
June 24, 2002
Mr. James Mallay
Director, Regulatory Affairs
Framatome ANP, Richland, Inc.
2101 Horn Rapids Road
Richland, WA  99352

SUBJECT: REQUEST FOR ADDITIONAL INFORMATION ON EMF-2103(P), REV. 0,
"REALISTIC LARGE BREAK LOCA METHODOLOGY FOR PRESSURIZED
WATER REACTORS" (TAC NO. MB2865)

Dear Mr. Mallay:

By letter dated August 20, 2001, Framatome ANP submitted for staff review Topical Report
EMF-2103(P), Rev. 0, "Realistic Large Break LOCA Methodology for Pressurized Water
Reactors."  The staff has completed its preliminary review of EMF-2103(P), Rev. 0 and has
identified a number of items for which additional information is needed to continue its review.
The enclosed request for additional information (RAI) was discussed with your staff on May 13,
2002.  A mutually agreeable target date of July 19, 2002, was established for responding to the
RAI.  Please provide the requested information so that the review can be completed in a timely
manner.  Partial submittals would be welcomed to minimize delays. 

Pursuant to 10 CFR 2.790, we have determined that the RAI provided as Enclosure 1 contains
proprietary information.  Proprietary information contained in Enclosure 1 is indicated by
marginal lines.  We have prepared a non-proprietary version of the RAI (Enclosure 2) that we
have determined does not contain proprietary information.  However, we will delay placing
Enclosure 2 in the public document room for a period of ten (10) working days from the date of
this letter to provide you with the opportunity to comment on the proprietary aspects only.  If you
believe that any information in Enclosure 2 is proprietary, please identify such information line
by line and define the basis pursuant to the criteria of 10 CFR 2.790.
   
If you have any questions, please call me at (301) 415-1436.

Sincerely,

/RA/
Drew Holland, Project Manager, Section 2
Project Directorate IV
Division of Licensing Project Management
Office of Nuclear Reactor Regulation
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REQUEST FOR ADDITIONAL INFORMATION

TOPICAL REPORT EMF-2103(P), REV. 0, " REALISTIC LARGE BREAK LOCA

METHODOLOGY FOR PRESSURIZED WATER REACTORS"

FRAMATOME, ANP

PROJECT NO. 693

Heat Transfer

1. Please provide a list of differences in the heat transfer models and the critical heat flux
(CHF) correlations as utilized in the realistic large break loss-of-coolant accident
(RLBLOCA) to those utilized in the small break loss-of-coolant accident (SBLOCA)
models.

2. In the analysis of the large break loss-of-coolant accident (LBLOCA) transient, there are
a number of different correlations that are used as the transient unfolds (Biasi, modified
Zuber, Sleicher and Rouse, Dittus-Boelter, etc.).  Please choose a typical LBLOCA
transient and map out all the different correlations that are used along the way, from the
beginning of the transient to the end.  State the particular correlation used, its applicable
range (in terms of Reynold No., flow rates, etc.), and validation of its use in the
applicable range.

3. Subroutine CHFCAL has the ICHF options for either Biasi and Zuber (ICHF=0), or the
Extended Biasi (ICHF=1).  EMF-CC-097(P), Rev. 7, page 7-2 also mentions the option
for the Extended Biasi and choosing this will use the correlation for all flow conditions. 
However, EMF-2100(P), Section 4.4 does not mention the "Extended" Biasi, but the
Biasi and Zuber correlations. There is also a note that the Biasi correlation is not used
for G < 100 kg/m2s.  Is this Biasi correlation the "Extended Biasi"?

4. Subroutine CHFCAL appears to contain the Modified Zuber CHF correlation beginning
at 300.  Line 300 and its uncommented continuation and Equation 4.32 of EMF-2100(P)
appear to match up if MHTCHF is equal to F.  However, it does not appear that was the
intention given the code which follows.

a. What are MHTCHF and XBIASI and where do they come from?

b. The second option for F in Equation 4.33 of EMF-2100(P) is similar, but different
than the first uncommented line after what appears to be the modified Zuber
CHF correlation.  Please clarify the differences and the apparent absence of the
first option for F (commented out on the second continuation line after 300).  

c. The three lines of coding before the last END IF of subroutine CHFCAL appear
similar but different than the linear interpolation for mass flux between 100 and
200 kg/m2s of Equation 4.34 of EMF-2100(P).  Please explain the apparent
differences between the coding and the code manual documentation.

Enclosure 2
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d. Parameter HTHDMO(LS) appears to be in units of meters given the logic
question: IF (HTHDMO(LS) .LT. 0.01DO) THEN in the Biasi correlation coding. 
However, the next line multiplies HTHDMO(LS) by 100 possibly to convert to
meters from centimeters before raising it to the "n" power (either 0.4 or 0.6
based on the conditions on page 4-12 of EMF-2100(P)).  The documentation
states that the hydraulic diameter is in units of cm and is not multiplied by 100 in
either Equation 4.28 or 4.29.  Please clarify.

e. Is the mass flux parameter "G" brought into the CHF calculation in units of
gm/cm2s, or kg/m2s?

f. Clarify why MAXimums and MINimums are taken throughout the subroutine
CHFCAL.  How does this affect the uncertainty of the CHF value?  For example,
if ICHF=1 and G=20 kg/m2s, G is changed to 100 kg/m2s since the Biasi
correlation is not used for G<100 kg/m2s.  However, Biasi is used when the ICHF
overrides that applicability where the Zuber correlation should be used.  This also
occurs if G is 120 kg/m2s and ICHF=1.  It does not appear that the interpolation
on the mass flux with the Biasi and Zuber correlations will not be implemented as
described in the documentation.  Is this Biasi correlation the Extended Biasi?  
Where did the parameter XBIASI come from?

5. In the Sleicher and Rouse heat transfer correlation, please clarify how the coded
parameter XTF in subroutine DITTSG matches the documentation of Equation (4.36) in
EMF-2100(P), page 4-15.

6. Account for the VOIDG term which appears in the coding for the natural convection
term, but does not appear in the documentation.

7. Please clarify what is meant by, "The equation is independent of the characteristic
length due to the 1/3 power dependency of the Grashof number given in Equation
(4.35)."  Equation (4.35) gives the heat transfer coefficient as the MAX of the Sleicher
Rouse and the natural convection heat transfer coefficients with no mention of the
Grashof number (pages 4-14 and 4-15 of EMF-2100(P), Rev. 4).

8. The documentation on page 4-15 of EMF-2100(P), Rev. 4 includes the addition of
radiation heat transfer from the wall to the single phase vapor fluid if the surface
temperature is greater than 650K.  Identify where this is accounted for in the code.

9. It appears that a modified Dittus-Boelter correlation or the Sleicher and Rouse
correlation is chosen based on the IF statement: 

IF (IAND(IDNGAP(2,IH),256) .NE. 0) THEN......modified (?) Dittus-Boelter
else Sleicher Rouse.

a. Please clarify why in the documentation of page 4-14 of EMF-2100(P), the
Sleicher Rouse correlation is said to be selected because it has a smaller
uncertainty than the Dittus-Boelter correlation, but in the code the IF statement
results in a choice between the two.  Please clarify the meaning of the IF
statement.
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b. The Dittus-Boelter heat transfer correlation coded in the DITTSG subroutine
does not appear to be the same as that documented in Equation (4.16) of
EMF-2100(P).  Please clarify the differences.

10. The ’nature’ convection correlation coding of subroutine DITTUS includes:

HTCOEF = MAX(HMAC, 0.59DO*(PRGR)**0.25DO*PRGR*COHDM/TERM)
which occurs if PRGR is less than the Reynolds number squared.  Please identify the
discussion of this in the documentation of EMF-2100(P), or include it as needed.

11. Is the modified Bromley from the documentation (EMF-2100(P), Rev. 4, page 4-18) the
same as the Bromley correlation of the FILMBL subroutine?

12. Please describe how the interpolation of the last line of FILMBL is the same as Equation
4.50 of EMF-2100(P), Rev. 4, page 4-19.

13. Please include @@ in the documentation description above Equation 4.50 of
EMF-2100(P), Rev. 4, page 4-19 to describe use of the Forslund-Rohsenow and
modified Bromley correlations if that was the intent as coded.

14. Please explain why in the code the BROMLEY correlation is calculated for a void
fraction less than or equal to [                  ], and the FORSLUND-ROHSENOW is
calculated for a void fraction greater than or equal to [                              ] as
documented in EMF-2100(P), Rev. 4, page 4-19.  The void fractions appear consistent
with the documentation beginning at line 208.

15. What does CFR, the first term in HDF, account for in the Forslund-Rohsenow
correlation?

16. In the "NATURE" convection correlation, HMAC is defined if (PRGR.LT.TERM) as the [   
                                                                                                                 ].  Please
discuss the appearance of the "PRGR/TERM" in the natural convection heat transfer
coefficient, which appeared similarly in subroutine DITTUS, which the staff has not yet
found described in the documentation. 

17. Please include discussion of the scaling of the natural convection heat transfer
correlations by the void fraction in the PREDNB subroutine by COHDMF=COHDM*
VOIDF. 

18. Please explain why the suppression factor is coded to be 0.0797 of ReTP@70 instead
of 0.1 as documented in Equation 4.21 of EMF-2100(P).

19. What is the ICHF=2 option and where is that described?

20. Many of the test programs used in the assessment of S-RELAP5 inherently incorporated
radiation heat transfer between hot rods and colder components.  Please discuss and
justify exclusion of a specific radiation heat transfer model in the Framatome-ANP
RLBLOCA methodology.  Include in the discussion the manner in which the
methodology accounts for radiation heat transfer during those portions of the analyzed
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event for which radiation heat transfer would be expected to play a significant role.  Also
discuss and justify known compensating errors introduced in the methodology that
account for this effect.

21. Please explain and justify the basis for choosing the Forslund-Rosenow correlation for
void fractions [                   ] and the Bromley at [                       ] for dispersed flow film
boiling.  Since the Bromley correlation can result in high heat transfer coefficients during
dispersed flow, extrapolating the Bromley correlation between 0.7 and 0.9 can result in
applying extrapolated HTCs over large regions of the bundle. Please justify this
extrapolation range and show that it does not influence the heat transfer coefficient at or
near the PCT location.

22. The Forslund Rosenow correlation for dispersed flow film boiling consists of a droplet
wall contact model developed for low quality, high mass flux conditions in a small
diameter tube. The model is applicable only to a small localized region just above the
quench front, where the wall temperatures are below the rewet temperature.  Physically,
the droplet wall contact begins at the inverted annular regime and increases through to
the agitated inverted annular regime where the effect is at a maximum due to either high
turbulence or some possible droplet wall contact.  Downstream of the agitated region,
this droplet wall contact affect decreases rapidly and becomes non-existent once the
highly dispersed flow region develops.  The computed heat transfer multiplier of [           
] indicates that the correlation may not present a true best-estimate representation. 
Since the Forslund–Rosenow correlation is highly dependent on void fraction,
over-estimation of the entrainment can propagate large errors into the heat transfer
during reflood.

23. It appears that the data for elevations above 8 ft in the tests used for determining the
film boiling heat transfer multipliers were discarded during the data reduction process. 
Please discuss and justify the applicability of the film boiling heat transfer multiplier at all
elevations along the fuel rod and for various power shapes.  Include in the discussion,
justification for applicability of the film.

PIRT

24. The Framatome-ANP PIRT is similar to the NUREG/CR 5249 PIRT.  This PIRT does not 
address the following:

 
a. Relative lcoation or the hot assembly in the core.

b. Uncertainty in the single phase pump performance.

c. Uncertainty in the broken nozzle k-factor.

Please clarify how these contributors are addressed in the RLBLOCA methodology.

Break Flow Modeling

25. The orientation and location of the postulated pipe breaks are not explicitly addressed. 
Please discuss the following:
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a. The choice of break location, such as cold leg versus hot leg and hot leg both
with and without pressurizer, and location of slot breaks, such as top, side and
bottom of the pipe.  In addition, why  were other locations than those presented
not considered, or if they were considered, why were they not analyzed?

b. The smallest break size analyzed using the RLBLOCA methodology.  Also
discuss the definitions used by Framatome-ANP in determining the boundaries
between the large and small break methodologies and how a single calculational
tool such as S-RELAP5 is applicable over the entire range of break sizes.

Containment Modeling

26. Although the Framatome-ANP RLBLOCA methodology uses the ICECON methodology
to perform the containment back pressure to the reactor coolant system analysis, the
methodology still uses a simplified component system model of the containment. 
Please discuss how a single comparison of ICECON with GOTHIC is sufficient
demonstration of applicability to the range of Westinghouse and Combustion
Engineering containment configurations.

Downcomer Boiling

27. The brief overview and description of LBLOCA behavior on page 3-4 does not mention
the potential for downcomer boiling.  Downcomer boiling has been shown to be
important in the transport of coolant to the core in the LBLOCA.  Discuss the basis for
the applicability of the S-RELAP5 simulation of the effects of downcomer boiling and the
manner in which downcomer boiling has been treated in the RLBLOCA methodology. 
Include in the discussion the roll of the downcomer wall initial temperature in downcomer
boiling.

The PIRT in Table 3.3 does not include downcomer boiling.  Please include in the
discussion the exclusion of downcomer boiling from the PIRT.

Fuel Swelling and Rupture, Relocation and Metal/Water Reaction

28. On page 3-7 it is noted that fuel rod rupture is not included in the calculations, and
possibly the peak local clad oxidation calculation will not include inside oxidation as well
as outside oxidation.  In addition, there is some confusion regarding the metal/water
reaction model being used.

a. Please clarify and discuss why the fuel swelling and rupture model is not used. 
The discussion should include consideration of the effects of burnup.  The
discussion should also include justification for neglecting fuel swelling and
rupture in the calculations and the effect this has on producing a lower oxidation
potential since inner cladding surface oxidation is not considered.

b. Fuel pellet relocation has been observed which can cause pellets to fill the space
created by swelling and ballooning cladding.  Please discuss why
Framatome-ANP has not included this effect and the basis for that decision.
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c. Please clarify why the Cathcart-Pawel model is used in S-RELAP5 model as
described in the Methodology document, EMF-2103, while the Models and
Correlations document, EMF-2100 describes the Baker-Just model.  Also, there
appear to be better models than the Cathcart-Pawel metal/water reaction model
for temperatures below 1900°F.  Please discuss the basis for not choosing
another metal/water reaction model for the lower temperature range and also
include in the discussion a justification for the assumptions applied for the initial
condition.

d. In the time-in-life study, what inside and outside initial oxidation thicknesses were
used for the BOL analysis.  What oxide thickness is used for once and twice
burned fuel?

Decay Heat

29. Section 4.3.3.2.3 of EMF–2103 discusses the decay heat standard but does not show
the calculated decay curve used in the analyses.  Please compare the decay heat model
with uncertainty applied to the ANSI/ANS-5.1-1979 standard to show that the S-RELAP5
model predicts or bounds the data in the standard for the simulation period.  Include in
the discussion the treatment of gamma redistribution uncertainty.

Assessment

30. Numerous tests cited in the methodology assessment, such as FRIGG2, THTF, GE
level swell, FLECHT and FLECHT-SEASET are valid under specific pressure conditions. 
Please clarify and discuss the applicability of the tests used in the assessment program
to the ranges of conditions in which they were used.  Include in the discussion the
assessment of void distribution and subcooled boiling via high pressure data and the
applicability of these models to low pressures.

Please discuss and justify use of the Forslund–Rosenow correlation to determine PCT. 
Justification is needed to assure that errors in other models and the thermal hydraulics
will not produce heat transfer coefficients that are beyond the range of the intended
correlation.

Long-Term Coolability

31. Please discuss how the Framatome-ANP RLBLOCA methodology addresses the
element of long-term coolability as required in the regulatory acceptance criteria.

32. Please describe the methods and analyses that will be employed to demonstrate that
boric acid precipitation is assessed or neglected in the methodology.

Entrainment and 2-D Effects

33. The S-RELAP5 liquid entrainment predictions overpredict the data by a factor of 2 for
the FLECHT-SEASET and skewed tests.  However, S-RELAP5 overpredicts the clad
temperatures at the upper elevations.  Please discuss this apparent anomaly and also
discuss the capability of the 2-D model in S-RELAP5 to simulate the super heat near the
wall and account for the radial steam temperature profile across the channel in the tests.
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Void Fraction

34. Page 4-97 discusses Tmin but does not describe the conditions as to how the
correlation is applied in the code.  Please discuss and justify the effect of void fraction
on the application, effect of its exclusion, and the application of Tmin in the
Framatome-ANP RLBLOCA methodology.

35. Page 5-2 of EMF-2103(P) states that "the plant process parameters are treated
statistically, however conservative methods also can be used in the absence of
adequate data to support the statistical use."  Table 5.1 also does not indicate the
following parameters.  Please discuss which have been treated statistically and which
conservatively in the methodology.

Initial Conditions:

RCS Temperature
Accumulator line resistance
Safety injection temperature 
Peripheral assembly power (how is this bounded?)

Also please discuss how the following model uncertainties are handled and/or justify
their omission from the analysis: 

Broken nozzle resistance, K-factor
Broken loop pump resistance
Condensation
Fuel conductivity (before and after burst)
Fuel density (packing fraction after burst)
Rod internal pressure
Cladding burst temperature
Cladding Burst strain and average strain
Metal/water reaction

Since different plant designs will have different values and ranges for many of the
parameters in the above lists, will the various parameters be identified in the
plant-specific submittals giving the distributions or conservative limits?

36. Please discuss the procedures which will be used to ensure that the range of conditions
in the plants for which the Framatome-ANP RLBLOCA methodology is used are
consistent with those in the test programs used to assess the code and determine the
code uncertainties.

37. Figure 4.4 shows the leakage paths connecting from the upper head to the upper
downcomer.  Please discuss the effect of the geometry, resistance and flow rates
through these junctions on the LBLOCA response expected in the plant designs for
which the methodology will be used.  Specifically, what is the impact of modeling this
leakage on blowdown temperatures and PCT? 

38. Figure 4.7 shows four half assemblies surrounding the hot assembly.  Please discuss
the use of [  ] assemblies versus [  ] assemblies since the power level of these adjacent
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assemblies would affect the thermal conditions and cross flow in these outer
assemblies.  A comparison of the effect of this modeling on blowdown temperatures and
PCT would be helpful.

39. Please provide the nodalization sensitivity study results used to arrive at the upper
plenum and core nodalizations shown in Figures 4-4 through 4-8.  Please discuss the
level of nodal detail needed to show PCT convergence.  Also discuss how the alignment
of key leakage paths influences the chimney effects observed in the upper plenum
studies and noted in Table A.2.

40. Please discuss the sensitivity of PCT to the cross flow resistance in the core and
describe how these resistances are calculated.

41. Regulatory Guide (RG) 1.157, "Best-Estimate Calculations of Emergency Core Cooling
System Performance," states that " A distinction from, and transition to laminar
convection (i.e. Re < 2000) should be made, with a value of the laminar heat transfer for
rod bundles that is appropriate for the applicable bundle geometry and flow conditions." 
Please discuss how the models in Section 4.0 of EMF-2100(P) meet RG 1.157.  Also,
does the heat transfer model for single phase vapor which considers the Sleicher-Rouse
correlation and a separate natural circulation correlation result in the appropriate heat
transfer for Re numbers less than 10,000 since the lower limit for this correlation is
10,000 (page 4-115, EMF-2103(P))?  Please discuss the use of the Sleicher-Rouse
correlation and the steam cooling model for transition and laminar flow.  

42. How does the critical flow model address RG 1.157, Section 3.4.1.1, items b and c?

43. How does the frictional pressure drop model address RG 1.157, item 3.6.1, which 
states: "A model for frictional pressure drop to be used in ECCS evaluations should: b)
be consistent with models used for calculating gravitational and acceleration pressure
drops. If void fraction models or correlations used to calculate the three components of
the total pressure drop differ from one another, a quantitative justification must be
provided?"

44. How does the post CHF heat transfer model address RG 1.157, item 3.9.1 b), which
states a post-CHF flow model should "recognize effects of liquid entrainment, thermal
radiation, thermal non-equilibrium, low and high mass flow rates, low and high power
densities, and saturated and subcooled inlet conditions?"

45. To understand the two-dimensional model behavior, please show the results of a test
problem to verify the convection of lateral momentum by the vertical velocity.  A simple
ring noding problem can be developed that represents the flow from a downcomer and a
break in a hot leg which shows flows for both vapor and liquid.

46. Anomalous flow circulation has been shown to develop, for example, between parallel
pipes, that are of a numerical nature and cannot easily be corrected without the aid of
additional form losses (see Proceedings of ICONE8, 8th International Conference on
Nuclear Engineering, "Recirculating Flow Anomaly Problem Solution Method," D. Lucas,
April 2-6, 2000, paper # 8479).  Please discuss the capabilities of S-RELAP5 with regard
to the sample flow problem presented in this paper and steps to resolve this anomalous 
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flow behavior potential. In addition, discuss whether or not the new 2-D model
introduces these numerical anomalies as seen in 1-D formulations.  

47. Recent reviews of thermal-hydraulic analysis computer codes have questioned the
accuracy of momentum flux terms such as given by Equation 2.116 in EMF-2100(P). 
Please provide and discuss:

   - The numerical form of the momentum equations in S-RELAP5 and their
reduction to the Bernoulli "type" equation.

   - The S-RELAP5 calculated Bernoulli expression versus flow channel cell number
for a 1-D and 2-D pipe with and without a contraction and an expansion.  A
simple problem can be defined having a constant flow area and variable flow
area and elevation change with the pressure, kinetic, and potential energy terms
calculated by S-RELAP5 for both vapor and liquid.  

   - Application of S-RELAP5 to the Ferrell-McGee data for flow through a pipe with
expansions and contractions.  (See Ferrell, J. K. and McGee, J. W. , "Two-phase
Flow through Abrupt Expansions and Contractions," TID-23394, 1966.)

48. Please discuss the stability analysis for the numerical scheme presented in Section
2.6.5 of EMF-2100(P).  Include a discussion of a consistency analysis of the finite
difference equations and, as discussed in Section 2.6.4, justification of the use of the
value of C = 0.35 when evaluating Equations 2.124 and 2.125.  Include in the discussion
the reason why the value of C must be within the range 0.0 to 0.5 for stability.

49. During the review of S-RELAP5 for application to 10 CFR Part 50, Appendix K
small-break LOCA analysis, concerns were raised regarding the completeness of the
formulation of the momentum equation. Specifically, the momentum equation as
formulated is a vector equation that can only be reduced to 1-D if the flows and forces
act in a single direction and hard surface reaction forces have also been omitted.  Also,
the momentum equation can only be reduced to Bernoulli’s equation for pipes by
integrating the differential form of the momentum balance along a streamline.  Please
discuss the momentum equation and its application to the reactor coolant system when
major portions are modeled as a series of variable flow areas, 1-D straight pipes, and
flow channels with bends.

50. Please discuss the manner in which S-RELAP5 indicates to the user that mass, energy,
and momentum are conserved in a plant application. Is there a measure that shows in
the code output that the above parameters are conserved?

51. Please discuss the omission of the viscous shear term in the 2-D formulation.  Include a
discussion of the consequence of the omission of this term, for example, in the hot
bundle and hot channel during early reflood when the Re numbers are in the range
1,000 to 2,000.  Are there low flow conditions during the LOCA (blowdown, refill, reflood,
long term during downcomer boiling) where omission of this term would affect the hot
channel thermal behavior and/or hot rod PCT?

52. Please discuss the numerical solution strategy described in Section 2.6.5.1 for a single
1-D pipe and a second system using a 1-D loop connected to a 2-D component.  Include
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a discussion of the development of the coefficients from the numerical approximation to
the conservation equations and the tri-diagonal matrix, along with the column vectors
containing the source terms.

53. Please discuss the method and model used to simulate the emergency core cooling
entering and mixing in the discharge legs?  Also, since emergency core cooling water
can enter the loop seal during rapid safety injection tank (SIT) injection, please discuss
how S-RELAP5 captures this behavior.  What is the effect of loop seal refill on steam
binding, the reflood rate, and the PCT?

54. Please provide the comparisons of the S-RELAP5 predictions to the Marviken test
system pressure for the tests presented in EMF-2102, Section 3.5.  Discuss how the
uncertainty in break flow was determined.  Does the S-RELAP5 model include wall heat
structures?  If not, discuss the effect of the omission of wall heat on the results.

55. What is the cause of the drop in mass flow rate at 75 seconds in Figure 3.5.18 and at 
20 seconds in Figure 3.5.22 presented in EMF-2102?  Why was the S-RELAP5
prediction not shown for completion in Figures 14, 15, 18, 21, and 22?  

56. The comparisons to the data show that the transition from single-phase to two-phase
conditions is not well predicted.  Please discuss the expected transition in the plant
calculations, including effect of persistence of the duration of the transition period for an
extended time and the error introduced in the calculation that is not captured by the
uncertainty evaluated from the Marviken test comparisons.  Include a discussion of the
effect of the duration of the transition period on the uncertainty in the break flow model
determined from the Marviken tests.

57. Does the critical flow model uncertainty show a dependence on L/D for all fluid
conditions?  Please discuss the lack of this effect in the uncertainty evaluation. 

58. How is the critical flow rate calculated when superheated steam exits the break?  Please
discuss the uncertainty in the break flow model under these conditions.

59. No tests were provided to show the capability of the code to predict pure steam flow out
of the break.  Were comparisons of S-RELAP5 with data for saturated steam flow, to
Marviken Test 11, performed?  Please discuss the uncertainty in the break flow model
for saturated steam.

60. Were comparisons performed between S-RELAP5 and data for vessel blowdown, such
as  Allemann, "Experimental High Enthalpy Blowdown from a Simple Vessel through a
Bottom Outlet," BNWL-1111, Battelle Northwest Laboratory, 1970?  If so, please
discuss the results of the comparisons.

61. HEM is an equilibrium break flow model. Since HEM is applied to two-phase conditions,
and since non-equilibrium conditions can exist at the break with combinations of
subcooled liquid with saturated or superheated steam (or saturated liquid with
superheated steam) exiting the system, how are these conditions handled with the
S-RELAP5 critical flow model?  What is the uncertainty in the break flow model under 
non-equilibrium conditions?
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62. What is the uncertainty in the critical flow model when the flow is no longer critical and
may contain superheated steam or non-equilibrium two-phase conditions?  Please
discuss benchmarks that were used to evaluate the break flow model under these
conditions and include results of the transition from critical to non-critical conditions and
discuss how the model works.

63. Section 3.5.4 states that a break flow multiplier of [                         ] was used to predict
these tests.  Uncertainty in the model is typically determined with a value of 1.0.  Use of
a multiplier in the range [                        ], implies that S-RELAP5 tends to overpredict
break flow for the Marviken tests.  Discuss how this additional bias has been taken into
account in the uncertainty analysis when the bias was varied for the Marviken tests? 
How is the break discharge coefficient then modeled when performing plant
calculations?  What is the uncertainty in the break model if a discharge coefficient of 1.0
is used?  Please discuss how, in light of this initial assumed bias in the break multiplier
input, the 25 percent error calculated for the break flow model bounds the data.

64. The break nodalization of the discharge leg in Figure 4.3 of EMF-2103(P) shows           
[               ] in the discharge leg while the nodalization of the break in the Marviken test
shows [                    ] in the exit pipe.  In Section 3.5.6 of EMF-2102, it is noted that "the
fine nodalization was used to mitigate numerical diffusion which may send hotter water
or vapor prematurely to the discharge pipe."  The modeling philosophy given in Section
4.2.3.5, entitled Cold Leg and Break, seems to contradict  the statements in Section
3.5.6.  Please discuss and justify the differences in the modeling philosophy applied to
the Marviken test and that applied to plant calculations.  Include a discussion of the
effect of finer nodalization on break flow and PCT in the plant calculations and the effect
of the use of a crude nodalization on break flow uncertainty.

65. Section 4.3.1.10 discusses the CCFL model applied to the upper tie plate and compares
test data against the theoretical flooding curve to bound the air – water flow rates.  The
performance of the code has not been demonstrated against test data to show that the
model is performing correctly, especially under saturated and subcooled fluid conditions. 
To demonstrate the capability of the model, please show comparisons of code
predictions to test data, such as the Northwestern data (Bankoff, 1981), to show the
condensation effects on the CCFL predictions and the model’s performance.  How does
S-RELAP5 prevent unrealistic concurrent down flow of liquid and steam into the core? 
Does countercurrent flow or concurrent downward flow produce upper core cooling or a
top down quench for any of the separate effects, integral tests, or plant calculations?

Discuss how the two fluid models have been assessed for CCFL behavior since the
flooding point is determined entirely by the interfacial drag and entrainment models in
the code. Has the CCFL model in S-RELAP5 demonstrated its ability to reproduce
flooding behavior which is consistent with scaling laws. Has a comparison been
performed for the S-RELAP5 model to tests such as the Creare 1/15th and 1/5th scale
data.  Are there continuous liquid and steam velocity plots in the downcomer verifying
that CCFL is preserved by the S-RELAP5 interfacial drag model for saturated and
subcooled conditions?  Since the CCFL limit model [                                             ], what
controls are used to assure that plant calculations will not result in violations of CCFL or
unrealistic concurrent downflow in this region?  Also please discuss what special
interfacial drag, film droplet, entrainment/de-entrainment, drop size models were added
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or modifications/provisions to RELAP5 to properly deal with countercurrent flow in the
downcomer in the [                                      ].

66. Page 4-4 of EMF-2103(P) briefly states how compensating errors are handled in the
assessment matrix for FLECHT, SCTF, CCTF, and THTF.  However, there are no
detailed discussions of compensating errors relative to the separate effects and integral
tests.  Please discuss compensating errors relative to the separate effects and integral
experiments.  The discussion should include post CHF heat transfer, emergency core
cooling bypass/condensation, and blowdown/post-blowdown thermal hydraulics and
entrainment.

67. Please identify a reference discussing error propagation and how this is handled in the
uncertainty methodology.

68. The Achilles Test in EMF-2102 showed that S-RELAP5 underpredicted the core liquid
level, the PCT by about 125�F, and the downcomer level.  Please discuss possible
reasons for these differences.  The effect of the nitrogen on condensation was not
measured in this test.  How is the effect of nitrogen on condensation determined in
S-RELAP5?  Also, please discuss the sensitivity of the PCT to condensation efficiency. 
How does S-RELAP5 compute entrainment of liquid by the nitrogen and, if so, how does
this influence the calculations?  What is the sensitivity of full scale plant PCT to
condensation efficiency?

69. Section 4.3.3.2.6 of EMF-2103(P) identifies a Tmin of [              ] is used in the analysis
based on comparison to FLECHT reflood data while page 4-20 of EMF-2100(P)
identifies a Tmin of [             ] as used to establish the boiling curve.  Please clarify and
discuss the impact on the test comparisons and plant calculations.

70. Regarding modeling of transition boiling heat transfer at the lower limit, S-RELAP5 uses
the maximum of the Sleicher-Rouse steam cooling correlation and a free convection
correlation; Forslund-Rosenow or Bromely is used for film boiling depending on the void
fraction.  Please discuss the lower limit of the transition correlations with regard to
consistency with the  lower limit on the film boiling correlations.  Please discuss code
stability with regard to the heat transfer coefficient at Tmin during the switch from
transition boiling to film boiling.

71. General comments regarding code assessment:

a. Core 3-D Flow and Void Distribution (page 4-85, EMF 2103(P)).  Comparison to
the THTF and GE level swell data, for example, are high pressure tests and do
not represent PWR reflood conditions.  The GE data does not apply to rod
bundle drag.  On the other hand, specific FLECHT boil-off or reflood data are
applicable to voids in bundles at low pressure (FLECHT-SEASET Test 35658,
for example).

b. Regarding Core 3-D flow distribution, the SCTF comparisons, especially at the
higher elevations, indicate underprediction of peak temperatures and quench
times that are early by 200 –300 seconds for transients with 500 second heat-up
times.  Additional justification is needed to demonstrate that the clad oxidation is
bounded.  While these are low temperature tests, the early quench time
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predictions will significantly affect oxidation and the uncertainty may effect the
error methodology.  Discussion is needed regarding how the 200–300 second
early quench predictions are factored into the uncertainty in oxidation
calculations.  There should also be discussion of the lack of a model for film
boiling as a function of distance from the quench front which would improve the
quench time predictions.  This discussion should also address the reasons for
the discrepancies in quench time predictions and underprediction of PCTs.  The
S-RELAP5 code predicts large oscillations in the void fractions in the core (see
Figure 3.11.47 of EMF-2102, for example).  Discussion is needed regarding the 
oscillations and their effect on super heat and clad temperature underprediction.
The discussion should also address the consequences of the oscillations with
respect to the reflood behavior the potential bias of these oscillations to lower
PCT.

c. Liquid Entrainment.  While the entrainment is overpredicted for the CCTF tests, 
overprediction coupled with drop size could bias the steam temperatures in the
channel to low values if the drop size is too small.  Please discuss how the
S-RELAP5 model predicts the steam super heat for these tests (at selected
elevations starting at locations near the quench front) and the reflood data
presented in EMF-2102.  How does the void fraction influence the steam super
heat and dispersed flow film boiling heat transfer when the entrainment is
overpredicted for the tests?  Included in the discussion should be the topic that
excess entrainment does not lead to propagating errors into the film boiling
model and a non-conservative impact on PCT.

d. Upper Plenum Entrainment/De-entrainment.  Please discuss the manner in
which de-entrainment in the upper plenum is calculated.  Is there a model for
de-entrainment on structures?  How is entrainment to the hot legs and steam
generator calculated?  It should be shown that the S-RELAP5 overprediction of
liquid buildup in the upper plenum is not due to underprediction of entrainment to
the hot legs and steam generators.  Also since the code allows a second top
down quench, does CCFL in any of the SETs, integral tests, and plant
calculations reduce the clad temperatures or affect clad oxidation in the top of
the core?

e. CCFL.  There are no special drag models in the downcomer specifically
designed to treat CCFL.  Without these comparisons, there is no assurance that
the CCFL limit will not be violated during a plant calculation.  Comparisons to
countercurrent flow data would demonstrate that the liquid down flows in the
downcomer do not violate CCFL.  Figures 4.116 and 4.117 show that the CCFL
model is limiting the liquid downflow for many of the test points.  This suggests
the drag model tends to produce too high a liquid down flow for a given steam
flow.  Unless the drag model is different in the downcomer, these results suggest
that the drag model will produce excessive liquid down flows in the downcomer.
Please discuss the omission of the CCFL model or drag model specifically
designed to model CCF in the downcomer. 

f. CCFL.  Since the S-RELAP5 code does not use a CCF limit model, interfacial
and wall drag modeling is key to predicting CCF. Application of concurrent
up-flow correlations for interfacial and wall friction to countercurrent flow tend to
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over-estimate the downflow of liquid.  It appears that wall shear is neglected
during countercurrent flow which would produce over-estimated liquid downflows
in the low gas velocity region.  Wall shear stress acting on falling water is almost
the same order of magnitude as interfacial shear stress, making it inappropriate
to ignore this stress.  Since RELAP5  ignores wall shear during annular flow and
EMF-2100 Section 3.0 does not show the details of the wall shear, discussion is
needed that describes how wall shear is computed during CCF.  This discussion
should also compare the friction factor with data and show the behavior at low
velocities/Reynolds numbers.

g. CCF.  How is CCF modeled in the 2-D downcomer and how are the flow regime
maps applied in this region?

h. Hot Leg Entrainment.  Hot leg entrainment is underpredicted in Figures
4.165-4.167, 4.173, 4.177, and 4.179, and, thereby it is not supported that hot
leg entrainment is calculated conservatively.  In some cases entrainment is not
predicted until late in the test.  Does the underprediction lead to a beneficial
effect on PCT for the tests which offsets another conservatism elsewhere in the
methodology?  Figure 4.173 shows no entrainment was calculated for the entire
test.  If the entrainment is calculated to match the data late in the test, this does
not support  the model being conservative as stated on page 4-90 of
EMF-2103(P).

i. Two-Phase Pump Model.  The pump resistance and broken cold leg nozzle
typically represent the largest resistances in the loop which determines the core
flow (and hence fuel stored energy/PCT) during blowdown.  It should be shown
how the uncertainty in the relative resistances between the core and break
through the downcomer and hot leg paths are taken into account and that the
pump resistance, broken nozzle resistance, and the other loop resistances
conservatively bound the expected variation (or are insignificant) in these path
resistances from the core to the break.

j. Pump Differential Pressure Loss.  How is the pump coastdown verified in the
case where there is no plant data?  What is done in the modeling to assure the
coast down is bounded?

k. Non-Condensable Transport.  The Achilles Test # 25 underpredicted the PCT
later in the event.  While the effect of the nitrogen is to initially force additional
water onto the core providing some early limited core cooling, the later overall
effect is to reduce core cooling  since the higher initial steaming reduces the
liquid inventory in the core causing a late heat-up of the core. S-RELAP5
underpredicted the negative effects  while capturing some of the early beneficial
effects.  Please discuss the basis for including the early beneficial effects of
nitrogen in plant calculations and not considering this parameter in the
uncertainty methodology and imposing it as a penalty on PCT.

l. Downcomer Entrainment.  Please identify the correct section in Reference 5 for
the downcomer entrainment tests and discussion referred to in Section
4.3.3.1.10 of EMF-2103(P).  Please discuss the cause of the lower plenum liquid
level oscillations in Figures 4.106 through 4.110, including the flow regimes
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predicted by S-RELAP5 during this period, and the steam and liquid velocities in
the downcomer and exiting the lower plenum during these tests.  Does the
underprediction of the liquid inventory in the lower plenum enhance the steam
downflow in the core during blowdown and produce a beneficial effect on PCT? 
Does boiling occur in the lower downcomer and lower plenum in these tests and
what effect does boiling versus no boiling have on the entrainment?

m. Downcomer Level Oscillations.  Figure 3.11.47 of EMF-2102, shows large
oscillations in void fraction.  Please discuss the model conservatism as stated in
Section 4.3.3.1.11, since the core in these tests shows large void oscillations
which can "provide additional core cooling" as pointed out on page 4-92.  If
downcomer boiling occurs during accumulator discharge, what is the effect on
PCT after the accumulators empty.

o. Lower Plenum Sweepout.  Oscillations suggest that the sweepout of the liquid
from the lower plenum is retained in the downcomer and immediately flows back
into the lower plenum periodically.  In such a case, please discuss the model 
conservatism regarding the lower plenum liquid level test predictions.  Should
there be flow of liquid back into the lower plenum?  Does this result in entrained
liquid entering the core and providing additional cooling?  Discuss the need for
bias in the uncertainty evaluations if the lower plenum oscillations cool the core.

Uncertainty Analysis

Reference EMF-2102(P)

72. 5.1.1 - Data Set Adequacy

With regard to Table 5.1 it appears that not only the maximum pressure data, but also
the mass flux of the vapor and liquid do not bound the intended application.  Please
justify in greater detail the statement that the data set on which film boiling multipliers,
bias, and uncertainty are determined adequately cover the intended application.

73. 5.1.2 - Inferring Heat Transfer Coefficients from Experimental Data

Please describe mathematically the inverse conduction algorithm (flow diagram and a
few equations) used in computing the boiling heat transfer coefficient from the
thermocouple data.

In Figure 5.1 is this the numerical node scheme for the inverse algorithm?  If so, at what
node is the thermocouple?

Specifically, how is the surface heat flux a function of the derivative with respect to time,
as stated in Section 5.1.2.1?

The thermocouple measures the temperature T(r0,z0,t) (i.e. at some fixed point (r0,z0) as
a function of time t (as in Figures 5.2 and 5.3).  The objective seems to be to compute
the surface temperature at the same elevation at the same time points as the
thermocouple measurements.  So where is the time derivative necessary?  Where is the
source of the amplification?
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74. 5.1.2.1 - Signal Filtering

What is the t between thermocouple signals?

What is the thermocouple instrument error?

The thermocouple reading has two sources of variation:

a. the instrument error

b. a variance due to the fluctuations in the underlying physical process. (If we had a
perfect instrument, this variance would still be there.)

Do you estimate these effects?

What is your stopping rule with regard to smoothing of the thermocouple readings with
respect to the above variances?

What is your stopping rule with regard to smoothing the inferred heat transfer
coefficients (as in Figures 5.4 and 5.5)?

Do you apply any quantitative measure to claim that "the underlying features of the
signal are intact"?

Comment:  Figure 5.6 is irrelevant.

75. 5.1.3 - Data Consistency Check

Since the test data provide multiple estimates of HTC for common times and elevations,
is the mean computed at some specific time and elevation the "truth" with respect to
which you compute the bias in the computed value at that time and elevation; and the
standard deviation the uncertainty?

How do you assure that the data was not oversmoothed?  (That is only the instrument
error and outliers were removed.)

76. 5.1.4 - Partitioning the Data

The data is partitioned into two sets. What is being validating?  Are the THTF and
FLECHT - SEASET data considered initially as one set and then split into two through
random selection?

77. 5.1.5 - S-RELAP5 Calculated HTC

5.1.5.1 - Data Averaging

The oscillations in the computed values of void fraction, heat transfer coefficient and
clad temperature are attributed to changes in the heat transfer mode in the course of the
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c computation(i.e., film boiling @single-phase vapor) c omputation(i.e., film boiling

@single-phase vapor).

a. What is the variable and its value that determines which mode to assume?

b. What is the time increment in the computation and what is the average cycle
length of the oscillation in the void fraction, and Tclad?

78. a. Is it correct that RELAP computes the void fraction (@), the heat transfer
coefficient (h) and the clad temperature (Tclad) sequentially as follows:

@  @ h   @ Tclad   

If so, is the same algorithm applied with the 8 second window?  How does the
window size compare to the computational time step?

How does it compare to the time step in the Tclad measured values?

b. Is the following sequence of computations during processing of the data correct?

Let D(t) be the original values at time t. Assume w = 3. Then
                       _

f3(4) = (1/3) [D(1) + D(2) + D(3) + D(4)] 
           _

f3(5) = (1/3) [D(2) + D(3) + D(4) + D(5)] 

etc.

Then fsmooth(t-w/2)  @fw(t) for each t @ w/2.

Is it correct to say that you compute a moving average with a lag of w and then
shift the value back by w/2 in tme?

79. In reference to the comparison shown in Figures 5.18 through 5.20.

a. Are you applying the same algorithm (i.e., w) in the vapor and quench parts of
the curves as in the transition region?

b. How would enlarging the window result in larger segments of unsmoothed data
in the film boiling regime?

c. How is stopping the smoothing at the level where the amount of ripple remaining
is on the order of what might be expected as experimental uncertainty relevant?
The computation is deterministic, therefore, experimental uncertainty cannot be
reproduced.  By not smoothing "completely" how can you be sure you are not
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skewing the distribution on which your uncertainty estimate in the multiplier is
based?

d. Therefore, what harm is there in smoothing completely, in view of the
comparisons shown in Figures 5.18 through 5.20?

e. 5.1.6 - Multiplier Correlation

Two heat transfer coefficient correlation multipliers are being determined in this
section:  MFILMBL and MFRHTC.  Correct?

M is a function of z (fuel height) and t the time in the transient, since hmeas(z0,t)
and hcalc(z,t), where z0 is the thermocouple location.  Correct?

80. How do you define quench front?

a. At a thermocouple location z0 how do you determine the time of the quench front
at that location from the measured data?

b. How are MFILMBL and MFRHTC related to the definition of quench front?

c. In aligning the quench fronts to a common location (say z0 ), what parameters
are you equating (i.e., Pmeas( z0, tmeas) = Pcalc (z0, tcalc)?

81. You state "Temporal displacements between THTF measured data and code
calculations were ignored.  The transients are sufficiently short in duration that the
temporal differences are expected to be small."

In principle, is it not the relationship between the time step size in the transient
calculation in relation to the temporal differences that is the issue, and not the duration
of the transient?  Please explain your reasoning in greater detail.

Note:  Since

M(t) = hmeas(t) / hcalc(t)

a misalignment of hmeas and hcalc with respect to time will introduce a bias in the distribution of
M(t) (which t will be used in M(t), the one from the measurements or from the calculation?)

82. 5.1.7 - Film Boiling Multiplier Statistics

5.1.7.1 - Defining Data Set

Is this the same partitioned set as described in Section 5.1.4?

83. The first paragraph is not clear.

a. Does "multiplier pairs" mean MFILMBL and MFRHTC ?

b. How were MFILMBL = [     ] and MFRHTC = [    ] determined?
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c. What does "The correlating set had a mean of 1.00 and a standard deviation of
0.373." mean?  In particular, what is the "correlating set"?

84. Please explain the rest of this section more clearly.

a. Figures 5.21 through 5.23 refer to frequencies of measured-to-calculated HTC
ratios.  What happened to the distinction between FILMBL and FRHTC?

b. Similarly, in the fit of M vs. @, what heat transfer regime is assumed and why?

85. 5.1.7.2 - Validating Data Set

Is it not true that both the correlating set and the validating set are random samples from
the same data set?  What are you validating in that case?

86. 5.1.7.3 - Probability Distributions for Film Boiling

It seems that a lognormal distribution would be more appropriate for f(x).  There is no
reason a priori to separate f(x) into two terms based on low and high void fraction. 
Moreover a discontinuity in the derivative with respect to void fraction is introduced.
Please explain.

Reference EMF-2103(P), Rev. 0

87. 4.3.4 - Evaluation of Code Biases

In the first paragraph it is stated that "..., the evaluation of the biases does not include
uncertainties."

The biases do have uncertainties associated with them as you have quantified in Table
4.19.  In order to make the conclusion in Section 4.3.4.4 "The application of the biases
resulted in a reduction in the maximum PCT predicted by the code, ....".  Therefore, the
bias corrected value of the code is a prediction.  This requires that the uncertainty in the
bias be taken into account.  Please explain.

88. 4.4 - Determination of Effect on Scale (CASU Step 10)

Please comment on the following argument and how your conclusions, with regard to
the ability of S-Relap5 to scale the requisite phenomena concerning to a RLBLOCA, are
valid in this context.

A Heuristic Analysis of the Effect of Scale

Notation:

meas@test measured result of a test

calc@test S-RELAP5 calculated result of a test

meas@LOCA measured result of a LOCA
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calc@LOCA S-RELAP5 calculated result of a LOCA
Of the above four the only one the staff cannot do is the meas@LOCA, yet it is what the
staff wants to estimate since it is considered the "truth".

Let P be a variable of interest such as peak clad temperature.

@ P(@) where @ @ set of independent variables defined by PIRT and for which the
sensitivities have been quantified.

So, scaling issues deal with the effect of @|test @ @0   @   @|LOCA @ @0 + @ @ on
P(@). 

If scaling holds

P(@0 + @ @) - P( @0)  @ @ @ .

The question then is what are the conditions on test scaling and code scaling so that we
can get an estimate of the "truth" in terms of meas@test, calc@test, and calc@LOCA.

Consider the following relationships:

Test Scaling:

P meas@test(@0)  @  P meas@LOCA(@)

Under the assumption that the tests are scalable

P meas@LOCA(@) @ P meas@test (@0) + @P/@@|meas@test @ @

@ P meas@LOCA(@)/P meas@test(@0)  @ { 1 + 1/P @P/@@|meas@test @ @ } 
  

Similarly for 
Code scaling:

P calc@LOCA(@)/P calc@test(@0)  @ { 1 + 1/P @P/@@| calc@test @ @ }

What we want to estimate is the "true" value of P(@) at LOCA conditions, i.e. we want
to compute P meas@LOCA(@) at some level of confidence.

From the above expressions we form

P meas@LOCA(@)/P meas@test(@0)                 { 1 + 1/P @P/@@|meas@test @ @ }
_____________________       @            ______________________

P calc@LOCA(@)/P calc@test(@0)                  { 1 + 1/P @P/@@|calc@test @ @ }

Rearranging terms we obtain
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P meas@LOCA @ P calc@LOCA * (P meas@test/P calc@test)
*{ 1 + 1/P @P/@@|meas@test @ @ }{ 1 + 1/P @P/@@|calc@test @ @  }-1

for | 1/P @P/@@|calc@test @ @ | @1 we can write 

P meas@LOCA @ P calc@LOCA * (P meas@test/P calc@test) * SF

where we define a scaling factor (SF) as

SF @ ( 1 + 1/P @P/@@|meas@test @ @ - 1/P @P/@@|calc@test @ @ )
                                    @@@                               @@@
                                test scaling   code scaling

So, the estimate of the "true" RLBLOCA value of some parameter P has the following
components:

a. P calc@LOCA  - the S-Relap5 computed parameter for the LOCA.

b. P meas@test/P calc@test - the bias estimated by comparing computed and
measured values of the parameter from tests.  This is the sole source of
variation that contributes to the computation of the confidence level in the
estimate of  P meas@LOCA(@).

c. SF is a factor that accounts for scaling effects. 

The analysis implies that SF  @ 1.0.  The above discussion implies that for this to be
true we must fulfill the following conditions:

a. | 1/P @P/@@|calc@test @ @ | @1

b. 1/P @P/@@|meas@test @ @   @  1/P @P/@@|calc@test @ @

The first implies that the sensitivities of the computed results of the tests to changes in
the independent variables are small.  The second that the sensitivity of the measured
results for the tests are comparable in size to those computed.

How do your conclusions with regard to test scaling for blowdown, refill and reflood fit
into the above scheme?

Similarly, how do your conclusions with regard to code scaling fit into the above
scheme?

89. 5.1.1 - Determining Important Process Parameters

You state "In contrast, treating these process parameters statistically accounts for
higher order behavior by including all possible combinations in the sample space."

a. What exactly are you referring to by higher order behavior?  Give an illustrative
example.
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b. To get "all possible combinations in the sample space" would require n9 (from
Table 5.1) uniformly distributed sample points, where n is some appropriate
number of observations for each variable.  Is this what was in mind?  This gets
big very quickly!

90. 5.1.2 - Role of Sensitivity Studies

"Parameters can be demonstrated to be insignificant by sensitivity studies and/or by
their relationship to low-ranked PIRT parameters."

a. What exactly is meant by sensitivity studies in this context?  That is, are these
S-RELAP5 calculations of a full scale RLBLOCA wherein input parameters are
varied?  Give an example.

b. Have you shown that the results of a S-RELAP5 calculation for sensitivity at full
scale is valid?

91. 5.1.3 - Quantifying Statistical Quantities

Why are there no measurement uncertainties associated with the parameters -
accumulator level through core flow in Table 5.4?

92. How are the operational and measurement uncertainties combined to give the
distribution for the parameters in Table 5.4?

93. 5.2 - Performance of NPP Sensitivity Calculations

5.2.1 - Statistical Approach

The statement "Non-parametric statistical techniques are useful in situations where
acceptance or rejection is based on meeting a tolerance limit and where you do not
need the probability distribution itself." is misleading.  The analytic form of the probability
distribution function need not be known, but the function must be continuous.  In the
current context, the distribution function is the S-RELAP5 code.  What evidence do you
give that S-RELAP5 computed PTC and cladding oxidation are continuous in the
independent random variables for RLBLOCA analysis conditions?

94. Define your use of the term "outlier" in the current context of your application, i.e. given
59 observations of PCT, what makes you call the 59 th term in the order statistic and
outlier?  What statistical test do you apply and what makes you think it is appropriate,
i.e. not due to some deterministic quirk in the computation? Please formulate your test
for an outlier in terms of a statistical hypothesis test.

95. 5.4 - Determination of Total Uncertainty

The final results for the 4-loop sample problem are summarized as:

       � The 95/95 calculated PCT was 1635�F

       � The 95/95 calculated maximum nodal oxidation was 1.1%
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       � The 95/95 calculated maximum total oxidation was 0.02%

a. Are these joint estimates based on the same n = 59 S-RELAP5 runs?

b. If yes, please explain why.  The 95/95 for the joint estimation of three dependent
variables requires far more than n = 59.

c. Physically PCT and oxidation rates should be correlated.  Do you account for
that and if so how?

96. Stored energy in the fuel is treated, however pin pressure is not. Please describe the
methods used to assess the potential for blowdown ruptures and how fuel rod gap
pressures are calculated and treated statistically. 

97. Please explain how the uncertainty in the gap gas conductance is accounted for. 
Please explain how variations due to fuel relocation are treated and included in the
uncertainty in the stored energy of the fuel.

98. What is the initial oxide layer thickness assumed on the inside and outside of the rod. 
Please explain how this is treated and justify the initial oxide layer thicknesses.

99. On page 4-94, the 90 percent confidence limit was used to evaluate the constant and
exponential terms in the oxidation model. As described in RG 1.157, please use the 95
percentile confidence limits to evaluate these terms.  Also, was the uncertainty on the
predicted mean of the data in the Cathcart-Pawel cited reference verified.

100. Cold leg condensation only, is discussed on page 4-99.  Please explain how downcomer
condensation was ranged and applied in the methodology. 

101. Downcomer entrainment was not discussed in the statistically treated section. Please
explain how downcomer entrainment was ranged. 

102. The refill heatup period heat transfer multipliers were also not discussed. Please show
the S-RELAP5 code predictions to data during refill and show  the heat transfer
multipliers applicable to refill.  

103. Please explain the "Comparison with Adjusted Accumulator" in Figure 4.152.

104. LOFT L2-3 predictions capture the second peak due to the lack of quench during
blowdown. If quench occurs, how well does S-RELAP predict the second peak?  Do the
plant calculations always show a failure to quench during blowdown?  If not what is the
effect on the reflood PCT?

105. Explain why the methodology does not contain an uncertainty assessment regarding
peak local oxidation. At the higher PLHGRs and with downcomer boiling, what is the
core wide oxidation.

106. What is the basis of the moderator-density feedback curve employed in the analysis? Is
the most positive MTC allowed by the technical specifications used?  Please explain and
show the reactivity versus density curve used in the demonstration analysis.  What
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doppler feedback curve is used?  What is the uncertainty in these curves applied to the
analysis?

107. In Table 5.7 on page 5-23 of EMF-2103, how was the lower limit on T inlet determined?
Will the analysis be applied to plants during an end of cycle coastdown?  If so, what is
the sensitivity of the methodology to T inlet and how would the evaluation be performed? 

108. In Figure 5.2 on page 5-29 of EMF-2103, which peak temperatures are due to first
peaks and which are due to reflood peaks?  The peaks corresponding to times beyond
100 seconds are very low.  These appear to be reflood peaks; please explain why the
reflood peaks are so low when linear heat rates are based on peaking factors in the
range 2.4 to 2.6?  Why do the guillotine breaks appear to be all first peak limited? 

109. Figure 5.3 shows break areas of 1.0 ft2 and less. What is the effect on the PCT
distribution if breaks 1.0 ft2 and smaller are thrown out? The upper limit on the break
size is about 4.0 ft2. What are the break multipliers for the largest sizes in Figure 5.3?
How are the multipliers applied to each side of the break? Please explain.

110. What does the scatter plot for PCT versus reflood rate look like?

111. Table 5.7 identifies the failure of 1 LPSI and 1HPSI.  Please show the PCTs for a diesel
failure, a LPSI failure, and no failure on the same plot.

112. In Table 5.7, why is steam generator plugging limited to 10 percent since the average
for operating plants is 15 percent?  How is the plugging distributed among the steam
generators?  How are asymmetries in plugging handled?

113. Table 5.7 lists the hot assembly to be anywhere in the core?  Please show the core flow
and PCT for the hot assembly placed in the most limiting position which minimizes
blowdown cooling.

114. Minimum EC boron of 2925 is used in the analysis.  What is the minimum time to boron
precipitation for this boron concentration?  Show that the switch to simultaneous
injection occurs before precipitation for the limiting large break and location.

115. Please explain why the PCT is not skewed toward the higher values as power is
increased in Figure 5.6 of EMF-2103 and Fq is increased in Figure 5.7?

116. How is the ASI chosen in the analysis?  Are power distributions with power skewed
toward the top most likely and how does the ASI chosen reflect the most likely
distribution?

117. Please explain why the trend in PCT is not increasing with increasing inner ring and cold
ring power?  Are these PCTs determined with the hot assembly located in the position
which minimizes core flow and cooling during blowdown?  Which PCTs are first peaks?

118. What do the PCT scatter plots look like if they are separated into first peaks and second
peaks?
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119. Why does the PCT turn around so quickly in Figure 5.18?  What is the reflood rate
versus time for this break?  Please explain why the quench occurs so early since
downcomer boiling should initiate following discharge of the SITs.

120. What is the cause of the spike in flow at about 7.5 seconds in Figure 5.20?  What is the
PCT if this flow spike is eliminated?  

121. What is the cause of the downcomer level increase just after 50 seconds in Figure 5.25?
What causes the drop in level at 225 seconds?  Please show a plot of the downcomer
void fractions versus time.  Also show a plot of the downcomer temperatures for these
locations versus time compared to the saturation temperature. 

122. Show a plot of the core flow at the PCT location.

123. Please show the heat transfer coefficient and steam temperatures corresponding to
Figure 5.18. Also show the core void fraction versus time for these locations and the
droplet size at the hot spot versus time.  What is the reflood rate versus time?

124. Why does the PCT show the rapid temperature decrease just after the safety injection
tanks empty? What are the low pressure safety injection and high pressure safety
injection flow rates after safety injection tank exhaustion? 

125. Why is the lower plenum liquid solid at about 75 seconds?  Why is there no boiling in
this region?  How is wall heat modeled in the lower plenum?  Please explain

126. What is the source of the pressure spike in Figure 5.28 at 70 seconds?  Please explain.

127. What is the sensitivity of PCT to the expected variation in containment pressure?  What
is the uncertainty in containment pressure?

128. Page A-4 of EMF-2103 states that a discussion of each study is not practical.  In order
to demonstrate the basis for these studies, plots of key parameters are needed along
with a discussion of the results.  The basis for each sensitivity needs to be explained
and the key plots presented with comparisons to the base case to provide the technical
justification for the choices for the parameters listed in the sensitivity studies given in
Table A.2.

129. The discussion in Section A.2 refers to core flow stagnation, reduced heat transfer and
many other phenomenological behaviors but does not show any plots other than PCT. 
Figures A.1 through A.4 do not display quench.  Please show the quench for these
cases.  What is the impact on clad oxidation for these cases?  Comparison of Figure A.3
with A.1 shows an increase in PCT of 500�F.  Given this large change in PCT and the
fact that the S-RELAP5 did not capture the effects of nitrogen which was to
subsequently increase PCT after the initial decrease, please provide the justification for
including this PCT benefit in the methodology.  Is Figure A.2 incorrectly labeled as this
plot for the 4-loop plant?  Why does the PCT increase substantially beyond that for the
3-loop plant compared to the 4-loop plant when nitrogen injection is precluded.

130. How does low rod pressure produce more conservative PCTs as indicated in Table A.2?
Higher rod pressures at higher linear heat rates will eventually cause blowdown ruptures
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increasing the stored energy at end of blowdown that will increase PCTs.  Please
explain.

131. In the rupture sensitivities given in Figures B.3 and B.4, how was fuel relocation and the
subsequent heat generation in the ruptured zone modeled?  If this was not taken into
account, please justify the omission of fuel relocation effects in the ruptured region. How
does blowdown rupture influence the conclusions of the rupture study?  What
assumptions are made regarding rupture of the surrounding rods in the rupture study. 
Are touching strains predicted and what conditions are needed for this condition?  What
is the justification for the blockages calculated that show rupture reduces PCT?  What is
the PCT sensitivity to percent blockage up to the maximum?  What test data was used
to justify the less limiting nature of rod rupture and show S-RELAP5 comparisons to the
data? 

132. Please show the heat transfer coefficient vs. time for Figures B.3 and B.4.  Also show
the temperature of the node just above the ruptured region and it’s corresponding heat
transfer coefficient.  Also show the gap conductance vs time for the ruptured and
unruptured region just above.  Are the drop sizes affected by the ruptured region.  What
is the void fraction and corresponding drop sizes versus time at the hot spot?  

133. Figure B.13 shows an increasing PCT at the end of the plot.  Please show the transient
until quench.

134. Figure C.1 shows a variation of about 50 K during reflood with time step.  Please
discuss the effect of smaller time steps on PCT.

135. Please support the basis for the uncertainty, especially the difference between the 95/95
and 50/50 and the data base used to assess the code predictive capability (for example,
there are many more FLECHT-SEASET, FLECHT Cosine and FLECHT Skewed tests
with PCT between 2000 and 2200 F that were not used in the S-RELAP5 comparisons). 
This would include the sensitivity of PCT to nitrogen injection, fuel swell and rupture
modeling, sensitivity to time step, downcomer boiling sensitivities, etc.  If a larger data
base was used, how would the uncertainty be impacted?

136. As identified on page 3-17 of EMF-2100, the Weber number is used to define the
maximum bubble size.  For reflood calculations, Wallis has proposed a formula based
on the Taylor instability theory.  Please discuss the impact of the Wallis approach for
choosing bubble size on level swell and reflood behavior and justify the model.

137. Regarding the critical Weber number of 4.0 for droplets in dispersed flow (page 3-17 of
EMF-2100), Wallis recommends that a Weber number of 12 be used to define the
maximum drop diameter for viscous fluid droplets.  Drop diameters of about 1/10 inch
characterize LOCA reflood behavior and have been used to capture the PCT in the
FLECHT tests.  Please justify the Weber number used to compute the drop size for the
FLECHT tests.  What is the lower limit on drop size in the S-RELAP5 methodology and
how does this value compare to the data base?
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138. How are the flow regime maps applied to the 2-D downcomer model?

139. Since flow regimes affect entrainment and ECC bypass, how was the uncertainty in the
flow regime maps included in the methodology?


