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June 4, 2003
LIC-03-0081

U. S. Nuclear Regulatory Commission
Attn: Document Control Desk
Washington, D.C. 20555

References: 1. Docket No. 50-285

(NRC-03-103)

Additional Information of Reference 3.

the FCS Licensing staff at (402) 533-6833.

Sincerely,

Divisipn Marfager
Nuclgar Operations

RT N

Employment with Equal Opportunity

SUBJECT: Response to Request for Additional Information, Pressure-Temperature
Limits Report Amendment Request; Low Temperature Over Pressure

2. Letter from OPPD (D. J. Bannister) to NRC (Document Control Desk)
dated October 8, 2002, Fort Calhoun Station Unit No. 1 License
Amendment Request, “Reactor Coolant System (RCS) Pressure and
Temperature Limits Report (PTLR)” (LIC-02-0109)

3. Letter from NRC (A. B. Wang) to OPPD (R. T. Ridenhoure) dated May
21, 2003, Request for Additional Information Related to Fort Calhoun
Station Pressure-Temperature Limit Report Submittal (TAC No. MB6468)

In support of the license amendment request, “Reactor Coolant System (RCS) Pressure and
Temperature Limits Report (PTLR)” (Reference 2), the Omaha Public Power District (OPPD)
provides the attached response to the Nuclear Regulatory Commission’s (NRC’s) Request for

I declare under penalty of perjury that the forgoing is true and correct (Executed on June 4,
2003). No commitments are made to the NRC in this letter.

If you have any questions or require additional information, please contact Dr. R. L. Jaworski of

poo!
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c: T. P. Gwynn, Acting Regional Administrator, NRC Region IV
A. B. Wang, NRC Project Manager
J. G. Kramer, NRC Senior Resident Inspector
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Response to NRC Request for Additional Information
Pressure-Temperature Limits Report (PTLR); Low Pressure Over Temperature

NRC Question 1:

The LTOP analysis employed RELAP5/MOD3.2 which is not the latest version.
RELAPS5/MOD3.3 contains improved water property data at low pressure. Why was not
RELAP5/MOD?3.3 used and what would have been the impact on the LTOP transients?

OPPD Response:

RELAPS/MOD 3.3 was not used to perform the low temperature overpressure protection
(LTOP) analysis due to the analysis being completed prior to the release of the RELAPS/MOD
3.3 code. The impact it would have had on the analysis is described in Appendix 1.

NRC Question 2:
Did ITS Corporation perform the LTOP analysis using the same version RELAPS as that used by
OPPD? If not what were the differences and do they impact the analysis?

OPPD Response:

ITS Corporation did not run RELAPS to perform their LTOP analysis review. They analyzed the
model and performed a series of hand calculations to verify that RELAP5/MOD 3.2 was
predicting correct results (Reference A). Please refer to Appendix 2 for ENERCON Services,
Inc discussion of Reference A.

NRC Question 3:

Code benchmarking and validation is presented in the attachment to the October 8§, 2002
submittal named NEPTUNUS. Did INEEL use the same version as that used by OPPD in the
LTOP analysis? (The INEEL RELAP5/3-D version differs from the ISL version used by
OPPD). Did OPPD benchmark the version obtained from ISL? Please provide the validation
results justifying the use of RELAP5/MOD?3.2d for the LTOP analysis.

OPPD Response:

In the report NEPTUNUS, INEEL used RELAP5/MOD 3.2 as noted in the cover page of
Reference B. OPPD’s benchmark of RELAPS/MOD 3.2 is described in Section 5.1.5, page 15
of Attachment 1 to Reference C and pages 158 — 163 of Reference D.

NRC Question 4.A:

NEPTUNUS simulated pressurization (and subsequent depressurization) with sprays and an
initial void in the pressurizer. Many of the LTOP analyses were run for a water solid condition.
What data were used to validate the RELAPS5 for water solid conditions?

OPPD Response:

The water solid transient involves only a small flow rate of water at near constant temperatures
into a fixed volume. The consequence is a pressure rise until the power operated relief valve
(PORYV) setpoint is reached and then water flows out of the PORV after a suitable time delay.
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The RELAP result consists of the pressure rise rate and the PORV flow rate. The pressure rise
rate was verified to be acceptable by a hand-calculation as discussed below in Response 9. The
PORYV flow rate was verified to be reasonable by a hand calculation and discussed below in
Response to NRC Question 5. These were considered sufficient validation since they are the
only parameters of real interest.

NRC Question 4.B:
The NEPTUNUS pressurizer nodalization employed 12 cells while the LTOP Fort Calhoun
analysis utilized 6 cells. Please provide the sensitivity study justifying the Fort Calhoun study.

OPPD Response:

The use of six nodes was based on a standard pressurizer model obtained from a sample input
deck. The noding was not made finer because the transient analyzed did not require it.
Specifically, for cases with a steam bubble in place, the inrush of cold water would be expected
to form thermal stratification. This is what is observed. Please refer to Section Pressurizer in
Appendix 2. With this hot-water-on-top stratification, buoyancy cells will not form so there is
no need for side-by-side flow nodes. The insurge of water is relatively mild so inlet plumes are
not expected to be dramatic or affect the temperature of the final layer that is in contact with the
steam bubble. For the water solid case, the insurge is slightly warmer due to the conservative
assumption of loss of decay heat removal simultaneous with the transient. ITS in its review
recommended a single pressurizer node to generate equilibrium mixing. We do see a slight
temperature inversion, however, this does not impact either the pressure rise or the PORVs
ability to relieve water, and therefore does not impact the peak pressure predictions.

NRC Question 4.C:
What sensitivity studies were performed for time-steps and number-of-cells, which justify the
time steps and number of cells in the Fort Calhoun model?

OPPD Response:

The cell nodalization in the Fort Calhoun model (this refers to all cells, not just the pressurizer)
was based primarily on the existing CESEC plant model, since this allowed the use of consistent
data. Great care was taken during the model construction to avoid any unusually small or large
nodes. The minimum time step used is a millionth of a second, and the maximum time step used
for model development was on the order of 0.1 seconds. After completing the model, smaller
maximum time steps were utilized until the results were not affected. The final runs were
performed with a very small maximum time step (0.001 seconds for the period of transient
activity after initial equilibrium is reached) to assure that time step choice would not affect the
final results.

NRC Question 4.D:

The Massachusetts Institute of Technology (MIT) pressurization test series showed that for
pressurizer insurge the peak pressure was controlled by wall heat transfer rather the water-steam
interfacial heat transfer. Please show the wall nodalization justifying the OPPD modeling
approach.

OPPD Response:
The Fort Calhoun model does not credit heat loss to the walls of the entire Reactor Coolant
System (RCS). That is, our pressurizer model is an adiabatic model. This is discussed in more
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detail in the Response to NRC Question 8 below. In brief, the water solid transients are mild
enough that the temperature rise in the pressurizer is only a few degrees so the adiabatic
assumption is conservative and small. The steam bubble cases involve a slow collapse of the
bubble that also results in only a few degrees of increase in the steam region. The heat input into
the RCS in general in the steam bubble cases is assured to be conservative by the assumption of
loss of shutdown cooling simultaneous with a startup of a reactor coolant pump at extremely
conservative RCS-secondary side temperature differential.

NRC Question 5:

The power operated relief valves (PORV) discharge coefficient was based on high pressure
steam conditions. Was the coefficient also used for liquid conditions at low pressure? If so,
justify the use of the discharge coefficient.

OPPD Response:

The ITS Corp report notes that the PORV at Fort Calhoun has a much greater capacity than is
required to mitigate these LTOP transients. The PORV is conservatively modeled as providing
zero flow until 1.5 seconds when testing shows the PORVs will be fully opened (and even then
we model the PORVs as ramping open over an additional 0.5 seconds). Once the PORVs are
fully opened, in all cases the flow rate is well above that required to mitigate the transient. Hence
even large errors in flow rate will have no effect on peak pressure.

A PORY discharge coefficient was not used to perform the LTOP analyses. Instead the flow rate
for liquid conditions is based on a constant area. The flow area of 0.94 square inches was
reduced to 0.77 square inches for this analysis as described in the Section entitled “PORV Flow
Rate” on page 26 of Reference D. The liquid flow rate is then generated by RELAP based on the
pressure drop across a flow area of 0.77 square inches. The resulting RELAP flow rates are
further discussed in response to question 14 where the flow rates are seen to be at least 2.5 times
greater than the injection flow rates. In summary, conservatism in the peak pressure is assured
by a conservatively slow PORYV opening time and by the fact that the PORV flow capacity is
much greater than required to mitigate these events.

Finally, the PORV flow rate was independently checked by the use of the American Petroleum
Institute Standard 520 relief valve flow rate methodology. See Appendix 3 for the comparison
calculation.

NRC Question 6:

The benchmarking is insufficient for over-pressurization events. There are relevant data from
Shippingport, Connecticut Yankee, and Millstone 2. Also a series of insurge non-equilibrium
experiments at Massachusetts Institute of Technology (MIT) by Griffith which covers low
pressure. Please justify the adequacy of the benchmarking or show the results with the above
data. Also provide a comparison of RELAPS with data in a water solid condition. Please
discuss the data in the literature and your reasons for your choice of separate effects and integral
experiments.
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OPPD Response:

The benchmarking was performed to demonstrate accurate RELAP results for sample inputs that
are provided with the code, and relevant cases as discussed in Response to NRC Question 3.
Further benchmarking is contained in Appendix 2, pages 87 and 88 to Reference D that verifies
the specific model was consistent with expected flow rates and pressure drops. Discussion
regarding the MIT data is provided in Response to NRC Question 8 below. Based on all the
benchmark results stated previously in Reference C, and per Response to NRC Question 8
below, OPPD considers that the benchmarking is adequate and sufficient in determining
RELAPS5/MOD3.2’s capability to determine the peak pressure following LTOP transients.
Please refer to Section 5.1.5, page 15 of Attachment 1 to Reference C for OPPDs reasoning in
determining the verification and validation of using RELAP5/MOD 3.2 for performing LTOP
analyses.

NRC Question 7:

Once residual heat removal (RHR) conditions are met, the reactor coolant system (RCS) can
develop a bubble in the top of the vessel. Please discuss the effect of the bubble in the reactor
vessel. It is anticipated that a bubble in the upper head would not affect the peak pressure but
only the timing of pressure increase. Please discuss whether a bubble in the upper head impacts
the results and conclusions of the analysis.

OPPD Response:

The key in determining the peak pressure is the rate of pressurization. In every scenario that
opens a PORYV, the analytical question is “What is the peak pressure between the time that the
setpoint is reached and the PORYV fully opens?”, due to once the PORV opens its large capacity
provides an immediate depressurization. Anything that could help the elasticity of the RCS will
slow the rate of pressurization. It is noted in Section 2.3.3.1 of Reference E that it is
conservative to not credit letdown, RCS volume expansion or RCS metal thermal inertia. A
reactor head bubble would similarly be a non-conservative assumption since it would be an RCS
volume expansion benefit. Therefore, the bubble that could develop in the upper head would act
to reduce the peak pressure.

NRC Question 8:

In many of the LTOP events, collapse of the bubble in the pressurizer will occur. Please explain
how the bubble collapses during the insurge prior to opening of the PORV. It appears that the
nodalization in the pressurizer is too coarse so that artificial mixing of the fluid during the
insurge when there is a bubble in the pressurizer will reduce the magnitude of the pressurization.
During such an insurge, the increase in the liquid is expected to compress and superheat the
upper steam region. Some heat transfer between the liquid and steam region will occur initially,
however, the liquid surface will saturate and a thermal layer will form insulating the steam from
the lower cooler liquid region. Under these conditions, the upper steam region would not be
expected to totally collapse as the RELAPS can predict. Please discuss the above comparison
with the MIT pressurization tests will show these non-equilibrium effects.
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OPPD Response:

This NRC question was discussed further in a telephone conversation between the analysis
authors and the reviewer on April 23, 2003. It was decided that the best approach would be to
apply the existing Fort Calhoun LTOP pressurizer component to the same type of transient as
that run by the MIT researchers. This was done and is presented in Appendix 4. The
conclusions are as follows:

e The Fort Calhoun LTOP pressurizer model is adiabatic, so it in fact exaggerates
the superheat effect noted in Response to NRC Question 8. At the conditions of
the MIT experiment, an adiabatic assumption causes conservatively high pressure
predictions, and this is verified by applying our LTOP pressurizer model to the
MIT dimensions and insurge flow. Evaluation of the results show that the steam
bubble, initially at 303 °F, reaches 490 °F if the wall heat transfer is ignored, and
the pressure rise is 114 psi compared to data showing only 11 psi (this over
prediction of the adiabatic approach is consistent with both the MIT paper and a
related ICONE paper (Appendix 5) as discussed in Appendix 4). However, the
MIT test conditions are not similar to the Fort Calhoun LTOP transient.

¢ The interfacial area between the liquid and steam phases is much smaller for the
MIT test set up, and the insurge is much more dramatic in terms of percent
volume decrease. If those two factors are corrected to match the Fort Calhoun
conditions (same interfacial area to bubble height, same percentage of reduction
in bubble size) the pressure rise predicted by the model is only 14 psi. That is, the
adiabatic assumption becomes much less important for the conditions addressed
in LTOP transients than for the MIT test conditions.

e The purpose of the LTOP model is to provide a conservatively high peak
pressure. The adiabatic assumption increases the peak pressure of the model, and
is therefore conservative in that measure. The adiabatic assumption does make it
more likely that a PORV will open, but in most transients that does not occur even
with the adiabatic assumption (the only case with a bubble that results in a PORV
opening is Case 12 of Reference D, which assumes unusual initial conditions, and
then the PORYV opening is seen to easily handle the transients). In other words,
the adiabatic case is also conservative with regards to whether or not the PORV
lifts. The only direction of non-conservatism relates to whether the transient will
collapse the steam bubble or not, assuming wall heat transfer would decrease the
bubble size. However, the transients performed at Fort Calhoun show very little
temperature rise (as witnessed by the very small change in bubble pressure). For
example, the steam bubble temperature in case HP509S30 of Reference D, the
worst case in terms of shrinking the bubble, sees the pressurizer steam
temperature rises from 323 °F to only 327 °F. Thus the heat transfer to the walls
would be very small if modeled. Since the transients always demonstrate large
remaining bubbles of over 100 cubic feet after 600 seconds, the adiabatic
assumption does not affect the conclusion that bubbles remain until the RCS and
SGs equilibrate. Please refer to Appendix 4 for more details.
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NRC Question 9:
Please explain why the events with injection from a liquid-solid condition do not result in an
immediate and faster pressurization.

OPPD Response:

The pressurization rate is verified by checking against hand calculations to be reasonable. The
ITS reviewer did this by the use of an Excel spreadsheet model (Please refer to Reference A for
more information). In brief, the RCS is a large volume and the water injected takes as long as
RELAP predicts to cause the pressure to rise to the PORV setpoint.

NRC Question 10:
Which critical flow model was used in the RELAP5 model and what is the basis for the choice?

OPPD Response:

The choice was to use the default RELAPS model, and the basis was that the PORV capacity is
so much greater than required that the specific flow model has no significance to the final result.
As noted in response to the ITS review (Appendix 2), we did perform an independent
verification of the flow rate using the same pressure differentials and a methodology developed
by the American Petroleum Institute (API) for flashing flow through a constant area. The API
approach agreed well with the RELAP model results (Please refer to Appendix 3 for the specific
comparison).

NRC Question 11:

Non-condensables collect in the pressurizer and the upper vessel head. Please describe the
impact of non-condensables on the LTOP analysis. Are there any scenarios where non-
condensables can affect the calculated peak pressure and the development of the LTOP limits?

OPPD Response:

As noted in Response to NRC Question 7, any increase in the elasticity of the RCS slows the
pressurization rate, so the presence of non-condensables in the water solid transients is a benefit
because it decrease the pressure rise between the time that the setpoint is reached and the PORV
opens. Since the need is to remove volume from the RCS, and gas flow through a PORV has a
much higher volumetric flow rate than water flow, any non-condensables present at the time of
PORYV opening would also be a benefit for the water solid transients. For steam bubble cases,
the effect of non-condensables could be to increase pressure, since the non-condensable gas
could not condense to a liquid phase. A confirming evaluation was performed and is attached as
Appendix 6. However, the final conclusion is that the slightly higher peak pressures are still well
below the PORYV setpoints. An additional case in Appendix 6 verifies that if the PORV setpoint
was reached due to unusual initial conditions, the non-condensable gas provide adequate
volumetric relief. This additional case verified the final conclusion of Case 12 in Reference D,
i.e., the PORYV lifting on a steam bubble cases provides fast pressure relief and a less limiting
peak pressure than the water-solid transients.
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NRC Question 12:
Was inadvertent actuation of emergency sprays evaluated for the cases where the pressurizer is
water solid?

OPPD Response:
Fort Calhoun Station (FCS) does not have automatic initiation of emergency (i.e., auxiliary)
sprays.

NRC Question 13:

What assumptions are made regarding the quench tank? Once the quench tank ruptures, would
this result in higher pressurizer pressure due to the additional quench tank resistance? What is
the relief area from the quench tank compared to the PORV? Please show that the analysis
without a quench tank model is bounding.

OPPD Response:

The FCS LTOP model is only concerned with the peak pressure. The peak pressure occurs as
soon as the PORVs open, since from that point on the relief flow rate is much greater than the
injection flow rate. OPPD conservatively modeled the backpressure as the relief valve setpoint
(of the quench tank) plus 5 psi even though the initial lift (with a non-pressurized quench tank) is
the only lift of significance for this analysis. During an actual event, the backpressure at the
initial lift would be atmospheric plus line losses. Modeling the higher backpressure assures that
the initial lift with its slightly higher decay heat bounds any later reseat and re-lift.

NRC Question 14:
For each case, show the PORV mass flow rates as compared to the injection rate. Also show the
void fraction in the top cell and the temperature distribution in the pressurizer for each case.

OPPD Response:

The PORV mass flow rate vs. injection rates are given for Cases 2, 7 and 8 of Reference D.
These are the only significant cases for mass flow rate vs. injection rate because Cases 1 through
6 are all at about the same PORYV relief pressure, so the flow rates are about the same. In each
case, the PORYV flow rate is more than 2.5 times the injection rate.

(Text from Case 2)
The peak mass flow rate out of the PORYV is shown in the output file to be 49.5 lby/s. At
50°F, the density of water is about 62.4 Ib,/ft>. Therefore the flow rate is:

49 5 lby/second*1/62.4 lbm/ft3*7.481 gallons/ft3*60 seconds/min = 356 gpm
This is well above the injection flow rate of 132 gpm. As expected, modest errors in

PORYV flow rate may affect the depressurization rate, but they have no impact on the peak
pressure
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(Text from Case 7)

This is the first case since Case 2 that the PORV flow rate is significantly different
because this is the first case with a different driving pressure. The computer output
shows the peak PORV flow rate is 76.4 lb,/second. At 255°F, the density of water is 58.7
lbm/ﬁ3. The volumetric flow rate is therefore:

76.4 1b,/second*1/58.7 1b,/ft**7.481 gallons/f**60 seconds/min = 584 gpm

This is well above the injection flow rate of 215 gpm at this pressure. As expected,
modest errors in PORV flow rate may affect the depressurization rate, but they have no
impact on the peak pressure.

(Text from Case 8)
The computer output shows the peak PORV flow rate is 90.4 1b,/second. At 305°F, the
density of water is 57.1 Ib/ft. The volumetric flow rate is therefore:

90.4 lbn/second*1/57.1 Ib,/ft**7.481 gallons/ft**60 seconds/min = 710 gpm

This is well above that needed to offset the injection and decay heat. As noted, the
injection flow rate is limited to the 132 gpm supplied by the charging pumps since the
pressure is greater than the HPSI pump shutoff.

NRC Question 15:

How were the quality assurance findings identified in the ITS Corporation letter dated September
9, 2002, addressed relative to their impact on the LTOP analysis? Please discuss each of the
findings and their impact on the analysis.

OPPD Response:
Please refer to Appendix 2 of this attachment.

NRC Question 16:

Discuss the pertinence of the INEEL validation presented for the SCDAP/RELAPS5 simulation of
the TMI-2 accident in view of the fact that the SCDAP/RELAPS code differs from
RELAPS/MOD3.2 used in the OPPD analysis; the nodalization is very different from the OPPD
model, and TMI-2 is a different design compared to the CE-designed FCS.  The
SCDAP/RELAPS simulation does not validate nor justify the application of a different version
RELAP5/MOD?3.2d for use in simulating LTOP events in a CE-designed plant. As such the
benchmarking is weak. Additional benchmarking using the same version of RELAPS5 that was
used in LTOP analysis by OPPD needs to be employed in the analysis. Please consider the MIT
pressurization test data, as well as RELAP5 simulations of over-pressurization events in CE-
designed plants. Benchmarking of the code against water solid relief is also needed.
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OPPD Response:

The benchmarking was performed to demonstrate that the code is functioning correctly on the
OPPD system and could adequately predict the peak pressure following an LTOP transient. The
same version of the RELAP code (and, in fact, the same computer) was used to perform both the
benchmarking and the LTOP analysis. An attempt was made to find documented benchmarking
data for cases as similar as possible. The adequacy of the RELAP program to model a transient
like this is discussed in Response to NRC Question 6.

It is stressed that the Fort Calhoun LTOP transients are relatively mild. The mass addition case is
water added to a closed system causing that system to pressurize. ITS hand calculation shows
the pressurization rate is accurate as mentioned in the Response to NRC Question 9. The water
relief aspect is merely calculating a flow rate. The conservatism regarding PORV flow relief
comes from a conservative delay time prior to opening, and the peak pressure as noted is
insensitive to the flow rate. In any case, calculations in Appendix 1 show good agreement with
the RELAP. The MIT pressurization test data is considered in Appendix 4 and hence the heat
addition cases were demonstrated to be conservative. Therefore sufficient validation and
verification has been performed to ensure that RELAPS/MOD 3.2 is adequate in predicting a
conservative peak pressure following an LTOP event.

NRC Question 17:

Please explain why the pressure does not cycle open and close the PORV as steam is initially
vented and then remain at the PORV setpoint when the discharge transitions to a pure liquid
condition, stabilizing at the condition where injection into the RCS equals the PORV discharge
flow. Please show the injection rates compared to PORV mass flow and the quality exiting the
pressurizer for those cases.

OPPD Response:

The exact flow rate through the PORYV is not critical to the analysis if the flow is sufficient to
halt the pressure rise. That is, if as soon as the PORYV is full open, the flow out of the PORV is
greater than the RCS volumetric increase (due either to mass addition or heat expansion), then
the pressure will fall. Small errors in the PORV flow rate will affect the rate of depressurization,
but not the peak pressure. This analysis is only concerned with peak pressure.

For transients where the pressure is not immediately relieved at PORYV lift, the RCS pressure will
continue to rise until an equilibrium condition exists. Should this scenario occur, the accuracy of
the PORV equation is important to the peak pressure. Conservatism is assured in this analysis by
the use of a high backpressure of 90 psia. As demonstrated in the Results section of Reference
D, all PORV lifts immediately reduced the transient pressure; hence modest changes in the
PORYV flow rates would not affect the peak pressures.
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In summary, this model is only concerned with peak pressure. In every case, the initial PORV
lift immediately relieved the pressure transient with more than adequate flow. Since the initial
lifts are performed at a bounding conservative high backpressure, and subsequent lifts will occur
with less decay heat input, it is not necessary to model the transient past the peak pressure point
and the model does not attempt to simulate this period. The PORV mass flow rates versus
injection rates are included in Response to NRC Question 14 above.
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A) Letter from ITS Corporation (K. Ross) to OPPD (F. James Jensen) dated September 9,
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to NRC (Document Control Desk) dated October 8, 2002, Fort Calhoun Station Unit No.
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LTOP Requirements from the Technical Specifications” (TAC No. MA9561)
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Appendix 1
Comparison between RELAPS/MOD 3.2 and RELAPS/MOD 3.3

An evaluation was performed to compare the results of RELAP5/MOD 3.2 and RELAP5/MOD
3.3 for a few select low temperature overpressure protection case runs (Reference D). For each
overpressure event (i.e. heat and mass addition) two case runs were performed using
RELAP5/MOD 3.3. No modeling changes were performed for any of the cases.

For the heat addition event (HA), Cases 11 and 12 were performed. Please refer to Figures 1 and
2. These figures demonstrate that using RELAP5/MOD 3.3, the resultant peak pressure is
significantly lower and depicts the two codes having essentially the same trend. The conclusion
is that both codes seem capable in determining the peak pressure following a HA event and
demonstrate essentially the same trends. For both HA cases, it appears that RELAP5/MOD 3.2
conservatively predicts a higher peak pressure.

For the mass addition (MA) event, Cases 2 and 6 were performed. Please refer to Figures 3 and
4. These figures demonstrate that using RELAPS/MOD 3.3, the resultant peak pressure is
essentially identical to that predicted by RELAPS/MOD3.2 and depicts the two codes predicting
essentially the exact same trend. The conclusion is that both codes are capable of determining
the peak pressure following a MA event and demonstrate essentially the same peak pressure and
trend.

The overall conclusion of the comparison between RELAP5/MOD 3.3 and RELAP5/MOD 3.2 is
that it appears the improved water property tables provide an improvement (i.e. a lower peak
pressure) in determining the peak pressure following a HA event. In the four test cases that were
performed, the peak pressure is higher using RELAP5/MOD 3.2 (HA events only) and both
codes predict essentially the same trends. Thus it is concluded that RLAP5/MOD 3.2 provides
conservative results and thus its application for the Fort Calhoun Station LTOP analysis is also
valid and conservative.

Reference D: FC06877, Rev. 0, “Low Temperature Overpressure Protection (LTOP) Analysis,
Revision 1.” [Note: This Reference was included in Letter from OPPD (D. J. Bannister) to
NRC (Document Control Desk) dated October 8, 2002, Fort Calhoun Station Unit No. 1 License
Amendment Request, “Reactor Coolant System (RCS) Pressure and Temperature Limits Report
(PTLR)” (LIC-02-0109)]
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‘Figure 3
Case 2 (MA Event, PORV opens)’
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Figure 4
Case 6 (MA Event, PORV opens)
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Appendix 2
Letter OPP1-LTR-007

. OPP1-LTR-007
. September 30, 2002

Omaha Public Power District
CAttn, Mr. F, James Jensen i
" 444 South 16" Street Mall

Omaha, NE 68102-2247

Subject: ITS Review of the Low Temperature Overpressure Protecﬁon
(LTOP) Analysis _

'Reference: 1) ITS Corporatlon s Cursory Rewew of OPPD s LTOP Analysrs ITs
e '01-OPPD-02-004-01-101,98/9/02 :
’ 2) ‘Fort Calhoun Low Temperature Overpressure Protectron Final
‘Report, Revision 1, 3!15!02 ENERCON Serwces

Dear Mr. Jensen,

~ InReference 1, ITS Corporatuon descnb% :ts cursory review of the RELAP model
- developed by ENERCON Services and OPPD for analyzing postulated Fort
~ Calhoun transients having potential to exercise the Low Temperature ' :
" 'Overpressure Protection (LTOP) System (Reference 2). This letter responds to the
key points raised in the ITS review. As noted by ITS, no mode!mg concems were
raised to question the conclusions of the analysis.

- “Sections of text taken from the referenoed document are reproduoed hare in
_ ltalrcs :

Injection Water Temperature

“The femperatum of the m/ectron water in fhe mass addition scenarios was taken to :
‘be 250 *F. This temperature is unrealistically high forsafety mjectton water and for
- makeup (charging) water under cold shutdown conditions. The reasoning behind =
*the originators use of elevated injection waler temperature seems questionable.
'However, the LTOP report arguss oonvmcmga/ that the elevated temperature r's
conservabve the reasons being fhat EREEEN . ,

1. L lnjeciron mass flow ratas wera specrﬁed assum!ng that the injectron i

waterwas cold . ,
2. The peak reactor ooo!ant system (RCS) pressura pnsdrcted by RELAP .

for & particular scenario was compared to"the allowable presstre on
- the P/T curve associated with the temperature of the RCS atthe
beginning of the sconano (as opposed to the hrgher prassure on the
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L PITc curve assoc:ated w:th the h:gher temperatum of the RCS at 1he |
t:me the peak pressura occurrew

, The argument rhat the use of elevaled mjecb’on watar temperature is conservatzve
. Is believable. However, a revisw recommendation is that any future RELAP LTOP y
calcu!ations be made Mﬂa rea!:strc injechon water femperatm‘es L

g Response There isa trada-off betwaen dansnty and entha#py effecis assocxated o
- with the water temperature assumption. Cooler water has greater denslty :
- increasing mass injection; hotter water has greater enthalpy increasing energy
- injection. It is not possible to use a realistic injection water value without numerous 5
- sensitivity analyses for each scenario to determine the worst-case value. We =
~ simplified the effort by using extrema non-mechanistic bounds — density just above
freezing and enthalpy associated with 250° F. The 250° F value admittedly would .
~ require unusual scenarios and might only exist for a brief period, but it was based
* on the maximum conceivable VCT temperature. Any other temperature would
- have required more justification. The energy difference between 250 and 120 (if
-justifiable) would be about 130 Btuibm. At 132 gpm, that amounts to about 2.4
. MWs, calculated as 130 Btu/lbm* 132 gal/m* 8 Ibmlgal*ﬂﬁo s/m*1055 stBtu'1e-6 .
1 MWW, This extra energy of 2.4 MWSs is less than 10% of the 25.7 MW decay
- 'heat, so the water injection temperature conservatism Ss sman compared to the
_ -oonservatwe way we addressed decay heat N ;

PORVFIowResistance : . g ‘ ‘ I T
‘_‘A hand catculation was made to veﬁﬁl the ﬂow resistance oﬁered by the PORV m '

- ‘of the review nsgardmg the adequacy of the PORV modeling for subcooled l:qu:d
" flow. In several of the mass-addition LTOP scenarios, RCS temperature remains .
~ below the saturation temperature downstream of the PORV. In these scenarios, ' ;’

the PORV is flowing liquid water. The hand calculation is included as Attachment
" 1. The resulfs of the hand calculation were comparad to the results of the RELAP .
- calculation for the base mass-addition LTOP scenario. The RELAP calculation had
- to be extended for a comparison to be made. The specific comparison was of the
- steady-state pressure drop across the PORV given a cold waler-solid RCS and a
L ﬁxed chargmg flow mte Cdtica! in cons!daring the mass addition soenanos
. displacement pumps (as opposed to centnfuga! pumps) Such pumps develop a ‘
‘certain flow mespecttve of head. As such, the pressure excursion that would be
-experienced by FCS given spurious operation of all charging pumps (andone =~
operating PORV) in a cold shutdown condition would be largely different (smalfer) g
~'than what would be expserienced by a plant having centrifugal charging pumps. For
132 gpm charging flow, the hand calculation and the RELAP caiculation predict a

. pressure drop across the PORV of 54 and 57 psid, respectively. The RELAP = = .

modsling then of the flow resistance oﬁ‘emd by the PORV fo subcooled !tquld ﬂow
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however, thafPORV mode!mg be done drﬁ’eren!!y in future RELAP LTOP Lo
calculations. The current RELAP modehng of the PORYV for subsonic single-phase
flow (e.g., cold liquid waler flow) is not clean. Use of the ‘abrupt expansion mode!
-should be replaced by the inclusion of a physical flow coefficient (Cv) table. The
*current PORV modeling is conservative because the area of the orifice in the valve
- has been defined 18% smaller than physical. Were a physically representative
- orifice area defined, the flow resistance offered to cold flowing liquid would be too
“low and non-conservative, A physically repmsentatrve Cv va!ue of 26 99 fora full-
open FCS PORV is cafculated in Attachman! 1 ) ‘ . :

as constant area. The modeling is consistent with other sites, the RELAP manual
‘examples, and with American Petroleum Industry relief valve equations. The valve
- area used was back calculated using trial and error to’ produce flows consistent
_with the desrgn condition (this is what resulted in the area being 18% smaller than
* listed in the spec sheet). The area reduction could be considered as equivalentin
_bottom line effect to determining the valve fullopen Cv value and helps to axplarn i
_the good agreement between the reviewer's hand calc and the RELAP result.
" RELAP addresses subcooled quuld as well as liquid that flashes to two phases. Of :
course, in general, it is best to use manufacturer's Cv values, but such data was -
not available. We are confident that the flow equations used are good for this
purpose. We also note in the final report that the flow rate at the time of PORV
‘opening is much greater than m]ection rate; and s0 small efrors in’ PORV flow rate :
will have no Impact on peak pressure since the PORV is more than adequate at
' reducing the pressure as soon as it is opened for all scenarios. (Note: the revrewer ;
calculated different pressure drops for the same flow rate. In LTOP analysis, the
PORV setpoint and the assumed downstream pressure determine the pressure
drop, and the ﬂow rate is calcutated ) ,

RCS Pressudzaaon Rate in Mass-Addiﬂon Scenanos

A hand calculation was made fo venfy the trme taken for the RCS o pmssunze to
' the PORV set point in the base mass-addition LTOP case. This was doneon .~ .
account of questions that arose in the course of the review regarding the i‘. :
~ seemingly slow pressurization rate in the RELAP calculation of further water
-addition to a water-solid system. The calculation is included as Attachment 2 Ii
simply relates the charging fiow rate to the volume of the RCS andthe
-compressibility of liquid between the initial RCS pressure and the PORV set pomt. -
'The hand calculation and the RELAP calculation predict an efapse of 19.5and . .~
18.3 sec, mspectrvely, from the time charyrng flows initiate to the fime the PORV o
set point Is reached. This fair companson sahsﬁed the mwew quest:ons regardmg'-
pressunzatron rate i . e

-Response ENERCON also drd hand calculatlons to estrmate pressunzatlon rate -
and found agreement with the RELAP modek
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‘Reactor Coolant Pumps

The healing of RCS mventory assomated w:th mve!s:b!e flow Iosses in the TR
_system Is accounted for in the RELAP model by deposmng energy in the fluid as it
~ flows through the reactor coolant pumps. This Is appropriate but there isa o
~ conservatism here that may have been overlooked. By default, RELAP deposits =~
the imeversible loss assoclated with wall friction into the fluid locally as heat. -
Typically wall friction accounts for roughly half of the flow loss in an RCS; lhe other
-half being attributed fo "minor*-type flow losses through fittings, abrupt expansions -
~and contractions, etc. Minor-type flow losses are not deposited in the fluid as heat -
by RELAP. The heat additions made then to the RELAP calculations to account for
? ’raactor coolant pump opemﬁan ara roughly 50% h:gher than phys:ca!

"Response Earty runs without RCP heat slabs showed that the RCP heat was not o

' being added through friction at a conservative rate, perhaps for the reason that the
reviewer notes. The heat slabs were added as an after thought to assure mode!

~_conservatism. The additional friction heat conservatism was not mentioned

- because it was small compared to other conservatlsms. and it was dtffcurt to

explaln and quantlfy """

At was noticed that in cases where a naactor ooolant pump was not operatmg, the
~ pump component was removed from the RELAP model and a simplistic control- -~
volume component was substituted. It Is unclear why this was done. A’ substantta! :

. effort was clearly made in the modeling the pumps as evidenced by the comp.'ete
‘set of homologous curves defined. It would be good to take advantage of the .

-~ thorough pump ‘modeling given the reverse loop flows that develop in many of the

LTOP scenarios. If the reason for removing the pumps was robustness-related e
“(e.g., code stops) it would have been good fo state this in the LTOP report. In any
 case, it would have been good fo include a description of how the resistance
“offered by a stopped macfor ooolant pump fo reverse ﬂow was captunad in the L
sunogate component S _ , ,

Response the text of Referenoe 2 states: 'Fort Calhoun RCPs have anti-reverse- _
“rotation devices, 50 all the secured RCPs (which will all have reverse flow) are
modeled with a loss coefficient as described in Attachment 2. In attachment 2, the
‘loss coefficient Is desonbed and the reference glven Thzs is conszstant thh other :
Fort Calhoun mode!s - . T : :

Volume Control Flags

1;lt was noticed In the course of the naview that a handfm of contm! volumes had the -
calculation of wall friction disabled. If is unclear why this was the case. If this was
inadvertent, it wou!d be good to enable fnct:on in b‘reso control vommos for
cons:sfency o , N
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%Response wall fnctxon dec:snons were descnbed m Attachment 2 to Referenee 2.
Cases where wall friction was set to zero were based on consistency with exisﬁng .
plant models, such as the design basis CESEC model. For example, under
component 330, "CESEC Node 12 neglects friction losses (hydraulic diameter =
.9E99) so this model does likewise. The hydrauhc d:ame&er is set to 100 ft and the
~control ﬂag is set to 001 Dto ignore fnchon iosses

Pressurizer

“The pmssun‘zer Is modeled asa sing!e stack of 6 contm.f volumes. Wth mspecf fo -
_interfacial heat and mass transfer considerations, it would be better to use either 2
-or more adjacent stacks of cells or simply a single cell to represent the pressunzer ‘
'The reason for this is the tendency for unrealistic stratification to develop. in an ‘
“actual pressurizer, the fiquid inventory Is well mixed by circulative natural
convection flows. In a single stack of control volumes, RELAP has no way to A
“develop such flows. Consequently, stratified layers of largely varying tempemtam
 can develop. Relatively.cold layers can unrealistically sit atop relatively hot Ia yers.
This unphysical stratification can impact the realism of the interfacial heatand =~
- mass transfer calculated by RELAP belween the hquid mg:on and vapor space of
lhe pnessunzer

“R&cponse The OPPD LTOP pressunzar modal is consisbent wlth other sutes and
'RELAP manual examples. The “reverse stratification” does not occur for cases

* with pressurizer bubbles because the pressurizer is the hottest location in the

* RCS. This means cooler water is introduced through the surgeline. if everthe

- surgeline flow were hotter than the saturated water at the top, it would boil. The
output contained in file hp503330 o, for example, ends up inthe ﬁnal edit
F, 395° F,423°F, and 449 ° F, However, for the mass addition cases that are_ :
origmally water solid with constant temperature RCS, slightly warmer fluidis =~ -
‘introduced as the decay heat warms up the fluld. The temperatures in the final edit -
statement in m305p2 o are, from bottom to top, 310.4°, 310.1°,307.4°,306.5°, -
308.4 ° and 306.3° F. This has no impact on peak pr&ssure because the PORV

‘small change in PORV flow due to a few degraes differenoe ‘Note: use of a slngle‘: .
cell as recommended by ITS would be less accurate for pressurizer bubble cases, :
since it would ehmmate the temperature stratrﬁcaﬁon that we axpect to be there o

The pnessurizer inventory in the heat addmon LTOP scenanos was appmpnate{y ; .
initialized saturated. In the mass addition cases, however, the pmssunzer ' :
_inventory was initialized at the initial temperature of the RCS. This seems
-questionable given that 1) before the spurious !njection, ‘the pressunizer inventory -
‘would have been saturated at the Initial pressure of the RCS, and that 2) the .
pressurizer healers are assumed to be operating as the pressurizer fills with hqmd .
It might be more defendab!e fo start mass-addition scenarios with a realistic .~
pressurizer condmon ( 9 satum!ed w:th Ievelm the nommal range) and ihen S
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allow the pressunzer to ﬁll with the heaters operatmg It cou!d be that the pressure
_drop across the PORV will differ meaningfully dependent upon the temperature of

the liquid in the pressurizer. (This might especially be true if the liquid temperature ,

were greater tfran the safuretron t‘empemture downstreem of the PORV )

, Recponse In the mass addrtten cases, there is no pressunzer bubble so there is ] ,
~no reason for the pressurizer to be at saturated temperature Reference 2does
- include one case (Case 4) with saturated pressurizer and bubble to see ifthe .~

"bubble made a difference, and determined that it had no significant impact since
~ the bubble collapsed prior to PORV lift. As to PORV flow rate differences, as neted ,
in Reference 2, the PORVﬂow rate is much higher than is needed to starta

- pressure decrease 0 changes in ﬂow due to dlfferent |nlet temperatures do not

affect peak pressure : G : :

Steady State

A revrew recommendatron Is that in future LTOP ane!yses documentefron, resufts :

'~ be presented of an extended steady-state RELAP calculation. The objective of
including the steady-statfe results would be to identify close correspondence -
between the RELAP LTOP model and actual FCS monitored parameters. The ‘

 calculation should have reactor power at the full operating value, and should -
include realistic feedwater temperature and active steam generafor level control.
‘The goel here wou!d be fo conwncmg!y rllustrate the base reahsm of the RELAP o
' model -

Response We dsd oompare rea{istlc steady-state resuits to other models in
Referenee 2, Table A2-3, as recommended A S

Steem Generators - o
‘The seoondary sr’de of the steam generators and the steam generator fubing metal
.mass were conservatrvefy excluded from the mass-addition scenarios. In the heat
- addition scenarios, the generators wers initialized entirely full of liquid which was
hot relative to RCS temperature. Initializing the steam genenators full of liquid -~
seems unrealistically conservative. A suggestion of the review is that future heat
- addition LTOP calculations be inifialized with steam generator level In the nominel f o
range oonsretent w:th whete the operators woufd mar'ntain it SR s

”Response it is agreed that the Reference 2 steam generator treatment is clearly
conservative, but it allowed for a simpler boundary of the model. lf we haduseda
realistic amount of water, ‘we would also have to include heat transfer fromthe
outer steam generator walls, We would also have had to model steam condensrng -

“as the secondary side cooled, including models of the matal mass and surfacesin

the steam region. Note: the model does inelude the steam generator tubing metal -
‘mass in the heat addmon soenanos A i : =
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Summary

In summary, the model shortcomings identified in fhe course of the rewew are nol

~thought to have the potential to meaningfully impact the conclusions of OPPD's
- ‘current RELAP LTOP calculations. The RELAP mode! seems well suited to

performing LTOP transients and is very well documented. Modeling uncertainties

- appear to have been consttently addressed in a conservabve manner.

o -Response Whule we apprectate the condus»on. we do’ not agree that any mode! -

shortcomings exist. Where the reviswer identifies conservatisms, we believe the .

‘conservatisms are small and justified for their simplrf‘ cation of the model. Since =
~better PORV flow data is not available, and pressurizer reverse stratification does
* not affect the peek pressure calcu!ahon we do nat see any adwsable changes to

the model T g -

' VQuesﬁons on thls response can be addressed to Ralph Berger or mysetf at 510-

632—1 734.

: Since‘rety

/rMNL

“Tienlee

-'Engineering Manager

‘Enercon Services, Inc.

TPLjtn



LIC-03-0081
Attachment
Page 24

Appendix 3
Verification of PORYV Flow Rates

Independent Check Of RELAP PORY Water Flow Rates Based On Inlet
Conditions, Exit Pressure And 0.77 Square Inches Relief Area

Three cases from Reference D were checked: Case 2, Case 7 and Case 8. The methodology used
is taken from the American Petroleum Industry (API) Standard 520. It is important to note that
this methodology requires a relief valve coefficient k4. API recommends, in the absence of other
data, to assume kg = 0.85 (the sensitivity is such that higher values of kq result in higher flow
rates, since flow is proportional to kg). Trial and error found that a value of k4 of 0.62 provided a
close match, which means that the RELAP water flow rate is lower by about 15% relative to the
default API approach for a generic relief valve. In the below cases, the value of the three
coefficient product kgkpk, is set to 0.62, however evaluation of the methodology identifies that ks,
and k. should be 1.0 under these conditions so this term really represents just kg..

Results:
Case Upstream P | Upstream T | Downstream RELAP API Flow Rate
(psia) (°F) P (psia) Flow Rate kg=0.62
(1bny/s) (Ib/s)
2 484 50 90 49.5 50.1
7 1071 255 90 76.4 76.6
8 1522 305 90 90.4 91.3
CASE 2 API SOLUTION

CALCULATION OF TWO-PHASE FLOW RATE

This calculation is based on the specification of an inlet state, an outlet pressure, and a relief
path, including area and loss terms. The flow rate through this path is calculated based on the
following references:

e The American Petroleum Institute (API) Recommended Practice 520, Sizing
Selection and Installation of Pressure Relieving Devices in Refineries, Appendix D,
7th edition, January 2000.

e The Crane Manual, also known as Flow of Fluids through Valves, Fittings, and Pipe,
Technical Paper No. 410, The Crane Company, Twentieth printing, 1981.

e Easily Size Relief Devices and Piping for Two-Phase Flow, Joseph Leung, Chemical
Engineering Progress, December 1996.

These references are referred to below as the API, Crane, and Leung, respectively.
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INLET STATE
The water inlet state is subcooled water. The pressure is 484.0 psia and temperature is 50.0°F.
There is no non-condensable gas present.

Water/steam state properties are as follows, where f indicates fluid, g indicates gas, and o
indicates inlet state. Water/steam saturation properties are given for a temperature of 50.0°F and
pressure of 0.18 psia.

Enthalpies: ho=19.43, hfo =18.05, hgo =1083.40 Btw/ lby,

Specific Vols: vo=0.01586, vfo =0.01602, vgo =1704.80000 ft3/ 1b,,

Densities: po=63.0673, pfo =62.41, pgo =5.8657E-4 Ib,/fi3

Entropies: s0=0.04729, sfo =0.03610, sgo =2.12620 Btu/ 1b,°F

Spec. heats: cpo=1.002, cpfo =1.002, cpgo =0.444 Btw/ 1b,°F

Based on the backpressure of P2 = 90.0 psia, flashing will not occur.

CALCULATION
Step 3: Calculation and Final Result

The specific heat ratio cp/cv is calculated using Figure A-9 from Crane. A value of 1.2751 is
interpolated based on a temperature of 50.0°F and pressure of 484.0 psia.

This is subcooled water with no non-condensables present and Po<1604 psia and To<634.5°F.
The appropriate formula for the omega factor is D.8 from the API:

omega=0.185/vo*cpfo*(To+460)*Ps*(vgo-vfo)*/(hgo-hfo) 2

Ps is the saturation pressure associated with To. With To = 50.0°F, the saturation pressure is 0.2
psia. Here the specific volume and enthalpy changes are evaluated at Ps and are: vgo=1704.800
ft3/ by, vfo=0.01602 ft3/ 1b,, hgo=1083.4 Btw/ 1b,,, and hfo=18.05 Btw/ lby,. Putting this into the
equation for omega gives an omega value of 2717.02.

To determine whether this is a low subcooling or high subcooling region, we calculate the
parameter nst = 2*omega/(1+2*omega) to be 0.9998. Since the saturation pressure at a To of
50.0F, calculated to be 0.178 psia, is less than nst¥*Po = 483.911 psia, this is a high subcooling

region. Since the saturation pressure is less than the downstream pressure P2, which is 90.0 psia,
critical flow is not achieved. The mass flux G is given by the API Equation D.11:

G=96.3*SQRT[(Po-P2)/vfo]
G is calculated to be 15100.888 lbm/ﬁz.

The value of 0.62 was provided for KdKbKc.
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The flow rate through an area of 0.7700 square inches is given by the formula W =
kdKbKc*A*G/0.04 and is 180229.10 lby/hr or 50.0636 lb,/s. This is equivalent at a specific
volume of 0.0159 f*/ 1b,, to 47.629 cubic feet/minute, or 371.981 gpm.

The exit state is subcooled water at 90.0 psia and 49.02°F. Properties are:
Enthalpy: h2=18.45 Btu/ Ib,

Specific Vol: v2=0.01585 ft*/ Iby,

Density: p2=63.0868 1b./ft’

Entropy: s2=0.04568 Btu/ Ib,"F

Spec. heat: cp2=1.002 Btu/ 1b,°F

CASE 7 AP] SOLUTION

CALCULATION OF TWO-PHASE FLOW RATE

This calculation is based on the specification of an inlet state, an outlet pressure, and a relief
path, including area and loss terms. The flow rate through this path is calculated based on the
following references:
e The American Petroleum Institute (API) Recommended Practice 520, Sizing
Selection and Installation of Pressure Relieving Devices in Refineries, Appendix D,
7th edition, January 2000.
e The Crane Manual, also known as Flow of Fluids through Valves, Fittings, and Pipe,
Technical Paper No. 410, The Crane Company, Twentieth printing, 1981.
e Easily Size Relief Devices and Piping for Two-Phase Flow, Joseph Leung, Chemical
Engineering Progress, December 1996.

These references are referred to below as the API, Crane, and Leung, respectively.

INLET STATE
The water inlet state is subcooled water. The pressure is 1071.0 psia and temperature is 255.0°F.
There is no non-condensable gas present.

Water/steam state properties are as follows, where f indicates fluid, g indicates gas, and o
indicates inlet state. Water/steam saturation properties are given for a temperature of 255.0°F and
pressure of 32.53 psia.

Enthalpies: ho=225.97, hfo =223.67, hgo =1165.75 Btw/ Ib,

Specific Vols: vo=0.01702, vfo =0.01705, vgo =12.74300 ft*/ Ib,,

Densities: po=58.7698, pfo =58.66, pgo =0.0785 1b./ft’

Entropies: s0=0.37099, sfo =0.37485, sgo =1.69305 Btu/ 1b,°F

Spec. heats: cpo=1.014, cpfo =1.014, cpgo =0.511 Btu/ Ib,,°F

Based on the backpressure of P2 = 90.0 psia, flashing will not occur.
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CALCULATION
Step 3: Calculation and Final Result

The specific heat ratio cp/cv is calculated using Figure A-9 from Crane. A value of 1.2564 is
interpolated based on a temperature of 255.0°F and pressure of 1071.0 psia.

This is subcooled water with no non-condensables present and Po<1604 psia and To<634.5°F.
The appropriate formula for the omega factor is D.8 from the API:

omega=0.185/vo*cpfo*(To+460)*Ps*(vgo-vfo) /(hgo-hfo) >

Ps is the saturation pressure associated with To. With To = 255.0°F, the saturation pressure is
32.5 psia. Here the specific volume and enthalpy changes are evaluated at Ps and are:
vgo=12.743 f*/lby, vf0=0.01705 ft*/lby, hgo=1165.8 Btu/lby, and hfo=223.67 Btw/lby,. Putting
this into the equation for omega gives an omega value of 46.78.

To determine whether this is a low subcooling or high subcooling region, we calculate the
parameter nst = 2*omega/(1+2*omega) to be 0.9894. Since the saturation pressure at a To of
255.0F, calculated to be 32.532 psia, is less than nst*Po = 1059.674 psia, this is a high
subcooling region. Since the saturation pressure is less than the downstream pressure P2, which
is 90.0 psia, critical flow is not achieved. The mass flux G is given by the API Equation D.11:

G=96.3*SQRT[(Po-P2)/vfo]
G is calculated to be 23101.321 Ib,/ft’.
The value of 0.62 was provided for KdKbKec.

The flow rate through an area of 0.7700 square inches is given by the formula W =
kdKbKc*A*G/0.04 and is 275714.26 Iby/hr or 76.5873 1b,/s. This is equivalent at a specific
volume of 0.0170 £t3/ Ib,to 78.190 cubic feet/minute, or 610.667 gpm.

The exit state is subcooled water at 90.0 psia and 255.56°F. Properties are:
Enthalpy: h2=226.54 Btu/lb,

Specific Vol: v2=0.01702 ft*/lby,

Density: p2=58.7543 Ib/ft°

Entropy: s2=0.37179 Btu/Ib,’F

Spec. heat: cp2=1.014 Btv/ 1b,,°F

CASE 8 API SOLUTION

CALCULATION OF TWO-PHASE FLOW RATE

This calculation is based on the specification of an inlet state, an outlet pressure, and a relief
path, including area and loss terms. The flow rate through this path is calculated based on the
following references:
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o The American Petroleum Institute (API) Recommended Practice 520, Sizing Selection
and Installation of Pressure Relieving Devices in Refineries, Appendix D, 7th edition,
January 2000.

e The Crane Manual, also known as Flow of Fluids through Valves, Fittings, and Pipe,
Technical Paper No. 410, The Crane Company, Twentieth printing, 1981.

e Easily Size Relief Devices and Piping for Two-Phase Flow, Joseph Leung, Chemical
Engineering Progress, December 1996.

These references are referred to below as the API, Crane, and Leung, respectively.

INLET STATE

The water inlet state is subcooled water. The pressure is 1522.0 psia and temperature is 305.0°F.
There is no non-condensable gas present.

Water/steam state properties are as follows, where f indicates fluid, g indicates gas, and o
indicates inlet state. Water/steam saturation properties are given for a temperature of 305.0°F and
pressure of 72.19 psia.

Enthalpies: ho=277.54, hfo =274.85, hgo =1181.15 Btw/ lb,

Specific Vols: vo=0.01740, vfo =0.01750, vgo =6.02910 ft’/ 1bm

Densities: po=57.4676, pfo =57.14, pgo =0.1659 Ib/ft’

Entropies: s0=0.44080, sfo =0.44395, sgo =1.62910 Btu/ Ib,°F

Spec. heats: cpo=1.028, cpfo =1.028, cpgo =0.556 Btw/ 1b,°F

Based on the backpressure of P2 = 90.0 psia, flashing will not occur.

CALCULATION
Step 3: Calculation and Final Result

The specific heat ratio cp/cv is calculated using Figure A-9 from Crane. A value of 1.2529 is
interpolated based on a temperature of 305.0°F and pressure of 1522.0 psia.

This is subcooled water with no non-condensables present and Po<1604 psia and To<634.5°F.
The appropriate formula for the omega factor is D.8 from the API:

omega=0.185/vo*cpfo*(To+460)*Ps*(vgo-vfo) ?/(hgo-hfo)*

Ps is the saturation pressure associated with To. With To = 305.0°F, the saturation pressure is
72.2 psia. Here the specific volume and enthalpy changes are evaluated at Ps and are: vgo=6.029
ft3/1by,, vi0=0.01750 ft3/1bm, hgo=1181.2 Btu/lb,,,, and hfo=274.85 Btw/lb,,. Putting this into the
equation for omega gives an omega value of 26.55.
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To determine whether this is a low subcooling or high subcooling region, we calculate the
parameter nst = 2*omega/(1+2*omega) to be 0.9815. Since the saturation pressure at a To of
305.0°F, calculated to be 72.185 psia, is less than nst*Po = 1493.866 psia, this is a high
subcooling region. Since the saturation pressure is less than the downstream pressure P2, which
is 90.0 psia, critical flow is not achieved. The mass flux G is given by the API Equation D.11:

G=96.3*SQRT[(Po-P2)/vfo]
G is calculated to be 27547.283 lbm/ftz.
The value of 0.62 was provided for KdKbKc.

The flow rate through an area of 0.7700 square inches is given by the formula W =
kdKbKc*A*G/0.04 and is 328776.82 Iby/hr or 91.3269 Ib,/s. This is equivalent at a specific
volume of 0.0174 f*/1b,, to 95.351 cubic feet/minute, or 744.694 gpm.

The exit state is subcooled water at 90.0 psia and 307.12°F. Properties are:
Enthalpy: h2=279.75 Btu/lb,

Specific Vol: v2=0.01743 ft*/Iby,

Density: p2=57.3869 1b./ft’

Entropy: s2=0.44353 Btuw/ Iby,°F

Spec. heat: ¢p2=1.029 Btw/ 1b,,°F

Reference D: FC06877, Rev. 0, “Low Temperature Overpressure Protection (LTOP) Analysis,
Revision 1.” [Note: This Reference was included in Letter from OPPD (D. J. Bannister) to NRC
(Document Control Desk) dated October 8, 2002, Fort Calhoun Station Unit No. 1 License
Amendment Request, “Reactor Coolant System (RCS) Pressure and Temperature Limits Report
(PTLR)” (LIC-02-0109)]
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Appendix 4

Evaluation of the Massachusetts Institute of Technology (MIT) Test Results

A concern was raised in the review of Reference 4-3 (below) that the code used, RELAPS/
MOD3.2, had been shown to inaccurately predict the pressure behavior discovered in Reference
4-1. Two reasons for this difference are apparent at first view.

The first difference is that the MIT experiment (Reference 4-1) is more dramatic than the Fort
Calhoun LTOP transients analyzed in Reference 4-3. The level in the pressurizer model rises
from 17 inches to 34 inches in 31 seconds (Experiment BB4) which compresses the steam
volume vertical distance from an initial 28 inches to 11 inches (from 100% volume to 36%
volume) in 31 seconds. By comparison, the Reference 4-3 transient Case 10 is from 350 ft* to
200 ft* in 100 seconds (100% to 57%), or roughly six times slower.

The second difference is that the test setup had a very small interface surface area compared to
volume (8 inch diameter versus 28 inch height, whereas the Fort Calhoun steam bubbles had a
diameter = 6.86 feet and a height 9.75 feet).

The Reference 4-3 model was adiabatic, in that no wall heat transfer was assumed in the
pressurizer (this was identified as a known conservatism). Reference 4-2, Figure 1 implies that
adiabatic models greatly over predict pressure rise when trying to model a small, skinny tank
with high rate of bubble compression. The MIT paper also concludes adiabatic models will
greatly over predict pressure when modeling this transient setup.

The experiments in the MIT tests that are applicable to Fort Calhoun’s LTOP analyses are the
insurge to partially filled tanks (cases ST4, BB4, and TR8). This can be simulated with the FCS
pressurizer model assuming the following changes:

Existing Model New Model

Vol =900 f’ Vol = pi*(8/24)**45/12 = 1.309 f?
Length = 24.364 ft Length = 45/12 =3.75 ft

Area = 36.94 fi? Area=0.394 fi?

Input for Experiment BB4

Initial P =70.1 psia

Initial T = 303°F

Initial water level = 17 inch

Insurge T = 70°F

Insurge flow rate = level change * area/time = 16/12*0.394/31 = 0.017 f*/s = 7.6 gpm = 1.06
1ba/s at a density of 62.3 Iby/ft°

Insurge flow time = 31 seconds

Data for pressure history: Figure A.1.1 pg 67
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The Fort Calhoun pressurizer model from Reference 4-3 is as follows:

* PRESSURIZER

4100000 pres pipe

4100001 6

4100101 36.94,6

4100201 36.94,5

4100301 2.9232,5

4100302 9.744,6

4100601 90. 6

4100801 0.00015 0.0 6
4100901 0.0 0.0 5

4101001 0,6

4101101 0,5

*Manually set Przr pressure and water level
4101201 2 95. 0.0 0. 00,5
4101202 2 95. 1.0 0. 00,6
4101300 1

4101301 0.0 0.0 0.0,5

Experiment BB4

The Fort Calhoun Pressurizer model is revised to match the experiment case, for an initial water
level of 17 inch (1.42 ft) with 5 volumes of height 1.42/5=0.283 and the bubble volume of height
(45-17)/12 = 2.333 f, and initial temperature of 70.1°F.

* PRESSURIZER

4100000 pres pipe

4100001 6

4100101 0.394,6

4100201 0.394,5

4100301 0.283,5

4100302 2.333,6

4100601 90. 6

4100801 0.00015 0.0 6
4100901 0.0 0.0 5

4101001 0,6

4101101 0,5

*Manually set Przr pressure and water level
4101201 2 70.1 0.0 0. 00,5
4101202 2 70.1 1.0 0. 00,6
4101300 1

4101301 0.0 0.0 0.0,5
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The boundary condition is setup with a forced flow rate 1.06 lby/s for 31 seconds. This is
simulated with two components, a 70°F reservoir and a time dependent junction. The complete
input file is as follows:

=MIT Experiment Model
*

*

100 new transnt
102 british british
105

% ok %k %k ok

* time step control
%k

201 90.0 1.0-6 0.001 5100250 1000
*

* Qutput control
*k

301 p 410060000
%k

* trip cards
* 501 run stop time
* 502 insurge start time

501 time O ge null 0 60.0 1
502 time O It null 0 31.0 n
600 501

%

* Source of insurge toset P & T

2510000 si2  tmdpvol

* flow area, length, volume, horiz angle, vert angle
2510101 50.0 10.0 00 00 0.0

* elev change, roughness, hydraulic diameter, flags
2510102 0.0 00 0.0 00

* 3 makes 201 card P&T, trip number

2510200 3

2510201 0.0 90.0 70.0

2510202 1000.0 90.0 70.0

*

* Insurge flow rate

2520000  insurge tmdpjun

* from, to, area

2520101 251000000 410000000 0.1

* 1 means mass flows/0=velocity, trip number, table var & location
2520200 1 502 p 410010000

* pressure, liq 1bn/s, vapor velocity, interface (=0) 1 Pump Curve
2520201 0.0 0.0 0.0 0.0

2520202 10.0 1.06 0.0 0.0

2520203  2000.0 1.06 0.0 0.0
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*

* PRESSURIZER

4100000 pres pipe

4100001 ©

4100101 0.394,6

4100201 0.394,5

4100301 0.283,5

4100302 2.333,6

4100601 90. 6

4100801 0.00015 0.0 6
4100901 0.0 0.0 5

4101001 0,6

4101101 0,5

*Manually set Przr pressure and water level
4101201 2 70.1 0.0 0. 00,5
4101202 2 70.1 1.0 0. 00,6
4101300 1

4101301 0.0 0.0 0.0,5

*

* end of cases

What happens is similar to what is shown on page 62 of Reference 4-1, or in Figure 1 of
Reference 4-2. The FCS adiabatic model shows a much higher pressure rise. The peak pressure
calculated was 184 psia, and peak temperature was 490°F.

Experiment BB4 simulated with RELAP adiabatic model

200

E /\
£ 100
=
S 50
o,
o 1 ] {
0 20 40 60 80

Time (s)

However, this is not similar to the Fort Calhoun LTOP transient. As noted, the Reference 4-3
flow rate is much slower and the relative surface area to volume is much greater. To do a better
comparison, one should use a consistent area to height ratio and a consistent level rise rate. To
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get a consistent area to height ratio for the test bubble height of 2.333 ft, the interfacial area
should be:

=ht * LTOP Area/LTOP bubble height = 2.33 * 36.94/9.75 = 8.83 fi* instead of 0.394 ft*
The insurge rate to get a decrease in volume from 100% to 57% in 100 seconds would be:
= volume/time = 8.83*.43*2.33/100 = 0.0885 ft°/s = 5.51 Iby/s

Making these two changes by adding the following lines to the input file:

*Changes for a better comparison

4100101 8.83,6

4100201 8.83,5

2520202 10.0 5.51 0.0 0.0

2520203  2000.0 5.51 0.0 0.0

Gives the following pressure trace

Experiment BB4 simulated with RELAP adiabatic model
Similar Area and Flow Rate to it. Calhoun LTOP

0]
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20 40 60 80
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o

This is the pressure predicted by RELAP for a similar bubble shrinkage rate (as occurs at Fort
Calhoun during a heat addition case) for the MIT test case if the MIT test case had a surface area
in proportion to the bubble height. Here the effects of the rapid shrinkage is reduced and the heat
transfer to the liquid phase is increased. The pressure rise is still probably higher than actual
(MIT’s case BB4 had a peak pressure of 81 psia) but the effect of neglecting heat transfer to the
pressurizer wall are obviously much reduced.

Conclusions

The RELAP model used at Fort Calhoun is an adiabatic model. References 4-1, 4-2 and our
simulation agree that the adiabatic model predicts extremely high pressures for rapid insurge,
small area tanks. The reason is that the steam space gets extremely hot due to compression and
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the water/steam surface area is insufficient to remove the heat. Our simulation of the test BB4
predicted a steam temperature of 490°F, while the test measured temperature was only about

310°F. Obviously, in the test case, heat has been transferred from the steam to the pressurizer
vessel.

There are two things to note for the LTOP transient. The first is that the adiabatic assumption has
a much less effect for our slower transients and much larger interfacial area. Had the MIT
experiment been performed with a surface area to height ratio and bubble compression rate
similar to the Fort Calhoun transient, the heat transfer to tank walls would have been a much less
significant factor. The adiabatic pressure rise predicted by RELAP for this proposed test is only
14 psi.

The second thing to note is that the Fort Calhoun pressurizer model is conservative in terms of
predicting peak pressure. Crediting the heat transfer to the pressurizer walls would provide a
mechanism for removing energy from the primary system and keeping the pressure lower. It is
true that additional heat transfer to the pressurizer walls might collapse the steam bubble faster;
however, this is not a significant effect because even with the adiabatic assumption the steam
temperature does not rise very much (in Case 10 of Reference 4-3, the temperature rises only 4°
F), so the heat transfer would be small. In any case, the remaining bubbles (for all but one case
where the PORYV lifted) stay well above 100 ft’.

Overall, the effects noted in the MIT tests (i.e. the adiabatic assumption) are insignificant for a
real pressurizer LTOP event geometry and insurge rates, so it is concluded that the adiabatic
assumption is both of minor consequences and conservative in terms of calculating peak
pressure.

References:

4-1.1. Insurge Pressure Response and Heat Transfer for PWR Pressurizer, Hamid Reza
Saedi, Masters Thesis MIT, 11/82.

4-1.2. Prediction of MIT Pressurizer Data using RELAPS and TRAC-M, Shumway,
Bolander, and Aktas, ICONE-10 paper 22580, 10" International Conference on
Nuclear Engineering, 4/14-18/02, Alexandria, VA (Located in Appendix 5).

4-1.3. FC06877, Rev. 0, “Low Temperature Overpressure Protection (LTOP) Analysis,
Revision 1.”[Note: This Reference was included in LIC-02-0109.]
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Appendix 5

Prediction of MIT Pressurizer Data using RELAPS and TRAC-M
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.+ Teactor pressurizers was performed st MIT (Sacdi and Griffy th, -

"+ "1983). This paper concentrates on Test number ST4 by - S

; “comparing the TRAC-M (Akias and Uhle, 2000) and RELAPS
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. 'TRAC-M. TRAC-M is the Consolidated Thermal-hydraulics = -
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. RELAPS and TRAC-M thermal-hydraulic codes arc used by the o
v I US NRC o md rtaclor safcty dcc:smn making. »
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first 40.6 seconds at which time it was stopped. The injection

‘ rate translatcd into avcsscl water lcvcl nsc e of about 1 cmfs. :

“The vessel was msulated 10 diminish energy losses. ©

- Catibration tests were used to csumatc the losscﬁ at L l kW RS
o R comrcllmg pheniomena. Figure 1 shows the p:essure riserate’ .
o when the vessel wall heat transfer is removed from the RELAPS
-7 model. This demonstrates wall heat transfer is very tmponam
" Both codes use the filmwise condensation coeffi cxcnt :
’ corrclation dcvelopcd by Nusscll a9 6) ;

.;(Knmaudcnfﬁﬂx,wm) »
" 'CODEMODEL Flirt e

The vessel was modelled using 10 fluid cells, Amore
 accurate prediction coul:I be obtained with more cells, however,

- models of seactor pressmws usually have less than 10 cells

- The water level was inmally in cell 4 (the void fmchm ms .b

0.22) and reached ite 1 IlSth df u
) and reache ! maxmmmvaucmce ( ¢ voi rac on _»lbeeﬂ'wtonthcpeakpressum“mmghgiblc Thnsnmphcs :

g interfacial heat uansfcr s not unpommt
. The expemnenters did no( repon o the typc and tlnckncss ot’ N

Ihe insulation covering the vesscl, The code model uscd 8.9 cm -

was 0.69).

of fiber glass insulation. Steady state calculations were
performed to adjust the insulation conductivity so that the

stcady state heot loss ngtced with the lepoﬂed value, R

CODE RESULTS

isteam-water interfacial heat transfer, and thcrmal mlxmg
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e after lhe watcr msurge was smppcd

S ‘W:ll and lntertace

“During the oumpmswn proccss. wall condensation is the f'

REU\PS prcdlcts ] Iaquxdto interface hcat transfer cocﬁ' c:ent N

St times area valuc of about 3000, When the liquid and vapor .
* interfacial heat transfer cocfficients were set to 1.0 mtemally :

- A 'study of the reason for the 1 pmssur: (kop me dtﬂ'crcnocs

b between the two codes, after the water i insurge stopped, showed
.~ model deficicncies in both codes in the cell with the water level,
17 TRAC-M switches from wal] condensation heat transfer mode
.1 1o liquid convection mode when n water level enters a cell. i
i1 Shutting off wall condensation when the water level fc&chcd '

Measured inthe top of the vessel pcnk edat about L o ‘¢el] 8 caused the notlccablc pﬂ:ssurc increasc chnngc at 36

-+0.59 MPa as shown in Fig 1. Aﬂtnhesubcooledwamxmnge o :
‘stops, the pressure falls due to further steam condensation. The
icomplex physical processes occurring are: wall heat !mnsfcr_, i

scconds in F ig. 1.
thn a water lcvel enters a RELAP.S celt, thc code pamtmns s

. the wall energy transfer into the regions above and below the
"= water level. However, the condensation film thickness is based
i+, ..upo the average liquid flow across both the cell inlet and outlet -

{7 junctions. When water enters from below, only the flow from
' above should be used to determine the film thickness used inthe

B Nussclt (1916) condcnsauan hcnt transfer cocﬂicx:nt' ‘

BA ®

: e stmg the avmge llqmd ﬂow rate results ine Imge llnclmass S
1 and 3 small heat transfer coefficient when water is flowinginte .-

the cell from below. When the water flow stops, the calculated - :

~ " thickness is small and the heat munsfer coefficient suddenly - -
i1 increases mtﬂtmg the large pressure decrease shown inFig. 1|
" Another problem is the liquid temperaturc assumed for the .

e - watcr in the film. When a water level enters a ¢ell, the liquld »
temperature used to evaluate the wall film condensation heat |

- fux shouldbethe above el lqud emperature nstead of e :
<o eell liquid mixeure tempemmne

~ RELAPS was altered to perl'orm like TRAC-M Le.mm cﬁ'

~wall condensation when a water level enters a ocll. Results arc -
-/ shown in Fig 2, The predicted { pressure is improved with the ..
i allcrcd code. However, the physics is still not modeled correcﬂy

*_ The condentation écharism ertors in each code would not - :

e likely have been uncovered lfea;hcodcwmassssed v
i A-j;mdcpcndcntofﬁtcothcrcodc .
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Figure 2. RELAPS pressure prediction with no wall
cendensation in vertical stratification.

‘l‘hermal Front

Atbcrma} strat:ﬁcanon model is lncludcd i REI.APS to
improve the accuracy of solutions when there is warm fluid
above cold fluid in a vertical stack of cells (ISL Inc., 2001a).’
Because default RELAPS uses a first-order semi-implicit

upwind differencing schemc, axial numerical diffusion of cold v
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pmmeters such a3 posmon and \cloclty of the level and vmd

* fractions above and below the level, mixture level movement
from cell 1o cell, mass and encrgy equauon modxﬁcauons and -

vheat transfer calcalation madifications,
"RELAPS level tracking mode[ apphcd to this pmblem

‘showed only slight i xmpmvments in the predicted pressurc. - 8

During the pressure rise portion of the transient the pred;ctcd
pressure laid nearly on top of the RELAPS base run. The more
notable i lmprwcmcm in the predicicd pressure was aftcr the
water insurge was stopped. The peedicted pressure after the .
water insurge was stopped, laid between the base nm and thc
case where the !hcrmal front model was sctivated. "

. TRAC-M has new level trackmg logtc as discussed in Aktas, |
(2002) When the fevel tracking Jogic is applicd to this problem, : -
the resulis are greatly improved a8 shown in Fig. 5. The peak ©

. pressure tises when the level tracking ‘model is active. The logic

uges the semi-implicit numerical scheme and assumes the
interfacial heat transl'cr is zer0 in Ihe cell vmh the water level

06 —rrr ;_. ',,' T ..

T055 b

Pressure (MP2)

¥ pn-T00010 TRAC-M basc

’4' 1 1 R 1 2 1 PR | L i 1
045 | , i
‘ﬁmc(s) .

Figuress. TRAC-Mpmmrepr:dlcﬁonuslngthelevel 5 }7

Atracldng medcl.

RELAPS mth l:vcl tracking on.nsulxx in lbe same 3ma|l e

'vnluc of interfacial heat transfer as with it off. This tsbccausc“'- - i
: £, - seconds. TRAC-M reached the maximum time stcps:charfouz -

. intervals during the transicnt. The decreases in the time step are
7. related to the liquid level crossing cell boundaries. RELAPS, -

" however, was limited by the Courant time step size (dlcmt)
: !mcc the basc casc runs in scmx-lmpllc;t modc AR

“the defautt RELAPS model, known as the “vertical -

stratification™ model, alrcady sets lhe mterfaclal area 10 be lhc -

ctoss»secuonal area.

Numerlcnl Imp]lcltness i : :
RELAPS base caleulations cmploy the sem:-nmphcnt N

Presmre(MP)

A—Apu-?OOOlOTRAC-MLeve!T:nck S

mxmencal schemc 10 solvc the ccmscrvabon cquations as

" recommended in the users guide (ISL Ine.; , 2001b). TRAC-M

base results usc the implicit advancement scheme since it is the

... default. The basc maximum nmc step slze was sctat 0. 01
L seconds for both codcs '

: L Figmcéshows t!mtthc RELAPS pncdlctcd pmsurenseusmg
= lhc nearly-implicit solution has some problems when the water -
e v levcl crcssa cell boundarm at 3bout 12,24 and 36 seconds.

'IRAC-M docs ot cncounter the same type of cell boundazy ’

o ‘cmmg problem as does RELAPS (sez Fig, 1), The TRAC-M

semi-implicit results overlay the unphcit rcsu]ts at lhc base nm

B ‘umcstcpsmofﬁm sécond. .

B P SR

055 |

0‘45 . . 3 1| | Al ’Vli i AR .
Tlmc(s)

I"lgure 6. RELAPS pmmtrc nxlng implklt numerks

- ‘X‘lme Step Slze

A key 1o ubtammg s.'msfaclory pred:cnons is commllmg !.he

. Bme step size. The implicit numerical solution method allows
-~ for the time step size to be larger than the mazmal Com-am lxmx’t ‘
*.whﬂethesem:-lmphcnmeﬁmd docsno!.,_ CEREE S :

Fgum 7 shows tnmc s!cp size vetsus time using thc lms:

) ‘codcs with the maximum time step size raised from 0.01 to 0. 5

F)gm 8 demonstrates that time step size sensnmty
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OB [Ty ey
G—OdtURS BaseBigdt :
A—AdN TRACM Base Bigdt
- [B——f] dicrmt-0 RS Base Bigdt ~
0.6 & B : -
B
%oa
=
02

‘ﬁmc =)

Figure 7. ’l‘ime step comparlson for a maximm time g
step size of 0.5 seconds, R

calculations should be petformed before accepting a prediction.

»Shown arc TRAC-M implicit pressure predictions using time |
:step sizes of 0.01 and 0.5 seconds. One possible reason for the

Jow crprtssurt in the large time step size case is the conduction
solution is not implicitly coupled to the bydraulic solution. This
would allow the wall heat flux from vaportc be too large when -

the saturation temperature is sising.

anurc 9 shows that RELAPS poorly pte(hcts the pressmc
after 12 seconds when using nearly-implicit numerics and

allowing large time steps. RELAPS has the ability to performa
- conduction solation implicitly coupled tothe hydraulic solution.
- However, checks showed the nenrl’y-lmplmt hydraulic soluuon ; AR

was 5o bad that implicit conducnon couplmg didnot yxcid
impmved rcsul!s

'CONCLUSIOVS

Both RELAPS and TRAC-M prcdlct the Ml'l‘prcssunzcrd.eta o
reasonably well provided the time step sizes are not “Ia:gg . The

effects of choosing vatious code options have been :

codes makes cade errors mm obvmus nnd the codes ean be
mare xapxdly xmprovcd . .
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Appendix 6
Effect of Non-Condensables in Pressurizer

A confirming evaluation was performed which concludes that assuming non-condensable gases
present within the steam in a pressurizer bubble has no significant impact. The worst case in
terms of shrinking the bubble, Case 10 HP509S30 of Reference D, was rerun with an assumed
10% non-condensable gas. The bubble was slightly smaller and the pressure slightly higher, but
the change does not impact the analysis conclusions. Case 12 of Reference D, where the input is
adjusted to result in a PORV opening, was also re-performed with 10% non-condensables.

Model changes (only two cards change):

1) Added default non-condensable gas (air was used but nitrogen could have been used
without a significant difference since air is 80% nitrogen).

2) Changed bubble card to be same pressure of 95 psia, but slightly lower temperature to
keep steam saturated. That is, the steam temperature was set to the saturation
temperature at 85.5 psia (316.7°F) since that is the partial pressure of steam, i.e., 0.9%95,
at 90% quality where here quality is defined as fraction of steam/(steam + air).

Old card:
4101202 2 95. 1.0 0. 00,5

New cards:
110 air
4101202 4 95. 316.7 0.9 00,6

For Case 12 the change is to:
4101202 4 400. 4344 09 00,6

Results:

For Case 10, there is still a significant bubble left at 600 seconds, but it is slightly reduced from
139.0 f* to 130.1 fi’. Without non-condensables, the pressure only went up to 100.3 psia and
then came back down. For this analysis it rose to 112 psia, and then returned slowly to 122 psia
at 600 seconds. Please refer to the figures below for comparison.

The conclusion is that the non-condensable gases have no significant impact. The bubble is very
slightly smaller, but there is still adequate bubble remaining after 10 minutes. The pressure is
slightly higher, but that is unimportant since the PORV setpoint is still far away from being
reached. Case 12 was run to show that even if the PORV does lift (due to an assumed high
initial pressure) the transient is successfully mitigated. Re-performing Case 12 showed a tiny
increase in the peak pressure (from 476 to 478 psia), but more rapid depressurization after the
valve opens and a growing bubble at 600 seconds.

It was determined that these cases were sufficient in determining the effect of non-condensables
on the LTOP analysis and were not needed on the mass addition cases. The resultant conclusion
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would be unchanged since none of the heat addition cases are limiting when compared to the

mass addition events.

Reference D: FC06877, Rev. 0, “Low Temperature Overpressure Protection (LTOP) Analysis,
Revision 1.” [Note: This Reference was included in Letter from OPPD (D. J. Bannister) to NRC
(Document Control Desk) dated October 8, 2002, Fort Calhoun Station Unit No. 1 License
Amendment Request, “Reactor Coolant System (RCS) Pressure and Temperature Limits Report

(PTLR)” (LIC-02-0109)]

Old case, no non-condensable gas

Figure 13: Case 10 H509S30 Results
Pressurizer Bubble
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New case, 10% non-condensable gas

Figure S2: HP509air Results
Pressurizer Bubble
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Old case, no non-condensable gas
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Figure 14: Case 10 HP509S30
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New case, 10% non-condensable gas
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These are from Case 12 with the same changes made to HP504S30.txt:

Old Pressure curve:

Figure 20: Case 12 HP504S30
Pressurizer Pressure
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New Pressure curve:

Figure S3: Case HP504air
Pressurizer Pressure

500

N
[4)]
o

N
S~
\‘M\\

0 200 400 600

Time (seconds)

Pressure (psia)
E.S
o
o

w
[44]
o

W
o
o




LIC-03-0081
Attachment
Page 47

Old Bubble curve, Case 12:

Figure 19: Case 12 H504S30 Results
Pressurizer Bubble
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Figure S4: HP504air Results
Pressurizer Bubble
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