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FORM SPD-1001-2 
DUKE POWER COMPANY 

NUCLEAR SAFETY EVALUATION CHECK LIST 

(1) STATION: OCONEE NUCLEAR STATION UNIT: 1 2 3 

OTHER: /'-/ / ) 1 

(2) CHECK LIST APPLICABLE TO: /',o/o /'/ co 3 Io .

(3) SAFETY EVALUATION - PART A 

The item to which this evaluation is applicable represents: 

Yes No A change to the station or procedures as described in the FSAR; 

or a test or experiment not described in the FSAR? 

If the answer to the above is "Yes", attach a detailed description of the item 

being evaluated and an identification of the affected section(s) of the FSAR.  

(4) SAFETY EVALUATION - PART B 

Yes No ) Will this item require a change to the station Technical 

Specifications? 

If the answer to the above is "Yes," identify the specification(s) affected 

and/or attach the applicable pages(s) with the change(s) indicated.  

(5) SAFETY EVALUATION - PART C 

As a result of the item to which this evaluation is applicable: 

Yes No Will the probability of an accident previously evaluated 
in the FSAR be increased? 

Yes No Will the consequences of an accident previously evaluated 
in the FSAR be increased? 

Yes No May the possibility of an accident which is different 
than any already evaluated in the FSAR be created? 

Yes No Will the probability of a malfunction of equipment 
important to safety previously evaluated in the FSAR 
be increased? 

Yes No Will the consequences of a malfunction of equipment 
important to safety previously evaluated in the FSAR 
be increased? 

Yes No X May the possibility of.malfunction of equipment 
important to safety different than any already evaluated 
in the FSAR be created? 

Yes No X Will the margin of safety as defined in the bases to any 
Technical Specification be reduced? 

If the answer to any of the preceding is "Yes", an unreviewed safety 
question is involved. Justify the conclusion that an unreviewed safety 
question is or is not involved. Attach additional pages as necessary.  

(6) PREPARED BY: 3 DATE: 

(7) REVIEWED BY: A t 7-- DATE: h/ z 

(8) Page 1 of 

This procedure will have no effect on the operation of ONS or the safety 
analysis as described in the FSAR- j 4 //S2



CP/0/B/2003/02 

DUKE POWER COMPANY 

OCONEE NUCLEAR STATION 

ESTIMATE OF FAILED FUEL BASED ON 1-131 CONCENTRATION 

1.0 Purpose 

This procedure describes the method for calculating the number of failed 
fuel pins and the percent failed fuel for four fuel conditions using the 
1-131 concentration (in pCi/ml) in the Reactor Coolant System (RCS).  

2.0 Limits and Precautions 

2.1 The numbers obtained by using this procedure are at best, estimates 
only.  

2.2 All formulas quoted are based upon equilibrium full power core 
iodine. If fuel damage is suspected to have occurred during times of 
reduced power or near the time of significant power change, the core 
1-131 inventory must be adjusted by using Enclosure 10.2. This is 
the correction factor Y.  

2.3 All values given are normalized to volumes of coolant at normal 
reactor coolant system pressure and temperature. To correct for 
other RCS system temperatures or RCS sample temperatures, use 
Enclosure 10.1. This is the correction factor X.  

2.4 The decay of Te-131 to 1-131 has been neglected as insignificant in 
this analysis.  

2.5 Iodine spiking may occur after a shutdown or significant power 
change. Data from other nuclear power plants have shown that the 
iodine spiking process has been observed to occur during a period of 
1 to 3 days after the change or shutdown. However, the spike seems 
to peak during the period from 4 to 8 hours after the change. 1-131 
concentrations can inc'rease by a factor of 2 to 25'above the equilibrium 
levels during these times, although an increase over a factor of 10 
is unusual and would only be seen at a shutdown. Increases by a 
factor of 2 to 3 are typical for a significant power decrease (i.e.  
100% to 50% power). Do not misinterpret this temporary change for 
fuel failure if there is no other evidence of fuel damage.. Other 
evidence of fuel damage can be constituted by any indication of 
inadequate core cooling, loose parts indication, high incore thermo
couple indication, etc.
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2.6 If estimates for fuel failure are needed for fuel conditions other 
than those covered by the four cases described below, or if more 
accurate fuel failure data is needed, see Section 7.0 of this pro
cedure.  

2.7 The following four cases cover a very board range of core conditions.  
Choose the one that best suits the existing conditions.  

2.8. Follow up as necessary with Babcock and Wilcox site managers depending 
on the plant situation.  

3.0 Case I - Normal Operation 

3.1 Initial Conditions 

3.1.1 The conditions which pertain to Case I - Normal operation 
are as follows: 

3.1.1.1 Normal reactor operation at any power or shutdown 
with no unusual conditions prior to shutdown.  
Adequate core cooling has been maintained.  

3.2 Procedure 

3.2.1 If 3.1.1 describes the core conditions, use the following 
formulas to calculate the range of failed fuel values.  
Evaluate correction factors X and Y by using Enclosures 10.1 
and 10.2.  

3.2.1.1 (Measured 1-131 concentration pCi/ml)(X)(Y) = 

3.5 x 10 pCi/ml 

= Number of failed pins (Max. expected 
and best estimate) 

3.2.1.2 (Measured 1-131 concentration pCi/ml)(X)(Y) = 

4.9 x 102 pCi/ml 

= Number of failed pins (Min. expected) 

3.2.1.3 (Measured 1-131 concentration pCi/ml)(X)(Y) = 

1.8 pCi/ml 

=,Percent failed fuel (Max. expected 
and best estimate) 

3.2.1.4 (Measured 1-131 concentration pCi/ml)(X)(Y) = 

2.5 pCi/ml 

= Percent failed fuel (Min. expected)
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NOTE: Values for 1-131 concentration in 

pCi/ml for Oconee at normal operating 
conditions are between 1.0 x 10- and 
5.0 x 10 1 pCi/ml.  

4.0 Case II - Macroscopic Clad Damage 

4.1 Initial Conditions 

4.1.1 The conditions which pertain to Case II - Macroscopic clad 

damage are as follows: 

4.1.1.1 Normal reactor operation at any power, or shutdown 
where some mechanical clad failure (i.e., a loose 
part monitor indication) or a flow induced 
failure is suspected. The core has adequate 
cooling and no significant fuel overtemperature 
is observed.  

4.2 Procedure 

4.2.1 If 4.1.1 best describes the core conditions, use the 
following formulas to calculate the range of failed fuel 
values. Evaluate correction factors X and Y by using 
Enclosure 10.1 and 10.2.  

4.2.1.1 (Measured 1-131 concentration pCi/ml)(X)(Y) = 

5.5 x 10-2 pCi/ml 

= Number of failed pins (Max. expected) 

4.2.1.2 (Measured 1-131 concentration pCi/ml)(X)(Y) = 

16.5 x 10-2 pCi/ml 

= Number of failed pins (Best estimate) 

4.2.1.3 (Measured 1-131 concentration pCi/ml)(X)(Y) = 

27.4 x 10-2 pCi/ml 

= Number of failed pins (Min. expected) 

4.2.1.4 (Measured 1-131 concentration pCi/ml)(X)(Y) = 

27.9 pCi/ml 

= Percent failed fuel (Max. expected)



4.2.1.5 (Measured 1-131 concentration pCi/ml)(X)(Y) = 

83.7 pCi/ml 

= Percent failed fuel (Best estimate) 

4.2.1.6 (Measured 1-131 concentration pCi/ml)(X)(Y) = 

139.5 pCi/ml 

= Percent failed fuel (Min. expected) 

5.0 Case III - Severe Fuel Overtemperature 

5.1 Initial Conditions 

5.1.1 The conditions which pertain to Case III - Severe Fuel 
Overtemperature are as follows: 

5.1.1.1 TMI type accident-where there has been an abnormal 
shutdown and it is suspected that the fuel has 
been at least partially uncovered for a period of 
time greater than a few minutes. Voiding in the 
core is detected by high incore thermocouple 
readings and loss of margin to saturation. Fuel 
clad oxidation is detected by excess hydrogen in 
the containment or in the reactor coolant sample; 
however, no fuel melting is suspected.  

5.2 Procedure 

5.2.1 If 5.1.1 best describes the core conditions, use the 
following formulas to calculate the range of failed fuel 
values. Evaluate correction factors X and Y by using 
Enclosures 10.1 and 10.2.  

5.2.1.1 (Measured 1-131 concentration pCi/ml)(X)(Y) = 

2.4 pCi/ml 

= Number of failed pins (Max. expected) 

5.2.1.2 (Measured 1-131 concentration pCi/ml)(X)(Y) = 

2.9 pCi/ml 

= Number of failed pins (Best estimate) 

5.2.1.3 (Measured 1-131 concentration pCi/ml)(X)(Y) = 

3.2 pCi/ml 

= Number of failed pins (Min. expected)
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5.2.1.4 (Measured 1-131 concentration pCi/ml)(X)(Y) = 

1255 pCi/ml 

= Percent failed fuel (Max. expected) 

5.2.1.5 (Measured 1-131 concentration pCi/ml)(X)(Y) = 

1535 pCi/ml 

= Percent failed fuel (Best estimate)) 

5.2.1.6 (Measured 1-131 concentration pCi/ml)(X)(Y) = 

1675 pCi/ml 

= Percent failed fuel (Min. expected.) 

6.0 Case IV - Fuel Melting 

6.1 Initial Conditions 

6.1.1 The conditions which pertain to Case IV - Fuel Melting, are 
as follows: 

6.1.1.1 Severe accident where there has been an abnormal 
shutdown and the core is uncovered for a long 
period of time. Incore thermocouple temperature 
readings are above 23000 F for a long period of 
time.. Fuel melting is suspected (i.e., fuel temp
erature exceeds 5000 0F) and is verified by the in
ability to operate the incore instrumentation 
system properly.  

6.2 Procedure 

6.2.1 If 6.1.1 best describes the core conditions, use the 
following formulas to caluclate the failed fuel values.  
Evaluate correction factors X and Y by using Enclosures 
10.1. and 10.2.  

6.2.1.1 (Measured 1-131 concentration pCi/ml)(X)(Y) = 

5.5 pCi/ml 

= Number of failed pins (Best estimate) 

6.2.1.2 (Measured 1-131 concentration pCi/ml)(X)(Y) = 

2790 pCi/ml 

= Percent of failed fuel (Best estimate)
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7.0 Case V - Other.Fuel Conditions 

7.1 If fuel conditions other than those described above exist, or if a 
more detailed failed fuel estimation is desired for either emergency 
or-normal operation, contact the appropriate B&W Site Managers or the 
Crisis Management Center for assistance.  

8.0 Data Disposition 

8.1 When plant conditions dictate that the Technical Support Center (TSC) is 
not necessary to the Safe Operation of ONS: 

8.1.1 Deliver Enclosures 10.4 - 10.7 to the Station Chemist in 
the Technical Services Building. Deliver a copy to the 
Primary Chemistry Supervisor.  

8.2 When plant conditions, addressed in the Emergency Plan, dictate that 
the TSC be manned: 

8.2.1 Deliver Enclosures 10.4 - 10.7 to the Station Chemist 
in the TSC. Deliver a copy of Enclosures 10.4 - 10.7 
to the Power Chemistry Supervisor in the Operational 
Support Center (OSC).  

9.0 References 

9.1 Letter of 4/14/82 from R. Michael Glover to C. C. Jennings, Subject: 
"Failed Fuel Estimating" 

9.2 ONS Emergency Plan, Section II.D 

9.3 MNS Administrative Procedure AP/0/A/5500/33 

9.4 ONS FSAR 

10.0 Enclosures 

10.1 Density Correction Factor, (X) 

10.2 Core 1-131 Inventory Correction Factor, (Y) 

10.3 Examples 

10.4 Failed Fuel Calculations - Case I 

10.5 Failed Fuel Calculations - Case II 

10.6 Failed Fuel Calculations - Case III 

10.7 Failed Fuel Calculations - Case IV
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ENCLOSURE 10.1 

DENSITY CORRECTION FACTOR 

(X) 

Find the appropriate RC System temperature at the time of accident. Find the 
approximate temperature at which the RC samples are taken. The intersection 
of both numbers is the density correction factor, X.  

NOTE: Normal RC System sample temperature is approximately 900 F. Use this 
temperature if no other information is available.  

RCS Sample Temperature oF 

80 90 100 

100 .996 .998 1 

150 .983 .985 .987 

200 .966 .968 .970 

250 .945 .947 .949 

300 .921 .923 .924 
RCS 

Temperature 350 .894 .895 .897 
OF 

400 .862 .864 .865 

450 .827 .828 .830 

500 .787 .788 .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
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ENCLOSURE 10.2 

CORE 1-131 INVENTORY CORRECTION FACTOR 

(Y) 

10.2.1 Situation 1: 

Use the following equation to calculate (Y) at power operation (except 
0%) where the power level has not changed more than ± 10% within the 
last 22 days.  

100 
Eq. 10.2.1.1 Y PL 

Where: Y = the Core 1-131 inventory correction factor.  

PL = the power level, in %, at the suspected time of fuel 
failure.  

10.2.2 Situation 2: 

Use the following equation to calculate (Y) at times other than covered 
by Situation 1 above.  

100 
Eq. 10.2.2.1 Y - L) 1 (Xt 

(PL.i)(e )+ (PL )(1-e ) 

Where: Y = the core 1-131 inventory correction factor.  

PL. = the initial power level before the power change.  
1 

PL = the final power level before/at the suspected time 
of fuel failure 

A = the decay constant for 1-131, 0.084 day 1 

t =t + t2 .  

t = the median time, in days, to make the power change 
from PL. to PL 

1 f.  

t = the time, in days, after the final power level (PLf) 
is reached that the fuel failure is suspected to have 
occurred.
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ENCLOSURE 10.3 
EXAMPLES 

Problem 1 

a. Power level has been decreased from 85% to 50%.  

b. This power change took four hours and occurred between 1200 
and 1600. TAVG at 50% is 5700 F.  

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

d. A Chemistry team is immediately dispatched to take a sample RC System 
as failed fuel is suspected.  

e. Chemistry sample indicates 1-131 concentration is 10.0 pCi/ml.  

Part 1. Determine the best estimate of the number of failed pins.  

Part 2. Determine the best estimate of percent failed fuel.  

Solution 

This is Case II, Section 4.0 

Use equation 4.2.1.2 for Part 1 

Use equation 4.2.1.5 for Part 2 

Part 1. Measured 1-131 concentration pCi/ml (X)(Y) = Number of failed pins 
16.5 x 102 pCi/ml 

Determine X: Enclosure 10.1 T is 5700F at 50%.  AVG 
Assume RCS Sample Temperature 
is 900 F 
Therefore, X = .718 

Determine Y: Enclosure 10.2 

= .0864 day 1 

t = (4) + (2) = 4 hours 
2 

Remember, t is the median time to make a power change plus the difference 
between the time when the damage is suspected and the time the new power level 
is reached.  

Convert t to days t 4 hours x 1 .167 days 
24 hrs.
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ENCLOSURE 10.3 
EXAMPLES 

100 
e (.0864 day ) (.167 day) ( - (.0864 day ) (.167 day) (85)e + (50) 1-e 

S1 00 -1.183 

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

Part 1. 10 PCi/mi (.718) (1.183) = 51.5 52 failed pins Answer 
16.5 x 102 pCi/ml 

Part 2. Measured 1-131 Concentration pCi/ml )(Y) % failed fuel 
83.7 pCi/ml 

10 pCi/ml (.718) (1.183) = 0.1% failed fuel Answer 83.7 pCi/ml
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ENCLOSURE 10.3 
EXAMPLES 

Problem 2 

a. The reactor has just tripped instantly from 100% power due to a mal
functioning instrument. There were no unusual conditions prior to the 
trip.  

b. T is now 5570F at 0% power.  
AVG 

c. The operator, while having no reason to suspect failed fuel, is curious 
about the amount of failed fuel present now following the trip.  

d. A Chemistry team is sent to take an RC sample 12 hours after the trip.  

e. The Chemistry sample gives an 1-131 concentration of 2.0 x 102 pCi/ml.  
(A typical value for a normally operating plant. See Note under Case I, 
Section 3.0) 

f. Chemistry personnel also indicate that RC sample temperature is 100 0 F.  

Part 1. Determine the maximum expected number of failed fuel pins.  

Part 2. Determine the maximum expected percent failed fuel in the core.  

Solution 

This is Case I, Section 3.0 

Use equation 3.2.1.1 for Part 1 

Use equation 3.2.1.3 for Part 2 

Part 1. Measured -131 concentration pCi/ml (X)(Y) = Number of failed pins 
3.5 x 10 pCi/ml 

Determine X: Enclosure 10.1 RC Temperature is 557 0F at 0% 
RC sample temperature is 100 0 F 
Therefore, X E .732
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ENCLOSURE 10.3 
EXAMPLES 

Determine Y: Enclosure 10.2 

Situation 2: t = 12 hours x 1 day = .5 days 
24 hrs.  

100 
(100 e(.0864) (.5) -( .0864) (.5) (100) e + (0) 1-e 

Y = 1.044 

NOTE: If t = 0 or a sample was taken immediately, Y = 1.0.  

Part 1. 2.0 x 102 Ci/ml (.732)(1.044) = 4.4 
3.5 x 10 pCi/ml 

or 4 to 5 failed pins Answer 

Part 2. Measured 1-131 Concentration pCi/ml (X)(Y) % failed fuel 1.8 pCi/ml 

2.0 x 10-2 pim 
2.0 0 pCi/m (.732) (1.044) = .0085 % failed fuel 
1.8 pCi/mli 

The above numbers are indicative of normal operation.  

Answer 

NOTE: 1-131 spiking may be a problem here. See Section 2.5.
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ENCLOSURE 10.3 
EXAMPLES 

Problem 3 

a. Power level has been between 50% and 65% for the last 30 days and is pre
sently at 60% at 1800.  

b. T is 575 0F at 60% power.  

c. It is desired to see if any significant failed fuel exists in the core 
even though no abnormal occurrences have taken place.  

d. At 2200 the same day, a Chemistry sample is taken of the RC system.  

e. The Chemistry sample indicates 1-131 concentration is 3.9 x 102 pCi/ml.  

Part 1. Determine the best estimate of the number of failed pins.  

Part 2. Determine the best estimate of the % failed fuel.  

Solution 

This is Case I, Section 3.0 

Use equation 3.2.1.1 for Part 1 

Use equation.3.2.1.3 for Part 2 

Measured 1-131 concentration pCi/ml W(Y) Number of failed pins Part 1. .()Y ubro aldpn 
3.5 x 10 pCi/ml 

Determine X: Enclosure'10.1 TAVG is 575 0F at 60% power 
Assure RCS sample temp. of 900F 
Therefore, X .713 

Determine Y: Enclosure 10.2 

Situation 1 

100 Y - 1.67
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ENCLOSURE 10.3 
EXAMPLES 

Part 1. 3.9 x 10-2 pCi/ml (.713)(1.67) 13.27 

3.5 x 10- pCi/ml 
14 failed pins Answer 

Part 2. Measured 1-131 Concentration pCi/ml (X)(Y) % failed fuel 
1.8 pCi/ml 

3.9 x 10-2 pCi/ml (.713)(1.67) = .026% failed fuel Answer 
1.8 pCi/ml .A 

The above numbers are acceptable for a normally operating plant.
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ENCLOSURE 10.3 
EXAMPLES 

Problem 4 

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

b. The reactor trips.  

c. Heavy vibration is observed in the RC pumps.  

d. Thermocouple temperatures over 10000 F are indicated in the core.  

e. RIA-36 has alarmed.  

f. High Pressure Injection was delayed and it is suspected the core was un
covered between 30 and 60 minutes before sufficient reactor vessel water 
level was regained.  

g. The incore instrumentation system is still operable.  

h. The RC sample indicates an 1-131 concentration of 3800 pCi/ml.  

i. A Chemistry sample is taken immediately (within the hour) after the trip.  

Part 1. Determine the maximum expected number of failed pins.  

Part 2. Determine the maximum expected-% of failed fuel.  

Solution 

This is Case III, Section 5.0 

Use equation 5.2.1.1 for Part 1 

Use equation 5.2.1.4 for Part 2 

Determine X: Enclosure 10.1 RC Temp. TA G at 0% power i 5570F 
Assume sample temperature of 900 F 
Therefore,, X .730 

Determine Y: Enclosure 10.2 

Y 1 1.03 
97
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ENCLOSURE 10.3 
EXAMPLES 

Part 1. 3800 pCi/mi (.730)(1.03) = 1190.5 
2.4 pCi/ml 

' 1191 number failed pins, max. expected Answer 

Part 2. 3800 pCi/mI (.730)(1.03) = 2.28% failed fuel, max. expected Answer 1255 pCi/ml
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ENCLOSURE 10.4 

FAILED FUEL CALCULATIONS 

CASE I 

UNIT DATE/TIME BY 

X = Y = 1-131 pCi/ml 

Maximum Number of Failed Fuel Pins (Best Estimate): 

3.5 E-3 

Minimum Number of Failed Fuel Pins: 

4.9 E-3 

Maximum % Failed Fuel (Best Estimate): 

1.8 

Minimum % Failed Fuel: 

2.5 

COMMENTS: 

Reviewed By
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ENCLOSURE 10.5 

FAILED FUEL CALCULATIONS 

CASE II 

UNIT DATE/TIME BY 

X =Y 1-131 pCi/ml 

Maximum Number of Failed Fuel Pins: 

5.5 E-2 

Best Estimate of Failed Fuel Pins: 

1.65 E-1 

Minimum Number of Failed Fuel Pins: 

* 2.74 E-1 

Maximum % Failed Fuel: 

27.9 

Best Estimate Failed Fuel: 

83.7 ~ ) 

Minimum % Failed Fuel: 

139.5 

COMMENTS: 

Reviewed By
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ENCLOSURE 10.6 

FAILED FUEL CALCULATIONS 

CASE III 

UNIT DATE/TIME BY 

X = Y = 1-131 pCi/ml 

Maximum Number of Failed Fuel Pins: 

2.4 = 

Best Estimate of Failed Fuel Pins: 

2.9 

Minimum Number of Failed Fuel Pins: 

3.2 

Maximum % Failed Fuel: 

1255 

Best Estimate Failed Fuel: 

1535 

Minimum % Failed Fuel: 

1675 

COMMENTS: 

Reviewed By
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ENCLOSURE 10.7 

FAILED FUEL CALCULATIONS 

CASE IV 

UNIT DATE/TIME BY 

X =Y 1-131 pCi/ml 

Best Estimate of Failed Fuel Pins: 

5.5 

Best Estimate of % Failed Fuel: 

2790 % 

COMMENTS: 

Reviewed By


