
.l 

Docket N6~ 50-255 
LS05-84-0l-031 

• 

Mr. David J~ Va~deWalle 
Nuclear Licensi~g Administrator 
Consumers Power Company 
1945 West Parnall Road 
Jackson, Michigan 49201. 

Dear Mr. VandeWalle: 

January 23, 1984 

\ 
·I 

) 
/ 

\ 
\ 
' ' 

• 
DISTRIBUTION 
Docket File 
NRC PDR 
Local PDR 
NSIC 
ORB #5 Reading 
DCrutchfield 
HSmith 
WPaulson 
OELD 
ELJordan 
JMTaylor 
ACRS (IO) 
JWing 

SUBJECT: TMI ACTION P~AN ITEM· I I. B.. 3, POST-ACCIDENT SAMPLING SYSTEM 

Re: Palisades Plant 

Enclosed is the NRC staff's Safety Evaluation of your March 1, August 12, 
and December 6, 1983 submittals regarding the post-accident sampling system 
for the Palisades Plant. The evaluation found that you meet nine of the 
eleven criteria in Item II.B.3 of NUREG-0737. A discussion of the open ~ 
items (criterion 2 and criterion 10) is contained in the enclosed Safety 
Evaluation. We suggest that your staff arrange a conference call with your 
NRC Project Manager to discuss the enclosed evaluation and to resolve the 
remaining two open items. 

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

The reporting and/or recordkeeping requirements contained in this letter 
affect fewer than ten respondents; therefore, OMB clearance is not required 
under P;L. 96-511. 
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Safety Evaluation 
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Original signed by 

Dennis M. Crutchfield, Chief 
Operating Reactors Branch #5 
Division of Licensing 
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James G. Keppler, Regional Administrator 
Nuclear Regulatory Commission,- Region III 
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Township Supervisor 
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UNITED STATES •• 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D. C. 20555 

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION 

POST-ACCIDENT SAMPLING SYSTEM (NUREG-0737, II.B.3) 

CONSUMERS POWER COMPANY · 

PALISADES PLANT 

DOCKET NO. 50-255 

1.0 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 acceptable 
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 extr~mities (GDC-19) during and following an accident in which there is 
core degradation. Materials to be analyzed and quantifi~d include certain 
radionuclides that are indicators of severity of core damage (e.g., noble 
gases, isotopes of iodine and cesiom, and nonvolatile isotopes), hydrogen in 
the contain~ent atmosphere and total dissolved gases or hydrogen, boron, and 
chloride in reactor coolant samples; 

To.comply with NUREG-0737; Item II.B.3, the licensee should (1) review and 
modify his sampling, chemical analysis, and radionuclide determination 
capabilities as necessary and (2) provide the staff with information 
pertaining to system design, analytical capabilities and procedures in 
sufficient detail to demonstrate that the criteria are met . 

. 2.0 EVALUATION 

0' •"M•: 

By letters dated March 1, August 12, and December 6, 1983, the licensee 
provided information on the post-accident sampling system. 

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 
less from the time a decision is made to take a samp)e. 
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The licensee has provided sampling and analysis capability 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. The PASS electrical power supply is either a station auxiliary 
bus or an emergency bus so that sampling may be performed during a loss 
of off-site power. The NRC staff has determined that these provisions 
meet Criterion (1) and are, therefore, acceptable .. 

Criterion (2): 

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

a. 

b. 

c. 

certain radionuclides in the reactor coolant and 
containment atmosphere that ~ay be indicators of 
the degree of core damage (e.g., noble gases, . 
iodines and cesiums, and non-volatile isotopes); 

hydrogen levels in the containment atmosph$re; 

dissolved gases (e.g., H~), chloride (time allotted · 
for analysis subject to aiscussion below), and boron 

, concentration of liquids; 

d. · alternatively, have i~-line monitoring capabilities 
to perform all .or part of the above analyses. 

The PASS prov1des the capability to collect diluted or undiluted liquid and 
gaseous reactor coolant and containment atmosphere grab samples that can be 
transported to the onsite radiological and chemical laboratory for hydrogen, 
oxygen, pH, conductivity, boron, chloride, and radionuclide analyses. 

The NRC staff finds that the licensee partially meets Criterion (2) by 
establishing an on-site radiological and chemical analysis capability. 
Ho~ever, the licensee should provide a procedure, consistent with our 
clarification of NUREG-0737, Item II.B.3, Post-Accident Sampling Capability; 
transmitted to the licensee on June 30, 1982, to estimate the extent of core 
damage based on radionuclide concentrations and taking into consideration 
other physical parameters, such as core temperature·data and sample location. 
An acceptable procedure (Fort Calhoun Station) to estimate core damage is 
attached for reference. 

Criterion (3): 

Reactor coolant and containment atmosphere sampling during 
post-accident conditions shall not require an isolated auxiliary 

·system [e.g., the letdown system, ~eactor water cleanup system 
(RWCUS)] to be placed in operation in order to use the sampling 
system. 

/ ·. 
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Reactor coolant and containment atm~sphere sampling during post~accident · 
conditions does not require an isohted auxiliary system to be placed in 
operation in order to perform the sampling function. The PASS provides 
the ability to obtain reactor coolant samples from the reactor vessel hot 
leg and the residual heat removal system, and gaseous samples from the 
containment atmosphere. 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 environmentally qualified for the conditions in which 
they need fo operate. 

Criterion (4): 

Pre~s~rized ~eactor coolant samples are not required if the 
licens.ee can quantify the amount of dissolved gases with · 
unpressurized reactor coolant samples. The measurement of 
either total dissolved gases or H gas in reactor coolant 
samples is considered adequate. ~easuring the o2 concentration 
is recommended, but is not mandatory. · 

Pressurized reactor coolant samples are ~ooled and degassed to obtain 
representative total dissolved gas samples at the PASS sampling station. 
The hydrqgen concentration is measured by gas chromatography~ The 
dissolved osygen content in the coolant is measured by polarography. 
The NRC staff has determined that these provisions 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 bra~kish water, and (b) if there is only a single barrier 
between primary containment system 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 licensee shall provide for the analysis to 
be completed within 4 days. The chloride analysis does not have 
to be done onsite. 

Chloride analysis is performed within 4 days by ion chromatography which has 
a sensitivity of 0.05 ppm in an undiluted sample. An undiluted sample can 
also be collected in a shielded cask and retained for chloride analysis for 

... , 30 days. The .NRC staff has determined that these provisions rneet Criterion 
(5) and are, therefore, acceptable. 



• • 
- 4 -

Criterion ( 6): 

The ~esign basis for plant equipment for reactor coolant and 
containment atmosphere 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 that 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 shielding analysis to ensure that operator 
exposure while obtaining and analyzing a PASS sample is within the accept
able limits. This operator exposure includes entering and existing the 
sample panel area, operating sample panel manual valves, positioning the 
grab sample into the shielded transfer carts, and performing manual sample 
dilutions, if required, for isotopic analysis. PASS personnel radiation 
exposures from reactor coolant and containment atmosphere sample 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 0 need for primary cQolant boron analysis capability at BWR 
pl. ants.) 

An undiluted grab sample of the reactor coolant will be analyzed for boron 
by the mannitol titration method, which has a detection sensitivity of 
100 ppm. Thi~ provision meets Criterion (7) and is, therefore, acceptable. 

Criterion (8): 

If in-line monitbring is used for any sampling and analytical 
capability specified herein, the licensee shall provide backup 
sampling through grab samples, and shall demonstrate 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 until the accident condition no longer exists. 

A diluted and undiluted reactor coolant grab sample and undiluted containment 
atmosphere grab sample will be obtained for analyses of boron, dissolved 
hydrogen, pH, chloride and radioisotopes in the reactor coolant and hydrogen, 
oxytjen and radioisotopes in the containment atmosphere. 

/ ·. 
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Backup sampling for the containment.hydrogen monitor will be conducted using 
the containment air sample station~ The NRC staff finds that these provisions 
meet Criterion (8) and are, therefore, acceptable. · 

Criterion (9): 

The licensee's radiological and chemical sampl~ 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 lµ Ci/g to 10 Ci/g. 

b. · Restrict background levels of radiation in the 
radiological and chemical analysis facility from 
sources sue~ 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 radioactivity. 

The radionuclides in both·the primary coolant and the containment atmosphere 
will be identified and quantified. Provisions are available for.diluted 
reactor coolant samples to minimize personn~l exposure. The PASS can perform 
radioisotope analyses at the levels corresponding to the source term given in 
Regulatory Guides 1:4, Rev. 2 and 1.7. The measurement range of the radio-· 
nuclide analyses is 1µ Ci/g to 10 Ci/g .. These analyses will be accurate 
within a factor of two. 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 
a·nd chemical status of the reactor coolant systems. 
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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 June 30, 1982. ·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 NRC staff finds that the licensee partially meets Criterion (10). The 
licensee should provide additional. information, consistent with the guidelines 
in our letter dated June 30, 1982, on calibration or te~ting of the analytical 

. instruments and operator training to ensure proficient operation and perform
ance of analyses for post-accident sampling. A minimum frequence for the 
above efforts is considered to be every six months' if indicated by testing. · 

Criterion (11): 

In the design of the post-accident sampling 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 reactor coolant loss 
from a rupture Df 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 
atmosphere following a transient or accident. The 
sample lines should be as short as possible to 
minimize the volume df fluid to be taken from 
containment. The residues of sample collection 
should be returned to cont~inment 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. 

·Th~ licensee has. addressed provisions for purging to ensure samples are 
representative, size of sample line, flow restrictions and/or isolation 
valves to limit reactor coolant loss from a failure of the sample line, 
and ventilation exhaust from PASS filtered through HEPA filters. By 
purging to an enclosed sy~tem which has effluent treatment and radiation 

/ .. 
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monitoring prov1s1ons during the sa~pling process, the licensee. is minimizing 
discharges of radioactivity during sampling. To limit iodine plateout, the 
containment air sample line is heat traced. The post-accident reactor coolant 
and containment atmosphere samples will be representative of the reactor 
coolant in the core area and the containment atmosphere. The NRC staff has 
determined that these provisions meet Criterion (11) of Item II.B.3 of 
NUREG-0737, and are, therefore, acceptable. · 

3.0 CONCLUSION 

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

Criteririn (2) Provide a plant specific core damage estimate procedure. 

Criterion (10) Provide information demonstrating equipment operability 

4.0 ACKNOWLEDGEMENT 

and operator training to ensure proficiency in operation 
and analyses. 

This evaluation has been prepared by J. Wing. 

· · Attachment: 
. As:-stated 

Dated: January 23, 1984 



)· 

r·· 
;.· 

i·". 

I. 

. II. 

1. 

• 
FORT CALHOUN STATION UNIT NO. ·1 

OPERATING INSTRUCTIONS 
OI-PAP-6 

Post-Accident Procedures 
Procedure To Estimate Core Damage 

• Attachment · 

OI-PAP-6-1 

PURPOSE 

To estimate the degree of core damage for any pl ant condition in '"'hi ch 
the oper~tor suspects fuel failure. In estimating the core damage, four 
major fuel conditions will be considered: no damage, cladding failures, 
fuel overheating, and fuel melt. · 

DISCUSSION 

The core damage estimates \'Ii 11 be based 011 measuring fission product 
concentrations from various sample locatil'nS and relating the measured 
concentrations to core inventory. The fission product concentrations 
will be measured by utilizing the post-accident sampling system (PASS) 
which provides data from various sample points for the purpose of 
estimating core damage. 

The four categories of fuel condition (no damage, cladding failures, fuel 
overheating and fuel melt) can be differentiated by presence, absence or 
abundance (Jf certain fission products and by other plant f;idicators \~.~. 
core exit thermocouples, containment or primarj systa~ hydrogen 
concentration, indications of core voiding or water level). 

. ' 

The. core damage estimate will start by detennining which of the four fuel 
conditions represents tt:le actual core environment. The following sections 
describe. the four fuel conditions and tht: fission product behavior for 
each condition: 

A. No Damage 

In the event of shutdown with adequate core cooling.i. the fission 
product concentrations for Xe-133, KR-881 and KR-85-' will be 
measured and then related to the normal operating concentrations in 
the primary system. If the upper limit nonnal operating 
concentrations are not exceeded, then it could be concluded that no 
damage has occurred. This conclusion can be further verified by 

KR-88 concentration will be measured during the early stages of the 
accident up to 20 hours after the accident. This is due to its high 
abundance in the early stages of the accident. 

2. KR-85 concentration will be measured later on during the accident, 
typically, 20 hours after the accident. rnis is due to its high 
abundance in the later stages of the accident. 

/ ·. 
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II. DISCUSSION (Continued) 

1. 

A. 

s. 

(Continued) 

other plant indicators [i.e. all the core exit thermocouple readings 
were <700°Fl (<,1200°F cladding temperature)2 and no excess amount 
of hydrogen is found in containment or the primary system]. I-131 
concentration will not be measured for the purpose of determining 
no-damage conditions. This is due to iodine spiking conditions which 
may occur after a shutdown, depressurization, or a power transient. 
Since the exact iodine spiking behavior is not known, this temporary 
change in iodine concentration may be misinterpreted as a cladding 
failure; therefore it is not recommended to utilize I-131 data for 
establishing no damage conditions3. . 

Cladding Failures 

In the event of shutdown and adequate core cooling with possible 
mechanicaJ clad failures (i.e. core exit thermocouple readings are 
>700°Fl (>,1200°F cladding temperature)2 along with high radioactivity 
levels in the reactor coolant however, no excess amount of hydrogen 
is found in containment or tJ1e primary system), the fission product 
concentrations for Xe-133, KR-88, and KR-85 will be measurad and then 
related to core gas gap inventor; to determine percent clajding failure· •. 
ihe severity of tne cladding failure will be divided into.three 
subgroups: · 

- less than 10: cladding failure 

- 10 to 50: cladding failure 

-·greater than 50% cladding failure 

Fission Product Behavior 

The fission products rel eased into the primary system during a 
cladding failure (burst release) are. those fission products in 
gaseous or vapor form which were accumulated in the fuel clad 
gap spaces during normal operation. 

Nominal hot channel outlet temperature is approximately 630°F. 

2. Approximate cladding temperatures predicted are based on test data 
presented in Ref. 10. · 

3. Iodine spiking data from Fort Calhoun Plant indicates that maximum peak I-131 
equivalent concentration will not exceed 16 µCj/gm when normalized to 

·represent 2 µCi/gm nonnal operating concentration (Ref. 8). However, data 
from other power plants indicate that concentration for I-131 may increase by 

. factor of 2 to 25 above the equilibrium levels from 4 to a hours after the 
change. Iodine spiking may l~st up to 4 or 5 days after change. 



n:· 
>·.·· 

"· .::i . 

' . ~. 

I I. 

• • · O!-PAP-6-3 

... - :· 

DISCUSSION (Continued) 

B. (Continued) 

c. 

The typical temperature range for cladding failure burst release is 
_·from 1200° to 2000°F. The fractions of fission products released 

into the primary system during a cladding failure are based on 
nominal gap release values shown on Table 1 (Attachment A) fr:m Ref. 
( 2). The fractions for the noble gases are modified to represent 
the values from Table 1 [Page II.9 from Ref. (2)]. Even though the 
recent data from Oak Ridge N;1ti on al Laboratory ( ORNL) indicate 1 ower 
gap release values than the ones shewn on Table 1 (Attachment A),. 
the nominal values from this table will be utilized for the pur?ose 
of esttmating cladding failu~e. The nominal values from Table 1 
are assumed to be more reliable than the recent ORtJL results since, 
the. nominal values represent the weighted average of several 
independent tests performed by different laborator; facilities. 

In the event where the fission products released indicate greater 
than 100% c 1 adding failure.. there is a possibility that some fuel 
overheating and fuel melting has occurred (this is due to nonunifor:n 
temperature distribution within the core). Therefore, in this re
gion it would be difficult to determine exactly ~thether the released 
fission products are.due to cladding failure, fuel overheating, or 
.fuel melting. The presence of excess hydrogen in containment or 
primary system with high core exit thermocouple readings >900"r 
('l.)1500°F cladding temperature), detectable traces of some fission· 
products (i.~ •• Te, Ru, Sa), and greater than normal abundance of 
noble gases, iodines and ~esiums will be indicators of fuel over
heating or fuel melting. 

Fuel Overheating 

In the event there is susp1c1on that the fuel has been partiall~ 
uncovered for a period of time greater than few minutes [i.e. core 
exit thermocouple readings are >900°F (>,1500°F cladding tempera
ture) followed by detection of excess hydrogen in the containment or 
primary system], the fission pr9duct concentrations for Xe-133, 
KR-88, KR-85, I-131 and CS-134.will be measured and the~ related to 
core inventory to detenni ne percent fuel overheating. Absence of 

·tellurium, ruthenium, and other low volatiles indicate that no f~el 
melting has occurred. The severity of the fuel overheating will be 
divided into two subgroups: 

- less than so: fuel overheating 
- greater than 50~ fuel overheating 
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II. DISCUSSION (Continued) 

.. ·····'. 

.. 
c. (Continued) 

Fission Product Behavior 

It would not be possible to deten:ii ne accurately the amount of fuel 
overheated by utilizing. fission product release data. During fuel 
overheating the diffusion of the noble gases and halogens increases 
as a function of fuel temperature. At fuel ·temperatures ~2460°r the 
noble gases, cesiums, and iodines previously accumulated at Uo2 
grain boundaries are released. At fuel temperatures >2460° fer a 
high burnup fuel rod, approximately 20~ of the total initial fuel 
rod inventory of stable isotopes of the above elements would be 
released. Release from the grain boundaries of lower burnup fuel 
would probably be less, and temperatures as high as 3270°F may·be 
required. At completion of burst release, diffus:onal escape, and 
grain boundary release, approximately 60 to 90% of the above 
elements remnin in the U02 grains. Release from the UOz grains 
becomes significant from 2460°F up to 3630~F (Ref. 1) for the above 
elements (Xe, Kr, I, Cs) and in addition, some trace amounts of 
tellarium group fission products (Te, Se, Sb) may be released. 

During fuel overheating (typically from 1600° to 3600°F cladding 
temperatures), the release fractions for noble gases, iodines, .and 
cesiums can be any\vhere from nominal gap release values up to 
nominal meltdO\·m rele.as_e values shown in Table 1. For exampie, the. 
rel ease fractions for Xe-133 during fuel overheating can be any\vhere 
from 0.030 to 0.873. From the above example it can .be concluded 
that utilizing fission produtt release data to estimate fuel over
heating would not be accurate due to a wide range of release 
fractions. Similarly att:?lilpti ng to use relative ratio of fi ssio:i 
products would not.be very accurate (i.e. attempting to 
differentiate bet'.i1een cladding failure and fuel overheating by 
utilizing the ratio of the isotopes in t~e gas gap to the rJtio of 
isotopes in the fuel pellet) due to the fact that during lOOi cladd
ing failure only 0.03 fraction of Xe-133 is released a$ compared to 
the wide range of releases (0.03 to 0.873) which may occur during 
fuel overheating. rnis l'iide range of release during fuel over
heating along ~ith theoretical uncertainties associ~ted with the 
ratio method makes it impractical to use fission product ~elease 
data as the basis for establishing fuel overheating conditicns. In 
conclusion more reliable methods (i.e. core exit thermocouples, core 
water level, and containment or primar1 system hydrogen concentrat
ions) should be used in conjunction with the fission product release 
data. Therefore, for purpose of determining ';he severity of the 
fuel overheating, the following conditions will be assumed: 

- if less than 0.20 fraction of the core noble gases, iodines or 
cesiums are released, it •.vould be concluded that there has been 
less than 50% fuel overheating. This conclusion must be 'lerif~ed 
by indicJtion that some of the core exit thermocoupie reacings ~re 
>900°F follo·"'ed by detection cf excess hydrogen in primary '.>ystem 
or containment. · · 
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II. DISCUSSION (Continued) 

C. (Continued) 

o. 

if greater than 0.20 fraction of the core noble gases, iodines or 
cesiums are released, it would be concluded that there has.been 
greater than 50% fuel overheating •. This conclusion can be further 
verified by indication that approximately 50% of core exit ther:no
couple readings show temperatures >900°F. 

Fuel Melting 

In the event where the core has been.uncovered for a long period of 
time (i.e., core exit thermocouple readings >900°F for a 1 ong period 
and some thermocouple readings indicating temperatures >ll00°F 

·followed by detection of excess hydrogen in the containment or 
primary system), the fission product concentrations for Xe-133, 
KR-88, KR-85, I-131, CS-134, Te-132, Ba-140, and Ru-103 will be 
measured and then rtlated to the nominal meltdcwn r~lease fracticn 
from Table 1 (Attachment A) in order to determine the percent of 
fuel melted. The severity of the fuel melting wil 1 be divided into 

·three sub-groups: 

- less than 10~ fuel melt· 
- 10 to 50% fuel melt 
- greater than .so~ fuel melt 

Fission Product Behavior 

As the water boi1 s and core is uncovered, fue 1 heats ari.d bec:)mes 
0 molten in the range.of 3800° to 5000°F and larce fraction of cor~ 

noble gases, iodin~s and cesiums will be relea~ed as shown in T~ble 
1 (Attachment A). Also detectable amounts of tellurium group (Te, 
Se, Sb) and alkaline earths (Ba, Sr) fission products are expect2d 
to be released. The fuel melting estimates based en noble gases are 
expected to be more reliable than the estimates from other fission 
products. This is due to the fact that noble gases unlike other 
fission products do not stay confined in the vicinity of the core 
material. They settle or plate~out at the sampling locations or 
within the sampling system and are released in large quantities. 

·However, the advantage of utilizing low-volatiles (i.e. Te, 8a or 
Ru) for estimating fuel melting is that low-volatiles, unlike noble 
gases, iodines, or cesiums are not released in significant quanti
ties during fuel overheating. (Since noble gases, iodines and 
cesiums are released in significant quantiti~s during fuel over
heating, it would be difficult to deter.nine whether the releases 
were due to fuel overheating or fuel melting). In conclusion the 
fuel melting estimates will be based on Te, Sa, or Ru. The noble 
gas, iodine, or cesium data will be utilized for verification of the 
estimates made by 1cw-volati1es (Te, Ba, or Ru). 

/ .. 
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II. DISCUSSION (Continued) 

E. Assumptions and Conditions 
---------------------------------· 

2. 

. 3. 

The estimates of core damage are based on assuming that the 
core inventory of fission products are unifonnly distributed 
in all fuel rods. Under actual conditions, the equilibri~~ 
radionuclide concentrati ans vary from rod to rod because the 
time to reach· equilibrium for each radionuclide is dif
ferent due to their variable production rates and due to 
different fuel rod power histories. Therefore, the optimum 
radionucl ides for estimating core damage will var1 as. a 

.function of time after refueling and power history. 

If the accident were to occur under core equilibrium condi
·tions, isotopes (i.e. Xe-133, Kr-88, I-131, Te-132, Ba-140, 
· Ru-103) can be utilized in estimating core damage. Under 

these conditions, the core inve!1tories from attachment "C" 
can provide for a·relatively good estimate of the actual 
core inventory. However, if the accident were to occur 
under non-equilibrium conditions (i.e. fe~" days after re
fueling), the core inventory data from t!~e attachment "C" 
can be adjusted by applying the cJrrection factors in 
Section VII. · 

It must be noted that equilibrium samples are not available 
from all sample locations at· the time of sampl.ing. Under 
actual conditions tf1e samples analyzed.initially may be 
significantly different than those samples analyzed during 
equilibrium conditions. This is due to the fact that the 
fission· products may not distribute uni for:nly at all 
1 ocations and al so due to the fact that maximum cor~ degra
dation may not have occurred at the time of sampling. 
Therefore, the samples taken during the 1 ater stages of the 
acci.dent :nay provide for a more accurate core damage 
estimate· than those taken in the early stages of the 
accident. 

Fission product inventories in the core were calculated by 
ORlGEN computer code assuming the following core conditions: 

2 fuel cycles at 100%. power 
- continuous operation at 1500 MWt 
- equilibrium fuel·cycle (equivalent full power days): 432 

days · 
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II. DISCUSSION (Continued) 

E. Assumptions and Conditions (Continued) 

. ·4. The fission product release mechanisms described in this 
procedure are based on test. data published in References (1) 
and (2). Under the actual conditions the release fractions 
maybe different. However, utilizing these data prtivides for 
a reasonable estimate of core environment for the subgroups 
discussed earlier (i.e. <10%, 10-50~, >50%). 

5. 

6. 

The graphs on attachments "E" and "F" show the core exit 
·the"Tllocouple (CET) behavior under specific postulated 
accident conditions. CET's do not behave the same under all 
accident conditions. However, under a core exit superheat 
condition, which is common to most accidents (i.e. large or 
small LOCA's, loss of feed water, steam line break), the 
CET's can behave similarly such that the increases in CET 
temperatures can show increases in .cladding temperatures. 
Additional test data or theoretical predictions are neces
sary for correlating CET readings to cladding temperatures 
during large break LCCA's. 

The fission products utilized in this procedure are based on 
the test data shown on Table 1 (Attachment "A"). Under 
accident conditions, the isotopes chosen are released in 
large quantities, are detectable in both early and later 
stase.s of the accident, and are available in large 
inventories within the core. · 

F.. REFEREnCES 
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2. 
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U.S. Nuclear Regulatory Commission - NUREG-0772, "Techn.ical 
Bases for Estimating Fission Product Behavior During LWR 
AcCidents,".June 1981. 

U.S. Nuclear Regulator; Commission - NUREG/CR-1237 "Best 
Estimate Loca Radiation ~; gnature," Januar; 1980. 

M. Rogovin Report, "Three Mile Is1and," Vcl1.:me !I. PP. 
524-527. 

4. tJUREG-0737, Section II.B.3 "Post-Accident Sampling System," 
MR-FC-79-191. 
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II. DISCUSSION (Continued) 

F. References (Continued) 

s. Post-Accident Sampling Guide for Preparation of 
a Procedure to Estimate Core Damage-USHRC. 

6. Fort Calhoun Operating Instructions, OI-SL-2 and OI-?AP-2. 

7. CE Report, "Design Review of Plant Shielding and 
Environmental Qualification of Equipment for Spaces and 
System which may be used in Post-Accident Operations," 
December, 1979. Table 6.2.1, "Core Fission Product. · 
Inventories." 

8. 

9 .• 

OPPD Letter to Mr. R. A. Clark, Reference: Docket No. 50-285 
.Attachment 1. June 26, lq81. 

ICC proposals to OPPD for Fort· Calhoun Station Combustion 
Engineering Proposals: 252995-1 (HJTCS), 252996-1, 252997-1 
Nov. 17, 1981. 

10. Performance evaluation of core exit thermoci:»upl es as 
inadequate core cooling instrumentation (draft copy} 
Combustion Engineering, ~ept. 1982. 

Ill. INITIAL cmmITIONS 

One or more of the following conditions are present: 

A. Reactor coolant-system high activity has been detected Per Emergency 
Pr~ced"-"' C'p 23 by a""y o""e · c- -;o--.. of •""e ~01 i ~"', ..... • .. ~•,..,. .. or'"· 

1. 
2. 
3. 
4. 
s. 

6. 

.'-' Ut- ~ - •1 II f If I'- Ii.II I l\,ln 11~ lllUl\,. .... lw .;a. 

Process radiation recor_der RR-214 is in high alar.:i. 
Process radiation monitor PRM-1 i.s in high alarm. 
Process r.adiation monitor PRM-2 is in high a.larin. 
Reactor coolant isotopic gamma activity high. 
Reactor coolant sample total ·activity analysis indicates 
high activity level. 
Co~tainment radiation monitor is in high alarm. 

a. Any accident or other condition· exists in which the operator 
suspects failed fuel or needs to estimate core damage. 

-
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:SITES 

~topic specific activities are available per OI-SL-2 or O!-PAP-2 
-om the following locations (if applicable): 

reactor cool ant (RC) system 
containment sump (CS) 

.·containment atr.iosphere (CA). 

bta in samples in accordance with the following table: 

fype of Accident Optimum Sample Location 

Primary system is 
quickly depressurized 
or a large break. 

RC* 

CS** 

CA 

Identifiable· 
Fission Products 

Halogens, cesiums 
and all solids *** 

Halogens, cesiums 
and a·ll solids 

A 11 nob 1 e gases 

2)Primary system is RC (early stages of 
the accident) 

All fission 
products slowly depressurizing 

or a small break 
For later s;ages ~f 
the accident. Same 
as ( 1) 

Same as (1) 

·(3)?rimary system RC All fission 
products rernains pressurized 

throughout the accident 

RC sample can be obtained from one of the hot legs or if that is no't 
possible from the pressurizer surge line. 

'* CS sample should be taken from sufnp sample line if t.iis is not 
possible use recirculation line of the LPSI pumps through valves 

. . SI-159. . 
***Anything other than Iodines or Noble Gases. 

/ .. 
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IV. PREREQUISITES (Continued) 

Tabulate, the specifjc activities measured for the following 
fission products a.s shown below: 

Specific Activity µCi /cc (Note 3 )\ 

Fission Product RC cs CA 
IXe-133 
Kr-88 (Note 1) 
Kr-85 (Note 2 l I I 
T-131 I I I 
r::S-134 I 
Te-132 
Ba,;.140 I 
Ru-103 I 
Note ( 11 Measure Kr-88 concentration aurin the ear1y sta es or tne g - g 

accident, typically up to 20 hours after snutdown. 
rJote (2) 

Hate (3) 

Measure Kr-85 concen"tration during the later sta1es of t:ie 
accident, typically 20 hours after shutaown. 
For limitations see Section II.E.2. 

B. Reactor water levels ar€ available from plant computer from HJTCS. 
NOTE: Heated junction thermocouple system (HJTCS) which 

provides an indication of liquid inventor; in the . 
reactor vessel is now under construction • 

. -
c. · Hydrogen concentration in the primary cool ant sample and containment 

atmosphere has been determined per OI-PAP-3. Containment H2 concen
tration can be obtained by utilizing VA-81A and VA-818 (control 
room panels AI-65A and AI-65B per OI-VA-6). 

NOTE: . Hydrogen concentrations in the primary cool ant ·sample can be 
determined during nonnal operation by obtaining and 
analyzing the grab sample. However, during post-accident 
condition·s \'lhen the reactor coolant activity is very high, 
use of manual methods for det_enni nation of hydrogen is not 
possible. The PASS is capable of analyzing the total 
dissolved gas. Considering that a large fraction of the 
totul gas will be hydrogen, the increase in total gas is 
indicative of increase in hydrogen levels. 

o. Core exit thermocouple readings are available from plant computer. 

E. Data from the level indicators at the following locations is 
available (if SI tanks and SIRW tank have been utilized during the 
accident): · 

- SI tanks (LIA-2904, LIA-2924, LIA-2944, ·lIA-2964 Le.vel Indi.cators) 

I 

------------=--s·rn~rta nr(·c-z-c·;;;JarorTTC"="J8·2-[eve 1-In cfi ca to rs ) 

F; Containment pressure and temperature conditions are known •. 

G. Sample pressure and temperature conditions are known. 
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V. PRECAUTIONS AND LIMITATIONS 

A. The core damage estimates assume equilibrium full power core 
operation as discussed in Section II.E.3 of ~1is procedure. !f the 
qccident were to occur at non-equilibrium conditions (i.e. few days 

·after refueling), the core damage estimate can be determined more 
accurately in accordance with section VII. 

a. The core damage estimates calculated at different times after 
accident -may not agree due to non-equilibrium samp 1 e conditions 
discussed in Section II.E.2. The samples taken during the later 
stages of the accident may provide for a more accurate estima~e than. 
those taken in the early stages of the accident. 

'/!. PROCEDURE 

A. Determine the total activity released from the core (A 0 ) for each of 
the fission products tabulated in section IV.A. in accordance w1tn 
tne rol lowing equations: 

1.· In the event the primary system remained pressurized: 

A0 = ARc x Fr x Ei For Isotope ( i ) 

2. In the event the primary system is deDressurized: 

Where: 

A0 = {ARC +· Acs-+ Ac.A) Ei For Isotope ( i) 

ARc = ·SRc x VRc 

Acs = scs x Vcs 

AcA = ScA x VcA x FTP 

A0 =total activity released from the core for Isotope (i) Ci 
ARC = total activity released to the reactor coolant - Ci 
Acs =total activity released to the containment sump - Ci 
AcA = total activity. released to the containment atmosphere - Ci 
SRc = specific activity measured· frcm reactor coo 1 ant 

(µCi/cc)* x 10-6 = Ci/cc 
Scs = specific activity measured from containment sump 

(µCi/cc)* x 10-6 = Ci/cc 
ScA = specific activity measured from contair.ment atmosphere 

{µCi/cc)* x 10-6 = Ci/cc 

*Obtain ~~ecific activities from table in section IV.A. 

YRC = reactor coolant volume = 1.873 x 108 cc· 
VcA = containment free volume = 2.973 x 1olOcc 
Vcs = containment sump volume - cc {See Note) 

/ -. 
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VI. PROCEDURE (Continued} 

tJOTE: Containment sump water volume can be approximated from 
the level indicators in the SI Tanks and SIRWT Tank as 
fo 11 ows: 

Vcs = Vsr + VsrRWT 
Vsr = Total volume release.d frcm all SI Tanks - CC 

Volume released from = (A-B} x 3.68 x io7cc 
any of the SI Tanks IUD 
A= : level before discharge, B = ~level after discharge 

. SI TAtJKS LEVEL INDICATOR A B I '/CLUME REL~SC:O (CC) I 

.. ··-·' 

IS I-6A LiA-2904 I i 
SI-68 LIA-2924 1 

1S I-6C L!A-2944 I 
SI-60 LIA-2964 T 

-1otal Volume released from the SI Tanks '.VsrJ = 

Vsrnwr = total volume relea~ed from the S.IRW Tank 
= (L1 - Lz} 6.8 x lOOCC/in 

L1 = fovel of WATER in SIRWT before safety injection INCH:· 
Lz = l 1~vel of WATER in SIRWT after safety injection - INCH 
L1 and Lz can be obtained frcm LIC-381 or LIC-382~ 

Frp =· te~perature ~ressure correction factor = P?(T1+460) 
· P1<T2+460) 

Where: P1, Ti :. gas dilution loop pressure and temperature 
.Pz, Tz = containment atmosphere pressure and · 

temperature 

Fr = temperature density correction factor from the table below: 

RCS Temperature Primary Sample 
at the Time of. Samole (OF) Temoerature {100°F)* 

100 
I . 

1 
, 50 . 0.987 
200 0.970 
2-SO n_q4q 
~no 0.924 
11:0 0.897 
400 0.365 
450 0.830 
c;no 0.790 
'i'iO 0.741 
560 0.731 
c:nn n 7no 
600 0.683 

*Assume l00°F sample temperature - little error wn 1 be introduced 
if the sample temperatures are t50°r fr~m actual temperatures. 

! 

I 
I 

! 

l 

I 

' 
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VI.A. PROCEDURE (Coritinued) 

E·; = e 

3. 

0.693 At/T-1/2 

Where: 
Ei = decay correction factor* for isotope (i) 
At = elapsed time between the time the reactor was 
shutdown and the time the sample was measured - days 
e = 2.718 

T-1/2 = half life of a particular fission product - days 
* Decay corrected values can also be obtained directly 

from canberra isotopic analysis equipment by inputting 
the decay time (the time between reactor shutdown 
and analysis) 

Fission Product 

I 
T (Days) I 

Xe-133 5.27 
Kr-88 0.117 
Kr-85 3927 
I-131 8.05 
Cs-134 I i50 

I I Te-132 I 3. 24 
Ba-140 12.8 
Ru-103 39.5 

Calculate A• 

Calculate A• in atcordance with section VI.A.1 or VI.A.2 and 
tabulate th~.results for the fission products which wer~ 
detected: 

TABLE (A) 

Fission Product (Curies) - ,, 
A• 

Xe-133 

Kr-88 (Note 1) 

Kr-85 (Hate 2) 

I-131 

Cs..;134 

TE-132 

Ba-140 

Ru-103 
I -Note (lJ Ut111ze Kr-88 aata up to 20 hours ar~er snutaown. 

Hote (2) Utilize Kr-85 data 20 hours after shutdown. 

/ ·. 
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VI.A. PROCEDURE (Continued) 

B. Interpretation of Data to Determine the Extent of Core Damage 

The core damage estimate will start by determing which of the four 
fuel conditions (no damage, cladding failure, fuel overheating or 
fuel melting) best describes the core environment. A flow chart 
{Attachment 11 0") has been prepared t.o show the logic for estimating 
core damage. 

No Damage 

The core· conditions \'lhich pertain to no damage or normal operation 
are as follows: 

1.1 The reactor was shutdown with no abnormal ~onditions and other plant 
indicators verify that there has been adequate core cooling such as: 

-·All of the core exit the.nnocouple (CET) readings show 
temperatures <700°F (,<1200°F cladding temperature) during shutdown 

. ~JOTE: Nomi na 1 hot ch anne 1 outlet tempera tu re is 
approximately 630°F. 

-.No excess amount of hydrogen is found in the primar1 system 
and no detectable hydrogen is found in the containment atmosphere. 

1.2 If the above best describes the core environment then divide the 
total activity A0 as recorded on Table (A) by the upper limit normal 
operating_ activi.ties for the following fission proaucts: 

Keactor Coolant~ 
Reactor Coolant** Upoer Limit Nor.na 1 
Normal Operating Operating Total 

Fission Pl'"oduct To:ta 1 Activity (Ci) Activity ( c; ) 

Xe-133 135 1350 

Kr-=88 13.7 137 

Kr-85 2.38 23.8 

~Heactor coo1ant nor~al operating total act1v1t1es are lU~ 
of the upper limit activities. 

**Normal reactor coolant total activities were obtained by 
multiplying the normal operating concentrations by the 
reactor cool ant volume ( 1.873 x 108cc) .. · The normal operating 

· · · ··' · concentrations are listed in the attachment "B". If desired last 
available pre-accident normal concentrations may be used. ·' 

I 

I 
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V!.8. PROCEDURE (Continued) 

1.3 If Ao <l for all of the above fission products 
· total upper limit activity 

then ii would be concluded that no fuel damage has occurred •. 

1.4 If Ao >l for any of the above fission products 
total upper 1 imit activity -

then it is possible that some cladding failure has occurred. In 
this case recheck the CET readings to see if any one of them 
indicat~d temperatures >700°F (>'l.1200°F cladding temperature) and 
refer to section VI.B.2 for determining the percent cladding 
failure. 

NOTE: Do not utilize I-131 data to establish no damage conditions 
since the temporary change in iodine concentrations (iodine spiking) 
may be·misinterpreted as cladding failure. 

2. Cladding'F'ailure · 

The core conditions which pertain to cladding failure a~ as 
fol 1 ows: 

2.1 The reactor was .sr.utdcwn with adequate core cooling and other plant 
indicators verify t.liat there has been a possibility for cladding 
failure, such.as: 

- one or more of the CET readings show 
0 

temperatures >7oo:F (>~1200°F cladding temperature) during 
shutdown. 
tJOTE: Nominal hot channel outlet temperature 

is approximately 630°F. 

- no excess amount cf hydrogen is found in the primary system and no 
aetectaole hydrogen is found in the containment atcmosphere. 

Ao 
------------ >l from sect~on VI.S.1 
total upper limit activity 
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VI.8. PROCEDURE (Continued)· 

2.2 If the.above best describe~ the core environment, then divide the 
total activity A0 recorded on Tabla (A) by the total gap release 
activity for the follo\'ling fission products: 

2.3 

3. 

. 3.1 

Gap Rel.ease** Total Gap Release* 
Fission Product Fractions Activity (Ci) 

Xe-133 0.03 2.529 x 106 

Kr-88 0.03 8.40 x 105 
-

2. 704 x 104 Kr.:as 0.08 
I 

~Total.gap release act1v1t1es are oota1ned oy mu1t1ply1ng tne core 
inventor; by the gap release frnctions. The core inventories are 

. listed in Attachment C •. 
**Gap _rel ease fractions are obtai 1.ed from iabl e 1 (Attachment "A"). 

then Ao x 100 
total gap release activity 

= percent cladding failure 

If A0 x 100 ----------- >lCO~ for c.ny of the above fission products 
total gap release activity 

then there is a possibi1ity that some fuel overh·eating or fuel 
melting has occurred. Rechec!< the following plant indicators to 
deter.nine if fuel overheating or fuel melting has occurred: 

-.one or more core exit thermocouples she~ readings >900°F (>~1soo°F 
cladding temperatures) followed by detection of excess hydrogen in 
the contair.~ent atmosphere or the primar1 system. Kerer to 
section V!.B.3 to esti~ate fuel overheating. 

- the presence of any low-volatile fission products (i.e. Te, Ba, or 
Ru) indicates that some fuel melting has occurred. rf so, refer 
to section VI.B.4 to estimate fuel _melting. 

NOTE: Absence of low-volatiles (i.e., Te, Ba, Ru) is a good 
indication ·that no fuel melting has occ~rred. 

Fuel Overheating 

The core conditions which pertain to fuel overheating are as 
follows: 

There has been an abnonnal shutdown and there is a possibility that 
the fuel h~i been partially uncovered for a period of t1me greater 
than a few minutes. Other plant indicators verify that there has 
been fuel overheating such as: 
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VI.B. PROCEDURE (Continued) 

- Heated junction thennoccuple system (HJTCS) verifies 
that the core has been uncovered for loncrer than a 
few minutes (HJTCS is now under construction). 

- one or more core exit thermocouples show readings >900°F (>~1soo°F 
cladding temperature). 

excess amount of hydrogen is found in the. primary system or a 
detectable amount of hydrogen is found in the containment 
atmosphere. 

A0 x 100 ----------- >100% frcm section VI.B.2.2 
total gap release activity 

3.2 If the above best describes the core environment, then divide the 
total activity A0 recorded on Table (A) by the total core inventor} 
for the following fission products: 

3~3 

Fission Product Total Core Inventory ( c i )* _J Xe-133 8.43 x 107 

2.e x io7 
I 

Kr-88 I 

- Kr-85 - 3.38 x. 100 
: 

4.15 X. 107. I-131 

Cs-134 7.46 x loo . 
. r 
~x~r-ro_m__,A~t~t-a-ch~m-e-n~t~"~c·~·.--------------------------------_. 

If _____ A_
0 
_____ <0.2 for all of the noble gases** 

total core inventor; 

then it could be concluded that.there has been <50~ fuel over
heating. This conclusion can be further verified by indication that. 
some of the core exit thermocouple readings are >900°F followed by 

.detection of excess hydrogen in primary system or containment. In 
case low volatiles (i.e. Te-132, Ru-103 or Ba-140i were detected, 
refer to section VI.S.4. to determine the percent fuel melting. 

x'*The fuel overheating estimates which are basea on nco1e gases are 
considered to be more reliable than the estimates oasea en iodine or 
cesium. In case of a great disagreement be.tween the estimates, rely 
on the noble gas estimates. Use the cata for iodine or cesium only 
if the data for noble gases are not available. --

'· 
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.YI.3. PROCEDURE (Continued} 

3.4 If ____ A_0 

_____ >0.2 for any of the noble gases** 
total core inventory • · 

then it could be concluded that there ha~ been >50% fuel over
heating. This conclusion can be further verified by indication that 
>50~ of core exit thennocouple readings show temperatures >900°F. 
In case low-volatiles {i.e. Te-132, ·Ru-103 or Ba-140} were detected 
refer to section VI.B.4 to detennine the percent fuel meiting. 

4. Fuel Melting 

The core conditions which pertain to fuel melting are as follows: 

4.1 There has been a severe accident and the core has been uncovered for 
a long period of time. The following plant indicators verify that 
there has bee~ fuel melting: . - . . 

/" ~.I. 0 
• •• ~.._.:.~ •.IP)' • ~. • ". ·; ,._ .... ,• • ':/· '..' • 

- HJTCS readings verify tnat the core has been uncovered for a long 
period of time. 

- more than one core exit thennocouple show readings >900°F for a 
long period of time. 

- one or more core exit thennocouple readings show readings >1100°F 

excess amount of hydrogen is found in the primary system or a 
detectable amount of hydrogen is found in the containment 
atmosphere. 

Ao 
----------- <0.2 
total core inventory 

Ao 
---------· >0.2 
total core inventory 

with presence of low-volatiles 
(i.e. Te-132, Ru-103, or Ba-140} 
from sectio~ VI.B.3.3. 

with pr~sence of lcw-volat11es 
(i.e. Te-132, Ru-103~ or Sa-140) 
from section VI.3.3.4. 

____ A_0 _x_l_O_O ____ > 
100 l'fith presence of low-volatili:s 

(i.e. Te-132, Ru-103 or Ba-140) total gap release activity 

from section vr.e.2.2. 

~~1he ruel overneating estimates wnich are baseo on noole oases are 
considered to be more reliable than the estimat~s baseo bn iodine or 
cesium. In case of a great disagreement bet~een the estimates, rely 
on the noble gas estimates. Use the data for iodine or cesium only 
if the data for noble gases are not available. 
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VIB. PROCEDURE (Continued 

4.2 If these conditions best describes the core environment, then divide 
the total activity A0 recorded in Table (A) by the total meltdown 
release activity for the following fission products: 

Fission Products 
Nomi na 1 Me 1 tdown* 
Release Fraction 

Total Meltdown** 
Release Activity (Ci) 

Te-132 0.1:0 8.9i:siq6 
Ba-140 O.lCO 7 i-:xrno 
Ru-103 0.030 ? .03x1 t;6 

wNom1nal meltaown release rrac~1ons are ootainea rrcm·1aole I. 
lAttac.:hment A) 

**Total meltdown release activities are obtained by multiplying 
the core inventories (from Attachment C) by the nominal 
meltdown release fractions. 

then ____ A_o_x_lO_O ______ = percent fuel melted 
total meltdown release activity 

NOTE: The fuel melting estimates will be primarily based on.the 
data from low-volatiles (i.e. Te, Ba, or Ru) since the data 
·from othgr fissiori products (i.e. Xe, Kr, I, Cs) will not 
provide for.a good estimate of fuel melting in the lower. 
sub-group (i.e. lower than 10% fuel melting). This is due 
to the fact that Xe, Kr, I and Cs fission products are 
released in significant quantities during fuel overheating. 
Therefore, it 1·1oul d be di ffi cult to determine whether the 
releases were due to fuel overheating or fuel melting. 
However, estimates based on Xe, Kr, I and Cs can provide 
verification of the estimates which are based on Te, Sa, or 
Ru. In the upper sub-gr.cups (i.e. 10-50% or >50~ fuel 
melting) the fuel melting estimates based on noble gases, 
iodines and cesiums will become more realistic. 

/ .. 
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VI.B. PROCEDURE (Continued)· 

5. Interpretation of the. Resul•ts 

Tabulate the results frcm sections VI.B.2., VI.B.3, and VI.S.4, in 
the appropriate blocks on the following table: 

Core Damage .Estimate * 
Sub-Groups - Percent 

Fuel Condition < .lU1. ! .1.0-::>1.J':O 

Cladding(a) Xe-133 

I 
I I Failure-
I Kr-88 or Kr-85 

I <!:l..i:i. I 

Fue1(a) ~-133 I Overheating 
I r-88 or Kr-85 . 

I <10~( cl i 10-oO~ I 

Fue1(b) I I I 
Te-132 I 

Melting 

I I ·I - Ba-140 

I ' I Ru-103· -- .. 

Xe-133 I I 
Kr-88 or Kr:..a5 .1 l 
I-131 l I 
Cs-134 I 

1ne letters rn ( J rerers to tne 0 I I O\~l ng notes: 

* Core damage estimates can .be any combination of fuel conditions 
tabulated above. 

>::::u~ I 
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VI.B. PROCEDURE (Continued) 

5. (Continued) 

_The following notes should be considered in interpretation of the 
core damage estimates: 

(a) If the cladding failure or fuel overheating estimates based 
on Xe and Kr are significantly different (i.e. Xe and Kr 
estimates are in different sub-groups), recheck the 
estimates and if necessary obtain new samples to determine 
new concentrations. If the results remain the same, rely on 

(b) 

Cc) 

(d) 

(e) 

( f) 

.xe-133 estimates. · 

If the core environment is as described in section VLB.4.1 
and the estimates based on noble gases, iodines, and cesiums 
indicate significantly higher percentage of fuel melting 
than the estimates based on ie, Ru, or Ba (i.e. the esti
mates are in a diffe~nt sub-groups), the low-.volatile .i,7J. .. d 
estimates must be rechecked and if necessary new sampl es·'to 
determine new concentrations. If the results remain the 
same as before, the fuel melting estimates can be based on 
other fission products (preferably Xe-133). 

The fuel me1ting estimates ba;:;ed on Xe, Kr, !, or Cs will 
not provide for a good estimate in the <10~ sub-group. This 
is due to the fact that these fission prcduc:~ are rei2asac 
in significant-quantities during fuel overheating and it 
would be difficult to determine \vhether the re 1 eases were 

. due to fuel overheating or fuel melting. In the upper 
sub-groups (i.e. 10-50~ or >50~ fuel melting}, the fuel 
melting.estimates based on Xe, Kr~ I or Cs will become more 
realistic. 

In the event the core damage es ti mate is deter:ni ned after a 
containment purge operation, correct the noble gas concen
trations to reflect the initial concentrations prior to the 
purse operation. 

The samples taken during the later stages of the accident 
may provide for a more accurate core damage estimate, than 
those taken in the early stages of the accident (refer to 
section II.E.2 for more details) . 

If the accident has occurred under non-equilibrium core 
conditions (i.e. few days after refueling}, refer to Section 
VII of this procedure for a more accurate estimate of core 
damage. 

/ .. 
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VI.B. PROCEDURE (Continued} 

VII. 

Summary and Conclusions 

In conclusion Xe-133 alonP can provide for reasonably accurate data for 
estimating cladding failure and fuel overheating. Xe-133 is abundant 
both in early and later stages of the accident. Te, Ba, or Ru can 
provide for e·stimating fuel melting and the estimates can be further 
verified by the estimates obtained from xe-133 a11d other fission 
products. 

Deterniinati on Of Core Damage Under Non-Ecuil i brfom Core Condi ti ohs 

The estimates of core damage in the previous section were based on 
assuming a urifonn core inventory distribution under equilibrium 
conditions. ·Therefore, if accident were to occ~r at non-eauilibrium 
conditions (i.e. few days after refueling up to 30 days), the core 
inventory datl from Attachment· "C" cannot serve as a good approxir.iati on 
of the core inventory. Under non-equilibrium core conditions the 
following fission produtts with relatively good half-lives will be 
utilized for estimating core damage: 

Fission Product ~ Half-Life (Days) 

Xe-133 5.27 
I-131 8.05 

r·-132 3.24 
· Ba-140 12.8 

* All of these fission products, if released,. are abundant and detectable 
both in early and lat~r stages of the accident. 

The 100': core equilibrium inventories from attachment "C" can be 
corrected to represent non-equilibrium inventories by applying the 
following inventory correction factor:l . 

Ii = ________ 10_0 _______ _ 

:>..;r. -A.;ro 
!j Pj ( 1-e J) e j 

1. The above equation was obtained from reference (5) "?est >.ccident 
Sampling guide for Preparation of a Procedure to Estimate Core Damage". 
USIJRC. 
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VII. Determination of Core Damage Under Non-Equilibrium Core Conditions 
(Continued) 

Where: 

I; = Inventory corection factor for isotopes (i) 

Pj = Steady reactor power operated in period j (MWT) 
NOTE: In each period, the variation of steady 

power should be limited to ±10~. · 

Tj = Duration_ of operating period j (days). 

0 
Tj = Time between the end of operating period j and 

time of reactor shutdown {days) 

li = Decay constant of isotope i ·(days) = 0.693 (days) 
--r-

The calculated inventor1 correctior factors can then be multiolied 
by the inventories on Attachment "C." to obtain the new core inven'torfes 
for estimating core damage uncer nc·n-equilibrium conditions. The 
corrected core inventories for Xe-133, I-131, Te-132, or Ba-140 must be 
applied to the following Sections of this procedure in order to obtain 

. the core damage estimates urrder non-equfl ibrium conditions: 

- Sectiori VI~B.2.2: 

- Section VI.B.3.2: 

- Section VI.B.4.2: 

Multiply the corrected core inventories by the 
.gap _re1ease fractions to obtain a new total ~ap 
release ac'tivny. ·· 

Use the corrected core inventories 
-to obtain percent fuel overheating. 

Multiply the corrected core inventories 
by the nomina_l meltdown release fractions to 
obtain a n~~ ·wtotal meltdown release activities" 

/ .. 
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VII. Detennination of Core .Damage Under Non-Equilibrium Core Conditions 
(Continued} . 
The inventory correction factors calculated by the method in the previous 
page are an approximation and are based on the following assumptions: 

-·Fission product production and loss by neutron activation 
are assumed to be negligible.· 

- The production is assumed to be a linear function of core power. 

Therefore. if a rr.ore accurate estimate of cor~ inventor) is desired; GS~ 
Nuclear Department can be contacted and a new core inventor} will be 
calc.ulated by utilizing ORIGEN2 computer code.l 

The following parameters will be utilized as input data to ORIGEN2: 

NL1mber of i rradi ati on intervals - Power 1 eve ls or corrected f1 ux input 
- Ra~i"us of fuel - Length of fUel - Density of fuel - Enric!iment of fuel 
- Number of assemblies ~number of fuel rods per assembly. 

The calculated core inventories for Xe-133, I-131, Te-132, or Ba-140 can 
be .applied to the following Sections VII.B.2.2, VI.S.3.2, or VI.B.4.2 to 
obtain.a more accurate core damage estimate. 

1. ORIGEN2 is an isotope generation and depletion code and it can be 
accessed by utilizing the 11 IJUCLIB 11 System available through SCEING 
computer services. 
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(011.·er lipper Loi.· er 1llppcr Lower lipper lower IJppcr ii" 
li111i I Limi I tlominal. limi I I. irni I Nominal limil l.imil Nominal Li111il Lirnil -. 
0.010 0.12 0.87) 0.48) 0.970 0.0117 0.078 0.097 0.010 0.010 0.010 [ o.ozo ~.0«1-· 
<J.oGo o-IO I 

0.001 0.20 o.8u 0.492. 0.98) 0.088 0.078 0.098 0.010 0.010 0.010 ~ ... 
3· 

0.0}0 0.004 0. JO 0.76i) 0. )80 O.'H 0.190 0.190 0.190 Ill ... 
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Jx I0- 7 . 
; '11 

T dlur iurn Croup 0.0001 0.04 O.DO O.Oj 0.2}0 O.HO o. 140 0.680 0.140 o. )~0 0.140 ~· (re, S<·, Sb) g" 
N0blc Metah O.OJO 0.01 0.10 0.87) 0.776 0.970 O.OO> 0.001 0.024 
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All<jline [arahs lxl0- 6 Jx 10-9 0.0004 0.100 0.02 

0. 

0.20 0.009 0.002 o.ou a. 
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br, OJ) n ... 
It <are Ear1h1 0.00) 0.001 0.01 0.010 0.002 0.0)0 

~ 
n 

(Y ,l.a,Ce,Nd,Pr, ... 
n 

[11, l'm,Sm,Np,Pu) Ill 

~ 
llclrJc:torics 0.00) 0.001 0.01 '11 
(~r. Nb) ., e Ill 

n .... 
aNOll": Hcet:nl values of lhc g<ap rdeasc measured ar Oak llldgc NarioroJI Labora1ory (Itel 1 ll arc slgnilicanlly lower. l'or 1he uablc and 
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g 
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1111:1Jh. 
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~;o:.::.~i. (t'E:ACTOR co:;usr co~:c2IT? .... ~::no"Ss 

.<e-=1 g/c:c) 
Isc~o-::a l:.Ci/c:c: Isot:o"':)e 

I-131 l • .56 ( ~2) !: ·S~ • -
!-1.32 6.9i (-2) ·S: .. --
I-133 5.77 (-2) 'Y-90 
!-134 7' 9.29 (-,2) ~-91 
I-133 8.56 (-2) Z=-95 
A:::-1:. l 4.96"(-2) ~ii:>-,9.5 

i·: 
K::.;.35 l.27 (-2) Z::--97 
K::-53: 5.52 (-2) ~ru-97 
::{:-o7 5.58 (-2) !'fo-99 
~-~3 7. 31 (-2) Tc:-99~ 

X:-133 7.19 (-1) Ri.:-103 
Xa-133:. 1.69 (-2) : S::-11/;:i. 
Xa-!.33 2~69 (-1) I S".:i-!.2~ 
~-3 2.64 (-2) I Cs-134 
- 'A 1.07 :-.:..~ (-1.) IC 1 _, i s- ..::o 

· Na-24 g. al (-3) ~ Cs-l3i 
C=-51 5. 91 (-3) ! Cs-138 
}~-34 4.26 (-4) t 3,_ 139 
:~-55 5.S5 (-l;) ;-z:a-140 
C:-37 3.35 (-.5) -!.4-!.40 
C:-3S 1.42 (-2) C:-141 
':""~-'~ .. - -'~ - 3.S9 (-4) ,..,._, I./. -- -~~ 

; C=-SO 3.Q2 (-4) ?:--144 
C:.;-.: .:; .!.g-1 iO:: 
N!.-53 3.70 (-4) ' .. "-187 
c. . - ~~p-235" --. -
S:-Z9 2. 0 l (-2) ~ :Z==.1.:..34 
S=-~O <.2.n (-i) Sc-136 -' 

)··. 
,, 

:·, 

OI-PAP-6-a 

. Attachment 11 811 

(C'=l g/r:.c.) 
;:.Ci/ c:c: 

<2.97 (-7) 

5.93 (-4) 
7.96 (-4) 
2.19 (-4) 
2-15 (-4) 
4~40 (-4) 
2.15 (-4) 
5.35 (-5) 
2.5S (-5). 
l. 43 (-5) 
l.45 (-1) 
·l. 70 (-4) 
l.SS (-2)· 
1.14 (-1) 
3.75 (-3) 
2.21 (-.4) 
2. 54 ( .;..4) 
2. 42 (-5) 
2.l.7 (-5) 
2.4i (-5) 
2.64" (-5) 
2.69 (-3) 
4.25 (-4) 
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;:":-om Ref. ( 6) /\ttachment "C" 

Nuc1id: Curi es Nuc1ide Curi es Nuclide Curies / •. 

Sc-84 7.84(+6)* Mo-99 7. 63( +7) Sb-135 2.51(+6) 
Br-84 8.22(+6) Tc-99m 6.62(+7) Te-135 3.34( +7) 
As-85 1.37(+6) Mo-103 6.66(+7) I-135 7 .34(+7) 
Se-85 . 4. 85(.+6) Tc-103 6.74( +7) Xe-135:n 1.69(+7) 
Sr.;.85 l.05(+i) Ru-103. 6. 78( +7) Xe-135 1.47(+7) 
Kr7 85m 1.07{+7) Tc-106 2.76(+7) Cs-135 1.04(+1) 
Kr-85 3.38(+5) Ru-105 1.89( +7) Cs-136 2.09(+6) 
Se-87 7.71(+6) Sn-129 4.42(+6) I-137 . 3.51(+7) 
Br-87 1.70(+7) Sb-129 1.37(+7) Xe-137 7.42(+.7) 
Kr-87 1.96(+7) Te-129m 3.54(+6) Cs-137 3.64(+6) 
Br-88 1.80( +7) Te:129 1.29( +7) 3a-137m 3.46(+2) 
Kr-88 2.80(+7) I-127 6.49(+24)Y-r I-138 1.77(+7) 
Rb-88 2.84(+7) I-1~9 · l. 04( 00) Xe-138 ·6.72(+7) 
Br-39 1.24(+7) · Sn-131 1.23 ( +7) Cs-138 . 7.21(+i) 

· Kr-89 3.45(+7) Sb-13.1 3.33(+7) xe·-140 3.48( +i) 
Rl:i-89 3.71(+7) Te-13lm 6.28(+6) Cs-140 6. 53( +7) 

· Sr-89 3.96(+7) Te-131 3.62(+7) Ba-140 7.33(+7) 
Br-90 . 7. 92( +6) I-131 . 4.15( +7) La-140 7.54(+7) 

. Kr-90 3.41(+7) Xe-13lm 2.93(+5) Xe-143 . 8.13(+5) 
Rb-90 3. 50( +7) Sn-132 7.16(+6) Cs-143 1.41(+7) 
Sr-90 2.75(+6) Sb-132 2.01(+7) Ba-143 5.60(+7) 
Y-90 2.89(+6) Te-132 5.94(+7) La-143 s:.2a( +7) 
K:"'-91 2.51(+7) I-132 6.03(+7) Ce-143 6.32(+7) 
r{b-91 4.5l(+i) Sn-133 2.46(+6) Pr-143 - 2'( ·-) o. -+ .,.., 

Sr-91 · 4.25(+7) Sb-133 . 2.28(+7) · Xe-144 · L 79( +S) 
.Y-9liii 2 -or·-) • I - i.,.., - , --· ,.e-.J.;m 3. 04.(.+7) Cs-144 • 2"'(" '") i.;. 0 .,..0 

.. Y-91 5.14(+7) Te-133 - 4.80(+7) · Sa-144 4.18(+7) 
Sr.-95 ; 5.14(+7) I-133 8.43(+7) La-144 5.52(+7) 
y:.95. 6.i4(+7) Xe-133 . 8.43(+7) Ce-144 5.01(+7) 
Zr-95 0 • 7: 02( +7) Cs-134 7.46(+6) Pr-144 5. 06( +7) 
·r:b-95 7.16(+7) Sb-·r34 3.96(+5) 
· Zt-99 6 9-'~-) •. ::> \ • I Te-.134. 6.40(+7) 
flb-99 7 .25( +i) I-134 9.10(+7) 

'* Va 1 ues in pa ren th es es denote po\·1ers of ten'. 
*'* 1-127 is a stable isotope, value is expressed in atoms. 

. . 
The·above core inventory is based on the following conditions: 

- 2 fue1 cyc1es at 100: power 
- Continuous operation at 1500 M\.Jt 
- Equi1ibrium fuel cycle (equivalent full power d9ys): 432 Days 
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