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QUESTION 1: 

For your LOCA analysis with concurrent steam generator tube rupture, provide 

the following information: 

a. State the phase of LOCA recovery for which rupture of the steam generator 

tubes was assumed to occur.  

b. Explain how the rupture of 20 tubes could be tolerated without affecting 

peak clad temperature. Justify your response in light of the Semiscale 
MOD 1, Test Series 28 results.  

c. Explain the effect of the rupture of 20 tubes on the assumed loop water 

seal.. Justify your response in detail.  

RESPONSE: 

a. In assessing the impact of the effect of steam generator tube rupture on 

a LOCA, the rupture of the steam generator tubes was assumed at the begin
ning of core reflooding.  

b. As stated in the report, the rupture of 20 tubes could be tolerated if 

credit were taken for steam flow through the loops during the reflooding 

phase of the LOCA.transient. The use of the loops for venting of the 

steam produced during core reflooding results in approximately a 70% in

crease in reflooding rates relative to that calculated in BAW-10103.  

Rupture of 20 steam generator tubes would reduce the reflooding rates.  
However, the resulting reflooding rates, obtained assuming loop venting, 
would be approximately that utilized in BAW-10103. Thus, the peak cladding 
temperature would be unaffected.  

The results of the Semiscale MOD 1, Test Series 28 experiments do not apply 

to the Oconee units. In the test series, hot water was injected into the 

hot legs to simulate the steam generator tube ruptures. The subsequent 

blockage of the hot leg due to the injection of the hot fluid results in 
reverse flow through the core. This phenomena would not occur in the Oconee 

units. The steam generators utilized at Oconee are once through steam 

generators (OTSG) and would not inject fluid into the hot legs and cause 
reverse.flow through the core.  

The impact of any steam generator tube ruptures during a LOCA would also 
be minimized by the internal vent valves in the Oconee units. The vent 
valves provide a direct steam relief path from the upper plenum to the 
break in the cold leg piping. Thus, the pressure increase in the upper 
plenum that would occur due to the steam generator tube rupture would be 
minimized by steam relief through the vent valves. Since the Semiscale 
MOD 1, Test Series 28 did not include the internal vent valves nor simulate 

the phenomena expected for a tube rupture in the Oconee units, the results 
of those tests do not apply.  

c. If a loop water seal was assumed to be present at the start of reflooding 
of the core, rupture of only three steam generator tubes could be tolerated.  
Rupture of 20 tubes with an assumed loop water seal would result in an 
increased peak cladding temperature. However, the increased primary system 

pressure that would occur due to the tube ruptures would probably blow out 
the loop seal. Once the loops are cleared, reflooding rates on the order 
of that calculated in BAW-10103 would be obtained for 20 tube ruptures.



QUESTION 2: 

The iodine spiking model presented in Appendix A needs to be discussed in more 

detail, preferably as a separate report. Explain why the model proposed is 
considered to be conservative. In particular, estimate the probability of a 
spike exceeding the model occurring at the Oconee plants. Compare these spikes 
with those observed at other plants and explain differences in the phenomena 
causing the spike which allow other data to be disregarded. Present an analysis 
using a correlation derived from all spiking data available.  

RESPONSE: 

The iodine spiking model presented in Appendix A of the report is an empirical 
correlation for Iodine-131 activity in the reactor coolant following four iodine 
spiking transients. The development of an iodine spiking correlation is based 
on Iodine-131 (since it's the major contribution to the thyroid dose), but it 
is assumed to equally apply to all iodine nuclides.  

The general relationship for the radioiodine concentration in the reactor coolant 
is: 

d C(t) = R - LC (t) 
dT V 

where: C(t) is the reactor coolant activity (pCilg); 

R is the rate of release of iodine activity into the reactor coolant (uCi/min); 

V is the reactor coolant mass (grams); 

L is the total iodine removal rate (min ); 

L= X+ + 

X is the decay constant (min ) 
a is reactor coolant iodine purification constant ( in 1 

Z is reactor coolant iodine dilution constant (m in) 

t is .the time after power or pressure transient (min); 

C* is the steady-state iodine concentration prior to the 
transient (uCi/g); 

L* is the steady-state iodine removal rate prior to the transient (min1 

R* is the steady-state release rate of iodine activity into the reactor coolant 
(pCi/min).  

C(o) C*=R* 
L*V



* 
The rate of release of iodine activity into the reactor coolant (R) includes all 

mechanisms of iodine release from the fuel and fuel rod gaps into the reactor 
coolant that produces the iodine spiking phenomena. The possible mechanisms for 
the iodine spiking phenomena are the release of iodine from the U02 matrix due to 

thermal and pressure stresses in the fuel and fuel rod cladding or from the inner 
surfaces of defective fuel rods due to water leaching. Although the exact mechanism 
of iodine spiking is not understood, the rate of release into the reactor coolant 
can be determined from operating data.  

Assuming the rate of release of iodine activity into the reactor coolant and 
the total iodine removal rate vary slowly with time, then the above differential 
equation can be solved for the reactor coolant iodine concentration as a function 
of time: 

* -Lt Lt 
C(t) = C e + R (1 -e ) 

. LV 
If some phases of the iodine spiking transient are delayed for a significant period 
of time following reactor shutdown, the release rate of iodine into the reactor 
coolant must be corrected -r decay of the source within the fuel rod by multiplying 
the release rate, R, by e . The spiking factor (R/R*) is defined as the ratio 
of the release rate of iodine activity following the iodine spiking transient to 
the steady-state equilibrium release rate of iodine activity prior to the transient.  
The spiking factor is introduced into the above equation by multiplying the second 
term by L*C* V/R*. The concentration of iodine in the reactor coolant can now be 
seen to be the equation in Appendix A of the report.  

The detailed data from four iodine spiking transients at operating reactors is shown 
in Appendix A, Figures A-1 through A-7. Based on these data, iodine spikes can be 
identified with four separate phases of each transient as indicated in Appendix A.  
Analysis of the operating data also shows that for each spiking phase, the spiking 
factor is a maximum at the start of the phase and gradually decays away with time.  
The relationship found to approximate the spiking factor (R/R*) for each phase of 
the spiking transient is also shown in Appendix A. The values for the iodine spiking 
co-efficient (F ) for each spiking phase that result in a suitable fit to the data 
from the four spiking transients are given in Appendix A of the report.  

It should be noted that the phases of an iodine spiking transient observed at an 
operating reactor during normal operating actions may be separated by several hours 
or even several days, but during an accident transient all spiking phases begin 
within seconds or minutes of the accident. The separate spiking phases that are 
associated with the accident transients are superiTRsed during the start of the 
transient which has the effect of nullifying the e term that corrects for the 
decay of the iodine source within the fuel rods.  

The conservatism of the iodine spiking correlation described in Appendix A can be 
verified by comparing the reactor coolant iodine activity predicted by the spiking 
correlation to the measured activity shown in Figures A-5 through A-8. The pre
dicted iodine activity levels are generally conservative in comparison to the measured 
coolant activities, especially during the first two hours following the start of 
the transient, which is the time period of interest in evaluating the most limiting 
dose consequences of a steam line break or steam generator tube rupture accident.  
Of the 94 measured data points on Figures A-5 through A-8, only 4 data points have 
measured values that exceed the values predicted by the spiking correlation. Using 
these data and a hypergeometric probability distribution, it is estimated that the 
correlation will predict with a 95% confidence level, iodine concentrations which 
are correct or conservative approximately 95% of the time.



The iodine spiking correlation described is based on data from the Oconee 1 and 
Three Mile Island 1 units for four carefully monitored iodine spiking transients.  
The data was obtained specifically to follow the iodine spiking phenomena. Other 
radio-chemistry operating data from Oconee and TMI-l, as well as data from other 
PWR's and BWR's were not utilized in the development of an iodine spiking cor
relation because of the uncertainty of the data's validity and applicability due 
to the different reactor types, different fuel, and due to the infrequency of the 
data samples, which may have missed the peak of the iodine spike. As more data 
becomes available and as a better understanding of the iodine spiking is developed, 
the iodine spiking correlation described will be improved to calculate more 
accurate reactor coolant iodine activity values than those values obtained with 
the present conservative models.



QUESTION 3: 

The expression given on page 12 of your report to calculate the reactor coolant 
activity as a function of time appears to be incorrect. Indicate how it was 
derived and assumptions made.  

RESPONSE: 

The empirical equation used to calculate the iodine concentration in the reactor 
coolant during iodine spiking transients has been checked and is correct. This 
equation and the empirically derived value of F (iodine spiking coefficients) 
presented in the report were used on Figures A-A through A-8. The basis for 
arriving at this iodine spiking correlation was explained in the response to 
Question 2.



QUESTION 4: 

You assume that only 10% of the iodine contained in the reactor coolant to 
secondary leak is released to the environment. Explain where the remainder of 
the iodine is expected to be as a function of time, in view of the fact that the 
steam generator is assumed dry.  

RESPONSE: 

The effect of the iodine release fraction (1/DF) on the two-hour thyroid dose at the 
exclusion area boundary is shown in Table 1 for the transient analysis assumptions 
and conditions described in the response to Question 1. Case 1 assumes a DF of 1.0 
for the entire two-hour period and-represents the ultimate in conservatism. Case 2 
assumes a DF of 1.0 until the average temperature of the reactor coolant falls to 
2120F and a DF of 100 thereafter. Case 3 assumes a DF of 10.0 for the entire two
hour period. Since a significant water inventory and a signficant iodine DF is 
expected to occur well before the average reactor coolant temperature reaches 2120 
the doses for Case 2 are conservative. Thus, a reasonable dose estimate seems to be 
bounded by Cases 2 and 3.  

The bases for the above dose evaluations are: 

1. The iodine activities in the reactor coolant and in the secondary coolant prior 
to the steam line break accident are, respectively, 3.5 and 0.1 pCi/g of dose 
equivalent 1-131. These are the maximum equilibrium activity levels allowed 
by the proposed Technical Specifications for the Oconee Nuclear Station.  

2. No additional fuel cladding failures occur as a result of the steam line break 
accident with concurrent steam generator tube ruptures. This is based on the 
transient analysis of the thermal-hydraulic performance of the primary and 
secondary coolant loops, described in Section 2 of the report, which shows that 
the reactor core remains covered at all times during the accident and that the 
DNBR calculations do not indicate additional failed fuel.  

3. The primary-to-secondary mass flow rates used to calculate the curies of iodine 
entering the secondary system are shown in Tables 2, 3 and 4's (column labelled 
LEAK RATE). These mass flow rates were obtained from the transient analysis of 
the thermal-hydraulic performance of the primary and secondary coolant loops, 
which was described in the response to Question 2.  

4. The primary coolant makeup mass flow rates are shown in Tables 2, 3 and 4 
(column labelled DILUTION RATE). These mass flow rates were also obtained 
from the transient analysis described in the response to Question 2. The 
makeup mass flow rate has the net effect of diluting the reactor coolant 
iodine activity concentration following the accident.  

5. The effect of the "iodine spike" associated with the accident transient is 
included in calculating the iodine activity in the reactor coolant. The 
iodine spiking model used to calculate the reactor coolant iodine activity 
following the accident transient is presented in Appendix A. The reactor 
coolant iodine activity following the rupture of one steam generator tube 
is shown in Tables 2, 3 and 4 (column labelled RC ACTIVITY).
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5. The effect of the "iodine spike" associated with the accident transient is 

included in calculating the iodine activity in the reactor coolant. The 
iodine spiking model used to calculate the reactor coolant iodine activity 
following the accident transient is presented in Appendix A. The reactor 
coolant iodine activity following the rupture of one steam generator tube 
is shown in Tables 2, 3 and 4 (column labelled RC ACTIVITY).  

6. The following iodine decontamination factors in the steam generator are 
assumed in determining the releases for the iodine activity entering the 
secondary system from the failed steam generator tubes: 

a) Case 1 (Table 2) - DF of 1.0 for 120 minute release; 

b) Case 2 (Table 3) - DF of 1.0 for 59 minutes and a DF of 100 there
after based on the average reactor coolant temperature falling below 
2120F; 

c) Case 3 (Table 4) - DF of 10.0 for 120 minute release. The steam 
generator iodine decontamination factors used in the calculations 
for Cases 1, 2 and 3 are shown, respectively, in Tables 2, 3 and 4 
(column labelled DF).  

7. The curies of iodine entering the secondary system are calculated by integrating 
the product of the reactor coolant iodine concentration and the primary-to
secondary mass leak rate over the time period of interest.  

8. All the iodine activity in 173,300 lbs. of secondary coolant is assumed to be 
released to the environment. The transient analysis of Section 2 shows that 
only 110,000 lbs. of secondary coolant is released to the environment following 
a steam line break. Therefore, the assumption of the release of 173,300 lbs.  
of secondary coolant is a conservative assumption. The total curies released 
to the environment from the secondary coolant are 7.86 curies of dose-equivalent 
1-131. The 7.86 curies are conservatively added into the environmental release 
during the first time step of the calculation.  

9. The iodine activity associated with a constant primary-to-secondary leak rate 
of 1 gpm (the maximum leak rate permitted by Technical Specification 3.1.6) 
in the unaffected steam generator is assumed to be released to the environment.  
The total curies of dose-equivalent 1-131 released to the environment for a 
steam line break accident with the rupture of one steam generator tube are 
shown in Tables 2,.3 and 4 (column labelled TOTAL CURIES OUT). The curies of 
dose equivalent 1-131 released to the environment during a particular time 
step are also shown in Tables 2, 3 and 4 (column labelled DELTA CURIES).  

10. The site boundary doses are calculated using the zero to two-hour atmospheric 
dispersion factor at the Oconee Nuclear Station site boundary_ 1609 m 
corresponding to a ground level release, i.e., X/Q of 1.16xl0 sec/m (per 
FSAR Section 2.3.2). The dose calculational model is consistent with TID-14844.  

Table 1 shows the two-hour tyroid doses at the exclusion area boundary for a steam 
line break with the concurrent rupture of both one and three steam generator tubes.  
The transient analysis assumptions for the three tubes ruptured case are given in 
the response to Question 2. Tables 5, 6 and 7 provide the primary-to-secondary 
flow rates and the reactor coolant dilution rates for the rupture of three steam 
generator tubes concurrent with a steam line break for the three cases of steam 
generator iodine decontamination factors described previously in assumption 6.



Table 1 shows that the radiological dose consequences of a steam line break accident 
with the concurrent rupture of one or three steam generator tubes are within the 
10CFR100 exposure guidelines.
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Table 1 

Thyroid Dose As A Function of Steam Generator Iodine DF 

Steam Line Break With One and Three SG Tubes Ruptured 

Two Hour Thyroid Dose At Exclusion Area Boundary 
One Tube Ruptured Three Tubes Ruptured 

Case (rem) (rem) 

1 DF of 1.0 for 120 minutes 84.0 160.0 

2 DF of 1.0 for 59 minutes* 53.1 64.9 
DF of 100 thereafter 

3 DF of 10.0 for 120 minutes 8.8 16.4 

* For the three tubes ruptured the DF of 1.0 is assumed for 26 minutes
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QUESTION 5: 

Your report states that operator action to switch off the safety injection would 
be conservative because it results in minimum dilution. Justify that this action 
is conservative. Explain the effect of delaying this action. The concern is that 
continuation of the safety injection will keep the system pressure at a higher 
level and would result in higher releases, in spite of the increased dilution.  

This appears to be particularly important for the cases of one and three tube 
failures for which the leak rate is calculated to be increasing at a high rate at 
the time that the safety injection is switched off.  

Analyze this accident assuming different times for operator action (e.g., 10 min., 
20 min., etc.) 

RESPONSE: 

The leak flow through the upper ends of the broken tubes was caculated through 
the Zaloudek model, or proportional to P2 - yP (P2 = node 2 pressure, P2 
saturation pressure at node 2 temperature T21 y = a constant). Since T continues 
to decrease, P - yP' will increase when P' decreases faster than P. however, 
the upper limii of this leak rate is the orifice flow model prediction, which is 
proportional to the AP across the broken tube, or between the primary and secondary 
side of the steam generator. At 600 seconds, the two predictions are already very 
close, Zaloudek model predicting "' 16 lbm/sec and the orifice flow less than 
20 lbm/sec (for the one tube leakage case). The leak flow through the lower tubes 
are shown to increase even though AP across the tube is constant. This is due to 
increase in the path density.  

An effect of delaying the time of.operator action until the pressurizer liquid 
level reaches the nominal level (120 minutes) has been studied. The original 
computer analysis of one tube failure was continued beyond the 600 seconds into 
the accident without assuming operator action to switch off safety injection or 
auxiliary feedwater. At 725 seconds, the empty, but steam filled, pressurizer, 
which is controlling the pressure of the RCS, started filling up with colder RCS 
water. This resulted in a large sudden depressurization in the pressurizer due to 
the thermodynamic equilibrium model assumption in the CFAFT 2 code. Hence, the case 
was analyzed beyond 725 seconds using hand calculations.  

It was assumed that the flow into the pressurizer was HPI flow minus the leak flow.  
Furthermore, it was conservatively assumed that the steam in the pressurizer did 
not mix or transfer heat to the incoming subcooled liquid from the RC piping. Thus, 
the steam was assumed to undergo an adiabatic compression (Cp/Cv=1.3). The pressure 
rise in the primary RCS was assumed to be the same as in the pressurizer. The leak 
rate was calculated using an orifice flow equation (Cd = 1.0) for the upper tube 
leakage while a similar equation was used for the lower tube leakage.  

W a AP = where: W = flow rate 

AP = pressure difference between primary and 
secondary side of steam generator.  

v liquid specific volume



The proportionality constant for the above equation was obtained using the 
CFAFT2 calculated leak rate at 725 seconds. It was also assumed that the 
secondary pressure remains constant at the value obtained at 725 seconds.  

A uniform cooldown of RCS coolant was calculated considering the sources of 
heat addition, removal and thermal capacitance.  

At 1307 seconds, the level in the pressurizer was calculated to be at the 
nominal setpoint level. The following operator action is now postulated.  

1. Start spray in the pressurizer.  
2. Open the unaffected S.G. bypass to condenser.  
3. Shut off the auxiliary feedwater flow to the affected S.G. and 

divert it to the unaffected S.G. to maintain its level.  
4. Put HPI system on manual mode to maintain level in the pres

urizer.  

5. Switch on DHRS when average coolant temperature is below 280OF 
and pressure below 265 psia.  

The sprayed water is assumed to be in thermodynamic equilibrium with the steam in 
the pressurizer. The pressure thus obtained was considered applicable .to the reactor 
coolant system. After this time, the leak rates were calculated using the orifice 
equation methods as described earlier while conservatively assuming that the affected 
steam generator secondary remains at atmospheric pressure for the rest of the 
transient. The RCS cooldown was calculated by considering the sources of energy 
addition (core decay heat, primary pumps, HPI flow), energy removals (dump to con
denser, DHRS, leak flow) and the thermal capacitance (metal and primary liquid).  

-The- calculated leak-rates, RCS coolant temperature, and RCS pressure beyond 600 
seconds are shown in the Figures 1 through 3 respectively. The average coolant 
temperature of 212 F is reached by 3450 seconds. The primary pressure reaches 
25 psia by 5368 seconds corresponding to a total leak rate of 4.82 lbm/sec which 
was assumed constant thereafter. Once the RCS temperature falls near 212 0F, the 
secondary side of the steam generator would start filling with water.  

For the case where three tube ruptures were assumed, the CRAFT run was extended to 
15 minutes without switching off safety injection or auxiliary feedwater, the 
pressurizer pressure increased from 242 psia at 10 minutes to 326 psia at 15 minutes.  
The leak rate increased from 27.7 lbm/sec. to 63.8 lbm/sec. over this same time 

0 0 period. The average RCS temperature dropped from 350 F to \,285F.  

In the one tube rupture case, it was stated that water should start accumulating 
in the affected generator well before the RCS temperature fell to 2120 F. No 
CRAFT run was run far enough in time to show this. For the three tubS case, the 
liquid volume was shown to increase from zero at 10 minutes to 134 ft at 15 minutes 
even though the RCS temperature is calculated to be greater than 2850F over this 
time period. It is also true that the liquid mass is really never zero at any 
instant in time. The simple one node control volume in CRAFT causes the liquid 
volume to be zero earlier in the transient.  

The operator would have taken action before 15 minutes, but if he should wait until 
then, he would act to depressurize the system as shown for the one tube rupture 
case. The conditions in the RCS at 900 seconds for the case of three tubes assumed 
ruptured, are similar to those in the RCS at 2000 seconds for the case of one



ruptured tube. Even though the rate of depressurization is much faster for the 
three tube case, it is assumed that the rate of depressurization is the same as 
in the one tube case resulting in a pressure of 70 psia in n, 2450 seconds.  
Similarly, the leak rate would drop to 33 lbm/sec over this same time period with 
a temperature of close to 2120 F.  

If the rate of depressurization continues as in the one tube case, pressure would 
decrease to "u 25 psia by '- 4250 seconds. The leak rate would then be approximately 
three times that of the one tube case or 15 ibm/sec. Assuming that the operator 
now has control of the safety injection and maintains a level in the pressurizer, 
the leak rate would continue at this rate and tend to fill the secondary side of 
the affected steam generator with water.
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FIGURE I' RCS AVERAGE COOLANT TEMPERATURE VS TIME 
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FIGURE 21 TQTAI.- IEAK HATE VO TIME 

OCONEE le STgAiL~iNE SPEAK OUTSIDE 
COWTAINM9Nf ANO CONCURRENT RUPTURI 

50 Of ONI TU11E 

40 

4 It 

A 

10 

30 
0 0 02 00. 0 04 006 0 0 T49 SC



FIGURE 51 PRE88URIZER PRESSURE VS TIME 
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