from irradi-
ated UG, has not been thoroughly studied. Hewev-
er, the work of Katayama'®%'93 and of Forsyth and
Exlund™* has shown that the leaching rates are
siow, comparatie to those from glass. Quantitative
data, especially for the temperzatures and conditions
existing in TMI-2, are tco sparse for a reliatie cal-
culation of the rate cf leaching, especially when cne
considers that the conditicn ¢f the damaged fuel is
completely unknown.

An adcitional comglicaticn is cresented because
the effective surface area of irraciated fuel present-
ed to the water is almost impossible to estimaie te-
cause of cracking and porosity. The mcst that can
be done with the availatle data ‘s to form an ‘*ecu-
cated quess® as to whether the fuel apgears to te

mainly in the form of very 'arge pieces cr in the form |

of very fine fragments. Witheut acditicnal data it is
not possible to estimate the actual size distribution
of the fragments. However, a small fraction ai the
most refractory material can be expected to have
found its way into the reactor coclant. An agproxi-
mate leaching calculation is presented in Appendix
L7. On the basis of this approximate caicuiation, it
is possible to state, with very low confidence, that a
large fraction of the fuel can presently te iragment-
ed and !hat the size of the fragments is more likely
to be a few millimeters than dustiike. A similar cai-
culation has been carried cut by Powers.S' His
conciusions, aithcugh not identicai with these, indi-
cate that the observed activity may nave leen
caused sither by leaching from large-sized 'rag-
ments or by distribution of particie sizes no more
than a few percent smaller than 2 millimeters in ci-

" ameter and none smailer than 0.6 milimeter in ciam-

eter.

Expected Dispersion of the Fission Procucts from
the Reacter

Principal fuel damage prabably started Sefore 3
hours after turtine irip. There was grobabily only
minor damage tefcre 2 hours. The calculated ictal
invcntsry’gs of fission products, activation croducts,



TAELE 11-56. Activity inrelose 2 Zroups®
Group T Actlivily

u 2.97 x 108 Ci

T 4.47 x 108 Ci

I ' 46x10° Ci

v 1.61 x 102 Ci

v 3.85x 108 Ci

Vi 6.34 x 10° Ci

Vil 2.69 x 10° Ci

Vit 480 x 10° Ci
Totai 5.11 x 10% Ci**

-A few elements of iow ‘otal activity, notably Fe, Cu,
As, and Sb. nave been arbitrarily located on the basis of

meiling pomnt.
**Total does not quile agree with caiculated totai

activity because of rounging.

and actinides s given in Table II-£8 for 3 hours after
shutdown. - -

A detailed discussion of the fission product-
release pathways begins in Section LB of this re-
pcrt whese a short summary is included. Radicac-
tive material released to the reactor coclant may
have been partially flushed to the containment
through the open PORV (RC-R2). Some of the ma-
terial may have teen flushed to the containment pri=
or to the containment isolation and then pumped 40
the auxiliary building. However, the coclant may
have contained only a minute fraction of the total
activity at this time; it is highly imprebable that a sig-
nificant fraction of the coolant was released befcre
the reacior building sump pumps were shutcown.
There is an unsubstantiated possitility *® that more
water leaked to the auxifiary building after pump
shutdown. This leakage would have termnated
when the reactor building was isofated after 3 hours
56 minutes.

Most of the material flushed out of the RCS prob-
ably remained in the reactor building. Some addi-
ticnal material may have volatilized from the makeup
tank. Aside from these losses, which are not ex-
pected to be very large, estimates of the total activi-
ty released from the fuel can be made by analyzing

the reactor building air and water samples, the reac-

tor coolant, and the auxifiary builcing tanks.
lodine is quite volatile, and it may be supposed
that a significant fraction is found in the air. Howev-

c- the very hugh sclu.l, .. me D vw.ater and the
sirong tendency of aimciziinC icdine to plate out

on suriace guickly reduces the amount of icdine in
the air. Cesium, less vclatile, is not expected to te
present in the air in a signitzant quantity. Cn the
other hand, the sclubiiity of xenon and xrypten is

very low; these gases wil &2 ‘cund aimost entirely .

in the air.

To summarize, nearly complete release of noble
gases, iodine, and cesium from damaged fuel is ex-
pected, even if the temgerature is below the meiting
point. Significant releases of tellurium, ruthenium,
and more refractory materials will occur only if the
temperature approaches the melting point. Most of
the noble gases will be found in air, and most of the
cther Sssion products wiil e found in water.

Distribution cf Fission Products at the TMI Site

Analyses of samples of containment air, reactor
coolant water, and auxiilary tuilding ‘ank water are
summarized in Ref. i97. Reactcr ccclant analyses
show between 7% and 15% of the caleulated inven-
'ory of iocdine and cesium isoteces to be in the
coclant If these measurements are corrected for,
dilution by water from the sSorated water storage
tank, the fractions wil be a factor of 3 higher.
Results for refractory materials show great variation.
A sample taken on Aprii 10 was analyzed by four la-
horatories. There was a large variation from labcra-
tory to laboratory, indicating low confidence in the
results. Analyses of krypton and xencn isotopes in
-he containment atmosphere aiso showed consicer-
able variation. However, tased on the most abun-
dant isotopes (85Kr and "33Xe), there seemed to be
29% to 62% of the core inventory of noble gases in
the containment air. Only 2% 1o 3% of the iocine
and cesium was found in the zuxiliary tuiiding tanks.

On August 28, 1979, a hole 'was drilled into the
reactor building and sampies of sump water were
removed. Analyses of these samples showed 22%
to 48% of the core inventory of iocine and cesium to
me in the reactor building sump water.™® In addition
to iodine and cesium, very small amounts of Ry, Zr,
Nb, Sb, La, and Ag were found. As expected, little
g was found. At mest, the amounts correspond-
ed to a few millionths of the core inventory. About
0.02% of the core inventory of 2°™Te was found.

All of ‘hese sample analyses were corrected for
decay of the radionucfides to the time of analysis.
This correction process is certainly more accurate
than the analyses themseives; i.e., the accuracy of
the estimates does not depend on the accuracy of
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From these resuits, one can cautiously conclude
that betweazn 40% and 60% of the core inventory of
release ¢roups -l was released to the coolant; that
only 2 small fraction of group [V was released; and
that only minut2 amounts of the remaining groups
were released. The amount of refractory isotopes

reieased is consistent with leaching (see Appendix -

L7. .
These data tend to confirm other analyses of

core damage. The data on radioactivity released
are too sparse and variable for a grecise conclusion
to be macda on the amount of core damage; howev-
er, the ‘cllowing conclusions appear to te support-
ed

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

2. The low fractions of tellurium, ruthenium, and
sirontium indicate that no significant quantity of
fuel reached the melting point of UO,, (S2CCF).

3. The amoéunt cf refractory isotopes in the reactor
coolant is censistant with leaching. o

d. Hydrogen Production, Removal, and Hazard

Intreduction

One of the surprises of TMI-2 was the formation
of large amounts of hydrogen from the reacticn of

ol st SIam gLnardl-
3 by the oo o wa ~ o ouezlon several es-
pects cf the hydrcgen nrecism” are discussez.
The foiiowing subjscis aro reztz2 in this section:

T o,

1. hycregen production,

2. hydregen accounting,

3. calculation of bubbiz size,

4. removai of the hydrcg2n tuttie, and
5. the hazard from the hydrogen bubble.

Hydrogen Preduction

Two possible sources of hydrogen are con-
sidered: metal-water reactions and radiotysis. QOth-
er conceivable sources include oxidation of UO?
which has not heen investigated. The nproduciicn of
hydrogen frem metal-water reacticns is known {0
have been lzrge; therefore any hycrogen from other
mechanisms is expected to =2 small in companson
Radiclysis is not expected to procuce large
amounts of hycrogen. it is investigated beczuse the
possibility of oxygen preduction was consicered at
the time of ‘he accident. if oxygen had been
released, ‘he hydrogen ‘hat was ‘racped. in the
reacter caciant systam cculd have Seccme famm-
atle. .

Metal-Water Reaction

Many metals are oxidized by water. The reaction
is very slow at low temperatures for most metals.
Both steel and zirconium ara oxidized at an increas-
ing rate as he temgerature rises. The oxication of
zirconium, the major constituent of the cladding, cc-

TABLE 11-57. Total valatile isclopes released from core

Released - Is‘g:oo!e:‘ffraction af ’«:ﬁre inventory) - ;qf\\ '\-‘m;&;\\\
To Xe M 3']‘_5 Cs S\‘S/E @)
Environment 0.01! =2 - ‘ -
RB8 Almosphere 0.467’ - - - X,
RB Water - a.22* 0.48* 0.34* R
RC Water - 0.14* 0.12* ~oogt X
Aux. Bldg. Tanks - 0.03 0.03 0.02
Totals Q.46 0.39 0.63 Q.44
'See Ref. 199

Dashes indicate low vaiues {generaily less than 1%}

Qest estimate from data in Ref. 197.

Average oi observalions.
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Steam PRODUCTION May 4, 1981. 'ELE»ONE;;‘::;:;

Mr. Harold R. Denton, Director
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission-
Washington, D. C. 20555

Attention: Ms. E. Adensam, Chief

Licensing Branch No. 4

Re: McGuire Nuclear Station
Docket Nos. 50-369, 50-370

Dear Mr. Denton:

Attached are ten copies of McGuire procedure, AP/0/A/5500, "Estimate of Failed
Fuel Based on I-131 Concentration'. This is one of the implementing pro-
cedures for the McGuire Emergency Plan and as such should be included with

the other implementing procedures previously submitted on February 13, 1981.

By copy of this letter, three copies of this implementing procedure are being
provided to NRC, Region II.

L oLy, s

William 0. Parker, Jr.

- GAC:pw
Attachment
cc: M. J. Graham (w/o attach.) Mr. J. P. O'Reilly, Director (w/3 cys.)
Resident Inspector U.S. Nuclear Regulatory Commission
McGuire Nuclear Station Region II

101 Marietta Street, Suite 3100
Atlanta, Georgia 30303
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DURKE POWZR COMPANY
McGUIRE NUCLZAR STATION _ .

ESTIMATE OF FTAILZD FUEL BASZD ON I-131 CONCEINTRATION

12T-48 reactor cooclant radiacion monitor has alammed.

1

W2 12Mr-18 reactor coolant filter 1A radiaczion monitor has alarsed.
3 12MF-19 reactor coolant filter 13 radiation monitor has alarmed.
4

Any plant condition in which the operator would suspect failed

fuel or want an estimate of the.amount of failed fuel.

Immediatze Ac=io

pe

2.1 Au:omatic
None
2.2 Mazual
2,21

2.2.2

: B . -

Obtain a chemistry sample of the ra2zaz22r coolaz

(3]

determine the I-131 concemzration of czhe coolant.

Once the I-131 concentration is kaown for the reactor coolant

i order to

deceraine which of the following four cases best describdes

the present fuel conditioms.

A,

The aumbers ctcaized by usizg this procadure are at
best, estimates only.
All formulas quoted are based upom equilibriim full

ower core iodine. If fuel damage is suspected to
_ g :

occurred during times of reduced power or near the time ¢

ignificant power change, the core iodine izvenctory
must be compensated accordingly by using Zaclosure

This is the correction facter Y.

ha&e

-~
e

All values given are normalized to volumes of cooclant

at normal reactor coolant system pressure zad tempe
ture. To correct for other NC svstem temperactures
reduced NC sample temperatures, use Eaclosure 4.1.
is the correction factor X.

The decay of Tngl to I-131 has been neglected as

insignificant in this azmalysis.

Ta-
or
This

th



2.2.3

H.

Iodine spiking may occurl after a shutcown or
significant power change.” Data from other
Westinghouse plants has shown that che iodize
spiking process has been observed to ocecur duriag

a period of 1 to 3-days after the.change or shut-
down. However, the spike seems to peak during the
period from &4 to 8 hours after the.change. I-131
concentrations can increase by a factor of 2 to

25 above the equilibrium levels during these times,
although an increase over a faczor of 10 is uausual

and would only be seen at a shutdown. ILncTreases

. by a factor of 2 to 3 are typical ZIor & significaat

power decrease (i.e., 100%Z to 503 power). Do zot
pisinterprec this temporary change for fuel failure
if there is no other evidence of fuel damzge. Othez
evidence of fuel damage can be ccns:i:u:ed by any
indication of inadequate core cooling, lcose parts
indication, high incore thermocouple iadicatiom, ezc.
If estimates for fuel failure are needed Ior fuel
conditicns other than those covered by the four

cases described below, or if more accurate fuel

failure data is needed, see Section 2.2.7 of this

protedure.

The following fou; cases cover a very troad Tange of
core conéiticns. Choose Zhe one that best sulis :the
existing conditions.

Chemistry samples should be taken as soon &s cdamage

is suspected.

Case I - NoTmal Operztion

2.2.3.1 The ccnditions which pertaiz to Case I - Nortmal

operation are as follows:

2.2.3.1.1 Normal reaczor operation at any power
or shutdown with 1o uwausual cocaditicn
'prior to shutdown. Adequaze core coolizg

has been maiatained.




3.2 12 cthe above best describes the core conditionms,
use cthe following for=ulas to calculate the range
of fziled fuel values. ZIvaluate correctica factors
X and Y by using EZaclosures 4.1 and 4.2.
2.2.3.2.1 (Measured I-131 concentration uCI/ml

+3.5%x107° ycT/al) - X -+ Y |
= Number of failed pins (Max. expected and
best estimate)
2.2.3.2.2 (Measured I-131 conceatration uCI/ml
$4.9x 1070 ucT/ml) - X . ¥
= Numper of failed pims (Mizm. expeczad)

2.2.3.2.3 (Measured I-131 conceazraciecn »CI/zl

= Percent failed fuel (Max. expeczed z2nd
best estimate)
2.2.3.2.4 (Measured I-131 comcenzration uCI/ml
$ 2.5 uCl/ml) - X - ¥
- = Percent failed fuel (Mia. expected)
- NOTZ: Typical values for I-131 comcentration ia uCI/ml for
a normally operating plant are becween 1.0 x 1072 and
4.0 x lO.2 2CIl/ml. These values are based oun the reaczor
coolant I-131 activities experienced by the Zica azd Troj
Plants. '
2.2.4 Case II - Macroscopic Clad Damage
2.2.4.1 The conditioms Ehich perzaiz o Case II -
Macroscopic clad damage are as follows:
2.2.4.1.1 Normal reactor operation at any power,
or shutdown where some mechanmiczl clad
failure (i.e., a loose part zonitor
indication) or a Zlow izdured failyure is
suspected. The core has adequate coolin

|
|
|
|
|
and no significant fuel overtemperatzure
is observed.
|
\
|
|
|
|
|
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A ’ 2.2‘.‘-"’ If che above best descri‘ the core condizioms,
use the following formulas to’ calculate the range
of failed fuel values. Evaluate cor:eétion-fac:crs
X and Y by using Taclosure 4.1 aznd 4.2. A
2.2.4.2.1 (Measured I-131 con;entrati&n uCl/zl

+5.5x 1072 ucr/ml) - X . ¥
= Number of failed pins (Max. expected)
2.2.4.2.2 (Measured I-131 conceatration uCI/ml
+16.5 x 2072 uCI/zl) - X - ¥
= Number of failed pins (3es:z eszizacze)

2

2.2.4.2,3 (Measured I-131 concenczacion uCI/=l
$+27.4 x 10 ° uCI/al) - X

4

= Number of f{aziled pins (Miz. expec:ad)
2.2.4.2.4 (Measured I-131 concentration u=CI/=zl
+27.9 uCI/ml).* X » ¥
= Perceat Zailed fuel (Mzx. expected)
2.2.4.2.5 (Measured I-131 concentratiocn uCI/=l
# 83.7uCIl/ml) + X - ¥
= Perceat failed fuel (3est eszizare)
2.2.4.2.6 (Measured I-131 coacentratiom uCI/ml
+ 139.5 uCl/ml) - X - ¥
= Percent failed fuel (Mia. expectzed)
2.2.5 Case III - Severe Fuel Overtemperature
2.2.3.1 The ccnditions which per:ain‘:o Case III -
Severe Fuel Overtezperature are as fsllows:
2.2.5.1.1 ™I tvpe accident where thers has been
an abnormal shutdowa and i: is suspec:zed
that the fuel nas been at least »parsially
uncovera< Ior 2 perici ol 1ize zreazer :shan
a few minutes. Voiding iz the core is
detected by high incore thermocouple readings
and loss of margin to saturazica. Fuel
clad oxidartion is deteczed by excess
hydrogen in the contaicment or in zhe
reactor coolant sample; however, zno fuel

melting is suspected.-
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Case IV =~
2.2.6.1

IZ the azbove best descfibes the core condizicns,
use the following fommulas to calculate the range
of failed fuel values. ZIvaluate correction factors
X and Y by using EZnclosures 4;1 and 4.2.
2.2.5.2.1 (Measured I-131 concentration uCI/ml

+ 2.4 uCIl/ml) + X+ Y

= Number of failed pins (Max. expected)
2.2.5.2.2 (Measured I-131 comcemtration uCI/ml

+ 2.9uCl/ml) -+ X « ¥

= Number of failed pins (3est estizate)
2.2.5.2.3 (Measured I-131 concentration uCl/ml
" +3.2uCT/ml) - X - Y

= Number of failed pims (Miz. expected)
2.2.5.2.4 (Measured I-131 concemtraticm uCI/=l

| + 1255 uCi/ml) - .X - ¥

= Percent failed fuel (Max. expec:zed)
2.2.5.2.5 (Measured I-131 comcemtration uCI/ml

: 1535 uCI/al) - X * ¥ i

= Percent I3iled fuel (Sest estimace)
2.2.5.2.6 (Measured I-131 comcentraticn uCI/ml

*+ 1675 uCl/ml) = X * ¢

= Percent failed fuel (Min. expgc:ed)
Fuel Melting -
The conditicns which pertain to Case IV - Fuel
Melting, are as follows:
2.2.6.1.1 Severe accident where there has Seez an

abnormal shutdown and the core is uac

for a long periecd of time. Izcore ther-

mocouple temperature readings are above

ims, Tuel

it

Oa - . .
2300°T for a long period of

r,

melting is suspected (i.e., fuel cempera-
- o. . .
ture exceeds 5000°F) and is verified by
the inapili:cy to operate the incore inscru-

. mentation system properly.



. (

| 2.2..6’.2 I the above best 'descrzgs the core condicicens,
use the feollowing formulas to calculace the failed
fuel values. EvaluaZe correczion factors X and Y
by using Zaclosures 4.1 and 4.2,
2.2.6.2.1 (Measured I-131 conceatration uCI/ml

S wuCl/ml) - X - ¥

Number of faziled pins (Best estimate)

2.2.6;2.2 (Measured I-131 concentratiocn uCI/ml

2790 uCl/ml) » X - Y

= Percent of failed fuel (Best estimatze)

o

2.2.7 If fuel conditioms other than those described above exist, or
if a more.detailed failed fuel estimation is desired for
either emergency or normal operation, contact the appropriace
Westiaghousa people below fn the order listed until contact
is made.
2.2.7.1 Emergency Plant Conditions - Imergency Response

Team Westinghouse, Pittsburgh, Pennsylvania

2.2.7.1.1 Director: Hank Ruppel $12/256=-5811 W
o L12/366-8781 E
2.2.7.1.2 Deputy Director: Ron Lenar 4612/256-3401 W

2.2.7.1.3 Technical Support Manager: Tom Andevson’
412/373-5766 Work; 412/327-8289 EHome

2.2.7.1.4 Materials Design: Wally Chubb 412/373-4364

2.2.7.2 Nor=al Plant Conditioms

2.2.7.2.1 Soutihera Regiomal Manager - Steve Lopgdon -
404/885-3900, wWork

2.2.7.2.2 Westinghouse - Duke Xepresentazive - Mika
Miller - 412/373-5160, Work '

2.2.7.2.3 Macerials Design - Wally Chubb - 412/37

L)
o

’
-

L)

work

3.0 Subsecuent Actions

3.1 Follow up as necessary with Westinghouse - Pitssburgh, Pemasvlivania

depending on the plant sizuacion.




Zaclosures .

4.1 Density Correction Factor, X, for NC 'rempe:'a:_ure Changes

5.2 Iodine 131 Iaveatory Co:rec:ion' Factor, Y, for reduced power
operation or for times of power change

4.3 Examples

cameres b e -



Density Correction Factor, X, for NC Temperature Changes

AP/0Q/4/533500/33
Znclosure 4.1

—

Find the appropriate NC System temperature at the time of accident.

the approximate temperdture at wnich the NC samples are taken.

The

intersection of both oumbers -is the demsity correctionm factor, X.

NOTE:

Normal NC System sample temperature is approximately 90°F.

this temperature if no other informacion is available.

ernture

cmg
F

Reactor Coolant System T

ent

at tlme of accld

NCS Sample Temperature

-
|

80 90 100
100 .996 .998 1
150 983 .985 .987
200 - 966 .968 .870
250 .945 947 549
300 .921 .923 .924
350 .894 .895 .897
400 .862 864 | .863
430 827 .828 5 .830
500 787 ;s | 790
550 .739 740 741
560 .728 729 731
570 717 .718 719
580 .706 .708 .708
590 .693 .694 .695
600 .680 .681 .683

Use

ind
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AP/0/A/5300/33

Zaclosure 4.2 :

lodine 131 Inventory Correction, Y, for Reduced
Power Operation or for Times of Power Caange

fruation 1

To correct for core Iodine Inventory if fuel damage is suspected to have
occurred during times of any power level except 02 where the power level

has not changed greater than #107 within the last 22 days, use the following
eqguation, . .

100
Z Full Power at time of failure

Yu
where Y is the correction factor to be used in Section 2.0.

Ixample: The plant has beern at 357 full power for the last 30 dayvs whea Zuel
damage is suspected. Therefore: '

—

00

I= = 2.86

w
w

ituacion 2

To correct for core iodine if fuel damage is suspectaed to have oeccurred at
times other than fit Situation 1 above, use the following equaczion.

Y = 100
0ld power level in I (e7 1) + mew power level ia % (1-e™ 15y

Y = correction factor to be used in Secctionm 2.0
cldé power level iz T = the Y full power before the power change

new power level in % = the I full power after the power change at which
time the fuel failure has occurred

A1 = is the decay comszant for I,5; which equals .0864 day -1

t = is che medizn time to make a power change plus the time afzer zhe power
change until damage is suspected to have occurred, in days.

Example: I£ it took 2 bours to make a power change and damage was suspecz22d
10 hours aiter the power change.

¢ =2+ 10 =11 hours

- ]



A2/0/A/3500/33 -
Enclosure 4,3
Examples

a. Power level has been decreased from 85% to SOZ;

S. This power change took four hours and occurred between 1200 and 1600.

- O
TAVG ;t 50% is 570°F.

c. At 1800 a loose part monitor alarm goes off indicatiag a loose object
in the core. The reactor is not tripped. '

d. A Chemistry team is izmediately dispatched to tzke 2 sample NC Sysctem
" as failed fuel is suspected.

e. Chemistry sample indicates I-131 conceztration is 10.0 uCI/ml.
Parzs 1. Determine the best estimate of the number of failed pins.

Part 2. Decermine the best estimate of perczem:z failed fuel.

This is Case II, Step 2.2.4
Use equation 2.2.4.2.2 for Pars 1

Use equation 2.2.4.2.3 for Parz 2

Measured I-13]1 concentration uc/ml

> / - X + ¥ = Nuzmber of fziled gizs
N 16.5 x 10 "uCi/m1 - :
, - . amaOe
Decermine X: EInclosure 4.1 T is 370°F a

avG

t 30%.
Assume NCS Sample T

emperature is SO T

Therefore, X = ,718

Determine ¥: EInclosure 4.2
1l

A, = 0864 day

T = (A_) = (2) = 4 hours
2

Remezber, t is the median time to make a power change plus. the difference Serween
the time when the damage is suspected and the time che new power level is razached

1 dav o=
5T = 107 davs
= QTSs.

Convert t. to dzavs t = 4 Qours x
i



AP/Q/A/5500/33
Enclosure 4.3

. Examples
‘- 100
- 1(.0864 day ~1)(.167 day)] [ -[( 0864 day ) (.157 day)| |
85,7 " ~ +5011-e T = Y_U
-
. 100 i
Y = g3798ST) F 50 (L01a3y L8l
Parz 1. 0 uCH/al__ (.718) (1.183) = 51.5 =52 failed pins snsves
16.5 x 1075 CT/mL ~ |
- Measured I-131 Comceznzrationm uCl/ml C v s e
Part 2 . 83.7 uCi/mL . X Y % f;lle: fuel

10 uCIl/ml

e —r— = Y fas 1 f Ao v
337 .Co/al (.718) (1.183) 0.1% failed fuel Amswer




AP/0O/A/5500/33
Enclosure 4.3 -
' Examples

Determine Y: Eaclosure 4.2

Situation 2: t = 12 hours xz%—%gg.- .5 days
100
Y= T 3 -&‘l
Log ~1(-0864) (.5)] o(i__e - {c.0864) (.53 |
e -
T = 1,044

.NOTZ: IZ t = 0 or a sample was taken immediacely, Y = 1.0,

2.0 x 1072 ucl/ml

Part 1. =3 (.732)(1.044) = 4.4
3.3 x 10 uCIl/ml '
or =4 to 5 failed pias AnsSwer
= e
Part 2 Measured I»-31 Concentration uCIl/ml © X+ Y =% failed fuel
1.8 uCl/nl :
2.0 x 1072 ueT/ml L
- (.732)(1.044) = ,0085 Z failed fuel
1.8 uCl/ml

The above numbers are indicative of normal operation.
Ansver
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A®/0/4/3500/33 -
Enclosure 4.3
Examples

a. Power level has been between 50% and 65% for the lasc 30 days .and
is presently at 60% at 1800.

<, -qo . -
b.. IAVG is =575°F at 60X power,.

c. It is desired to see if any significant failed fuel exists in the
core even though —o abnormal occurreaces have taken placge.

d. ° At 2200 che same day, a chemiscry sample is taken of the NC system.
-2
e. The chemistry sample indicazes I1-131 concemtraziom is 3.9 x 10 ° uCI/azl.
Parc 1. Deéermine the best estimaze of the number of failed pisas.

Part 2. Determine the best estimate of the 7 failed fuel.
Solution

This 1is Case I, Step 2.2.3

Use equaticn 2.2.3.2.1 for Part 1

Use equaticn 2.2.3.2.3 for Part 2

Measured I-131 Comcemtration uCl/ml | X - ¥ = oumber of failed pias
‘ A -3 e b4 . T -« & Q -
3.3% 10 “uCl/mi

Dezermine X: Enclosure 4.1 TAVG is 575°F ac 602 power

Assure NCS sample temp. of 90
Therefore X =,713

o]

(5 ]

Determine Y: Enclosuyre 4.2
Siztuacion 1

100
Y =50 1.67
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AP/0/A/3500/33 -
Enclosure 4.3
Ixamples

-2
pazc 1, 22X 10 uCT/ml \ y3y01 67y w 13,27

3.5 x 107° uCI/ml

=14 failed pi=zs Ansver

Pars 2. Measured I-131 Co?centratlon;JCI/ml © X .Y =2 failed fuel
' 1.8 uCl/ml '

3.9 x 1072 uCI/al
1.8 uCI/al

(+713)(1.67) = ,026% failed fuel Answer

The above aumbers are acceptable for a normally operatizg plazncz.
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AP/0/A/5500/33 -
Enclosure 4.3
Examples

Proolem 4

Scolution
This
Use

Use

The unit has beea at 97% power for a month when a depressurization
of the NC system occurs.

The reactor trips.
Heavy vibration is cbserved in the NC pumps.
oL s .
Thermocouple .temperatures over 1000 F are indicated ia the core.
12F 48 and 1EMF 18 have gone off.
Safety Injecticn was celaved and it is suspected the core was uacoverad
becween 30 .and 60 minutes before suificient reactor vessel wazer level
was regained.
The incore instTumentation svsctem is still operable.

The XC sample indicates an I-131 conceatration of 3800 uCI/ml.

A Chemistry sample is taken immediately (wichin the hour) after che
tzip.

Pact 1. Determine the maximum expeczed aumber of failed pins.

Parc 2. Determine the maximum’ expee:ed » 0f failed fuel.

is Case 1II, Step 2.2.5
-
equation 2.2.5.2.1 for Part 1

edua:icn 2.2.5.2.4 for Part 2

. - ' . . 2z=0m
Determine X: Zaclosure 4.1 NC Temp. T‘VG at 0% power is 337°°FT
Iz
o.
Assume sample temperacture of 90 F

‘Therefore, X =,730

Determine Y:

vy =229 . 1.03
9/
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AP/0/A/5300Q/33
Enclosure 4.3
Examples
Parc 1. =200 MCI/mL  535y(1.03) = 1190.5
2.4 uCl/ml

=1191 number failed pins, max. expected Anmsw

00 uCl/ml
Parc 2, 8OO MCT/ml ( 5345y(1.03) = 2.28% failed fuel, max. expected . Answe

1255 uCl/ml




