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Clinch River Breeder Reactor Plant

APPLICANTS' UPDATED RESPONSE #1 TO
NATURAL RESOURCES DEFENSE COUNCIL, INC.
AND SIERRA CILUB INTERROGATORIES (SBECOND,

THIRD, FOURTH, FIFTH AND SIXTH SETS)

Pursuant to 10 CFR paragraph 2.740b, and in accordance with the
Board's Prehearing Conference Order of February 11, 1982, the United States
Department of Energy, Project Management Corporation, and the Tennessee
Valley Authority (the Applicants) hereby update their responses to the
Natural Resources Defense Council, Inc. and the Sierra Club Second, Third,
Fourth, Fifth and Sixth Sets of Interrogatories to the Applicants, dated
December 23, 1975, December 31, 1975, January 14, 1976, February 12, 1976
and April 7, 1976, respectively.

In these updated responses the following style has been utilized:
For each set of interrogatories the Preamble to Questions has been set
forth. Thereafter, each interrogatory within the set has been restated and
the updated answer provided. Certain of the answers are unchanged fram the
responses initially furnished. However, for convenience those unchanged
responses also have been set forth after the appropriate interrogatories.
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The answers contained in this Updated Response #1 supercede all prior
answers to the interrogatories as to which they are applicable.

In many instances, interrogatories specifically related to the
previous parallel design covered in Appendix F to the PSAR. Appendix F was
withdrawn from the application in 1976. Applicants have attempted in these
updated answers to provide updated responses to those questions relating to
Appendix F where such questions appear to Applicants to be potentially
applicable to the current design. This has meant a substantial amount of
additional effort by Applicants since the parallel design has not been the
subject of attention by Applicants during the past five vears and since the
interrogatories needed to be interpreted in light of the current design.
Where Applicant believes the interrogatories are related to Append:: F and
the previous parallel desiign and are not appropriately applicable to the
current design Applicant has so noted.
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SECOND INTERROGATORY SET

PREAMBLE TO QUESTIONS

With respect to the following requests for information we are
concerned with four distinct validations relative to the models and cam-

puter codes:

i)

ii)

iii)

iv)

QUESTION I

Validation that the oode's output is the correct numerical
calculation that should result fram a given set of input data
and the model assumptions;

Validation of the models against actual experimental data;
Validation that the models can be extended to the CRBR; and

Validation that the input assumptions for the CRBR case are
adequate with respect to the CDA analysis, i.e., are support-
ed by experimental evidence. By "adequate”™, here and below,
we mean that the calculations will not underestimate the CDA
work potential (i.e., forces and resulting energetics of a
CDA) or overestimate the containment capability of the
reactor with respect to CDA.

With respect to each of the following codes and each sub-routine of each of
the following codes:

(A) SAS3A (including SASBLOK),
(B) VENUS,
(C) pLUTO,

please provide the following information [Where appropriate, the parts of
the question have been restated to reflect the protocol for discovery
agreed to by Applicants, Staff, and Intervenors NRDC et al.]:

1) Complete, current documentation (i.e., a writeup) of the codes and the

subroutines:;
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2) Identify, by name and affiliation, the author, or authors of each

model, subroutine, or portion of each subroutine, which each contributed or
worked on;

3) Identify by name affiliation (including organization, division, branch,
title, etc.) each applicant employee, or consultant, that has intimate
working knowledge of the code and each subroutine, or parts thereof,
including its validity. Where more than one person is involved, delineate
which portion of the ocode or subroutine with which each has an intimate
working knowledge;

4) Describe fully the procedures by which Applicant has assured itself and
continues to assure itself, that the various computer programs (codes)
accurately reproduces the models as described in the PSAR and its refer-
ences (see Validation (i) above);

5) Indicate which models (including subroutines, or portions of subrou-
tines) have not been validated as described in Validation (i):

6) Indicate the models (including subroutines, or portions of subroutines)
or assumptions that have not been validated as described in Validation
(ii);

7) PFor each model, portion of the model, ar assumption that has been
validated (against experimental (or other) data, see Validation (ii) above)
describe fully the procedure by which it was validated, and the results,
including all uncertainties and limitation of the validation. Indicate the
source of the experimental, or other data, that was used in the validation:

8) Explain fully all instabilities in the numerical performance in the
models, what causes them, and how they are avoided, and the extent to which
this introduces uncertainties .n the calculations and limits the validity
of the model (cf., p.F6.2-10, para. 2).

9) To the extent that any answers to the above questions are based on
referenced material, please supply the references;
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10) Explain whether Applicants are presently engaged in or intend to engage
in any further research or work which may affect Applicants' answer. This
answer need be provided only in cases where Applicants intend to rely upon
on going research not included in Section 1.5 of the PSAR at the LWA or
construction permit hearing on the CRBR. Failure to provide such an answer
means that Applicants do not intend to rely upon the existence of any such
research at the LWA or construction permit hearing on the CRER.

11) Identify the expert(s), if any, wham Applicants intend to have testify
on the subject matter questioned. State the qualifications of each such
expert. This answer need not be provided until Applicants have identified
the expert(s) in question or determined that o expert(s) will testify, as
long as such answer provides reasonable notice t> Intervenors.

ANSWER I(A)

These answers provide the information requested relative to the SAS3A

(including SASBLOK) computer code and have been revised to address the
current application of SAS3D.

(1) References 6, 7, 8, 9, and 10 on page 11-1 of CRBRP-GEFR-00523, "An
Assessment of HCDA Energetics in the CRBRP Heterogeneous Reactor Core",
S.K. Rhow, et al., describe the SAS3A code, the fuel-coolant interaction
model, the clad motion model and the fuel motion model in the SAS3A code.
The SAS3A sodium film motion model is documented in: G. Hoppner, “"Sodium
Flow Motion Model of SAS3A," ANL/RAS 74-22, 1974. The SAS3A primary loop
model is documented in: Ref. 30 in CRBRP-GEFR-00103. The SAS3D code, now
being used, ewolved fram SAS3A which evolved fram the SAS2A code which
evolved fram the SASIA code. Documentation for the SAS3A code is applicable
to the SAS3D code. The SAS2A code is documented in Reference 7 in CRBRP-
GEFR-00523, and SASIA is documented in ANL-7607, "SASIA, A Camputer Code
for the Analysis of Fast Reactor Power and Flow Transients,” by D.R.
#acFarlane et al. The SASBLOK algorithms used in the SAS3A and SAS3D codes
are documented in CRBRP-GEFR-00103, "An Analysis of Hypothetical Core
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Disruptive Events in the Clinch River Breeder Reactor Plant", J.L. McElroy,
et al.

(2) The SAS3A and SAS3D codes are camplex code systems which have been
developad over a period of years by the Reactor Analysis and Safety Div-
ision of Argonne National Laboratory. The SASBLOK algorithm was developed
by the General Electric Company. The principal contributors to the SAS3A
and SASID code development are identified as authors of the references in
Response 1.

(3) The following staff members of Argonne National Laboratory and General
Electric have a working knowledge of the codes, including their range of
applicability and the efforts that have been made to validate them: L.
Walter Deitrich, Associate Director, Reactor Analysis and Safety Division,
Argonne National Laboratory; David P. Weber, Manager, Accident Analysis
Section, Reactor Analysis and Safety Division, Argonne National Laboratory;
Dennis M. Switick, Manager, Safety Analysis, General Electric Advanced
Reactors Systems Department .

(4) The entire SAS3A and SAS3D codes, including all subroutines, have been
checked and rechecked to assure that the numerical algorithms which are
implemented in them to solve the equation sets which constitute these
codes, behave in a stable fashion (both individually and collectively) ard
produce accurate solutions to the original equation sets. This was carried
out by comparing SAS3A and SAS3D results with the output fram other codes,
with the results of hand calculations, and with what sound engineering
judgement deemed to be physically reasonable.

(5) All models have been validated as discussed in (4) above.
(6) = (7) The experimental basis for the SAS3IA code as of April 1974 has
been documented in the paper, “"Current Status and Experimental Basis of the

SAS IMFER Accident Analysis Code System," Proc. Am. Nucl. Soc. Fast Reactor
Safety Conf., Beverly Hills, California, CONF-740401, Pp. 1303-1318.
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Additional camparisons of the SAS3A code with experiments have been made
since that time and are documented in the following references:

(1) Ref. 32 in CRBRP-GEFR-00103.

(2) Ref. 59 in CRBRP-GEFR-00103.

(3) Ref. 8 in CRBRP-GEFR-00523, pp. 54-62.
(4) Ref. 28 in CRBRP-GEFR-00103, pp. 64-100.

(5) L. W. Deitrich, "Analysis of Transient Fuel Failure Mechanisms,
Selected ANL Programs, "Presented at the International Working Group on
Fast Reactors Specialists' Meeting on Fuel Failure Mechanisms, Seattle,
Washington, May 11-16, 1975.

(6) E. Barts, et al., “"Sumary and Evaluation, Fuel Dynamic Loss-
of-Flow Experiments (Tests L2, L3, and 14)," ANL 75-57, Septamber 1975.

The experimental basis for the SAS3A is applicable to SAS3D and additional
experimental basis is documented in the following:

(1) Ref. 35 in CRBRP-GEFR-00523.

(2) "Final Report on the SLSF In-pile Experiment P3A," T.E. Kraft
and L.R. Kelman, ANL/RAS 81-20, June, 1981.

(3) W.A. Ragland, "IMFBR Loss-of-Flow Simulations in the Sodium
Loop Safety Facility," ASME Paper 80-C2/NE-22, presented at the Century 2
Nuclear Engineering Conference, San Francisco, Aug. 19-21, 1980.

It -hmldbemtedthatmnyofthenodelsmedinSAS3AandSAS3Darepar-
ametric in nature and justification for the particular parameters used in
the analysis is given in CRBRP-GEFR-00103 and CRBRP-GEFR-00523. Because of
this parametric nature of the SAS3A and SAS3D codes, they can be used to
draw valid conclusions relative to the course of hypothetical accidents in
an LMFBR even though each subroutine may not have been campletely validated
by experiments, since parameters can be varied to determine the sensitivity
of the results to variations in parameters.

(8) Mathematically, practically all of the models in SAS3\ and SAS3D
consist of sets of coupled ordinary differential or integro-differential
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equations in time or of coupled partial differential equations in space and
time. Numerically, these egquation sets are solved by applying appropriate
linearization and finite-differencing techniques. Same of these tamporal
finite-differencing techniques are fully implicit and are unconditionally
stable. Other models, such as that which treats the time-dependent radial
heat transport fram the fuel pin into the coolant, have their equation sets
solved by semi-implicit temporal finite-differencing techniques. It is
well known that solutions obtained by semi-implicit differencing can
exhibit bounded oscillations if time steps which are too large are taken.
Thirdly, same equation sets, such as the SLUMPY campressible hydrodynamics
equations, are solved with fully explicit methods. Here, taking time steps
that are too large can produce solutions which became unstable.

Throughout. SAS3A and SAS3D provisions have been made to insure that the
time step sizes being used for advancing the various solutions in time are
kept sufficiently small so that the solutions behave stably and are ac-
curate. These time step sizes are chosen by monitoring both the solutions
and their . =s of change and applying step size selection criteria based
on both known analytical constraints, where they are available, and on
experience gained in applying the code to a variety of situations. These
step size selection criteria are explained in detail in the references
provided in part 1 above. It is still possible, however, to occasionally
force a model in the SAS3A or SAS3D code to utilize a time step size which
is s0 large that stability problems result. It is also possible for the
user to try to utilize SAS3A or SAS3D to analyze cases which are not
intended to be mudeled by SAS3A or SAS3D. In these cases, the results
predicted by SAS3A or SAS3D may tend to became unrealistic and physically
meaningless. Both of these problems can and are generally dealt with by
carefully scrutinizing the computer ocutput and comparing it against engi-
neering judgment.

(9) The reference documents have been or will be made available for inspec-
tion and copying.
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(10) The Applicants are currently analyzing this area and have documented
the planned program of research in Appendix A to CRBRP-3, Vol. 1. BAppli-
cants have not yet determined whether they will rely on the results of
future analysis.

(11) At the present time, the Applicants have not determined the experts,
if any, whan they interd to have testify on the subject matter questioned.

ANSWER I(B)

These answers provide the information requested relative to the VENUS
canputer code.

(1) The VENUS-II code is documented in Ref. 5 in CRBRP-GEFR-00523.

(2) T™he principal contributors to the VENUS-1I code are identified as the
authors of the reference in response 1.

(3) The following staff members of Argonne National Laboratory have a
working knowledge of the code, including its range of applicability and the
efforts that have been made to validate it: L. Walter Deitrich, Associate
Director, Reactor Analysis and Safety Division, Argonne National Labora-
tory, and David P. Weber, Manager, Accident Analysis Section, Reactor
Analysis and Safety Division, Argonne National Laboratory.

(4) The entire VENUS-II code has been thoroughly checked to assure that the
equation sets and algorithms given in Ref. 5 in CRBRP-GEFR-00523 are
accurately programmed into VENUS-II. Because these a2quation sets are
relatively simple, this was done by comparing output frau the various
subroutines against hand calculations.

(5) All models have been validated as described in (4) above.
(6) - (7) The VENUS-II code has been validated against the KIWI-TNT experi-

ment and SNAPTRAN-2 AND SNAPTRAN-3 experiments. See: "Improvement and
Verification of Fast Reactor Safety Analysis Techniques," Progress Report,
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Jan. 1, 1977 to Mar. 31, 1977, C00-2571-2, by Dee H. Barker, Terry F. Bott,
Paul A. Wheeler, larry Lamonica, and James F. Jackson, Department of
Chemical Engineering, Brigham Young University, Provo, Utah; also T.F. Bott
and J.F. Jackson, "Experimental Oomparison Studies with the VENUS-II
Disassermbly Code," Proc. Intl. Mtg. on Fast Reactor Safety and Related
Physics, Chicago, October 1976, pg. 1139.

(8) The numerical algorithm utilized in VENUS-II to solve the campressible
hydrodynamics equations in two-dimensional cylindrical geametry inwvolves an
explicit finite differencing of the temporal derivatives. A satisfactory
method has been implemented in VENUS-II to control time step size so that
its calculations remain stable and accurate. This method is sumarized in
Ref. 5 in CRBRP-GEFR-00523 and is described in detail in the paper, J. F.
Jackson, R. B. Nicholson, and W. T. Sha, "Numerical Stability Problems in
the VENUS Disassenbly Code," Proc. of Conf. on New Developments in Reactor
Mathematics and Applications, CONF-710302, Vol. 1, pp. 152-165, 1971. This
reference will be made available for inspection and copying.

(9) The reference documents have been or will be made available for inspec-
tion and copying.

(10) The Applicants are not doing development work on VENUS-II. No such
deveiopment work is currently planned.

(11) At the present time, the Applicants have not determined the experts,
if any, whar they intend to have testify on the subject matter questioned.

ANSWER I(C)

These answers provide the information requested relative to tne PLUTO 1 and
PLUTO 2 Camputer Codes.

(1) References 21 in CRBRP-GEFR-00103 and 25 in CRBRP-GEFR-00523 describe
the PLUTO 1 and PLUTO 2 Codes respectively.
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(2) The author of the PLUTO 1 and PLUTO 2 codes is Hartmut U. Wider, Asso-
ciate Section Manager, Accident Analysis Section of the Reactor Analysis
and Safety Division, Argonne National Laboratory.

(3) The following staff members of the Argonne National Laboratory have a
working knowledge of the code, including its range of applicability and the
efforts that have been made to validate it: L. Walter Deitrich, Associate
Director, Reactor Analysis and Safety Division, Argonne National Laboratory
and David P. Weber, Manager, Accident Analysis Section, Reactor Analysis
and Safety Division, Argonne National Laboratory.

(4) The PLUTO 1 and PLUTO 2 codes have been checked and rechecked to assure
that the numerical algorithms which are implemented in them to solve the
equation sets have been programmed correctly. Furthermore, test calcula-
tions were performed to assure that these numerical algorithms behave in a
stable fashion and produce accurate solutions to the ariginal equation
sets. This was carried out by comparing PLUTO 1 results with the output
fran another code (see Ref. 21 in CRBRP-GEFR-00523) with the results of
hand calculations, and with what sound engineering judgement deemed to be
physically reasonable. PLUTO 2 results have been campared with PLUTO 1
results (see H. U. Wider, PLUTO 2: A Camputer Code for the Analysis of
Overpower Accidents in IMFERs, TANSAO 27, p. 533, 1977) and with EPIC
results (see H. U. Wider, et al., The PLUTO 2 Overpower Excursion Code and
Camparison with EPIC, Proc. of the International Meeting on Fast Reaactor
Safety Technologies, Seattle, 1979, p. 120).

(5) All models have been validated as described in (4) above.

(6) and (7) The sodium voiding rates calculated by PLUT™ 1 and PLUTO 2
strongly depend on a few input parameters concerning the fuel-coolant
interaction and the fuel pin pressures at the pin failure time. These
input parameters can be chosen such that woiding rates similar to those in
TREAT in-pile experiments are calculated.

ﬂnrapmmimwmngmichmmﬂummmtmmlyzed
with PLUTO 1. This led to important information concerning fuel-coolant
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interaction parameters. (See, H. U. Wider and A. E. Wright, "Analysis of a
Sodiun Reentry Event in the H4 TREAT Test," Trans. Am. Nucl. Soc., TANSAD
22, p. 428, 1975.) PLUTO 1 has also been used to analyze the sodium voiding
in the EB and H6 tests. PLUTO 2 has also been used for analyzing part of
the H6 TREAT test (see Ref. E-3 in CRBRP-GEFR-00523). PLUM 2 has also
been used for analyzing the woiding in the L8 TREAT test (see Ref. E~4 in
CRBRP-GEFR-00523) .

(8) Mathematically, PLUTO 1 aid PLUTO 2 consist of sets of coupled hyper-
bolic partial differential equations which are of first order in time and
of first and second oider in space. All the equations but one are solved
with fully explicit methods. Stability of the solution is ensured by using
a time step which satisfies the Courant criterion in all nodes. The
campressible calculation in the purely liquid sodium slugs in PLUTO 1
always requires the smallest time step and it is also very much the same
for all times. Therefore, no autamatic time step control is necessary in
PLUTO 1 and a constant time step which initially satisfies the Courant
criterion in the liquid sodium slugs is being used in PLUTO 1. In PLUTO 2,
however, with its incompressible liquid sodium slugs, an autamatic time
step control is employed.

During the development of the PLUTO 1 and PLUTD 2 codes it has been recog-
nized that the explicit solution of the momentum equation for the light
sodium/fission-gas mixture can lead to instabilities of the mixture veloc—
ity. This is caused by the action of two large but opposite forces (pres-
sure gradient and drag) on the light mixture. A semi-implicit solution of
the sodium/fission-gas momentun equation resolved the above-menticned,
stability problem (see, Ref 9, (RBRP-GEFR-00523).

(9) The reference documents have been or will be made available for inspec-
tion and copying.

(10) The Applicants develooment work has been identified in Appendix A to
M"J. VO].- 1.
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(11) At the present time, the Applicancs have not determined the experts,
if any, whan they intend to have testify on the subject matter gquestioned.

QUESTIONS II (General)

Request for the following information is based an our concerns with respect
to Validations (iii) and (iv) above. 1In the Applicant's answers to the
generic questions (b) and (c) below, the Applicant is requested to be
responsive to these concerms.

With respect to each statement, assertion or assumption (fram Section F6.2
of the PSAR) identified below, please provide the following information
(unless noted otherwise). (NOTE: the following mumbered Interrogatories
are identified by the page and/or paragraph number fram the PSAR in paren-
theses). [Where appropriate, the parts of the question have been restated
to reflect the protocol far discovery agreed to by Applicants, Staff, and
Intervenors NRDC et al.]

a) Identify, by name, title and affiliation the primary Applicant em-
ployee(s) or consultant(s) that has the expert knowledge required to
support the statement, assertion, ar assumption.

b) Describe in detail the supporting evidance for the statement, assertion,
or assunption and where appropriate the rationale for the approach taken.

c) Provide any additional information requested following each statement,
assertion, ar assumption.

d) Tou the extent that any answers to the above questions are based on
referenced material, please supply tle references.

e) Explain whether Applicants are presently engaged in or intend to engage
in any further research or work which may affect Applicants' answer.
Identify such research or work. This answer need be provided only in cases
where Applicants intend to rely upon on going research not included in
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SoctimLSotthePSARattheMcrmtmctimpemdthearingmthe
CRBR. Failure to provide such an answer means that Applicants do not intend
to rely upon the existence of any such research at the LWA or construction
permit hearing on the CRER.

f) Identify the expert(s), if any, wham Applicants intend to have testify
on the subject matter questioned. State the qualifications of each such
expert. This answer need not be provided until Applicants have identified
the expert(s) in question or determined that no expert(s) will testify, as
long as such answer provides reasonable notice to intervenors.

ANSWERS 11 (General)

The following responses are identical for all interrogatories except where
supplementary information is provided in responses II-1 through I1I-69
below.

(a) See the attached affidavits.

(b) and (c) See responses numbered 1-69 below.

(d) The reference documents, except as otherwise noted hereinabove, have
been or will be made available for inspection amd copying.

(e) The Applicants' program of R&D is identified in Section 1.5 of the
PSAR. Additional R&D work has been identified in CRBRP-3, Volume 1,
Appendix A for the SMBDB area and in CRBRP-3, Volume 2, Appendix A for the
T™BDB area.

(f) At the present time the Applicants have not determined the experts, if

any, wham they intend to have testify on the subject matter questioned.

NOTE: Questions II-1 through II-3 pertain to SAS3A Introduction.
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QUESTION II-1

(F6.2-6, par. 2) The assumption that the core can be adequately repre-
sented by ten channels each containing one pin.

ANSWER II-1 (b) and (c)

The SAS3D code accammodates up to 34 channels while SAS3A is limited to ten
channels. The core subassemblies are assigned to a group of subassemblies
with similar neutronic, thermal, and hydraulic characteristics. Technical
judgment is necessary in making the selections such that each member of a
group may be expected to respond to a transient event in a similar way.
Each such group of subassemblies is assigned a "channel number" and given
properties representative of all subassemblies in the group. This procedure
is standard engineering practice and is commonly used in analysis of
multiple parallel channel flow systems. For the effect of varying the
nutber of channels on a similar system see: Ref. 4 of CRBRP-GEFR-00523,
and "Multi-channel Grouping Techniques for Conducting Reactor Safety

Studies,” A. E. Waltar, N. P. Wilburm; ANS Transactions, Vol. 22, November
1975, page 375.

QUESTION II-2

(F6.2-6, par. 2) The assumption that the solution can be adequately
represented by point kinetics equations with reactivity feedback obtained
by suming over stationary fuel worth curves.

ANSWER II-2 (b) and (c)

The use of a point kinetics model with fuel displacement feedback cbtained

by suming over fuel worth tables is judged adequate, so long as small,
local displacements are considered. Gross relocation of fuel in large

segnents of the core can be addressed by recamputation of the fuel worth
tables with a multi-group diffusion code when such recamputation is judged
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necessary. See answer to question II(l)(a)-(c) in the Sixth Set of Inter-
rogatories to the Applicant (p. AA-138).

QUESTION 1I-3

(F6.2-6, par. 3) The assumption that the iteration algorithm linking the
SAS3A subroutines adequately represent the time sequence of events during a
CA. In this regard it is noted in para. 5 that, "At the present time, the
cladding and fuel motion modules cannot operate simultaneously in the same
channel with the FCI model, etc.

ANSWER II-3 (b) and (c)

The two distinct modes of failure identified by the terms "Slumping" and
"Fuel-Coolant Interaction" are the mutually exclusive extremes of a con-
tinuous spectrun of failure modes. There is an arsa between these extremes
where it is recognized that neither of these models precisely predicts the
physical phenamena. To handle this area with present analysis tools
requires technical judgment to ensure that limiting conditions for the
available subroutines are applied to bound the resulting energy release.
SAS3A and SAS3D are sufficiently flexible to control selection of the
appropriate model or introduction of results fram external parallel calcu-

lations, as necessary to assure that the resulting energy release is
bounded .

NOTE: Questions II-4 through II-8 pertain to the Fuel Pin TOP Failure
Model .

QUESTION 11-4

(F6.2-7, par. 2) The assumption that the deterministic "burst” model
suggested by Stuart and formulated for SAS3A by Smith ir an adequate
representation of fuel pin failure phenamena.
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ANSWER I1I-4 (b) and (c)

The deterministic burst model suggested by Stuart and formulated for SAS3A
and SAS3D by Smith is a mathematica:. model of fuel pin failure developed
fron aralysis of TREAT transient overpower experiments. The behavior of
mary of the CRBR mixed oxide fuel pins during the hypothetical transient
overpower accidents is generically similar to fuel pin behavior during the
transient overpower experiments fram which the mechanistic burst model was
developed. Uncertainties which may exist in the fuel pin failure model are
accounted for by performing parametric calculations in which pin failures
are conservatively forced at the core midplane. The applicants are cur-
rently evaluating preliminary results fram the Sodium Loop Safety Facility
W-2 test as they may be applicable to the hypothetical TOP accident
analysis.

QUESTION II-5

(F6.2-7, Par. 2) The Statement "“The slope of the cladding strength as a
function of temperature significantly influences the degree of bias in pin
failure toward the upper part of the pin."

(c) What is meant by "significantly"? How is pin failure influenced by
inhamogenieties in the fuel and cladding, e.9., pin hole leaks, fabrication
errors, corrosion, swelling, fuel-cladding gap conductance, migration,
cracking, and similar phenamena?

ANSVER II-5 (b) ard (c)

(b) The clad strength vs clad temperature curves shown in the figure on
page 3-43 of CRBRP-GEFR-00103 exhibit a change in slope at about 600°C.
Beyond 600°C the steeper slope of the curve indicates that clad failure is
more sensitive to increaser in temperature than to increases in stress.
Temperatures exceeding 600°C are attained in the upper part of the pin
during transient overpower accidents as analyzed in CRBRP-GEFR-00523.
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Therefore, failure is expected to occur in the upper part of the pin due to
the clad axial temperature distribution during the transient, the clad
loading mechanism, and the nature of the clad failure property.

(c) The adjective "significantly” in this context means that beyond 600°C,
clad failure is much more sensitive to increases in temperature than to
increases in stress as quantified by the clad failure curves on page 3-43
of CRBRP-GEFR-00103.

Inhamogenieties in the fuel and cladding are accounted for by performing

parametric calculations in which pin failures are conservatively forced to
occur at the core axial midplane.

QUESTION 11-6

(F6.2-7, par. 3) For cladding strength the use measured data fram 208 CW
316SS specimens irradiated in EBR II.

(c) wWhat is the basis for extrapolating the EBR II data to the CRER
envirormment?

ANSWER II-6 (b) and (c)

The data fram Ref. « .- | ‘n CRBRP-GEFR-00103 has been used as the basis
of data for fast fiux irradiated cladding prototypic of that to be used in
CRBR. (RBR fuel pin cladding operating parameters outside the range of the
EBR-II data are accounted for by performing parametric calculations in
which pins are conservatively forced to fai! at the core axial midplane.

QUESTION 11-7

(F6.2-8, par. 1) The use of the Gruber's simplified correlation to FRAS.
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ANSWER II-7 (b) and (c)

It is shown in Reference 13 in CRBRP-GEFR-00523 that Gruber's simplified
correlation is an adequate representation of FRAS results.

QUESTION II-8

(F6.2-8, par. 3) The fuel-cladding relative heating rates are dominated by
the fuel-clad gap conductance, fuel thermal conductivity, and reactor
power .

ANSWER II-8 (b) and (c)

The fuel-cladding relative heatiig rates during reactor transients are
calculated in the SAS3A and SAS3D code by using coupled heat transfer
models of the fuel, gap, clad, coolant and reactor structure and values of

physical properties and heat transfer coefficients based on experiments
using prototypic CRBR materials.

The statement that the fuel-cladding relative heating rates are damineted
by the fuel-clad gap conductance, fuel thermal conductivity, and reactor
power is a qualitative statement which means that heat transfer calcula-
tions show greater sensitivity wo these parameters than to the other heat
transfer parameters in the models.

NOTE: Questions II-9 through II-20 pertain to the SAS/FCI Summary.

QUESTION 1I-9

(F6.2-8, par. 3) The use of Ross-Stoute heat transport model.
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ANSWER 1I1-9 (b) and (c)

The Ross-Stoute gap conductance type model for application to fast reactor
fuel rods is given by Dutt (D. S. Dutt, R. B. Baker, and R. J. Jackson,
"Interim Fuel Thermal Performance Models for LIFE-2," W/FFTF 73518, January
15, 1973). The contact conductance algorithm of this correlation was
adopted for use in the CRBR HCDA analysis as the best available formulation
of this camponent of fuel-cladding heat transfer.

QUESTION I1I-10

(F6.2-8, par. 3) The assumption that cladding hardness is inversely
proportional to the cladding yield strength.

ANSWER II-10 (b) and (c)

The word "inversely" was a misprint on page F6.2-8. Appendix F has been
deleted framn the application. It is correctly stated in CRBRP-GEFR-00103
that the cladding hardness is assumed proportional to cladding strength.

QUESTION II-11

(F6.2-8, par. 4) The assumption that a one-dimensional model using
Lagrangian cells can adequate.y represent interaction of fuel and coolant.

ANSWER II-11 (b) and (c)

In SAS/FCI, it is assumed that the interaction between fuel and coolant is
occwrring uniformly throughout the interaction zone. This is an obvious
simplifying assumption which makes it possible to treat the interaction
zone without resorting to one-dimensional campressible hydrodynamics
treatment. It is because of this simplifying assumption and others made
within SAS/FCI that auxiliary calculations were made with the PLUTO 1 and
PLUTO 2 (Ref. 25 in CRBRP-GEFR-00523) codes in order to more accurately
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determine the woiding rates and fuel relocation dynamics associated with
these pin failures into non-voided subassemblies. In PLUTD 1 it is indeed
assuned that a one-dimensional model using Lagrangian cells can adequately
represent interaction of fuel and coolant. PLUTO 2 also uses a one-
dimensional treatment but it utilizes the Bulerian approach. As pointed
out in the above reference, the one-dimensional treatment is adequate,
based on the long length in the axial direction of the coolant channel in
camparison to the relatively small distances between adjacent pins.

QUESTION I1I-12

(F6.2-8, par. 4) (Generic answers (a) and (b) are not required.)

(c) Define more fully what is meant by rip length and how it is
determined.

ANSWER II-12 (c)

Within the context of the SAS/FC. model, the rip length is that length of
the pin over which the cladding is initially assumed to fail. The rip
length determines the length of the initial interaction zone and defines
the length over which the fuel-fission gas mixture continues to be ejected
fram the failed pin into the coolant channel. The location of the rip is
determined by centering the rip length on the center of the SAS3A or SAS3D
axial node at which the failure criterion is exceeded by the greatest
amount at the time step when the failure criterion is first exceeded at one
or more nodes in the channel. A discussion of the rip length used in the
studies is documented on pages 4-16, 7-27 and 7-28 of CRBRP-GEFR-00103.
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QUESTION I1I-13

(F6.2-8, par. 5) (Generic answers (a) and (b) are not required.)
(c) Please clarify this statement: "Three failure groups based upon time
fran initial failure reflects for the incoherence of fuel-pin failure

within fuel subassemblies."

ANSWER 1I-13 (c)

There was a typographical error in the last sentence of par. 5 on p.
F6.2-9. Appendix F has been deleted fram the application. CRBRP-GEFR-00103
correctly states that "Moreover, three failure groups based upon time fram
initial failure reflects the incoherence of fuel pin failure within fuel
assemblies.” On p. 7 of Ref. 9 in CRBRP-GEFR-00523, the manner in which
these failure groups are tresced is discussed in more detail.

QUESTION 11-14

(F6.2-9, par. 1) The assumption that the Cho-Wright model is an adequate
representation of fuel to sodium heat transfers.

(c) Identify all alternative models (including MFCI models) that have been
considerel and rejected. What is the basis for rejecting these other
models? (For each model rejected explain in detail.)

ANSWER I1I-14 (b) and (c)

A summary of models to calculate fuel to sodium heat transfer is given in
the following reference: Hans K. Fauske, "CSNI Meeting on Fuel-Coolant
Interactions,” Nuclear Safety, 16, pp. 436-442, 1975. The Cho-Wright model
is representative of the state-of-the-art; and since it is a parametric
model, a wide variety of situations can be simulated by variation of the
particle diameter, the mixing time constant, and the other parametric
additions used in SAS/FCI. This model is adequate for simulating the mild
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interactions which have been cbserved in experiments, as well as more
hypothetical situations. A further discussion of the camparison between
analytical models and the experimental data base on fuel pin postfailure
transient behavior is given in the following references:

(1) H.U. Wider and A.E. Wright, "Analysis of a Sodium Reentry Event in the
H4 TREAT Test," TANSAO 22, p. 428, 1975.

(2) Ref. BE-3 in CRBRP-GEFR-00523.

(3) Ref. E~4 in CRBRP-GEFR-00523.

QUESTION II-15

(F6.2-9, par. 1) The assumed values for the thermodynamic properties of
fuel, cladding and sodium.

ANSWER 1I-15 (b) and (c)

The sodium thermodvnamic properties for both single-phase and two-phase
sodiun used in SAS/FCI are given in Chapter 6 of Ref. 9 in CRBRP-GEFR-
00523. The thermodynamic properties of cladding and fuel used in SAS/FCI
are identical to those in the remainder of the SAS3A and SAS3D code. These
are summarized in Section 4.0 of CRBRP-GEFR-00103.

QUESTION 1I-16

(F6.2-9, par. 2) The assumtion that the sodium woid reactivity can be

determined adequately fran the average, smeared sodium density of the
interaction zone.

ANSWER II-16 (b) and (c)

One purpose of doing auxiliary PLUTO 1 and PLUTO 2 calculations was to
check the SAS/FCI camputed material relocation reactivities with a more
detailed model. The PLUTO 1 and PLUTO 2 calculations indicated that the
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magnitude of the sodium woid reactivity followinc pin failure in the
hypothetical accidents considered is not a daminating factor in determining
the hypothetical accident progression in CRBRP-GEFR-00103 and CRBRP-GEFR-
00523 since the fuel motion reactivity quickly daminates the progression of
the hypothetical accident after initiation of a fuel-coolant interaction.

QUESTION 1I-17

(F6.2-10, par. 1) (Generic answers (a) and (b) are not required.)

(c) Please explain what is meant by "Reactivity feedbacks are determined
from the projection of the cell lengths and masses onto the normal SAS3A
axial node lengths."

ANSWER I1I-17 (c)

In Section 7.2.2 of Ref. 9 in CRBRP-GEFR-00522 the camplete fuel motion
reactivity feedback model, including the statement to be clarified by this
response, is described in detail.

QUESTION I1I-18

(F6.2-10, par. 2) (Generic answers (a) and (b) are not required.)
(c) What is meant by "input default options"?

ANSWER II-18 (c)

The original SAS/FCI model, as documented in Ref. 9 of CRBRP-GEFR-00523,
required that a number of parameters it used be supplied by the user as
input to the SAS3? and SAS3D code. After gaining experience with the
model, it was determined that it would be more appropriate to actually
calculate the values assigned to same of these parameters based on condi-
tions within the SAS3A or SAS3D channel at the time that each parameter was
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actually required. The parameters discussed in par. 4 on p. 3-5 of CRBRP-
GEFR-00103 are those parameters for which provision was made within the

/FC1 subroutines of SAS3A and SAS3D to calculate them for purposes of
the cases discussed in CRBRP-GEFR-00103 and CRBRP-GEFR-00523.

QUESTION II-19

(F6.2-10, par. 2) The assumption that the rip area is the cross-sectional

area of the internal pin cavity.

ANSWER II-19 (b) and (c)

Once the fuel and fission gas which are located immediately behind the rip
in the cladding (the SAS/FCI reservoir) are deposited into the interaction
zone at the time of failure, any additional fuel and fission gas which are
ejected through the rip must came fram the central cavity in the pin. This
cavity is quite long compared to its cross-sectional area. Thus the rate
at which the fuel €ission gas m xture can be transported to the rip and
into the interaction zone is controlled by the cross-sectional area of the
cavity. Thus, it is appropriate to utilize this area as the rip area in

the Bernoulli equation which is used to campute the ejection rate.

QUESTION I1I-20

(F6.2-10, par. 2) The assumption that the flow is adequately represented
by a one-dimensional Bernoulli equation for unsteady flow.

ANSWER 1I-20 (b) and (c)

The one-dimensional Bernoulli equation as used in SAS/FCI is a parametric
algorithm to calculate fuel ejection fram the central pin cavity into the
coolant channel. The model 1s described in Ref. 9 in CRBRP-GEFR-00523.
When the fuel pin cavity can greatly change in size following fuel pin

failure, e.g., for a core midplane failure in a pranpt-critical situation,




the model can significantly overpredict the mass-flow-rate of fuel within
the pin to the failure location. The model utilized is judged to enhance
the conservative nature of the analysis. A less conservative treatment
would result in a decrease in the calculated accident-energetics in many of
these situations.

NOTE: Questions I1I-21 through II-27 pertain to the PLUTO Summary.

QUESTION II1-21
(F6.2-11, par. 3) The fuel-fission gas flow in the molten pin region is
treated as hamogeneous, campressible, one-dimensional flow with a non-

uniform flow cross section.

ANSWER II1-21 (b) and (c)

The assumption of a cne-dimensional flow is adequate because the molten pin
cavities are several tens of an's long and only a few tenths of a cm in
diameter. The assumption of hamogeneous compressible two-phase flow ( i.e.,
no slip between fuel amd gas) is supported by H. J. Willenberg and A.
Padilla, Jr., "Analysis of Transient Qompressible Two-Phase Flow with Heat
and Mass Sources Using the Method of Characteristics," Camputational
Methods in Nuclear Engineering, CONF-750413, Vol. 1, p. II-107, 1975.

QUESTION II-22

(F6.2-11, par. 3) The representation of all failed pins in a given sub-
assembly by a single pin model.

ANSWER 11-22 (b) and (c)

The assumption of treating all fuel pins in a given subassembly with a
single pin model is made necessary by computational limitations. This



approach is oconsistant with the one dimensional treatments of fuel and
coolant dynamics used in SAS3A, SAS3D, PLUTO 1, AND PLUTO 2. Use of one pin
per chamnel "which may represent several subassemblies" results in a
ccherent treatment of fuel coolant interactions, sodium woiding, intra-pin
fuel motion, and fuel sweepout. For short times after failure, the im-
portant effects governing reactivity are intra-pin motion and sodium
voiding. The single pin treatment will tend to accentuate these effects
and, if positive feedback is predicted such as would be the case for mid-
plane failure, lead to a conservatively high positive feedback. It is the
short-time positive feedback which would tend to produce an energetic
transient. In a longer time, fuel sweepout due to hydraulic forces becames
important. The ooherent single pin treatment may over-estimate the ly-
draulic forces available for sweepout. Overall, the single pin treatment
will emphasize positive reactivity feedback effects in the short-time after
failure, and yield a conservative result.

QUESTION II-23

(F6.2-11, par. 4) The axial motion of material in the coolant channel is
treated as two-camponent slip flow.

ANSWER 1I-23 (b) and (c)

The density, velocity, and internal energy changes of both camponents are
calculated by solving a set of two mass, two mamentum, two energy equations
and an equetion of state. The two momentum equations contain the inter-
active (ar drag) forces which couple the flows of the two camponents (see
Ref. 13 in CRBRP-GEFR-00103).

QUESTION 11-24

(F6.2-11, par. 4) The liquid sodium, or the mixture of liquid coolant,
vaporized coolant, and fission gas (Na/FG) is regarded as one camponent and
its flow is modeled with caompressible Lagrangian hydrodynamics.
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ANSWER II1-24 (b) and (c)

Slip between liquid sodium and sodium vapor or fission gas can be dis-
regarded because the flow under consideration is mostly in a sl'g flow
regime. The flow is modeled using Lagrangian hydrodynamics in PLUTO 1 and
Eulerian hydrodynamics in PLUTO 2.

QUESTION 1I-25

(F6.2-11, par. 4) The other component is the fuel, which is assumed to be
in the form of particles. The motion of the fuel particles is calculated
by solving the momentum eguation for representative (or "master")
particles.

ANSWER 11-25 (b) and (c¢)

The assumption that the fuel is in the form of particles can be justified,
as long as liquid sodium is close to the fuel. I(f the coolant channel is
voided, the assumption of annular or bubbly fuel flow, which is made in
PLUTO 2, is more appropriate.

QUESTION II-26

(£>.2-11, par. 5) Although sodium vapor condensation on cold cladding is
accounted for in PLUTO, the condensate is currently assumed not to adhere
to the cold wall but rather to be torn off instantaneously and mixed with

the sodium in the coolant channel at the same axial location.

ANSWER 1I-26 (b) and (c)

Hot fuel particles moving through narrow coolant channels should quickly
vaporize a liquid sodium film. Moreover, the gas and vapor streaming in
the coolant channels will lead to flooding of tie liquid sodiur film since



the physical vapor and gas velocities calculated by PLUTO 1 and PLUTO 2 far
exceed the necessary flooding velocity of about 15 ft/sec. Flooding of the
ligquid film leads to an unstable sodium film interface and a significant
increase in film to vapar frictional coupling. Hence, any sodium film will
travel in the direction of the moving vapor with good interfacial friction-
al coupling, and the PLUTO 1 treatment is reasonable. PLUTO 2 incorporates
the treatment of a liquid sodium filn which can be evaporated or entrained
by high gas velocities or it can be torn off by fuel flows.

QUESTION 11-27

(PF6.2-11, par. 6) For the fission-gas temperatures, mass-weight averages
between liquid sodium and fuel are used.

ANSWER II-27 (b) and (c)

If there is much sodium at a certain location the fission gas temperature
will be close to the sodium temperature and if there is much fuel, the

fission-ga= temperature will be close to the fuel temperature according to
PLUTO 1 and PLUTO 2.

NOTE: Questions II-28 through 1I-47 pertain to the SASBLOK Summary.

QUESTION I1I1-28

(F6.2-12 par. 1) (Generic answers (a) and (b) are mot required.)
(c) Explain fully why neither SAS/FCI nor PLUTO is capable of treating

fuel blockages, ar of continuing the calculation beyond FCI initiation for
more than a few hundred milliseconds.
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ANSWER I1-28 (c)

Neither SAS/FCI nor PLUTO 1 consider "freezing" of molten fuel to cold
surfaces. Both models assume a constant, average particle size which may
be a liquid drop or a solid particle. PLUTO 2 incorporates a freezing
model (Ref. 25, CRORP-GEFR-00523).

SAS/FCI will not continue calculations beyond a few hundred milliseconds
because of coding limitations within the model. As the transient pro-
gresses, vapor bubbles may form in the channel below the FCI zone and may
attempt to merge with the zone. The present SAS/FCI does not have the coded
logic and numerical models to treat this occurrence. The calculations are
continued with the SASBLOK option in the SAS3A and SAS3D ccle. PLUTD 1 and
PLUTO 2 are not limited to running time of a few hundred milliseconds.

'l‘hePI.UIOlarﬁPUﬂDZcodescanmlybermseparatelyfmnSPs3Aand
SAS3D using one of them to generate input for PLUTO 1 and PLUTO 2.

QUESTION 1I-29

(F6.2-12, par. 1) The assumption that the hydraulic effect on assembly
flow can be adequately represented fram packed particle bed correlations
and represented as a local hydraulic loss.

ANSWER I1I-29 (b) and (c)

The flow resistance characteristics of the packad particle bed used in the
blockage model were taken fram experimental data (Ref. A-1 in CRBRP-GEFR-
00103) inmichthematerialmedinthetestnsapadcedbedofwz
having a particle-size distribution similar to those found to result fram
molten-fuel-sodium contact. Results of these tests showed good agreement
with the correlation used in the SASBLOK analysis. Representing the packed
bed as a local hydraulic loss is a standard technique used in flow testing
where camplicated pressure losses are represented by an equivalent local
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hydraulic loss coefficient. The use of these coefficients in the SASBLOK
analysis produced an equivalent effect upon the flow within the core.

QUESTION 1I-30

(F6.2-12, par. 1) Power generation in the damaged region is proportion-
ately reduced by fuel loss.

ANSWER 1I1-30 (b) and (c)

Pin failure results in fuel loss fram the pin. The power produced in the
damaged channel must be reduced in proportion to the amount of fuel ejected
fram the pin.

For numerical simplicity, the power level is reduced uniformly in the core
region of the modeled channel although fuel would actually be removed
preferentially fram the higher worth core midplane region. This simplified
model underestimates the power reduction and is therefore adequate for the
purpose of analysis.

QUESTION I1I-31

(F6.2-12, par. 1) (Generic answers (a) and (b) are not required.)
(c) Explain fully what is meant by quasi-steady formulation.

ANSWER II-31 (c)

The term "quasi-steady" was used in reference to the temperature distribu-
tion within the blockage and the coolant temperature increase due to the
heat generation within the blockage. To cumpute these values, a constant
heat generation rate, taken at the time of initial formulation of the

blockage, and steady state formulas for the temperature distribution within
the blockage were used. The short duration of the flow transient in the
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channel relative to the change in the heat generation rate justified the
use of the quasi-steady formulation.

QUESTION 1I-32

(F6.2-12, par. 1) (Generic answers (a) and (b) are not required.)

(e) Is it correct to assume that SASBLOK is not utilized in analysis of LOF
CDA events?

ANSWER I1I1-32 (c)

Yes, SASBIOK was not used for analysis of any LOF-HCDA event reported in
CRBRP-GEFR-00103 or in CRBRP-GEFR-00523.

QUESTION I1I-33

(P6.2-12, par. 2) (Generic answers (a) and (b) are not required.)

(c¢) Explain fully the purpose and operation of the "tabular fission gas
release module".

ANSWER 1I-33 (c)

The tabular fission gas release model is an option built into the SAS codes
which permits construction of user specified bubble growth ard collapse
within a channel. Time dependent bubble interface locations must be
specified. Its purpose is to allow an explicit investigation of the
effects of widing at specified locations and times during the course of an
accident. The input bubble interface locations and pressures are supplied
by auxiliary calculations or estimates. A complete description of the
option is given beginning on page 79 of Ref. 7 in CRBRP-GEFR-00523.
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QUESTION II-34

(F6.2-12, par. 2) (Generic answers (a) and (b) are not required.)

(c) Explain fully the "programmable reactivity option."

ANSWER II-34 (c)

The programmable reactivity option in SAS is a table look-up operation to
provide user specified reactivity vs time. Input tables of reactivity and
time are provided by the code user. The reactor net reactivity is the
programmed or driving reactivity plus the reactivity camponents calculated
by the code. Interpolation is performed in the code to find the programmed
reactivity at any particular time.

QUESTION I1I-35

(F6.2-12, Par. 2) The exit loss coefficient is increased to the blocked
value.

(c) wWhat does this mean?

ANSWER 1I-35 (b) and (c)

During a SASBIOK calculation, the value of the channel exit loss coeffi-
cient is increased linearly fram the initial input value to the calculated
blocked value over a period of time equal to twice the fuel ejection time,
beginning at the time of initial fuel ejection. The purpose of the ramp
change in exit loss coefficient is to represent the buildup of the blockage
over a period of time. Twice the ejection time is judged to be a reason-
able estimate of the build-up time.
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QUESTION II-36

(P6.2-12, par. 2) Explain fully how the locus of coolable blockage config-
urations for each degree of hydraulic disturbance is generated and justify
each assumption.

ANSWER 11-36 (b) and (c)

The approach and calculations for determining the locus of coolable
blockage configurations were presented in detail for the BOEC Reactivity
Insertion Base Case (Section 6.1.1.2 of CRBRP-GEFR-00103). Tre assumptions
have been justified in Appendix A and Section 6.1.1.2 of CRBRP-GEFR-00103.

QUESTION 1I-37

(F6.2-12, par. 2) The assumption of camplete core outlet blockage for an
unstable two-phase solution.

(c) What is meant by unstable two phase solution?

ANSWER II1-37 (b) and (c)

An assumption of camplete outlet blockage was made in order to result in an
analysis which is (a) conservative and (b) numerically stable. This
assumption implies a camplete subassembly meltdown and reactivity estimates
of fuel-slumping are performed as described in the response to Question 38.

QUESTION II-38

(P6.2-12, par. 2) (Generic answers (a) and (b) are not required.)

(c) How are reactivity estimates on the effects of fuel slumping
per formed? )



ANSWER I1I-38 (c)

The reactivity estimates on the effects of fuel slumping were per formed
using diffusion theory models. Values of Kege Were caomputed for various
positions of the fuel in the coolant channels, starting fram the point at
vhich it formed the blockage, to the point of maximum reactivity change
after it moved dowrward. The core model and cross sections used were the
same as for the other neutronic calculations that were done for CRBRP-GEFR-
00103. These are described in Section 5 of CRBRP-GEFR-00103.

QUESTION 1I-39

(F6.2-12, par. 2) (Generic answers (a) and (b) are not required.)
(c) How are the "various analysis path" selected?

ANSWER II-39 (b) and (c)

The analysis path determination is based on whether reactivity estimates of
relocating fuel in the uncoolable assemblies would lead to a critical or
supercritical reactor state. These two analysis paths are indicated in the
lower left hand portion of the SASBLOK flow chart in Figure 3-7 in CRBRP-
GEFR-00103.

QUESTION II-40

(P6.2-13, par. 2) The assumption that porous blockage is adequately rep-
resented by a mean particle size of 420..

ANSWER II1-40 (b) and (c)

The mean particle size is a parameter that characterizes the particle
distribution used in the packed bed analysis. The 420 value used in the
SASHLOK analysis was taken fram Ref. A-1 in Appendix A of CRBRP-GEFR-00103.
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This value characterized the parti_le distribution used in flow tests of
packed beds. The 4201 value was calculated by methods recammended by the
carrelation which showed good agreement with tlie test data. The particle
distribution used in the tests was similar to those found to result from
molten-fuel-sodium contact. Therefore, the porous blockage is adequately
represented by the mean particle size of 420u.

QUESTION 11-41

(F6.2-13, par. 2) The assumption of a friction factor that correlates with
tests involving water through uranium dioxide.

ANSWER II-41 (b) and (c)

The friction factor is a dimensionless parameter which depends upon rela-
tive roughness and the Reynolds number. The correlations of test data with
friction factor can be seen in Appendix C of Ref. A-1 in Appendix A of
CRBRP-GEFR-00103 where pressure drop versus velocity has been plotted for
both the test data and the Leva correlation using a mean particle diameter
of 420u.

QUESTION II-42

(F6.2-13, par. 2) (Generic answers (a) and (b) are not required.)

(c) Explain fully what is meant by the second sentence beginning with
". . .since the particle bed correlation. . ."

ANSWER II-42 (b) and (c)

The particle distribution used in the packed bed test (Ref. A-l in Appendix
A of CRBRP-GEFR-00103) was similar to those found to result fram molten-
fuel-sodium contact. This similarity forms the basis for using the corre-
lation in the SASBLOK analysis.
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QUESTION 11-43

(P6.2-13, par. 2) The use of the Leva correlation.

ANSWER 1143 (b) and (c)

The Leva correlation was found to be in good agreement with test data (Ref.
A-1 in Appendix of CRBRP-GEFR-00103) and this agreement provides a basis
for its application in the SASBLOK analysis.

QUESTION 1I1-44

(F6.2-13, par. 3) The assumption that flow blockage can be adequately
modeled by the average loss coefficient representation.

ANSWER II-44 (%) and (c)

The use of an average loss coefficient to simulate a flow blockage is a
standard engineering practice in flow modeling where overall flow resis-
tance modeling is the objective. Camplicated blockages can be modeled with
simple loss coefficients which produce equivalent flow in the system. The
SASELOK calculations included a parametric variation of the loss coeffi-
cient so that the range of expected porous blockages is adequately covered.

QUESTION 11-45

(F6.2-14, par. 4) The assumption that the blockages form as a cont iguous
mass of material located in the fission gas plenum region where either the
original geametry has been destroyed or in the coolant channel where the
geanetry has been maintained.
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ANSWER 1145 (b) ard (c)

The blockage was assumed to form a contiguous mass because this would
represent the worst case analysis, i.e., it would be the most difficult
condition to maintain in a coolable and stable condition. On the other
hand, distributed blockages could be more easily cooled due to the presence
of greater coolant access to blockages. The location of the blockage was
selected as one of several locations where agglameration of the material
coulé occur, and the cooler regions of the core provide such a location.

QUESTION 11-46

(F6.2-16, par. 3) (Generic answers (a) and (b) are not required).

(¢) Explain fully the elementary methods that were applied to the gravity
effects and the generalized discussion of the coolant effects; with respect
to the elementary methods, is this simply the "falling film analysis" and
"falling of liquid drops" analysis described in the following paragraphs?

ANSWER 1I-46 (c)

The elementary methods refer to analyses of “the falling film" and "falling
of liquid drops" which are described in Appendix A of CRBRP-GEFR-00103.
Both are described in same detail in pages A-8 and A-9 of Appendix A and
further details can be found in Reference A-6, page A-15 of CRBRP-GEFR-
00103.

QUESTION 11-47

(F6.2-18, par. 1) (Generic answers (a) and (b) are not required).

(¢) Identify the “"considerable uncertainties" in molten fuel penetration
methods . '
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ANSWER 1147 (c)

The response to this interrogatory is identical to the response number II-
27 of the Third Set of Interrogatories (p. AA-75).

NOTE: Questions 11-48 through 1I-59 pertain to the Sodium Voiding Model
Summary.

QUESTION 11-48

(F6.2-18, par. 3) (Generic answers (a) and (b) are not required.)
(c) What is meant by "axial interface areas"?

ANSWER 11-48 (c)

The axial interface area is the cross-sectional area of the coolant chan-
nel. Section IIB of Ref. 7 in CRBRP-GEFR-00523 provides a detailed descrip-
tion of most of the sodium boiling model in SAS3A, and Ref. 6 in CRBRP-
GEFR-00523 lists the SAS3A additions to the SAS2A boiling model. The
physics represented in the SAS3D boiling model is identical to that in
SAS3A.

QUESTION 11-49

(F6.2-18, par. 3) The sodium vapor and liquid film are assumed to be at
saturation conditions determined by channel pressure as opposed to non-
equilibrium super heat conditions.

ANSWER 1149 (b) and (c)

Ref. 71 of CRBRP-GEFR-00523, pp. 20-22, describes the supporting evidence

for believing the liquid superheat in a reactor will be small, and have
little effect on the woiding process.
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The thin film of sodium left on the clad in a woided region is in contact
with the vapar bubble and the film will ‘aporize before it superheats.

The vapor will only superheat if it passes over hot, dried-out clad.
Before the liquid film on the clad dries out, heat removal due to vapor-
izing the film will prevent the clad surface temperature fram rising much
above the sodium saturation temperature. After extensive voiding, exten-
sive film dry-out, and significant heating of the dried-out clad past the
sodiun saturation temperature, same superheating will be limitel by the
relatively poor heat trarn “er coefficient between hot, dried-out clad and
cooler sodium vapor. By the time that any appreciable superheating of the
vapor might occur in the LOF cases discussed in CRBRP-GEFR-00103 and
CRERP-GEFR-00523, the active core region of the subassembly is voided and
dried out; and it remains woided, with little or no heat removal fram the
fuel pins to the woided coolant channel. At this point, many of the
details of the woiding in the subassembly, including any superheating of
the vapor, will be largely unimportant, since any coolant voiding reac-
tivity insertion has already occurred, and the sodium will no longer remove
much heat fram the voided, dried-out core.

QUESTION I1I-50

(F6.2-18, par. 4) All the assumptions concerning reentry of lower liquid
slug discussed in the paragraph.

(c) Describe what happens when the channel becames blocked.

ANSWER II-50 (b) and (c)

Reentry of the lower liquid slug is described in Section IIB of Ref 7 in
CRERP-GEFR-00523. When a partial blockage is formed in the coolant channel,
the hydraulic diameter and ooolant flow area are reduced. This leads to an
increase in the friction pressure drop due to any vapor streaming past the
blockage, and causes the vapor pressure to buildup below the blockage, if
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the vapor is caming fram below, or above the blockage, if the vapor is
streaming fram above the blockage. The increase in vapor pressure usually
stops liquid slugs before they get to the blockage. If a liquid slug does
pass a partial blockage, then the friction pressure drop in the liquid slug
is increased due to the reduction in hydraulic diameter.

QUESTION II-51

(F6.2-18, par. 5) (Generic answers (a) and (b) are not required.)

(c) Explain fully what is meant by "reasonably good qualitative agree-

"

ment . How did the results campare quantitatively?

ANSWER 1I-51 (c)

For a quantitative comparision of the results, see Reference 26 in CRBRP-
GEFR-00103.

QUESTION II-52

(F6.2-18, par. 5) (Generic answers (a) and (b) are not required.)

(c) Explain fully how ". . .the experimentally observed dryout mechanism
is considered."

ANSWER I1I-52 (c)

A static film dryout model was used for the calculations reported in Ref.
26 in CRBRP-GEFR-00103 for the Karlsruhe experiments of Peppler. When the
calculations were repeated using the film mction model described in Ref. 71
of CRRRP-GEFR-00523, good quantitative agreement was achieved between the
calculated and experimentally cbserved dryout times (see G. Hoeppner, F. E.
Dumn, and T. J Heames, "The SAS3A Sodium Boiling Model and Its Experi-
mental Basis,” Trans. Am. Nucl. Soc., 20, 519, April 1975). The film




motion model was used for the CRBR calculations described in CRBRP-GEFR-
00103, CRBRP-GEFR-00523 and Ref. 4 in CRBRP-GEFR-00523.

QUESTION 1I1-53

(F6.2-19, par. 1) (Generic answers (a) and (b) are not required.)

(¢) Explain fully the camparison of the film dryout models results with
experimental dbserved dryout time.

ANSWER 1I-53 (c)

See Answer II1-52(c).

QUESTION 1I-54

(F6.2-19, par. 2) ". . .full assembly voiding would be expected samewhat
earlier than the average pin model predicts. . ."

ANSWER II-54 (b) and (c)

The radial growth of woiding within a subassembly, and the applicability of
the average pin model are discussed in detail in Section 4.2 of Ref. 71 in
CRBRP-GEFR-00523.

QUESTION 1I-55

(F6.2-19, par. 2) "However, the difference would not be expected to be
great."

ANSWER II-55 (b) and (c)

See Answer I1I-54(b) ard (c).
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QUESTION 1I-56

(F6.2-19, par. 3) “The present SAS3A woiding model does not include a
meaningful consistant treatment of gas release into a voided channel."

ANSWER 11-56 (b) and (c)

The predictions of the boiling and plenum gas release models in SAS3A are
uudmlyfcrthreeminmrposesintheo‘mkamlysis. These purposes
are: (1) the calculation of the rate at which woiding reactivity is
inserted, (2) the calculation of heat removal fram pins in voided regions,
determining the time of melting and rate of melting of clad and fuel, and
(3) determining the impact that the presence of sodium vapor or sodium
liquid could have on the relocation of molten clad or fuel in voided
regions. Because of the strength vs. temperature characteristics of the
clad, the cladding will not fail and release plenum gas during a hypo-
thetical LOF accident until the sodium has boiled extensively, the film on
the clad has dried out, and the clad temperature has risen considerably
above the sodium saturation temperature. At this point, failure of the
pins and release of plenum gas would have same influence on the voiding
profile; and it ocould affect L-series test voiding measurements; but it
would have very little impact on the woiding and woiding reactivity in-
sertion because: (1) the core region of the subassembly would already be
voided before gas release, so the ooolunt woiding reactivity insertion
would have already occurred, (2) the liquid film would already have dried
out fram the clad in most of the hotter parts of the pins, and no heat
ranoval fran these areas would be predicted, whether the plenum gas is
released or rnot.
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QUESTION 11-57

(F6.2-19, par. 3) However, at the present time, release of plemum gas into
a voided channel is expected to have only a slight effect an the overall
voiding behavior.

ANSWER I1I-57 (b) and (c)

See Answer II-56(b) and (c).

QUESTION I1I-58

(F6.2-19, par. 3) This should not greatly affect the voiding process ance
full-assembly voiding has occurred and cladding film has dried out or has
been stripped off.

ANSWER II-58 (b) and (c)

See Answer I1I-56(b) and (c).

QUESTION I1I-59

(P6.2-19, par. 4) . . .this has been suggested to be due to the presence of
noncondensible fission gases.

ANSWER 1I-59 (b) and (c)

See Answer II-56(b) amd (c).

NOTE: Questions II-60 through II-62 pertain to the ' dding Relocation
Model (CLAZAS) Summary. ;

SET II AA—44



QUESTION II-60

(F6.2-19, par. 5) How are molten cladding-coolant interactions similar to
molten fuel coolant interactions?

ANSWER II-€0 (b) and (c)

CIAZAS was written to analyze the reactivity and thermal effects of clad-
dino relocation before oxide fuel pin disruption. In this phase of a CRBR
hypothetical LOF accident, the molten cladding-coolant interaction question
is ncc pertinent, since a long length of hot umelted cladding and a zone
producing large quantities of sodium vapor separate the molten cladding
fram the nearest liquid sodium.

WUESTION II-61

(F6.2-20, par. 1) The assumtion that effects of clad melting and reloca-
tion can be adequately modeled with three radial nodes canprising 25%, 70%
ani 58 of the clad respectively.

ANSWER 11-61 (b) and (c)

The clad radial mesh was chosen due to numerical considerations involved in
cladding-liquid sodium heat transfer. During cladding melting and re-
location, the cladding thermal oconductivity and thickness suggest that
three nodes are more than adequate, and perhaps even one node would be
sufficient. For example, the thermal diffusivity of molten cladding is
0.05 an® sec™). This leads to a thermal response time for 0.038 am thick
cladding of "0.03 sec. The time for absorbing the cladding heat of fusion
is usually a few tenths of a second, ar approximately an order of magnitude
groater. Hence, the cladding will melt essentially as a unit and the
details of the radial melting profile are unimportant t the analysis.
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QUESTION 11-62

(F6.2-20, par. 3) Thus, it would appear that CLAZAS overestimates the
degree of upward cladding relocation, and that, if the time interval
between clad melting and fuel melting is as short as expected for CRER,
very little, if any, net clad motion would result.

ANSWER 11-62 (b) and (c)

The basis for this judgment is the R-5 experiment discussed on page 3-28 of
CRBRP-GEFR-00103 and Ref. 32 in CRBRP-GEFR-00103.

NOTE: Questions II-63 through II-69 pertain to the SLUMPY Sumary.

QUESTION 11-63

(P6.2-21, par. 4) (Generic answers (a) and (b) are not required.)

(c) Explain fully what is meant by “detailed initial conditions" supplied
to VENUS-II. Describe the limitations of one-dimensional motion.

ANSWER 11-63 (c)

If the camputer .odels suggest that a hydrodynamic disassembly calculaii~n
should be performed, the SAS3A and SAS3D codes with SLUMPY contain all the
information, with respect to material location and material internal
energy, that is required to set-up the VENUS-II geametric core represen-
tation.

One-dimensional notion refers to the restriction of only allowing axial
fuel relocation within the confines of any SAS3A or SAS3D channel. Two
different hypothetical transient initiating accident situations must be
exanined, that of low power and of high power. In the context o. this
question, low power is defined as a few times nominal reactor operating
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levsls ar lower. Here, ane-dimensional motion does not allow for intra-
subassembly incoherence effects and hence tends to yield an exaggerated
description of material relocation, e.9., any fuel slumping is predicted
to be too coherent, and calculations cannot e done on material moving
upward at one radial location and dowrward at another. As the hypothetical
accident power level increases, the radial and axial power profiles guar-
antee that fuel will move coherently away fram the locations of peak power.
At high power (defined as disassembly power levels or approximately several
hundred to more than a thousand times nominal power), the main limitation
of axial one-dimensional motion concerns the lack of a description on how
the hypothetical accident energetics will be mitigated by fuel expansion in
more than one direction. Here axial one-dimensional motion is too conser-
vative and a two-dimensional capability such as VENUS-II is desirable.

QUESTION 11-64

(F6.2-21, par. 4) In nost SLUMPY calculations, fuel motion is assumed to
begin when melting begins in unrestructured fuel.

(c) What is meant by "equiaxed region"?

ANSWER 11-64 (b) and (c)

(b) Ref. 8 in CRBRP-GEFR-00103 describes the experimental basis for

assuming fuel motion because of fission gas release when melting begins in
unrestructured fuel.

(¢) Fast reactor fuels operate with close to radially flat power profiles
and at a high linear power rating. Hence, a large radial temperature
gradient exists inside of the oxide fuel pin. As the fuel temperature
rises above approximately 1350 C, the grains of the fuel pellet exhibit
grain growth, without preferred arientation. The fuel takes on an equiaxed
grain structure. At still higher temperatures, as low as 1550 C at high
burnup, migration of the fabricated porosity to the center of the fuel pin
occurs resulting in a “columar grain" region. An examination of same
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microstructural effects in fast reactor fuels is given in Ref. 53 in
CRBRP-GEFR-00103.

QUESTION 11-65

(F6.2-21, par. 4) ". . .and the more recent R- and L-series expariments
also seem to verify this latter assumption”.

ANSWER 11-65 (b) and (c)

The assumption under discussion is modeling of fuel as an intact colum
during the time following cladding melting but preceding fuel melting.
Restructuring during irradiation is known to cause sintering of fuel
pellets. Hence, this assumption appears to be reasonable for irradiated
fuel. The L-series lcss-of-flow teste run with irradiated fuel have been
consistent with this assumption.

Figure 11 and Fig. 12 of the following reference: E. W. Barts et al.,
“"Summary and Evaluation Fuel Dynamics Loss-of-Flow Experiments Tests L2,
L3, and 14," ANL 75-57, 1975, show several seconds between the time of
stainless steel melting indications and the time of axial fuel motion.
Later L-series tests, 15, L6, L7 also show results oonsistent with modeling
the fuel colum as intact prior to failure associated with fuel melting.
See Ref. 31, 32, 33, pg. 11-3, CRBRP-GEFR-00523. Fresh fuel tests such as
L2, and the R-series tests (Ref. 23, pg. 11-2, CRBRP-GEFR-00523) do not
indicate fuel motion upon cladding melting, but do indicate initiation of
fuel collapse once melting occurs in the flow tube which provides the
radial restraint for the test section. This loss of radial restraint will
not occur in the reactar situation.

QUESTION 11-66

(F6.2-21, par. 6) The assumed equation of state camposed of six parts.
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ANSWER 11-66 (b) and (c)

Details of the equation-of-state used in the SLUMPY campressible region are
described an pp. 15-19 of Ref. 8 of CRBRP-GEFR-00523.

QUESTION 11-67

(P6.2-22, par. 2) (Generic answers (a) and (b) are not required.)

(c) Explain more fully the basis for the conclusions, "A relatively simple
single-pin model like SLIMPY cannot adequately analyze this situation.
Although the model can be forced to fit the experiment, the mechanisms are
not presently identified clearly enough to allow extrapolation to another
systeam.” Indicate in detail the uncertainties that this introduces into
the subsequent calculations modeling the transition phase and the dis-
assanbly (VENUS) phase.

ANSWER 11-67 (c)

The SLIMPY model assumes that fuel motion occurs only in the axial di-
rection. In addition, it is assumed in SAS3IA and SAS3D that the power
density in each fuel pin is azimuthally symmetric. Hence, it is not
capable of modeling the pellet stack crumbling process, which would be
three-dimensional in nature, nor can it analyze the effect of the power
density gradient across the pin, as was present in the L2 TREAT test.

Because several of the physical processes modeled in SLUMPY are treated
parametrically, it is possible to simulate observed experimental results by
a suitable choice of parameters, so long as the dominant mode of fuel
motion is axial motion.

Uncertainties in SLUMPY calculated fuel motion have been addressed by

parametrically varying an equivalent gravity force and by matching these
effects to appropriate test data (see CRBRP-GEFR-00523 Sections 7.1.1,
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7.2.1, and Appendix C). Qore conditions which result fram the above varia-
tions are carried directly into either the meltout or disassembly phase
evaluations.

QUESTION 11-68

(F6.2-23, par. 1 (Generic answers (a) and (b) are not required.)

(e) Explain more fully (qualitatively and quantitatively) the statement
that "this mechanism is somewhat sensitive, and slight variations in the
assunptions can cause the fuel to either rise, fall, or move in both
directions.

ANSWER I11-68 (c)

The statement should be interpreted in the context of the L3 and L4 loss-
of-flow TREAT tests. At the steady-state power levels under which these
tests were conducted there are several competing effects tending to cause
fuel motion in various directions once fuel melting starts, e.g., gravity,
production of steel vapor pressure, and any remaining fission gas. Hence,
calculated results do becane sensitive to the rate of heat transfer fram
fuel to stainless steel, the rate of release of fission gas fram fuel near
its melting point, and the assumed radial heat losses. The quantitative
SLUMPY analysis of these tests is presented on pp. 54-60 of Ref. 8 in
CPBRP-GEFR-00523. It is felt that uncertainties in SLUMPY analysis are
covered by the range of parametric cases which are presented in CRBRP-GEFR-
00103. One initial purpose of the F-series tests (Question 11-69) was to
provide an increased experimental data base to aid in the modeling of fuel
motion in a reactor HCDA analysis.
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QUESTION 11-69

(P6.2-23, par. 3) (Generic answers (a) and (b) are not required).

(c) What uncertainties are likely to be resolved by the F-series experi-
ment and what uncertainties are likely to remain?

ANSWER 11-69 (c)

Experiment F-1 provides insight into the behavior of highly irradiated fuel
when heated to melting at a near naminal power level with small radial
temperature gradients. Analysis of this test shows that the cbserved fuel
motion would produce little or no reactivity increase although the motion
was not strongly dispersive (see Ref. 34, pg. 11-3, CRBRP-GEFR-00523).
Experiment F-2 showed that fuel having very small irradiation exposure is
dispersive when exposed to a power burst leading to dispersal at elevated
(“& times nominal) power. Uncertainties remain in effects of details of
fuel characterization (burnup, fission product content) and thermal his-
tory. However, the body of experimental data presents a consistent picture.
See: L. W. Deitrich, "An Assessment of Barly Fuel Dispersal in the Hypo-
thetical Loss-of-Flow Accident," Proc. Fast Reactor Safety Meeting,
Seattle, Aug. 19-23, 1979, pg. 615. The applicant is aware that experi-
ments F-3 and F-4 have been campleted, but it has not been determined to
what extent these will be relied on.
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THIRD INTERROGATORY SET

PREAMBLE TO QUESTIONS

With respect to the following requests for information we are concerned
with four distinct validations relative to the models and camputer codes:

i) validation that the code's output is the correct numerical calculation
that should result fran a given set of input data and the model assump-
tions;

ii) valdiation of the models against actual experimental data;
iii) validation that the models can be extended to the CRBR: and

iv) Validation that the input assumptions for the CRBR case are adequate
with respect to the (DA analysis, i.e., are supported by experimental
evidence. By "adequate," here and below, we mean that the calculations
will not underestimate the (DA work potential (i.e., forces and resulting
energetics of a CDA) ar overestimate the contairment capability of the
reactor with respect to a CDA.

10N I

With respect to each of the following codes and each subroutine of each of
the following codes:

(A} FXVARI
(B) REXCO-HEP

please rovide the following information [Where appropriate, the parts of
the question have been restated to reflect the protocol for discovery
agreed to by Applicants, Staff, and intervenors NRDC et al.]:

1) Complete, current documentation (i.e., a writeup) of the codes and the

subrout ines;
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2) Identify, by name and affiliation, the author, or authors, of each
model, subroutine, or portion of each subroutine, which each contributed or
worked on;

3) Identify by name affiliation (including organization, division, branch,
title, etc.) each applicant employee, or consultant, that has intimate
working knowledge of the code and each subroutine, or parts thereof,
including its validity. Where more than cne person is involved, delineate
which portion of the code or subroutine with which each has an intimate
working knowledge;

4) Describe fully the procedures by which Applicant has assured itself and
continues to assure itself, that the various camputer programs (codes)
accurately reproduce the models as described in the PSAR and its references
(see Validation (i) above);

5) Indicate which models (including subroutines, or portions of subrou-
tines) have not been validated as described in Validation (i):

6) Indicate the models (including subroutines, or portions of subroutines)
or assunptions that have not been validated as described in Validation
(ii):

7) For each model, portion of the model, ar assumption that has been
validated (against experimental (or other) data, see Validation (ii) above)
describe fully the procedure by which it was validated, and the results,
including all uncertainties and limitation of the validation. Indicate the
source of the experimental, or other data, that was used in the validation.

8) Explain fully all instabilities in the numerical performanxce in the
models, what causes them, and how they are avoided, and the extent to which
this introduces uncertainties in the calculations and limits the validity
of the model (cf., p.F6.2-10, par. 2).
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9) To the extent that any answers to the above questions are based on
referenced material, please supply the references.

10) Explain whether Applicants are presently engaged in or intend to
engage in any further research or work which may affect Applicants' answer.
This answer need be provided only in cases where Applicants intend to rely
upon an going research not included in Section 1.5 of the PSAR at the LWA
or construction permit hearing an the CRBR. Failure to provide such an
answer means that Applicants do not intend to rely upon the existence of
any such research at the LWA or construction permit hearing on the CRER.

11) Identify the expert(s), if any, wham Applicants intend to have testify
on the subject matter questioned. State the qualifications of each such
expert. This answer need not be provided until Applicants have identified
the expert(s) in question or determined that no expert(s) will testify, as
long as such answer provides reasonable notice to Interverors.

ANSWER I(A)

The processing of neutron cross-section data for the heterogeneous core
analyzed in CRBRP-GEFR-00523 did not use the FXVARI or its subroutines.
Accordingly, responses to I(A) 1 through I(A) 11 are mot required. (The
CRBRP-GEFR~00103 hamogenous core analysis used FXVARI).

The methods used for processing neutronic input data for SASID analysis in
CRBRP-GEFR-00523 are the same as those used in Section 4.3 of the PSAR.

ANSWER I(B)

These answers provide the information requested for the REXOO-HEP Computer
Code .

(1) Reference 1 on p. 5-45 of CRBRP-3, Vol. 1, “"BEnergetics and Structural

Margine Beyond the Design Base” is the lates. and most camplete document
describing the REXOO-HEP code. ‘
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Documentation of the subroutines which constitute the REXCO-HEP code are
contained in this reference. Other improvements are described in J. Gvildys
and Y.W. Chang, "REXCO-HEP (Release 4) Users Manual," ANL/RAS 78-42
(September, 1978).

(2) The REXCO-HEP code is a complex system developed over a span of
several years. Its development started in the Reactor Engineering Division
and ocontinued in the Reactor Analysis and Safety Division of Argonne
National Laboratory. The major contributors are authors of Reference 1 on
p. 5-45 of CRBRP-3 Vol. 1.

(3) The following staff members of Argonne National Laboratory have a
working knowledge of the code, including its range of applicability and the
extent of its validation: Stanley H. Fistedis, .tnager, BEngineering
Mechanics Program, and Yao W. Chang, Manager, Structural Mechanics Section,
Peactor Analysis and Safety Division, Argonne National Laboratory.

(4) The hydrodynamic and solid mechanic principles on which the code is
based are established scientific facts. The individual subroutines and the
entire code were checked and rechecked both indiv_jually and in its
entirety for correctness of results. Extensive checking of the code against
other established analytical solutions was performed and the camparisons
were cited in Ref. 1 on p. 545 of CRBRP-3, Vol. 1 and also in J. Gvildys
and Y.W. Chang, "REXCO-HEP (Release 4) Users Manual,” ANL/RAS 78-42
(September, 1978).

(5) All of the mxiels have been validated as in (4) above.
(6) There has been extensive experimental validation of the code as

described in Item (7) below. In the few areas where experimental validation
does not exist at this time, issues were resolved by making conservative

assumpt ions .
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(7)  Substantial validation of the REXOD code system was performed.
Predictions of the REXCO code system were compared against a variety of
experiments. The camparisons are documented in the following publications:

(1) "Comparison of a Two-Dimensional K rdrodynamics Code (REXCD) to
Excursion Fxperiments for Fast Reactor Conrainment," ANL-7911, January
1972.

(2) "“Comparison of a 2-D Hydrodynamics Obde (REXCO) to Excursion
Experiments for Fast Reactor Contaimment,” ANL-7911 Supplement 1, July
1972.

(3) "Comparison of FFTF Simple-Model Tests with REXCO Predictions,”
ANL~8071, January 1974.

(4) "REXOO Predictions of Elastic and Elastoplastic Deformation of
Fluid Filled Pipes and Oomparisons with Experiments of 1/10 Scale FFTF Pipe
Models, " ANL 75-61, September 1975.

(5) Y.W. Chang and J. Gvildys, "Caomparison of REXCO Ovie Predictions
with Flexible Vessel Experiments," ANL/RAS 78-9 (February, 1978).

(6) Y.W. Chang and J. Gvildys, "Comparison of REXCO Oode Predictions
with Rigid Vessel Experiments," ANL/RAS 78-30 (June, 1978).

(7) Y.W. Chang and J. Gvildys, “Cumparison of REXCO Code Prediction
with SRI SM-2 Experimental Results," ANL-78-18 (August, 1978).

(8) In the explicit integration of the equations of motion, if the time
step is too large, the camputed response may result in numerical instabil-
ity. In REXCO-HEP, the time step used is based ypon the White stability
criterion. This criterion is explained in detail and referenced in Ref. 1
on p. 5-45 of CRBRP-3, Vol. 1.

(9) The referenced documents have been or will be made available for
inspection and copying.

(10) The Applicants are not doing development work on REXCO-HEP. No such
development. is currently planned.
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QUESTION II (GENERAL)

Request for the following information is based on our concerns with respect
to Validation (iii) amd (iv) above. 1In the Applicant's answers to the
generic questions (b) and (c) below, the Applicant is requested to be
responsive to these concerns.

With respect to each statement, assertion or assumption fram Section F6.2
of the PSAR) identified below, please provide the following information
(unless noted otherwise). (NOTE: the following numbered Interrogatories are
identifiel by the page and/or paragraph number fram the PSAR in paren-
thesis.) [Where appropriate, the parts of the gquestion have been restated
to reflect the protocol for discovery agreed to by Applicants, Staff, and
Intervenors NRDC et al.]

a) Identify by name, title and affiliation the primary Applicant em-
ployee(s) or consultant(s) that has the expert knowledge required to
support the statement, assertion, or assumption;

b) Describe in detail the supporting evidence for the statement, assert-

ion, or assumption and where appropriate the rationale for the approach
taken.

¢) Provide any additional information requested following each statement,
asserticn, or assumption.

d) To the extent that any answers to the above questions are based on
referenced material, please supply the references.

e) Explain whether Applicants are presently engaged in or intend to engage
in any further research or work which may affect Applicants' answer. This
answer need be provided only in cases where Applicants intend to rely upon
an going research not included in Section 1.5 of the PSAR at the LWA or
construction permit hearing an the CRBR. Failure to provide such an answer
means that Applicants do not intend to rely upon the existence of any such
research at the LWA or construction permit hearing on the CRBR.
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f) Identify the expert(s), if any, wham Applicants intend to have testify
on the subject matter questioned. State the qualifications of each such
expert. This answer need not be provided until Applicants have identified
the expert(s) in question or determined that no expert(s) will testify, as
long as such answe. provides reasonable notice to Intervenors.

ANSWER 11 (GENERAL)

The following responses are identical for all interrogatories except where
supplementary information is provided in the response.

(a) Dennis M. Switick, Manager, Safety Analysis, General Elect:ic Campany,
Fast Breeder Reactor Department, 310 De Guigne Dr., Sunnyvale, California
94806, has the expert knowledge required to support the responses iden-
tified in the attached affidavit.

(b) and (c) See responses 1-29 below.

(d) The referenced documents have been or will be made available for
inspection and copying.

(e) The Applicants are currently analyzing this area and will provide
pertinent information as it becames available.

(f) At the present time, the Applicants have not determined the experts, if
any, whan they intend to have testify on the subject matter questioned.

NOTE: Question II-1 pertains to the potential for transition phase
occuring fram TOP events in the POEC configuration.
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QUESTION 11-1

(F6.2-92, par. 1-4) The last two sentences in the first paragraph beginning
with, "If the blockage . . . . the first and last sentence in the second
paragraph; and all of paragraphs three and four.

(c) With respect to the statements in these first four paragraphs concern-
ing blockage, relocation and reactivity effects and the conclusion that
"potential far a transition phase occurring in the BOEC TOP event is
negligible," depend on assumptions made in the SAS3A (including SASBLOK)
evaluations, to what extent are each of the statements and the conclusion
sensitive to assumptions concerning each of the following:

(i) the mechanical effects involved in fuel lodging;

(ii) the location of fuel blockages above the core;

(iii) the location and degree of fuel failure:

(iv) the position of the bulk sodium levei above the ejected fuel
slug;

(v) the dynamic pressure across the slug;

(vi)  the rate at which sodium vapor is produced;

(vii) the variations in driving pressure;

(viii) the rate of vapor production fram various heat transfer
frocesses in coniunction with the rate of condensation of these
vapors which play a role in determining the dynamic pressures
acting on the ejected material on the above core structure:

(ix) the use of equilibrium thermodynamics;

(x) kinematic processes included;

(xi) the molten fuel coolant interaction model assumed:

(xii) the choice of uncertain reactor parameters including fuel,
steel and sodiun reactivity worths and reactor loading patterns
as a function of burnup.

Please provide detailed responses for each case (i) through (xii).

ANSWER 1I-1 (b) and (c)

This question appears specific to the hamogeneous core which is not the
current design. Accordingly, it requires no answer.

Section 8 of CRBRP-GEFR-00523 describes the analysis for the current core
design.
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NOTE: Question II.2 pertains to BOEC configuration.

QUESTIONS 1I-2

(F6.2-92, par. 5) Generic answers (a) and (b) are not required.

(¢) With respect to the statements in these two paragraphs and the
conclusion". . . it is believed that energy released fram a partial ocore
meltdown would be bounded by those events which could follow termination of
the initiating phase of the BOBEC LOF accidents which are considered next,"
to what extent are each of the statemerts and the conclusion sensitive to
assumptions concerning each of the following:

(1) the mechunical effects involved in fuel lodging;

(ii)  the location of fuel blockages above the core;

(iii) the location and degree of fuel failure:

(iv)  the position of the bulk sodium level above the ejected fuel
slug;

(v) the dynamic pressure across the slug;

(vi) the rate at which sodium vapor is produced;

(vii) the variations in driving pressure;

(viii) the rate of vapor production fram various heat transfer
frocesses in conjunction with the rate of condensation of these
vapors which play a role in determining the dynamic pressures
acting on the ejected material on the above core structure:

(ix)  the use of equilibrium thenmodynamics;

(x) kinematic processes included;

(xi) the molten fuel coolant interaction model assumed:

(xii) the choice of uncertain reactor parameters including fuel,
steel and codium reactivity worths and reactor loading patterns
as a function of burmup.

Please provide detailed answers for each case (i) through (xii).

ANSWER 11-2 (c)

This question appears specific to the hamogeneous core which is not the
current design. Accordingly, it requires no answer.

SET 111 AA-60



Section B8 of CRBRP-GEFR-00523 describes the analysis for the current core
design.

NOTE: Questions II-3 and II-4 pertain to the potential for transition
phase fram LOF events.

QUESTION 1I-3

(F6.2-93, par. 2) Generic answers (a) and (b) are not required.

(¢) What criteria are used to define termination of the initiating phases
of IOF accidents? Of TOP accidents?

What criteria are used to define initiation of the transition phase of LOF
accidents? Of TOP accidents? Describe in detail each case considered
where conditions in the core are such that a true hydrodynamic disassembly

calculation is justii’'~. as a means of continuing the analysis to permanent
shutdown.

ANSWER II-3 (c)

This question appears specific to the hamogeneous core which is not the
current design. Accordingly, it requires no answer.

Section 8 of CRBRP-GEFR-00523 describes the analysis for the current core
design.

QUESTION 11-4

(F6.2-93, par. 2 and 3) Generic answers (a) and (b) are not required.

(e) The statements and conclusions in paragraph 2 beginning at "In these
lmmc...“mmwwmmagmmL "Thus, the

SET I1II AA-61



core. . . is proceeding gradually intc a completely molten state,” and
"This is judged to be one of early ramoval of large amounts of fuel.

and below the core,"” depend on assumptions made in the SAS3A LOF CDA
evaluations. To what extent are each of the statements and the conclusions
sensitive to assumptions concerning each of the following:

(i) the rate at which sodium vapor is produced;

(ii) the use of equilibriun thermodynamics:;

(iii) the equations of state assumed;

(iv) the molten fuel-coolant interaction model assumed:

(v) the choice of uncertain reactor parameters including fuel,
steel, and sodium reactivity worths and reactor loading patterns
as a function of burnup.

Please provide detailed answers for each case (i) through (v).

ANSWER 114 (c)

This question appears specific to the hamogeneous core which is not the
current design. Accordingly, it requires no answer.

Section B8 of CRBRP-GEFR-00523 describes the analysis for the current core
design.

NOTE: Questions II-5 through 1I-8 pertain to the potential for the
existence of steel blockages.

QUESTIONS I1-5

(F6.2-93, par. 4) Generic answers (a) and (b) are not required.

(e)(i) Identify all TREAT tests that were designed to simulate unprotected
LOF QA phenamena; (ii) with respect to these, identify all TREAT tests
that focused an coolant and cladding behavior; (iii) identify and supply
all ANL documentation of results of those TREAT tests identified in (ii)
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above; (iv) identify all TREAT tests identified in (ii) above where upper
cladding blockage was observed; where lower cladding biockage was cbserved.

ANSWER I1I-5 (c)

Section 10.2 in CRBRP-GEFR-00103 and Section 8.2 in CRBRP-GEFR-00523
discuss the same material that this Interrogatory makes reference to.

(c)(i) The TREAT tests that were designed to simulate unprotected LOF (DA
phencmenon were the L, R, and F series experiments.

(c)(ii) The test series that focused on coolant and cladding behavior were
the L. and R series experiments.

(c)(iii) Documentation of the results of the TREAT tests identified in
(ii) above can be found in the following documents:

(1) Reference 59 in CRBRP-GEFR-00103.

(2) E. Barts, et al., "Summary and Evaluation, Fuel Dynamics Loss-of-
Flow Experiments (Tests L2, L3, L4)," ANL 75-57, Sept. 1975.

(3) Reference 36 in CRBRP-GEFR-00103

(4) Reference 55 in CRBRP-GEFR-00103

(5) Reference 21 in CRBRP-GEFR-00523

(6) Reference 23 in CRBRP-GEFR-00523

(7) Reference 28 in CREBRP-GEFR-00523

(8) Reference 29 in CRBRP-GEFR-00523

(9) Reference 31 in CREBRP-GEFR-00523

(10) Reference 32 in CRBRP-GEFR-00523

(11) Reference 33 in CRBRP-GEFR-00523

(12) Reference 34 in CRBRP-GEFR-00523

(13) Reference 46 in CRBRP-GEFR-00523

(14) R. Simms, et al., "Fuel Motion in Experiments Simulating LMFER
Loss-of-Flow Accidents,” ANL/RAS 80-25, Nov., 1980.

(15) R. Simms, et al., "TREAT Test L7 Simulating an LMFBR Loss-of-Flow
with FTR-Type Fuel," ANL-80-112, Nowv., 1980. -
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(e)(iv) This information is found in the documents listed in (iii1) above.

QUESTION 11-6

(F6.2-93, par. 4) Generic answers (a) and (b) are not required.

() Clarify how Reference 12 is supportive of the conclusion, "It is

presently believed that such blockages do not form or are incamplete in
almost all subassemblies.”

ANSWER 1I-6 (c)

The reference referred to in the question is Ref. 57 in CRBRP-GEFR-00103
and the discussion of this subject has been revised by more recent data
fraom Ref. 49 in CRBRP-GEFR-00523. See Section 8.2.1 of CRBRP-GEFR-00523.

QUESTION 11-7

(F6.2-95, par. 1) Since incomplete blockages will be immediately melted

out when molten fuel passes through them, these blockages can be neglected
in the analysis.

ANSWER 17-7 (b) and (c)

The discussion of this subject has been revised by more recent data fram
Ref. 49 in CRBRP-GEFR-00523. See Section 8.2.1 of CRBRP-GEFR-00523.

QUESTION 11-8

(F6.2-93), par. 4) What is the basis for assuming a molten steel-coolant
interaction would not occur as the molten cladding contacts liquid sodiim

at the top and bottam of the core? If it does occur how is this interaction
mode lad?
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ANSWER 1I-8 (b) and (c)

Movement of nolten cladding prior to fuel movement would occur into voided
regions of the fuel assembly where the steel would freeze. No evidence of
steel-sodium interactions were cbserved in the TREAT R-series experiments
in which early cladding relocations occurred (Ref. 23 in CRBRP-GEFR-00523) .
The potential for a dispersed flow regime ejection of molten fuel-steel-gas
mixtures was discussed on page 10-7 of CRBRP-GEFR-00103 and more recent
evaluations are provided in Section 8.2 of CRBRP-GEFR-00523. Neglecting
the molten steel-sodium interactions is primarily founded on the dispersed
flow regime negating the potential for large scale, intimate liquid-liquid
contact occurring. Out-of-pile experiments with both simulant materials

and reactor materials support this conclusion (Ref. 63 in CRBRP-GEFR-
00103).

NOTE: Questions II-9 through I1-16 pertain to extendea fuel motion.

QUESTION II-9

(F6.2-95, par. 2) The development of fuel and steel vapor pressures
strongly suggest that the fuel motion will be monotonically dispersive.

ANSWER 11-9 (b) and (c)

References 57 and 60 in CRBRP-GEFR-00103 and more recent analysis in
Section 8.3 of CRBRP-GEFR-00523 supported by Reference 76 in CRBRP-GEFR-
00523 provide the basis for the statement set forth in the interrogatory.

QUESTION 11-10

(F6.2-95, par. 2) BEntraimment of clad could arise. . . criteria provided
in Ref. 69.
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(c) Under what conditions could entraimment of clad be expected not to
occur? If cladding steel slushing could occur, could fuel sloshing also
occur?  To vhat extent, if any, did entrairment take place in the in-pile
LOF meltdown experiments? Identify and discuss a’l uncertainties in these
in-pile LOF meltdown experiments with respect to the applicability of these
results to CRBR LOF (DA corditions. In the post-test analysis of the LOF
meltdown experiments to what extent was the relocated fuel and steel
heterogenecus? Identify and discuss all uncertainties in the applicability
of the stability criteria provided in Reference 69 to CRBR LOF CDA condi-
tions. Discuss.

ANSWER II-10 (b) and (c)

Reference 57 in CRBRP-GEFR-00103 provides the bases for this statement.
Clad-fuel entrairment is likely to occur for all pestulated core-disruptive
hypothetical accidents. Fuel sloshing in the same sense as clad sloshing
is considered very unlikely since following fuel melting a large fraction
of the neutron heating will appear as latent heat of vaporization. The
resultant driving force is much larger than that representad by the sodium
vapor streaming (which leads to clad sloshing) and therefore results in
essentially monotonic dispersal of the fuel. Even with mo entraimment,
considering the fact that the steel-fuel system is largely predispersed by
design, no significant change in the accident sequence as depicted in the
CRBRP-GEFR-00103 or CRBRP-GEFR-00523 is anticipated.

QUESTION I1I-11

(F6.2-95, par. 2) Heat Transfer fram the fuel to the clad will result in
rapid clad vaporization and dispersal of fuel.

ANSWER 1I-11 (b) and (c)

Reference 57 in CRBRP-GEFR-00103 (same as Ref. 50 in CRBRP-GEFR-00523) and
updated analysis in Section 8.2 of CRBRP-GEFR-00523 provide the basis for
the stataments set forth in the interrogatory.
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QUESTION 1I-12

(F6.2-95, par. 2) Only a small fraction of the available clad material is
necessary, since the liquid-to-vapor density ratio is in the order of 10‘.

ANSWER 11-12 (b) and (c)

Relatively small vapor wvelocities (/“2m/sec) are required to fluidize the
fuel for woid fractions of interest (40 to 508%). Hence, only a small
volume of liquid steel is necessary to produce these velocities. Even
small puddiles of steel left behind on the fuel pins would be sufficient.
(See Ref. 57 in CRBRP-GEFR-00103)

QUESTION I1-13

(P6.2-95, par. 2) PFurthermore, because of the above entrainment processes
and since mclten steel is known to wet oxide fuel, the local heat transfer
between fuel and clad can be approximated by equilibrium conditions.

ANSWER 11-13 (b) and (c)

The final ocutcamne is not sensitive to the assmptions of equilibrium
conditions. Local nonequilibrium conditions between fuel and steel will
lead to similar conclusions regarding fuel dispersal and boil-up.

QUESTION 11-14

(P6.2-95, par. 2) The vaporization rates are therefore more than suffi-
cient to fluidize and to maintain a dispersed fuel-steel system.
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ANSWER 1I-14 (b) and (c)

See Section B.2 of CRBRP-GEFR-00523.

QUESTION II-15

(P6.2-95, par. 2) Generic answers (a) and (b) are not required.

(¢) Provide more detail models of possible phencmena and events taking
place between clad melting and fuel dispersal above the gas plenum region,

giving estimates of the time sequence of events, material description,
movenents and relocations.

ANSWER 11-15 (=)

Presently available mode.s of the phenamena and events taking place between
clad melting and foel dispersal during the initial stages of core disrup-
tion are those used by the Applicant in CRBRP-GEFR-00103 and CRBRP-GEFR-
00523, i.e., SAS3D, PLUTO 1, and PLUTO 2. The Applicant's updated analysis
of fuel penetration into asserbly rod structure is given in Section 8.2.2
of CRBRP-GEFR-00523.

QUESTION 11-16

(F6.2-97, par. 4) This process can continue since experiments (Reference
6) (with both simulant materials and reactor system and a cold liquid is
unlikely to result in sustained interaction pressures larger than the vapor
pressure or system pressure of the hot fluid.

(c) wWhat is the asis for rejecting the analysis and conclusions presented
in "The Role of Spontaneous Nucleation in Thermal Explosions, Freon/Water
Experiments,” S. J. Board, R. W. Hall, G. E. Brown, Proc. Fast Reactor

Safety Meeting, April 24, 1974, Beverly Hills, Calif., USAEC Report CONF-
740401-P2 (1974), pp. 933-936.
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ANSWER I11-16 (b) and (c)

(b) Reference 63 in CRBRP-GEFR-00103 supports the conclusion that contact
temperature larger than the spontaneous nucleation temperature is required
for sustained pressure generation. This condition is not satisfied for the
dispersed fuel-steel-sodium system.

(¢) The experiments and analysis reported in "The Role of Spontaneous
Nucleation in Thermal Explosions, Freon/Water Experiments,” by S. J. Board
et el., support the criteria stated in 16(b) above. For further classifi-
cation, see the following reference: R. E. Henry, H. K. Fauske, and L. M.
McUmber, "Vapor Explosions with Subcooled Freon," Trans. Am. Nucl. Soc.,

Vol. 22, 1975. See Section 8.0 of CRBRP-GEFR-00523 for recent Applicant
evaluations.

NOTE: Questions II-17 through II-23 pertain to fuel behavior following
postulated core plugging.

QUESTION I1-17

(PF6-2-98, per. 4) The disruption of the fuel in different subassemblies is
relatively coherent across the core due to the high power levels in the

initiating phase of the accident. All of the subasserblies experience fuel
disruption within a few seconds of each other.

(c¢) Define in more detail the extent of incoherence that might be in-
volved, including the extent of the incoherence in the position of fuel
tenperatures, reactivity, insertion mechanisms and their spatial 1listribu-
tion, and time sequence of events.
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ANSWER I11-17 (b) and (c)

This question appears specific to the harogeneous core which is not the
current design. Accordingly, it requires no answer.

Section 8 of CRBRP-GEFR-00523 describes the analysis for the current core
design.

QUESTION I1-18

(P6.2-98, par. 4) Generic answers (a) and (b) are not required.

(c) What happens to the control rods during the transition phases of the
LOF and TOP (DAs? How are these effects modeled?

ANSWER 11-18 (c)

The control rods are neglected in the transition phase analyses. Control
rod material is assumed to be absent fram the hamogenized pools that
eventually form.

QUESTION I1I-19

(F6.2-98, par. 4) Generic answers (a) and (b) are not required.

(¢) Explain in detail all alternative modes of accident progression, if it
is assumed that the melting of wrapper can steel is not faster than the
ranoval of the postulated frozen steel-fuel blockage above the care.

ANSWER 11-19 (c)

The identified modes of hypothetical accident progression for the requested
assumption that the melting of wrapper can steel is not faster than the
ranowval of the postulated frozen steel-fuel blockage above the core were
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described in detail in Section 10.1 of CRBRP-GEFR-00103 and are updated for
more recent data in Section 8.2 of CRBRP-GEFR-00523.

QUESTION 11-20

(F6.2-98, par. 4) Generic answers (a) and (b) are not required.

(c) Explain in detail all alternative modes of accident progression if the
core cannot be adequately represented by a single coherent boiling region.

ANSWER 1I-20 (c)

This question appears specific to the hamgeneous core which is not the
current design. Accordingly, it requires no answer.

Section B of CREBRP-GEFR-00523 describes the analysis for tre current core
design.

QUESTION 11-21

(F6.2-98, par. 5) Generic answers (a) and (b) are not required.

(c) The basis for assuing a vanishirg small viscosity, thereby elimi-
nating laminar and turbulent flow regimes.

ANSWER 11-21 (c)

The basis for this statement is found in Reference 58 of CRBRP-GEFR-00103.

QUESTION 11-22

(F6.2-101, par. 2) Generic answers (a) and (b) are mot nquir-d:
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(¢) Provide detailed description of the series of experiments being
performed to investigate fuel-coolant and steel-coolant interaction
postulated if hot fuel and steel are driven ocut the ugpper and lower core
structure encounter sodium, and all writeups (including internal memoranda)
of results (final and preliminary) of these experiments.

ANSWER 11-22 (c)

Section B8.2.6 of CRBRP-GEFR-00523 provides an updated summary of the
information requested.

QUESTION 11-23

(P6.2-101, par. 3) Since melt-through of the structure is anticipated well
before the power level has dropped to 1%, a significant fraction of the
fuel-steel mixture is likely to be rapidly ejected.

ANSWER 11-23 (b) and (c)

Evaluations on the current design in Section 8.3.5 of CRBRP-GEFR-00523
indicate that small fractions of fuel-steel mixture are more likely to be
ejected.

NOTE: Questions II-24 through 1I1-29 pertain to reactivity effects in a
disrupted core.

QUESTION 11-24

(P6.2-101, par. 5) The assumption that reactivity calculations on a
disrupted core can be adequately modeied using two-dimension r-z geametry?
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ANSWER 11-24 (b) and (c)

™he types of reactivity calculations made in CRBRP-GEFR-00103 and CRBRP-
GEFR-00523 are adequate with two-dimensional r-z geanetry because the
reactivity changes considered are relatively large, and primarily due to
axial fuel motions and sodium voiding. More sophisticated models (e.g.,
three-dimensional hex-z geometry) are useful primarily in obtaining
accurate estimates of physics parameters related to normal operation.
Using such models to estimate reactivity changes due to sodium woiding and
fuel motion would not yield significantly different results than would be
obtained fram an r-z model. This is a standard engineering approach, the
adequacy of which is barme out fram physics calculations performed for
conditions of normal operation. In such calculations it is standard
practice to use simplified models to campute reactivity changes, after
having verified the approach by periadic checking with three-dimensional
calculations.

QUESTION 11-25

(F6.2-101, par. 5) The assumption that reactivity calculations on a
disrupted core can be adequately modeled using the nine group cross-section
m.

ANSWER I11-25 (b) and (c)

The types of reactivity calculations made in CRBRP-GEFR-00103 and CRBRP-
GEFR-00523 are adequately modeled with a nine-group cross-section set
because boundaries were chosen to ensure that the important physical
phencmena were treated properly. Taking such care results in very good
agreament with calculations made with finer-group cross-section sets.
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QUESTION 11-26

(P6.2-102, par. 1) Generic answers (a) and (b) are not required.

(c)(i) What is meant by "significant” in". . . results has a significant
implication for the transition phase . . ."? (ii) wWhat are the uncer-
tainties involved? (iii) Identify the higher power subassamblies where
steel in the core is nearing the boiling point. (iv) What are the
uncertainties involved in this estimate? (v) Quantify “nearing the
boiling point." (vi) What are the uncertainties? (vii) Quantify what
is meant by "imminent" in" . . . rapid production of steel vapor is
imminent . . ." (viii) What are the uncertainties involved? (ix) What are
the uncertainties that lead to the choice of the word "should" in ".
should uncertainties relative to the time of onset of steel vapor produc-
tion. (xi) Quantify what is meant by ". . . delayed for any significant
period of time . . ." (xii) What are the uncertainties inwolved? (xiii)
Quantify what is meant by "mild" in ". . . another mild burst would follow.

?"  (xiv) What are the uncertainties? (xv)-(xxviii) With respect to
each of the above questions, (i) through (xiv), relative to (F6.2-102,
par. 1), discuss in detail the implications (f incoherences in the phe-
mntaimrolvedardcmsequmtlackoflynmtryinti:muq\mcesmd
geametry.

ANSWER I1-26 (c)

(c) (i) through (xxviii). Sections 8. and 9.4 of CRBRP-GEFR-00523 provide
the current assessment of the meltout and large-scale pool phase of the
HCDA.

QUESTION 11-27

(F6.2-102, par. 2) Generic answers (a) and (b) are not requi-=d.

(c) Whose “current best estimate" is being referred to in the second
sentence? Are there differing views known to the applicant as to what
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constitutes the "best estimate" as to whether fuel ejected into the blanket

will travel through then without plugging? If so, present in detail the
basis for these altermative views.

ANSWER 11-27 (c)

The extent of penetration of flowing rmolten materials through various
reactar structures and its basis are discussed in Section 8.2 of CRBERP-
GEFR-00523.

QUESTION 11-28

(F6.2-102, par. 3) Generic answers (a) and (b) are not required.
(c) What are the implications of nonuniform removal of fuel fram the core?

ANSWER 11-28 (c)

In terms of calculation of the reactivity due to fuel relocation, the mode
of fuel removal is insignificant. The actual state of the reactor for

which the reactivity is being computed has far greater effects upon the
resulting energetics.

QUESTION 11-29

(F6.2-103, par. 2) Generic answers (a) and (b) are not required.

(c¢) Whose "best-estimate path" is being referred to here? Are there
differing views known to the applicant as to what constitutes the "best-

estinate path"? If so, present in detail the basis for these alternative
views.
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ANSWER 11-29 (c)

See Section 8.2.2 of CRSRP-GEFR-00523.
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FOURTH INTERROGATORY SET

PREAMBLE TO QUESTIONS

In mrevious interrogatories information was requested oconcerning
four Aistinct validations relative to the models and camputer codes used in
the analysis of CRBR CDAs, namely,

i) Validation that the code's output is the correct mmerical
calculation that should result fram a given set of input data
and the model assumptions;

ii) validation of the models against actual experimental data;
iii) Validation that the models can be extended to the CRBR; and

iv) validation that the input assumptions for the CRBR case are
adequate with respect to the CDA analysis, i.e., are support-
ed by experimental evidence. By "adequate™, here and below,
we mean that the calculations will not underestimate the CDA
work potential (i.e., forces and resulting energetics of a
CDA) or over estimate the contairment capability of the
reactor with respect to a CDA.

With respect to the following requests for information we are
concerned primarily with the fourth validation—-validation that the input
assunptions for the CRBR case are adequate with respect to the CDA anal-
ysis. Here we are not so muxch concerned with the validity of the model
expressions as with the uncertainties in the VENUS work energy calculations
due to propagation of uncertainties in a) the parameters used and b) the
model input data and due to any synergisms among these uncertainties and
the mxdel assumptions.

QUESTION 1

With respect to the calculations identified below, under (A) through (D),
please provide the following information [Where appropriate, the parts of



the question have been restated to reflect the protocol for discovery
agreed to by Applicants, Staff, and Intervenors NRDC et al.]:

1) List and identify all model input data (exclusive of coding
flags and inputs that specify ooding options, criteria, printout formats,
etc.) and all model parameters that come into play in each of the models
utilized in the couypled-code accident analysis calculations, including but
not limited to input data and parameters in SAS3A and VENUS-II. Exclude
paraneters not called into use because a subroutine, or part thereof, was
not utilized.

2) Describe in detail the basis for the choice of each input datum
and model parameter listed above.

i) In each case guantify the uncertainty in the value selected;

ii) In each case indicate whether the value is based on first
principles, experimental measurements, unvalidated hypothesis, output of a
coupled model (e.g., VENUS-II input obtained fram SAS3A output), etc.,

iii) In each case indicate whether the choice of the input datum
ar model parameter was selected to represent the “"best estimate", or a
bounding or "conservative value", where "conservative value" here means a
value chosen 80 as not to underestimate the accident consequences, e.g.,

work potential.

3) For each input datum and model parameter with uncertainty
listed in 1) above, indicate in quantitative terms the magnitude of the
uncertainty introduced into the final calculation of the work energy by the
uncertainty in the input datum or model parameter. In addition, discuss in
detail any syneryistic effects resulting fram cambinations of uncertainties
in the input values, model parameters, and model assumptions. In each case
discuss the basis for the estimate of how the uncertainties propagate,
e.9., include and discuss all parameters analysed used to test the effect
of uncertainties.
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4) Identify by name, title and affiliation the primary Applicant
enployee(s) or consultant(s) that has intimate working knowledge of the
basis for the selection of the parameter ar input datum.

5) To the extent that any answers to the above questions are based
on referenced material, please supply the references.

6) Explain whether Applicants are presently engaged in or intend
to engage in any further research aor work which may affect Applicant's
answer. This answer need be provided only in cases where Applicants intend
to rely upon an going research mot included in Section 1.5 of the PSAR at
the LWA ar construction permit hearing on the CRBR. Failure to provide such
an answer means that Applicants do not intend to rely 'pon the existence of
any such research at the LWA ar construction permit hearing on the CRBR.

7) 1Ildentify the expert(s), if any, wham Applicants intend to have
testify on the subject matter questioned. State the qualifications of each
such expert. This answer need not be provided until Applicants have iden-
tifiel the expert(s) in question or determined that no expert(s) will
testify, as long as such answer provides reasonable notice to Intervenors.

(A) The three SAS3A/VENUS-II calculations for the LOP-BOEC configuration
considered in Section F6.2.6.2.1 (i.e., 40$/sec, 50$/sec and 100$/sec ramp
rates) and sumarized in Table F6.2-2d. In the latter two cases (50$/sec
and 100$/sec) it is not necessary to duplicate information previously
provided with respect to the 40$/sec case, e.g., much of the SAS3A input
data. Here, indicate aonly those parameters and input data that differ fram
those previously listed.

(B) The one SAS3A/VENUS-II calculation for the LOF-BOEC configuration
considered in F6.26.2.2 is sumarized in Table F6.2-22.

(C) The four SASIA/VEUS-I1 calculations for TOP-BUEC configurations
considered and sumarized in Table F6.2-23. In the last three cases,
(i.e., the second 50$/sec, 75$/sec, and 100$/sec) it is not necessary to



duplicate information previously provided with respect to the first 50$/sec
case.

(D) The four VENUS-II disasserbly calculations for the BEOEC LOF immediate
re-entry case and three VENUS-II disassambly calculations for hamogenized
core re-entry considered in F6.2.6.4 and summarized in Table F6.2-24. It
is not necessary to duplicate information in each case; indicate only those
parameters and input data that differ fran those previously listed.

ANSWER 1

1) This question appears specific to the hamogeneous core which is not the
current. design. Accordingly, it requires no answer. CRBRP-GEFR-00523
describes the analyses for the current core design. The SAS3D and VENUS-II
input data used in the calculations have been set forth for selected cases
in CRBRP-GEFR-00523 on page 4-19 and in Appendices D and G. Physical
descriptions of the numerical input data listings are found in References 5
and 6 of CRBRP-GEFR-00523.

2) This question appears specific to the hamogeneous core which is not the
current design. Accordingly, it requires no answer. CRBRP-GEFR-00523
describes the analyses for the current core design. The basis for the
choice of the SAS3D base case input parameter values is presented in
Section 4.3 of CRBRP-GEFK-00523.

Referring to the VENUS input description in ANL-7951, the following data
arises from the geametric model chosen, and fram options chosen which were
deemed appropriate for the analyses made:

(a) m dﬂt& an m 2-105 1" 15. 21' 22.
(b) Data for all regions on cards 23-27, and 33.

The power densities on cards 11, the material worths on cards 28, and the

Doppler Iroadening feedback paraineters on card 31 were cbtained fram
calculations similar to those described in Section 4.3 of the PSAR. The



data on cards 16 and 17 were obtained fram SAS3D output, as was PZERD on
card 20, and data on cards 32. The rest of the data on card 20, are deemed
appropriate for the analyses model.

The data on card 30 are based an experimental measurements. The data on
card 50 are based on SAS3D output, which was used to obtain an average core
tanperature, which was in turn used by VENUS to cbtain an appropriate r-z
tanperature distribution. Input parameter changes in the base case input
decks are described in Section 9 of CRBRP-GEFP-00523.

3) The impact of uncertainties with respect to input data is discussed in
CRBRP-GEFR-00523. Various parameters were varied to determine sensitivities
to data and modeling uncertainties.

4) Dennis M. Switick, Manager, Safety Analysis, General Electric Campany,
Fast Breeder Reactor Department, 310 DeGuigne Drive, Sunnyvale, California
94086 .

5) The referenced documents have been or will be made available for

6) The Applicants are currently analyzing this area and will provide
pertinent information as it becames available.

7) At the present time, the Applicants have not determined the experts, if
any, whan they intend to have testify on the subject matter questioned.

QUESTION 11 (General)

Request for the following information is based an our concerns with respect
to validation (iii) and (iv) noted previously. In the Applicant's answers
to the generic questions (b) and (c) below, the Applicant is requested to
be responsive to these concerms.



With respect to each statement, assertion or assumption (based on Section
F6.Z of the PSAR) identified below, please provide the following informa-
tion (unless noted otherwise). NOTE: The following numbered interroga-
tories are identified in parentheses by the page and/or paragraph nurber
fran the PSAR or by a code number identifying an NRC question addressed to
the Applicant. [Where appropriate, the parts of the question have been
restated to reflect the protoool for discovery agreed to by Applicants,
Staff, and Intervenors NRDC et al.]

a) 1Identify by name, title and affiliation the primary Applicant em-
ployee(s) ar consultant(s) that has the expert knowledge required to
support the statement, assertion, or assumption.

b) Describe in detail the supporting evidence for the statement, asser-

tion, or assumption and where appropriate the rationale for the approich
taken.

c) Provide any additional information requested following each statement,
assertion or assumptian.

d) To the extent that any answers to the ab ve questions are based on
referenced material, please supply the reference.

e) Explain whether Applicants are presently engaged in or intend to engage
in any further research aor work which may affect Applicant's answer. This
answer need be provided only in casec where Applicants intend to rely upon
on going research not included in Section 1.5 of the PSAR at the LWA or
construction permit hearing on the CRBR. Failure to provide such an answer
means that Applicants do not intend to rely upon the existence of any such
research at the LWA or construction permit hearing on the CRBR.

f) Identify the expert(s), if any, wham Applicants intend to have testify
on the subject matter questioned. State the qualifications of each such
expert. This answer need not be provided until Applicants have identified
the expert(s) in question ar determined that no expert(s) will testify, as
long as such answer provides reasonable notice to Intervenors.



ANSWER 11 (General)

The answers to questions II(a), (d), (e) and (f) are the same as those for
questions 1(4), (5), (6) and (7) respectively.

NOTE: Questions II-1 through 1I-4 pertain to analysis of hydrodynamic
disassemblies.

QUESTION I1I-1

NRC Question 001.497. In this question to the Applicant the Staff states
"...disassembly calculations results will depend on the results of ...the
equation of state for disassenbly phase ..." For the disassembly phase
perhaps the single most irmortant uncertainty is the equation of state

especially for temperatures and pressures close to the critical point of
fuel vapor.

Generic answers (a) and (b) are not required.

(c) Does the Applicant agree with this conclusion? If not, why not? In
either case (if so or if not), discuss in more detail the basis for this
conclusion. Document the uncertainties in the equation of state and
indicate the effect these uncertainties could have on the results of the
hydirodynamic disassembly analysis.

ANSWER 1I-1 (c)

Jackson et al., has studied the effects of using various formulations of
the fuel vapor pressure behaviar proposed for use in disassembly calcula-
tions, and showed that only minor differences emerged fram using the
different models. (J. F. Jackson, A. M. Eaton, R. M. Hall, T. F. Bott



(Brigham Young University), "The Influence of Equation-of-State Uncertain-
ties on Fast Reactor Disasserbly Calculations, Trans. Am. Nucl. Soc. 22, p.
368 (1975). They further showad that the Menzies formulation currently in
VENUS~11 predicted the greatest energy release. Uncertainties that might
exist close to the critical point are not of great concern, because none of
the disasserbly cases presented in CRBRP-GEFR-00103 or CRBRP-GEFR-00523
lead to temperatures anywhere near the critical temperature.

QUESTION 11-2

(F6.2-105, par. 2) Each of these assumptions contradicts present under-
standing o’ the phenamena and the cambination of all three is highly
improbable.

ANSWER 11-2 (b) and (c)

This question appears specific to the hamgeneous core which is not the
current design. Accordingly, it requires no answer. Section 8 of TRBRP-
GEFR-00523 describes the analyses for the current core design.

QUESTION 1I-3

(F6.2-106, par. 2) In coments on the proposed final envirommental state-
ment - liquid metal fast breeder reactor (with reference to p. 4.2-148 of
the PFES-IMFBR), the NRC Staff stated:

"...the bases for concluding that the total energy generated in a
series of small power bursts will be no greater than that generated in a
single, large, permanently-dispersive burst requires further study.
Further, the safety significance of such a conclusion, even if justified,
is not clear at this time. For example, further work is required to
evaluate the effective mechanical damage fram repeated pulses if they do
occur .

Generic answers (a) and (b) are not required.

SET IV AA-84



(c) Does the Applicant agree with this conclusion? If not, why not? In
either case (if s0 or if not), how are these considerations treated in the
CRBR (DA disassarbly analyses? Is it not possible that a series of small
power bursts could occur in such a fashion that they would lead to a large
reactivity insertion at or near prampt critical and lead to a sustained
superprampt critical burst? Is it not possible that the small power bursts
could be due to phenamena having space as well as time, assymetries. For
example, in such a fashion that axial symmetry, as assumed in VENUS, would
be inappropriate for modeling the phenamena? Discuss in detail the basis
for the answers to the above.

ANSWER 11-3 (c)

CRBR HCDA disasserbly analyses have not resulted in predictions of se-
quences of small power bursts.

A series of small power bursts occurring in such a fashion that they would
lead to a large reactivity insertion at or near prampt critical and cause a
sustained superprampt critical burst is judged to be highly unlikely.

To obtain such a situation requires making a continuing series of arbitrary
assumptions regarding coherency of fuel motion.

It is true that the VENUS-II model does not allow for externmal treatment of
fuel motion. However, the reactivity effects of fuel motion can be es-
timated and included in the reactivity insertion rate input to VENUS. The
resultant energetics are judged to be reasonable estimates, provided the
void volume is handled in a conservative manner. (See R. B. Nicholson and
J. F. Jackson, "A Sensitivity Study for Fast Reactor Disassenbly Calcula-
tions," ANL~7952 (1974).)



QUESTION 11-4

(P6.2-106, par. 2) In all cases, care was taken to begin the disassembly
calculation early emnough to ensure that conservative estimates of the
energy generated were made in VENUS-II.

Generic answers (a) and (b) are not required.

() 1Is it rot true that SAS3A may predict a disasserbly ramp rate which is
either unreasonable in sign or in magnitude at a specified core fuel
temperature (See Blewbis et. al., Proc. of the Fast Reactor Safety Meeting,
Beverly Hills , California CONF 740401, p. 1324). How is this considera-
tion taken into account in modeling the transition fram termination of
SASIA and/or the “transition phase to VENUS-II? Describe how the VENUS
ranp rate is formulated in light of the above.

ANSWER 114 (c)

SAS3A ar SAS3D, in and of themselves, do not predict a “"disassenbly ramp
rate." It is up to the user to decide when the disassembly calculation
should begin. With respect to how this is done, a clear description
appears on p. II-3 and II4 of CRBRP-GEFR-00103. The Applicant cannot
ascertain how the authors of the referred to paper obtained the driving
reactivities; however, the results seem to be at variance with our experi-
ence in CRBR calculations.

NOTE: Questions II-5 through 1I-9 pertain to transition recriticality
considerations.

QUESTION 1I-5

(F6.2-109, par. 3) First, the pressuce fram vapor generation in the
boiling material in the core could tend to levitate the blockage.
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(c) Provide a time dependent profile of the pressures above ani below the
assumad blockage.

ANSWER 11-5 (b) and (c)

Detailed calculations of the time dependent pressure above and below the
blockage were not performed since a detailed calculational model is not
currently available. Qualitatively, the pressures below the blockage will
be higher than those above the blockage. Therefore, the blockage will be
levitated.

QUESTION I1-6

(F6.2-109, par. 3) Any material re-entering the core would most probably
not came in as ocherent slugs but rather came in gradually as the upper
blockages are melted and “washed" out by the boiling turbulence below.

)
(¢) Quantitatively compare the probability of reentry due to gradual
melting and washout with the probability of re-entry due to pressure relief
dowrnward .

ANSWER 11-6 (b) and (c)

Calculations to quantitatively campare the probability of re-entry due to
gradual melting and washout with the probability of re-entry due to pres-
sure relief dowrward have not been performed since an appropriate calcula-
tional model is not currently available.

QUESTION 11-7

(F6.2-109, par. = Generic answers (a) and (b) are not required. Material
injected into the blankets would tend to have a temperature profile that is
steadily decreasing away fram the core...
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(c) Provide a quantitative a2ssessment of the time dependent temperature
profile across the blockage.

ANSWER 11-7 (c)

Calculations of the time dependent temperature profi e across the blockage
were not performed since a detailed calculational moldel is not available.
Qualitatively, the sentence set forth in the interrogatory is supported by
the statements which immediately follow it on page 11-11 of CRBRP-GEFR-
00103.

QUESTION 11-8

(F6.2-110, par. 1) A second reason that a recriticality is unlikely is
that the reactivity of the system, after the early part of the transition

phase, would very prabably be too low for fuel re-entry to return the
system to critical.

ANSWER 11-8 (b) and (c)

Evaluation of the current design in Sections 8.2 and 8.3 of CRBRP-GEFR-
00523 indicate that recriticality may occur,, but large coherent reactivity
events are not foreseen.

QUESTION 1I1-9

(F6.2-11G, par. 1) The assumption that the remaining inner and outer core
fuel is hamogenied.

(c) what are the implications in terms of possible ramp rates if it is
assumed that the fuel is not hamogenized?



ANSWER II-9 (b) and {(c)

This question appears specific to the homgeneous core which is not the
current design. Accordingly, it requires no answer. Section 8 of CRERP-
GEFR-00523 describes the analyses for the current core design.

NOTE: Questions II-10 through 11-16 pertain to the BOEC LOF immediate
re-entry case.

QUESTION 11-10

(F6.2-110, par. 4) The assumption that the re-entry can be adequately
modeled by limiting the coherent re-entry consideration to the 36 sub-
assarblies in the innermost ring of the outer enrichment zone.

(c) How are the control rods modeled in the EOEC LOF Irmediate Re-Entry
Case?

ANSWER I1I1-10 (b) and (c)

This question appears specific to the hamgeous core which is not the
current design. Accordingly, it requires no answer. Section 8 of CREBRP-
GEFR-00523 describes the analyses for the current core design.

QUESTION I1I-11

(F6.2-110, par. 5) Assume that, in 75 percent of the subassemblies in the
innermost ring of the outer core zone, blockages form in the lower portion
of the upper blanket.

(c) what is the basis for the choice of the location of the blockage in
the upper blanket?



ANSWER 11-11 (b) and (c)

This question appears specific to the hamgeous core which is not the
current design. Accordingly, it requires no answer. Section 8 of CRBRP-
GEFR-00523 describes the analyses for the current core design.

QUESTION 11-12

(P6.2-328, Figure F6.2-157) Generic answers (a) and (b) are not required.
(c) why is the slope of the curve discontinuous?

ANSWER 11-12 (c)

The curve referred to in this interrogatory is now Figure 11-2 in CRBRP-
GEFR-00103 and should in fact be drawn as continuous and smooth.

QUESTION 1I-13

(F6.2-111, par. 3) ...the inner and cuter core fuels are hamogenized.

ANSWER II-13 (b) and (c)

This question appears specific to the homogeneous core which is not the
current design. Accordingly, it requires no answer. Section 8 of CRBRP-
GEFR-00523 describes the analyses for the current core design.

QUESTION 11-14

(P6.2-111, par. 3) Same 17 percent of the core fuel is located in the
blanket .
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ANSWEF 11-14 (b) and (c)

This question appears specific to the homogeneous core which is not the
current design. Accordingly, it requires no answer. Section 8 of CRBRP-
GEFR-00523 describes the analyses for the current core design.

QUESTION 11-15

(F6.2-111, par. 4). The fuel and steel which has been ejected is then
postulated to fall out of the blanket in rings two and three.

(c) what is the basis for selecting the sub-assamblies in rings two and
three?

ANSWER 1I-15 (b) and (c)

This question appears specific to the hamogeous core which is not the
current design. Axcordingly, it requires no answer. CRBRP-GEFR-00523
describes the analyses for the current core design.

QUESTION 11-16

(F6.2-111, par. 4) Generic answers (a) and (b) not required.
(c) What is meant by "interpenetrate” in the phrase

"The material is allowed to interpenetrate the material
already in the care"? Describe in detail the geametry of the materials
involved and the manner of penetration.

ANSWER 1I-16 (c)

"Interpenetrate” means that, when the neutronic calculations were per-
formed, the fuel was assumed to be filling space that would otherwise be
filled by a liquid fuel-steel mixture. That is, in the regions where the
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fuel was postulated to the re-entering, the fuel density was increased;
thus, the neutronics calculations reflect the change in flux shape due to
this effect.

SET IV AA-92



FIFTH INTERROGATORY SET

PREAMALE TO QUESTIONS

In previous interrogatories information was requested concerning
four distinct validations relative to the models and camputer codes used in
the analysis of CRBR CDAs, namely

i) Validation that the oode's output is the correct numerical
calculation that should resalt fram a giver set of input data
and the model assumptions;

ii) Vvalidation of the models against actual experimental data;
iii) Validation that the models can be extended to the CRBR; and

iv) Vvalidation that the input assumptions for the CRBR case are
adequate with respect to the (DA analysis, i.e., are support-
ed by experimental evidence. By "adequate”, here and below,
we mean that the calculations will not underestimate the CDA
work potential (i.e., forces and resulting energetics of a
CDA) or overestimate the containment capability of the
reactor with respect to a CDA.

With respect to the following requests for information we are
concerned with these same four validations relative to the radiological
source term and site suitability analysis.

QUESTIONS 1

With respect to each of the following codes and each subroutine of each of
the following codes:

(A) OOMRADEX - II
(B) HMA -3

please provide the following information [Where appropriate, the parts of

the question have been restated to reflect the protocol for discovery
agreed to by Applicants, Staff, and Intervenors NRDC et al.]:
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1) Complete, current documentation (i.e., a writeup) of the codes and the
subroutines;

2) Identify, by name and affiliation, the author, or authors, of each
model, subroutine, or portion of each subroutine, which each contributed or
worked on;

3) Identify by name affiliation (including organization, division, branch,
title, etc.) each applicant employee, or consultant, that has intimate
working knowledge of the code and each subroutine, or parts thereof,
including its validity. wWhere more than one person is involved, delineate
which portion of the code or subroutine with which each has an intimate
working knowledge;

4) Describe fully the procedures by which Applicant has assured itself and
continues to assure itself, that the various camputer programs (codes)
accurately reproduce the models as described in the PSAR and its references
(see Validation (i) above);

5) Indicate which models (including subroutines, ar portions of subrou-
tines) have not been validated as described in Validation (i);

6) Indicate the models (including subroutines, ar portions of subroutines)
or assumptions that have not been validated as described in Validation
(ii);

7) For each model, portion of the model, or assumption that has been
validated (against experimental) ar other) data, see Validation (ii) above)
describe fully the procedure by which it was validated, and the results,
including all uncertainties and limitation of the validation. Indicate the
source of the experimental, or other data, that was used in the validation.
8) Explain fully all instabilities in the numerical performance in the
models, what causes them, and how they are avoided, and the extent to which
this introduces uncertainties in the calculations and limits the validity
of the model (cf., p. Fé. 2-10 par. 2).

9) To the extent that any answers to the above Qquestions are based on
referenced material not previously provided, please supply the references.

10) Explain whether Applicants are presently engaged in or intend to engage
in any further research or work which may affect Applicants' answer. This
answer need be provided only in cases where Applicants intend to rely upon
on going research not included in Section 1.5 of the PSAR at the LWA or
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cnstruction permit hearing on the CRBR. Failure to provide such an answer
means that Applicants do not intend tO rely upon the existence of any such
research at the LWA or construction permit hearing on :he CRER.

11) Identify the expert(s), if any, whan Applicants intend to have testify
on the subject matter questioned. State the qualifications of each such
expert. This answer need not be provided until Applicants have identified
the expert(s) in question ar determined that no expert(s) will testify, as
long as such answer provides reasonable notice to Intervenors.

ANSWER I(A)

The information provided in these answers pertains to the COOMRADEX-III
Camputer Code, which is used for site suitability source term analysis.

(1) Reference 1 on page A-19 of the PSAR is the current OOMRADEX-III
documentation.

(2) The information is available in the documentation listed in Response 1
above.

(3) The reference in Response 1 also identifies the contributors to, and
the supervisors responsible for, code and subroutine development.

(4) Independent hand calculations were made to check intermediate cal-
culations of the Code. Simpson's Rule integration routines were checked by

camparison with calculations which can be reproduced analytically.

(5) All COMRADEX-III progranmming has been checked as indicated in (4)
above to verify that the code performs the correct numerical calculations.

(6) None.
(7) All models used in OOMRADEX-III are based on first principles.

Reference (2), page A-19 of the PSAR provides additional discussion on this
matter.
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(8) Program instabilities could result if the time-step size were too
large. The code selects the time-step according to predetermined criteria
which assures stability.

(9) References mentioned in items (1) and (7) have been or will be made
available for inspection and copying.

(10) No further research work of Applicant in this area has been iden-
tified.

(11) At the present time, the applicants have not determined the experts,
if any, wham they intend to have testify on the subject matter questioned.

ANSWER I (B)

The information provided in these answers pertains to the HAA-3B caomputer
code, which is used for site-suitability source term analysis.

(1) Reference 1 on page A-140 of the PSAR is the current HAA-3B documenta-
tion.

(2) The information is available in the documentation listed in Response
1.

(3) The reference in Response 1 identifies the contributors to, and the
supervisors responsible for, ocde and subroutine development.

(4) The HAA-3B oode, including its subroutines, has been thoroughly
checked to assure that the numerical algorithms in the HAA-3B code have
been programmed correctly. In addition, test cases were performed to
assure that the code could reproduce previously calculated resuilts.

(5) All HAA-3B programming has been validated as in (4) above.
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(6) None.

(7) References 1 through 6 on page A-140 of the PSAR contain detailed
descriptions of the validation of the HAA-3B code.

(8) The integro-differential eguation of the model in HAA-3B is solved by
applying the moment method and using a log-normal particle distribution
which results in three, simultaneous, first order differential eguations.
In sare analyses, more time steps are required to cover the time interval
desired than are allowed by array dimensions. In these cases it is neces-
sary to restart the code to continue the calculation. Under certain
canditions, following a restart, a slight input parameter manipulation is

required to achieve continuity. This does not impact the accuracy of the
results.

(9) References mentioned in Items (1) and (7) have been or will be made
available for inspection and copying.

(10) No further research work of Applicant in this area has been identi-
fied.

(11) At the present time, the applicants have not determined the experts,
if any, whan they intend to have testify on the subject matter questioned.

QUESTION 11

With respect to the following request for information we are concerned
primarily with the fourth validation — validation that the input assump-
tions for the CRBR case are adequate with respect to the source term and
site suitability analysis. Here we are not so much concerned with the
validity of the model expressions as with the uncertainties in the site
boundary doses due to propagation of uncertainties in a) the parameters
used and b) the model input data and due to any synergisms among these
uncertainties and the model assumptions.
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With respect to the calculations identified below, under (A) through (C),
please provide the following information [Where appropriate, the parts of
the question have been restated to reflect the protocol for discovery
agreed to by Applicants, Staff, and Intervenors NRDC et al.]:

1) List and identify all model input data (exclusive of coding flags and
inputs that specify coding options, criteria, printout formats, etc.) and
all model parameters that came into play in each of the models utilized in
the site suitability radiological analysis calculations, including but not
limited to input data and parameters in OOMRADEX-I] and HAA-3. Exclude
parameters not called into use because a subroutine, or part thereof, was
not utilized.

2) Describe in detail the basis for the choice of each input datum and
model parameter listed above.

i) In each case quantify the uncertainty in the value selected;

ii) In each case indicate whether the value is based on first prin-
ciples, experimental measurements, unvalidated hypothesis, output
of other models, arbitrary assumptions, etc.;

iii) In each case indicate whether the choice of the input datum or
model parameter was selected to represent the "best estimate", or
a bounding ar "conservative value", where "conservative value"
here means a value chosen so as not to underestimate the accident

consequences, e.g., site boundary and low population zone radio-
logical doses.

3) For each input datum and model parameter with uncertainty listed in 1)
above, indicate in quantitative terms the magnitude of the uncertainty
introduced into the final calculations of the site boundary 2-hour and the
low population zone accident duration doses, respectively, due to the
uncertainty in the input datum or model parameter. In addition, discuss in
detail any synergistic effects resulting fram cambinations of uncertainties
in the input values, model parameters, and model assumptions. In each case
discuss the basis for the estimate of how the uncertainties propagate,
e.g., include and discuss all parametric analyses used to test the effect
of uncertainties.




4) Identify by name affiliation (including organization, division, branch,
title, etc.) each applicant employee ar consultant that has intimate
working knowledge of the basis for the selection of the parameter or input
datum.

5) To the extent that any answers to the above questions are based on
referenced material not previously provided, please supply the references.

6) Explain whether Applicants are presently engaged in or intend to engage
in any further research or work which may affect Applicant's answer. This
answer need be provided anly in cases where Applicants intend to rely upon
on going research not included in Section 1.5 of the PSAR at the LWA or
construction permit hearing on the CRBR. Failure to provide such an answer
means that Applicants do not intend to rely upon the existence of any such
research at the LWA or construction permit hearing on the CRER.

7) Identify the expert(s), if any, wham Applicants intend to have testify
on the subject matter questioned. State the qualifications of each such
expert. This answer need not be provided until Applicants have identified
the expert(s) in question or determined that no expert(s) will testify, as
long as such answer provides reasonable notice to Intervenors.

(A) The Reference Design site suitability source term dose analysis
summarized in Table 15.A.3-5 (white pages)

(B) The Parallel Design site suitability source term dose analysis
sumarized in Table 15.A.3-4 of Appendix F, Part II (yellow pages)

(C) Any subsequent site suitability source term dose analyses based on
source terms (and other parameters) recamended by the NRC Staff.

ANSWER 11 (GENERAL)

The Applicants have a single design as described in the PSAR. The site
suitability source term used by the Applicants in Section 15.A of the PSAR
is consistent with that recamended by the NRC Staff. Oonsequently, it is
not necessary to provide separate responses to Parts (A), (B) and (C).



Responses to the list of questions are provided first for COMRADEX-III and
then for HAA-3B in Answers II(A) and II1(B), below.

ANSWER 1I(A)

The irnformation provided in these answers pertains to the OOMRADEX-III
Camputer Code.

1) The following input data were used in QOMRADEX III calculations for the
Site Suitability Source Term dose analysis:

Input release fractions of the oore inventory of radioactive
isotopes released to the RCB as discussed in Section 15.A.1 of the

PSAR are:

Fuel Material 1.0%
Solid Fission Products 1.0%
Halogens 50%
Noble Gases 100%

The source term is hypothesized as a bounding core related release.
Time dependent clean-up factors used (calculated by the HAA-3B camputer
code) are shown in Table 15.A-6 of the PSAR. The leak rate fram the RCB
used is the design basis leak rate of 0.1% vol/day for the duration of the
evaluation.

2) The core inventory release fractions listed in (1) above were utilized
in campliance with specific direction by the Nuclear Regulatory Commission
(see Reference 2 on page 15.A-9 of PSAR), and are considered by the Appli-
cant to be highly conservative. The RCB leak rate utilized is based on an
RCB pressure of 10 psig, which is also considered to be a conservative
value since no design basis accidents result in pressures approaching 10
peig.
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3) The data and models used to calculate the site boundary 2-hr and the
low population zone accident duration doses were chosen to yield upper
boud values or conservative doses. Items 1) and 2) provide additional
information oconcerning the bounding analyses and oonservative set of
assunptions utilized in the site suitability assessment.

4) Development of the input parameters was done under the supervision of
L. E. Strawbridge, Manager, Nuclear Safety and Licensing, Westinghouse
Advanced Reactors Division.

5) None

6) No further research work of Applicant in this area has been identified.

7) At the present time, the applicants have not determined the experts, if
any, whan they intend to have testify on the subject matter questioned.

ANSWERS II(B)

The information provided in these answers pertains to the HAA-3B cany iter
code .

1) The foliowing input data were used in the Site Suitability Source Term
dose analysis to canpute depletion factors as described in 15.A.2.2 of tuw

PSAR:

Source Term Attenuation Within Containment

Initial particle number tration XIN(1) = 1.337 X 10°
of Aerosols (particles/am”)

Aercsol Volume Variance SIGAIR = 8.000
Aerosol Mass Mean Volume (m) VAIR = 1.000 X 107>
Density of Aerosol Material (g/am’) RO = 10.55
Viscosity of Air (dyne sec/am?) VISC = 2.264 X 1079
Temperature (%K) TEMP = 3.940 X 10°
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Diffusional Boundary Layer Thickness DELTA = 4.000 X 10™°
4 ALPHA = 1.000 X 107

3 EFF = 1.000

2) The initial particle number concentration and the density of aerosol
material were bmsed on the initial airborne mass concentration and the
effective density, respectively of the mass associated with the R(B non-
gaseous source term species. The selection of aerosol volume variance and
mass mean size was based on the experimental measurement sumnarized in
Reference D-7 on page D-6 of CRBRP-3 Volume 2. The air viscosity used is
based an the RCB design temperature, which is conservatively assumed to be
the atmospheric temperature for this analysis. The value of a € was
calculated by a conservative linear extrapolation measure which was based

on the experimental data reporte? in Reference D-1 on page D6 of CRBRP-3
Volume 2.

3) The data and models used to calculate the clean-up factors which were
used to calculate the site boundary 2 hr. and the low population zone
accident duration doses were chosen to yield conservative doses.

4) All questions regarding the solution of parameters or input datum
should be referred to L. E. Strawbridge, Manager, Nuclear Safety and

Licensing, Westinghouse Advanced Reactors Division.

5) References fram Item 2 above have been or will be made available for
inspection and copying.

6) No further research work of Applicant in this area has been identified.

7) At the present time, the Applicants have not determined the experts, if
any, whan they intend to have testify on the subject matter questioned.
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QUESTION II1 (GENERAL)

Request for the following information is based on our concerns with respect
to Validation (iii) amd (iv) above. In the Applicant's answers to the
generic questions (b) and (c) below, the Applicant is requested to be
responsive to these concerns.

With respect to each statement, assertion or assumption (fram 15.A in Part
11 of Appendix F of the PSAR) identified below, please provide the follow-
ing information (unless noted otherwise). (NOTE: The following numbered
Interrogatories are identified by the page and/or paragraph number fram the
PSAR in parentheses.) [Where appropriate, the parts of the question have
been restated to reflect the protocol for discovery agreed to by Appli-
cants, Staff, and Intervenors NRDC et al.]

a) Identify by name, title and affiliation the primary Applicant em-
ployee(s) ar consultant(s) that has the expert knowledge required to
support the statement, assertion, or assumption.

b) Describe in detail the supporting evidence for the statement, asser-
tion, ar assumption and where appropriate the rationale for the
approach taken.

c) Provide any additional information requested following each . .atement,
assertion, or assumption.

d) To the extent that any answers to the above questions are based on
referenced material, please supply the references.

e) Explain whether Applicants are presently engaged in or intend to engage
in any further research ar work which may affect Applicants answer.
This answer need be provided only in cases where Applicants intend to
rely upon on going research not included in Section 1.5 of the PSAR at
the IWA ar construction permit hearing on the CRBR. Failure to provide
such an answer means that Applicants do not intend to rely upon the
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existence of any such research at the LWA or construction permit
hearing on the CRER.

f) Identify the expert(s), if any, wham Applicants intend to have testify
on the subject matter questioned. State the qualifications of each
such expert. This answer need not be provided until Applicants have
identified the expert(s) in question or determined that no expert(s)
will testify, as long as such answer provides reasonable motice to
Intervenors.

ANSWER 111 (GENERAL)

The questions in this part (III) of this fifth set of interrogatories are
based on statements, assertions and assumptions in Section 15.A of Part Il
of Appendix F of the PSAR, as it existed in 1976. Appendix F in its
entirety has been deleted fram the PSAR and the Parallel Design is not part
of the license application. Hypothetical Qore Disruptive Accidents are
discussed in detail in CRBRP-3, Volumes 1 and 2. Because of the changes
since 1976, Questions 1 through 5 and 6c are no longer applicable. The
responses below are, therefore, limited to questions 6 and 7.

The following responses a, d, e, and f are identical for interrogatories 6
and 7:

(a) The work in this area was performed under the supervision of L. E.
Strawbridge, Manager, Nuclear Safety and Licensing, Westinghouse Advanced

Reactors Division.

(d) The referenced documents have been or will be made available for
inspection and copying.

(e) No further research work of Applicant in this area has been
identified.
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(f) At the presont time, the applicants have not determined the experts,
if any, wham they intend to have testify an the subject matter questioned.

QUESTION III-1

(15.A-2, par. 2) Define precisely the first containment barrier boundary
which includes the reactor cavity and the SHAA.

ANSWER I1I-1 (b) and (c)

This question is no longer applicable; refer to the general response
(above) .

QUESTION 111-2

(15.A-2, par. 2) Define all potential leakage paths fram the first con-
taimment boundary.

ANSWER II1I-2 (b) and (c)

This question is no longer applicable:; refer to the general response
(above) .

QUESTION 111-3

What are the design leakage rates for each of the leakage paths identified
in (3), and what is the design leakage path for the first containment
barrier defined in (2)?

ANSWER II1I-3 (b) and (c

This question is no longer applicable; refer to the general response
(above) .
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QUESTION 111-4

Describe in detail the test program that will demonstrate that the leakage
in (4) does not exceed the design leakage as required by 10 CFR 50,
Appendix J.

ANSWER III-4 (b) and (c)

This question is no longer applicable; refer to the general response
(above) .

QUESTION I1I-5

(15.A-7, par. 2) Same of the wolatile fission products may escape to the
RC during the transition of the fuel fram the vessel to the core catcher
but this will not affect the results significantly since these will con-
tribute to the equilibrium concentration which will be established between
the isotopes in the sodium and in the atmosphere.

ANSWER III-5 (b) and (c)

This question is no longer applicable; refer to the general response
(above) .

QUESTION 11I1-6

(15.A-9, par. 3) The use of the containment design leak rate (0.1% Vol/Day)
for the duration of the site suitability source term evaluation is con-
servative.

(c) wWnat is the basis for assuming the core catcher will work?
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ANSWER 11I1-6 (b) and (c)

The conservatism in the use of the contairment design leak rate for the
duration of the site suitability source term is addressed in the response
to Question II-2 of this Fifth Set of Interrogatories as it relates to the
COMRADEX Code .

Part (c) of this question is no longer applicable; refer to the general
response (above).

QUESTION III-7

(15.A-10) Generic answers (a) and (b) not required here.

(c)(i) Were the F-factors (rem/curie) utilized in the site suitability
source term radiological dose evaluations the same as those presented in

(ii) Were these same F-factors utilized as a basis for excluding the
effects of certain transuraniun isotopes fram the site source term cal-
culations? Which isotopes were excluded?

(iii) Are we correct in assuming that References 5 through 8 cited in
Table 7.1-3 of the ER are the sole references used to determine the F-
factors? If not, please identify and supply all references used to deter-
mine the F-factors.

(iv) In reviewing the literature relative to the F-factors, were not same
references encountered that suggested higher F-factors? If so, explain in
detail the basis for rejecting these higher values for the F-factors?

(v) There are many fission and activation products in the POBEC radio-
nuclide inventory of the CRBR. Upon what basis have each and every of
these radionuclides been included ar excluded fram the dose calculations?
Explain this basis in detail by including all relevant information such as
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inventory, activation cross-section and data related to FP-factors. In
answer to this question, please be responsive to (iv) above.

ANSWER I11I-7

(c)(i) The P-factors utilized in the site suitability source term radio-
logical dose analysis are based on References 2, 3 and 4 on page 15.A-9 of
the PSAR. The F-factors in Table 7.1-3 of the ER are based on Reference 3
above, which is NUREG-0172.

(e)(ii) The basis for excluding the effects of certain transuranium
isotopes, the calculational procedure used, and the particular transuranium
isotopes excluded were identified in detail during the January 22, 1976
meeting between the CREBRP Project and the NRC Staff in Bethesda, Maryland.
The information presented by the Project showed that excluding the trans-
uraniun isotopes resulted in underestimating the potential bone and lung
doses by only 4% and 3%, respectively. A detailed summary of the informa-
tion presented by the Project is provided in "Summary of Meeting with CRERP
Representatives" prepared by the NRC Staff, dated February 2, 1976.

(c)(iii) The references identifed in Item (i) above 2re the sole refer-
ences used to determine the F-factors.

(c)(iv) No specific literature search was conducted with the objective of
finding the highest P-factors reported in the literature. The major
F-factor references used are part of documentation provided by the NRC for
guidance in doing dose analyses.

(c)(v) Two bases are generally used to exclude particular isotopes fram
dose calculations. The first is a consideration of the isctope half-life.
Isotopes with very short half-lives (<1 minute) necessarily undergo rapid
radioactive decay and it is physically unrealizable for such isotopes to be
released fran containment barriers and be transported off-site prior to
their decay to insignificant activity levels. The second basis consists of
a comparison of a particular isotope's inventory and potential biological
hazard (measured by its Maximum Permissible Concentration per 10CFR20 or
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alternately by its F-factor for a particular body organ) to the inventory
and biological hazard associated with same controlling radiocisotope, i.e.,
the radioiosotope whose inventory and biological hazard results in it being
a major dose contributor to a particular body organ. For example, the
biological characteristics of Iodine ocoupled with its inventory following
irradiation result in it being the most significant, by a substantial
margin, contributor to thyroid exposure. Thus by camparing the biological
characteristics and inventory of a par*icular isotope tc Iodine, it may be
shown that this particular isotope can be neglected when camputing expo-
sures, without significantly underestimating these potential exposures.
This procedure can be implemented for any isotope and organ as, for ex-

ample, was the case for the transuranium isotopes discussed in Item (ii)
above.

Note that the OQOMRADEX camputer code, used for the evaluation of the site
suitability source term, includes the dose contributions of over 100
individual isotopes. A substantial mumber of these individual isotopes
ocould be eliminated fram the dose analysis without significantly affecting
the results. However, this large number of isotopes is retained for
campleteness and only those isotopes, based an sound engineering judgment
in conjunction with the procedures discussed above, that are clearly
negligible are eliminated fram the dose analysis.
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SIXTH INTERROGATORY SET

QUESTION
The sixth interrogatory set requests additional information beyond

that supplied by the Applicants in the responses to the second interroga-
tory set.

QUESTION I(A)(1)

In response to Interrogatory I(A)(1) [of the Second Set of Interrogatories
to Applicant], the Applicant indicated SAS3A ewolved fram the SAS2A code
which evolved fram the SASIA code, and these are documented in References,
1, 22, 29, 30 and 31 on page F6.2-119, F6.1-120, and F6.2-121 of the PSAR.

Separately, for the main routine, the drive routines and for each sub-
routine identified in Figure 2 (p.26) of ANL/RAS 75-17 (PSAR, Ref. 1,
p.F6.2-119) please provide the following information:

(a) Indicate whether the routine appears in
(1) SAS1A
(ii) sAs2a

(b) Where the routine appears in more than cne code, including SAS3A
(e.g., in SAS2A and SAS3A) indicate whether the routine is exactly the same
in each code, or whether coding changes have been made but the name of the
roatine remained unchanged;

(c¢) where coding changes have been made describe fully the changes that
were made, why they were made and precisely where these changes are docu-
mented in the references identified above.

[NOTE: Interrogatory I(A)(1) of the Second Set of Interrogatories to

Applicant and the updated answer are on pp. AA-3 through AA-6.]
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ANSWER I(A)(1)

Parts (a) - (c) of this interrogatory concerning development of the SAS3A
and SAS3D code are being responded to as a whole in the form of an appro-
priately-footnoted table. Before explaining the form and substance of the
table, a general cament must be made concerning the evolution of the SAS3A
and SAS3D code. As stated, this interrogatory appears to be based on the
concept that the SAS2A code evolved fram SASIA in same incremental fashion
and that SAS3A evolved fram SAS2A in the same fashion. On the one hand it
is true that perhaps a few thousand FORTRAN language statements fram the
original SASIA coding still survive intact in SAS3A. However, it is
neither useful nor instructive to think of SAS3A as having evolved fram
SAS2A and SAS2A fram SASIA in the sense of SAS3A being SAS2A plus a few
model improvements plus minor rodel additions. In fact, only the most
fundamental of modeling concepts (e.g., modeling a oollection of like
subassamblies by an average pin, using point kinetics, treating only radial
heat transfer in the pins, etc.) have survived intact fram SASIA into
SAS3A. Both when it was decided to develop SAS2A and then to develop
SAS3A, the basic approach was to make a fresh start at determining what
phencmena relevant to ILMFBR accident scenarios would be modeled and then
what would be required to model these phenamena to a sufficient level of
detail. Only after giving these a great deal of consideration did the
developers return to the previous code to determine what parts ocould be
lifted reasonably intact and used in the new code. Orn the other hand, the
SAS3ID code was developed directly fran SAS3A using the same physical
models; the major differences between SAS3A and SAS3D are in the treatment
of the data management to allow greater geametric modeling flexibility
(i.e., more channels) and in reprogramming to obtain better efficiency.

In the table vwhich follows, the relationship of the subroutines in SAS3D to
SAS3A, SAS2A and SASIA is explained in a tive-colum format. Colum 1 of
the table simply lists the SAS3D subroutines, cne line per subroutine
(including the MAIN routine). In Colum 2, an “x" appears on the same line
if a subroutine of the same name (but consisting of FORTRAN statements
which may ar may not be similar to the statements in the like-named SAS3D
subroutine) also was found in SAS3A. A hyphen appears in Colum 2 on that
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line if a subroutine with that name did not appear in SAS3A. Oolum 3 uses
the same notation to relate SAS3D subroutines to SAS2A. Column 4 uses the
same notation to relate SAS3D subroutines to SASIA. Three exceptions to
this notation occur in Colum 2 and 3 and need further clarification.
Subroutines INPOT1 and INPOT2, the input and editing subroutines in SAS3A,
contain same coding similar to that found in subroutine INPOUT in SAS2A and
an identically-named subroutine in SASIA. Ooding found in subroutines
QCOOLFB and FUELFB was lifted to form a part of subroutine FEEDBK in SAS2A,
and a like-named routine appears in SAS3A. Likewise, a part of the coding
fran subroutine TSCOOL in SASIA went into subroutine TSC1 in SAS2A. When
going fram SAS3A to SAS3D, a number of subroutines were split into separate
routines, mainly to improve code portability. These splits are indicated in
the table. In Colum 5 of the table, the numbers found on the line opposite
a particular SAS3D subroutine indicate that the particular footnotes iden-
tified by those numbers and found at the end of the table apply to that
subroutine.

There are anly ten subroutines in SAS3A which are identical to subroutines
in SAS2A and/or SASIA. These subroutines are CHIN, FISGAS, FITZ, PIPFLO,
PREA, SHAPE, SSPK, THERCO, TSCB AND TSPK. Since SAS3A can only be con-
sidered conceptually as being an entirely new code which "borrowed" col-
lections of FORTRAN statements fron SAS2A, it is not meaningful to discuss
"changes” that were made to JAS2A to obtain SAS3A. Thus, these "changes"
have never been specifically documented as such. Rather, the SAS3A docu-
mentation (which currently consists of parts aor all of several reports, as
indicated in the response to Part (1) of Interrogatory I(A) of the Second
Set of Interrogatories) provides a description of the owverall conceptual
framework of the code and its numerous models, presents the furmulae which
form the mathematical basis of each model, and discussed briefly the
algorithms used to solve these equation sets. A great deal of the al-
goritimic detail of the models is left for the interested reader to dis-
cover by physically examining the FORTRAN coading camprising the models.

The programming changes made in generating SAS3D fram SAS3A were carried

out in order to achieve the following goals: a) to modify the way problem
data were stored to allow greater flexibility in channel specification, b)
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to update the FORTRAN code to bring it into consistency with standard
practices, and c) to improve the performance (speed) of the owverall code.
In the process of generating SAS3D fram SAS3A, programming changes were
validated by demonstrating that the intermediate versions of SAS3A and
SAS3ID could produce camputationally identical results. In addition, same
subroutines were split into multiple subroutines and FORTRAN source changes
were made to pramote consistency with accepted standard programming prac-
tices and to allow code exportability. These changes may be seen in the
FORTRAN code. A number of subroutines were added to provide the new data
management strageqy.
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Relationship of SAS3D Subroutines to SAS3A

SAS2A and SAS]A Subroutines

SAS3D Found in Fourd in Found in Applicable
Subroutine Name SAS3A SAS2A SAS1A Footnotes
MAIN X X X 1
ADITIT - - - 13
AXMESH - = - 13
BLENDR — — — 13
BLENDZ - - - 13
BLOWUP X — — 6
CAVINT X - - 7
CHIN X X —
CLADIT — - - 13
CLAZAS X — —_ 5
QMO0PY -— - - 14
CONFIS X _ _ 6
COOLIT — -— - 13
CROEF — -— -_— 17
CROFUL X - -— 10
DATMOV — -_ —_ 14
DATSET - - - 14
DEFORM
DEFINT DEFORM DEFORM DEFORM 1
BOUND
DTFND
DTFND DTFND DTFND 1,6,7
DTFOIN
DNYNALL - - - 14
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SAS3D Found in Found in Fourd in Applicable

Subroutine Name SAS3A SAS2A SAS1A Footnot es
EDITIT - - - 13
EXT - - - 17
BOCLAZ - - - 13
BOOOLC - - - 13
BQOOMC - - - 13
BOFCIC - - - 13
BQFUEL - — -— 13
BOHEAT — - - 13
BOSLIM -— - -— 13
BOTRAR — - - 13
BQZFI - -— - 13
ERRORS - - - 17
EXCHAN — - - 13
FALLIN )

FALL2

FALL3 & FALLDN e e 6,16
FALLA

FALLS |

REVEL J

FBKCLZ

FBKCOL

FBKFCI FEEDBK X COOLFB, 1,5,6,
FBKHET FUELFB 7,16
FBKSIM

FISGAS X X - 2
FITZ X X X
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SAS3D Found in Found in

Found in Applicable

Subroutine Name SAS3A SAS2A SASIA Footnotes

FX A

CRO

CPF

PROGRE

= !

RHOL K K K 1,16

SCRAM

YELDPT

YOUNG

FUAREA X - - 6

FUELCI - — — 13

FUELIT - -- -- 3

GEOEDT - - - 13

GETRDY X - -- 6

INCHEX - - — 13

INEDIT - - -- 13

INPOTO )

INPOT1 INPOT1

INPOT2 imporz INPOUT INPOUT 5,6,7,16

INPT21

FCIO &

TBSCAN

FOUT

00T

AOUT

DATOUT

-

INTERP X X X

INTIRP X X -

INTRP X — -- 10

KFUEL X — — 10

KMOOPY -— - - 14
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SAS3D Fourd in Found in Found in Applicable
Subroutine Name SAS3A SAS2A SAS1A Footnotes

LINES — -_ — 15
LOCHEX —_ — —_ 13
MAPDRV -— - - 13
MOVPK2 - - —_ 14
NAPRES X - - 6
OVERLAY — - —_ 16
OVLY61 - - -- 13
OVLY62 -— — —_— 13
OVLY63 - -- - 13
OVLY64 — — - 13
OVLY65 - - - 13
PIPFIO X X _— 2
PNORMZ -— -— - 13
POINST —_ - - 14
POWADT

SLUMPF - - 6
SLUMP2
POWREA —— - - 13
PREA

PREA PREA PREA 1
PROGRE
PRESS X - S 6
PRFCI X — —_ 7
PRIMAR
SSPRIM PRIMAR PRIMAR - 2,9
PRIMDT
READEC -— -— - 14
READI -— -— — 14
READIN X X X 1

XD i e — 14
REGMAP -— - -— 13
RESTAR X X -— 3
REZONE X -_ - 6
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SAS3D Foud in Found in Foud in Applicable
Subroutine Name SAS3A SAS2A SAS1A Footnotes

FHOL

RHOLFL - - 10
RHOLFL
RHOS

RHOSFL - - 10
RHOSFL
RNGPOS -~ — - 13
RPOWRE —_ — — 13
SASFCI
INTGRL SASFCI - - 7,16
FC12
SETFLT - - - 13
SETINP — - — 13
SETINS - -— — 13
SETINT — —_ j— 13
SHAPE X X X 1
SLUMP2

SLUMPF - - 6,16
TSOV46
SSOOOL X X X 1
SSDRIV X X X 1:11
SSFUEL X — - 11
SSHTR X X X 1,10,11
SSPK X X X 1,12
SSPRNT X X X 1,11
STATUS - - -- 14
TEMPER - —_ -— 13
TEMPUL X -— o
THERQD X X — 2
TLEFT

TLEFT TLEFT TLEFT
TELAPS
TRIGEO - - -— 13
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SAS3D Fourd in Fourd in Fourd in Applicable
Subroutine Name SAS3A SAS2A SAS1A Footnotes
TSCA
TSCA TSCA - 2,9
PRIMUP
TSCB X X - 2
TSCC
TSCC2 TSCC -- -— 8
TSCC3
TSCC1 M7 - - 8
TSC2 X X _ 2
TSC3 X X - 2
T8C3l HOON HOON -— 2
TSC4A
TSC4B
TSC41A
TSC41B
TSC42A & TSC4 TSC4 - 3,5,6,7,
TSC42B 8,16
TSC43A
TSC43B
TABFIS p
TSCS5 X X — 2,8
TSCé X X -
TSC7 X X diey
T
TSC82
TSC83
TSCB4 > TSC8 TSC8 -- 2,7,16
TSC85
TSC86
TSCBUB p
™S9 X X -—_ 2
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SAS3D

Subroutine Name

Fourd in
SAS3A

Fourd in
SAS2A

Found in
SAS1A

Applicable
Footnotes

TSOV40
TSOV41
TSOV42
TSOV43
TSOV44
TSOV45
TSOV47
TSCINT

TSPLOT
PRINT2

PRINT3
PRINTS

VFCHAN

VOIDIT

SET VI

JW_J\

TSDRIV

TSC1

TSPRNT

TSDRIV

TSCl

TSPRIT

AA-120

TSDRIV

TSCOOL

TSPRT

1,2,6,7,
9,16

1,5,6,7,16

1,2,7,16

1,12

1,5,6,7,8,
9'16

13

13
13
13



SAS3D
Subroutine Name

Fourd in
SAS3A

Fourd in
SAS2A

Found in
SAS1A

Applicable
Footnotes
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VENINP
SINP

AA-121

13
13
14
14
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14
14
13
13



Footnotes to Table:

1.

10.

11.

12.

13.

1‘.

The Multichannel concept, as described in Sec. 1 of ANL-8138, "The
SAS2A LMFER Accident Analysis Computer Code," by F. E. Dumn, et al.
required that a channel subscript be added to a number of the FORI‘RAN
arrays which were lifted fram SASIA. Subroutines fram SAS2A noted
with this footnote contained pieces of coding lifted fram SAS1A which
referenced same of these arrays.

These subroutines were added or were extensively modified in imple-
menting the new voiding model in SAS2A, as described in Sect. I.B. of
ANL-8138.

These subroutines provide the restart capability for their respectlve
codes, as described in Sect. III.F.9 of ANL-8138 for SAS2A and in
Sect. V.F.l of ANL/RAS 75-17.

These subroutines provide direct coupling between SAS2A and the
VENUS-1I code. This capability is not operational in SAS3A.

These subroutines were ocoded new or were modified fram their SAS2A
form in implementing the CLAZAS clad motion model in SAS3A.

These subroutines were coded new or were modified fram their SAS2A
form in implementing the SLUMPY fuel motion model in SAS3A.

These subroutines were coded new or were modified fram their SAS2A

form in implementing the SAS/FCI fuel-coolant interaction model in
SAS3A.

These subroutines were coded new or were modified fran their SAS2A
form in implementing the sodium film motion model in SAS3A.

These subroutines were coded new or were modified fram their SAS2A
form in implementing the PRIMAR-2 primary loop model in SAS3A.

These subroutines were added or modified fram their SAS2A form to
camputational rpeed, as described in Appendix A of ANL/RAS
75-17.

These subroutines were added or modified fram their SAS2A form in
implementing the steady-state fuels categorization model, as described
in Sect. III.B of ANL/RAS 75-17.

These subroutines were added or modified fram their SAS2A form in
implementing the decay heat treatment, as described in Sect. III1.A of
ANL/RAS 75-17.

These subroutines were added to SAS3D for the steady-state neutronics
coupling.

New routines added to SAS3D for data management.
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15. FRoutines added or modified in SAS3D to provide improved camputational
speed or additional printout.

16. FRoutines added or modified in SAS3D for improved code portability.
17. Additional option in SAS3D.
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QUESTION I(A)(2)

In response to Interrogatory I(A)(4) [of the Second Set of Interrogatories
to Applicant], the Applicant indicated

The entire CAS3A code, including all subroutines, has been checked
and rechecked to assure that the numerical algorithms which are
implemented in SAS3A to solve the equation sets which constitute
the SA.3A code as well as with the specific model being added to
assure that these mumerical algorithms, both individually and
collec’ ively, behave in a stable fashion and produce accurate
solutions to the original equation sets. This was carried out by
canparing SAS3A results with the output fram other codes, with the
results of hand calculations, and with what sound engineering
judgment deemed to be physically reasonable.

Separately for each routine identified in Figure 2 (p. 26) of ANL/RAS 75-17
(PSAR, Ref. 1, p.F6.2-119), please provide the following information:

(a) Was the routine verified by camparison with other codes, or by cam
parison with the results of hand calculations, or by camparison with what
sound engineering jxignent deemed to be physically reasonable?

(b) If the routine was verified by camparison with other codes, how was
the other code aor codes verified? Identify the other code or cxdes.

(c) If the answer to (a) or (b) above is that the routine was verified by
hand calculations, please supply the hand calculations or the appropriate
documentation, i.e.,

(1) the name(s) of the individual(s) who performed the
calculations and made the comparison; and

(ii) the laboratory notebook, memorandum or other written
record that documents the camparison.

(d) If the answer to (a) ar (b) above is that the routine was verified by
comparison with what sound engineering judgment deemed to be physically
reasonable, please describe in detail the nature of and basis for the
engineering judgment. In addition, supply:

(i) the name(s) of the individual(s) who rendered the judg-
ment and made the camparison; and
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(ii) the latoratory notebook, mamorandun or other written
record that documents the camparison.

(e) Did the author(s) of the models actually perform the coding? If rnot,
identify the programmer(s).

[NOTE: Interrogatory I(A)(4) of the Secand Set of Interrogatories to
Applicant and the updated answer are on pp. AA-3 through AA-6.]

ANSWERS I(A)(2)

Parts (a), (b), (c), and (d) of this interrogatory are being responded to
as a whole. Any checkout of new or extensively-modified coding does not
generally proceed on a subroutine-by-subroutine basis. Rather, it is
carried out at the very least on a model-by-model basis, where each model
(fuel motion, clad motion, coolant dynamics, etc., in the case of SAS3A and
SAS3D) could consist of a number of whole subroutines plus parts of others
(where it is coupled to the rest of the code). The oollection of sub-
routines camprisina one of these models is generally referred to in the SAS
vernacular as a module. Thus, in the case of SAS3A and SAS3D as in the
case of many other large-scale codes, the checkout proceeded on a module-
by-module basis.

Comparisons of the output of SAS3A and SAS3D modules and the entire code
with the output of other codes, with simple hand calculations, and with
what engineering judgment deemed to be reasonable have been and continue to
be carried by tre model and code developers. However, except as explained
in the next paragraph, such efforts are mnot formally or informally
documented.

The documentation that exists is in the form of the references provided in
the response to interrogatory I(A)(1) of the Second Set of Interrogatories.
These ANL reports serve to document the mathematical bases and provide a
broad overview of the computational algorithms associated with each of the
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models and the code as a whole. It is implicit in the publication of these
repcrts that the authors have satisfied themselves that the FORTRAN pro-
graming in the code is correct.

(e) It is standard practice within the Accident Analysis Section of the
Reactar Analysis and Safety Division of Argonne National Laboratory that
the authors of the SAS3A and SAS3D models, as identified by the authors
listed in the documents referenced in the above paragraph, do their own
coding and subsequently actually perform or directly supervise any subse-
quent modifications to that coding.

QUESTION I(A)(3)

How does the Applicant continue to assure itself that the overall code and

its subroutines accurately reproduce the models as described in the PSAR
and its references?

ANSWER I(A)(3)

The Applicant continues to assure itself that the owverall ocode and its
subroutines accurately reproduce the models as described in CRBRP-GEFR-
00103 and CRBRP-GEFR-00523 and their references by careful inspection of
the output results for every case analyzed and by camparison of the output
results for each case analyzed with the results of previous cases which are
similar in part or in whole to the particular case analyzed. In addition,
the camputer system messages are checked to assure that the job was prop-
erly executed, without error, by the camputer system.

QUESTION I(A)(4)

Please identify and provide all Intra-Laboratory Memoranda generated by
personnel in the Accident Analysis Section, the Coolant Dynamics Section
and other Sections of the ANL Reactor Analysis and Safety Division that
critique or otherwise evaluate the models developed by other personnel in
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these respective sections, limited to the development of any and all models
and subroutines that are used in SAS3A (i.e., routines identified in Figure
2, p.-26 of NL/RAS 75-17). Also provide all subsequent mamoranda that are
responses to criticisms or evaluations identified above or that represent a
continuation of the dialogue related to the model evaluation.

ANSWER I(A)(4)

See schedule of documents "Applicants' Response to NRDC Interrogatories"
dated August 30, 1976. The files and documents have been and will be
available for inspection at the Argonne National Laboratory and provisions
have been and will be made for copying. The schedule of documents is being
updated and the update will be furnished upon campletion. Documents
referred to in the update will be available for inspection and copying at
Argonne National Laboratory.

QUESTION I(A)(5)

Please identify pertinent sections of all ANL policy and procedures manuals

that discuss policies and procedures related to validation of models and
codes, including those codes that are part of the ANL library.

ANSWER I(A)(5)

The pertinent sections of ANL Policy and Procedures Manuals are the follow-
ing:

(1) Sections II-3.0 and II-4.0 of the Reactor Analysis and Safety Policy
and Procedures Manual, For Trail Use Only, dated March, 1972 (applic-
able to SAS3A, SAS3D, VENUS-II, and PLUTO 1) and Sections II-3.0 and
11-4.0 of the Reactor Analysis and Safety Policy and Procedures Manual
dated May, 1979 (applicable to PLUTO 2 only).

(2) The Quality Assurance Policy fram the ANL Policy and Practice Guide.

(3) Sections I and III of the ANL Quality Assurance Policy and Procedures
Manual.
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(4) Argonne Code Center Installation Representative Guide.

QUESTION 1(B)(1)

In response to interrogatory I(B)(4) [of the Second Set of Interrogatories
to Applicant], the Applicant stated:

The entire VENUS-II code has been thoroughly checked to assure that
the equation sets and algorithms given in Ref. 2 on n.F6.2-119 of
the PSAR are accurately programmed into VENUS-II. Because these
equation sots are relatively simple, this was done by comparing
output fram the various subroutines against hand calculations.

Please identify each and every routine in the entire VENUS-II code.

(a) Separately, for each routine identified above, please supply the hand
calculations ar the appropriate documentation, i.e.,

(1) the name(s) of the individual(s) who performed the
calculations and made the camparison; and

(ii) the laboratory notebook, memorandum or other writeen
record that documents the camparison.
(b) Did the author(s) of the models actually perform the coding? If not,
identify the programmer(s).

[NOTE: Interrogatory I(B)(4) of the Second Set of Interrogatories to
Applicant and the updated answer are on pp. AA-4 and AA-6.)

ANSWER I(B)(1)

The table on the following page lists each of the subroutines in the
VENUS-II code and contains a brief description of each of them.
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(a) As explained in the response to Part I1(A)(2) of this interrogatory, no
formal or informal documentation of the verification activity associated
with checking out VENUS-II exists, nor is it reasonable to expect it to
exist. The authcrs of VENUS-II carried out these camparisons prior to
their releasing the code far general use (and subsequently to the Argonne
Code Center). This is implicit in the release of the code and the publica-
tion of the topical report descr-ibing VENUS-II, ANL-7:31 (Ref. 2, in
CRBRP-GEFR-00103) .

(b) The authors of the VENUS-II code, as identified in ANL~7951, performed
or directly supervised all oi the coding of VENUS-II.
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SUBROUTINE

HYDRIN

EQUSTA

INTERP

ITERAT

FITZ

DISPLY

VENUS-11 Subroutine Names and Brief Description

DESCRIPTION

Master routine which calls input routine, hydrodynamics,
neutronics feedback and prints edits

Reads input fran cards and sets constants

Calls for point kinetics calculation, determines new densities
and energies and calls equation-of-state routine

Entry point in HYDRO which sets hydrodynamic and thermodynamic
initial conditions

Determines pressure and temperature fram density and internal
energy

Determines material motion feedback contribution to reactivity
Determines Doppler contribution to reactivity
Solves point kinetics equations

Calculates constants needed for material motion feedback (worth
gradients) and normalizes power as well as worth gradients

Used to obtain coefficients for quadratic time series used to
find material and Doppler feedback

Used to determine reactivity when reactivity input in tabular
form

Used to allow for a void fraction for non-voided initial
conditions

Quadratic interpolation to determine reactivity fram time
series

Writes limited accuracy edit
Prints out pictorial view of core under investigation

Used in pictorial

Plotting routines for 3-D plots and time history plots
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QUESTION I(B)(2)

How does the Applicant continue to assure itself that the overall ocode and

its subroutines accurately reproduce the models as described in the PSAR
and its references?

ANSWER 1(B)(2)

The Applicant continues to assure itself that the overall code and its
subroutines accurately reproduce the models as described in the PSAR and
its references by careful inspection of the output results for every case
analyzed and by camparison of the output results for each case analyzed
with the results of previous cases which are similar in part or in whole to
the particular case analyzed. In addition, the camputer system messages
are checked to assure that the job was properly executed, without error, by
the camputer system.

QUESTION I(B)(2)

Please identify and provide all Intra-Laboratory Memoranda generated by
personnel in the Accident Analysis Section, the Coolant Dynamics Section
and other Sections of the ANL Reactor Analysis and Safety Division that
critique or otherwise evaluate the models developed by other persomnel in
these respective sections, limited to the development of any and all models
and subroutines that are used in VENUS-II (i.e., routines identified in
response to (1) above). Also provide all subsequent memoranda that are
responses to criticisms aor evaluations identified above or that represent a
continuation of the dialogue related to the model evaluation.

ANSWER I(B)(3)

See schedule of documents “Applicants' Response to NRDC Interrogatories”
dated August 30, 1976. The files and documents have been and will be
available for inspection at the Argonne National Laboratory and provisions
have been and will be made for copying. The schedule of documents is being
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updated and the update will be furnished upon campletion. Docurnents
referred to in the update will be available for inspection and copying at
Argonne National Laboratory.

QUESTION 1(C)(1)

In response to Interrogatory 1(C)(4) [of the Second Set of Interrogatories
to Applicant], the Applicant stated:

The PLUTO code has been checked and rechecked to assure that the
numerical algorithms which are implemented in PLUTO to solve the
equation sets have been programmed correctly. Furthermore, test
calculations were performed to assure that these nunerical al-
gorithms behave in a stable fashion and produce accurate solutions
to the original equation sets. This was carried out by camparing
PLUTO results with the output fram another code (see, H. U. Wider,
J. F. Jackson, L. L. Smith, and D. T. Eggen, An Improved Analysis
of Fuel Motion Dwing an Overpower Excursion, Proc. of the Fast
Reactar Safety Meeting, CONF-740401-P3, p.1541, 1974) with the
results of hand calculations, and with what sound engineering
judgment deemed to be physically reasonable. This reference will
be made available for inspection and copying.

Please identify each and every routine in the PLUTO code.

[NOTE: Interrogatory I(C)(4) of the Second Set of Interrogatories to
Applicant and the updated answer are on pp. AA-4 and AA-11.]

ANSWER I(C)(1)

The PLUTO 1 code consists of four subroutines:

(1) The main driver calls the other three routines and also solves the set
of caomressible hydrodynamic equations describing the fuel, sodium, and
fission-gas motion in the coolant channels. Fuithermore, this routine
calculates the ejection of fuel and fission gas fram the pins.
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(2) The subroutine PLREZO has as its main function the rezoning of the two
Lagrangian numerical grids in the channel. This subroutine also performs
the mapping of ane of these grids on the other (e.g., for determining the
fuel density or the fuel temperature or the fuel velocity on the sodium
grid).

(3) The subroutine SMITH solves the set of camwpressible hydrodynamic
equations which describe the fuel and fission-gas motion inside the pin.

(4) The subroutine PLIO reads the input and produces the output. More-
over, it calculates the reactivity changes caused by the fuel and sodium
motion.

The PLUTO 2 subroutines are as follows:

PLUDRV - Main PLUTO2 driver; calls all PLUTO 2 routines except PLSAIN,
PLINPT, and PLSET. Includes autamatic time step calculation, fuel and

voiding reactivity calculation, and writes the output. Called by
TSTHRM.

PLSAIN - Picks up data fram SAS which are necessary to set up the
interaction zone. Called by FAILUR which is called by DFORM3.

PLINPT - Initiates mostly channel variables, edits PLUTO 2 input.
Called by FAILUR which is called by DFORM3. Is shared with LEVITATE.

PLSET - Initiates rostly pin cavity variables, calculates auxiliary
terms used in the code. Also edits PLUTO 2 input. Called by FAILUR
which is called by DFORM3. Is shared with LEVITATE.

PLSET2 - Called by PLUDRV. Reinitializes temporary variables whenever
control is transferred to PLUDRV fram TSTHRM.

PLIF - Calculates slug interface locations and interface locations of
the fuel, fission-gas, and fuel vapor regions in the channel. Also
calcualtes the cladding rupture propagation. Called by PLUDRV.

PLREZO - Adds ar deletes channel cells whenever the liquid sodium plug
interfaces cross mesh-cell boundaries. Called by PLUDRV.

PIMACO -~ Solves the channel mass oonservation equations for the
2-phase sodium mixture, fuel, fission, gas, and fuel vapor. Called by
PLUDRV.

PLVOFR - Calculates fuel, liquid sodium, and gas woid fractions.

Calculates the thickness of the liquid sodium film. Determines the
fuel flow regions for each node. Called by PLUDRV.
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PIMISC - Calculates various channel heat transfer and friction co-
efficients. Determines the frozen fuel geametry. Solves the channel
energy equations for mobile and plated out fuel. Called by PLUDRV.

PLTEGS - Calculates cladding and structure temperatures. Called by
PLUDRV .

PLNAEN - Solves two-phase and single-gas-phase energy ejquations for
the mixture of sodiun and fission gas. Called by PLUDRV.

PLIPIN - Solves mass and energy equations in the pin cavity. Also
calculates the fuel and gas ejection rates into the channel as well as
the fuel melt-in rates. Called by PLUDRV.

PL2PIN - Solves the fuel/fission gas mamentum equations inside the pin
and produces pin related output. Called by PLUDRV.

PLMO(D - Solves the fuel and sodium/fission gas momentum equations in
the channel. Alsc calcualtes the sodium slug velocities.

PLFREZ - Determines the amount of frozen fuel plateout and release if
the underlying clad is melted.

QUESTION 1(C)(2)

Separately, for each routine identified in (1) above, please supply the
following information:

(a) Was the routine verified by camparison with other codes, or by cam-
parison with the results of hand calculations, or by camparison with what
sound engineering judgment deemed to be physically reasonable?

(b) If the routine was verified by camparison with other codes, how was
the other code ar codes verified? Identify the other code or codes.

(c) If the answer to (a) ar (b) above is that the routine was verified by
hand calculations, please supply the hand calculations or the appropriate
documentation, i.e.,

(i) the name(s) of the individual(s) who performed the
calculations and made the camparison; and
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(ii) the laboratory notebook, memorandun or other written
record that documents the camparison.

(d) If the answer to (a) ar (b) above is that the subroutine was verified
by comparison with what sound engineering judgment deemed to be physically
raasonable, please describe in detail the nature of and basis for the
engineering judgment. In addition, supply:

(i) the name(s) of the individual(s) who rendered the judg-
ment and made the comparison; and

(ii) the laloratory notebook, memorandum or other written
record that documents the camparison.

(e) Did the author(s) of the models actually perform the coding? If not,
identify the programmer(s).

ANSWER I(C)(2)

As with the response to Question I(A)(2) of this interrogatory set, Parts
(a), (b), (c), and (d) are being responded to collectively here. Similarly
to SAS3A and VENUS-1I, the PLUTO 1 and PLUTO 2 codes were extensively
checked during their development and at their campletion. For the same
reasons given for SAS3A and VENUS-II, these efforts were not documented in
other than the formal PLUTO 1 and PLUTO 2 reports and also in several
meeting abstracts and proceedings as noted in the paragraph that follows.

During its development, the PLUTO 1 orde consisted of only two subroutines
which were strongly comected an. therefore, tested together. A rather
stringent check on the two-phase PLUTO 1 hydrodynamics was made by calcu-
lating a shock propagation through a two-phase medium (H. U. Wider, J. F.
Jackson, and D. T. Eggen, "An Improved Viscous Pressure Formulation for
Two-Phase Compressible Hydrodynamics Calculations,"” Trans. Am. Nucl. Soc.,
17, p. 246, 1974). In addition, camparison calculations with the SAS/FCI
model have been performed, Ref. 49 in CRBRP-GEFR-00103, with certain
aspects such as the FCI, Fuel Injection into the chamnel and the fuel
motion in the channel.
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During the PLUTO 2 development, camparison calculations with the PLUTOD 1
code were made (see H. U. Wider, "PLUTO 2: A Computer Code for the
Analysis of Overpower Accidents in IMFBRs," TANSAO 27, p. 533, 1977 and
also see H. U. Wider, et al., ANL-RDP-63, p. 6.8). PLJTO 2 was also
campared with the EPIC code (see H. U. Wider, et al., "The PLUTO 2 Over-
power Excursion Code and a COomparison with EPIC", Proceedings of the
International Meeting on Fast Reactor Safety Techmology, Vol. 1, p. 120,
Seattle, 1979). The multiphase hydrodynamics model was checked by analyz-
ing standard flow expansion and oontraction problems as well as by
attempting to achieve steady-state conditions with this time-dependent
canpressible code (see A. M. Tentner and H. U. Wider, "Pressure Drop in
Variable Area, Multiphase, Transient Flow," 2nd Multi-Phase Flow and Heat
Transfer Symposium - Workshop, p. 1137, Miami Beach, 1979). PLUTO 2 was
also caompared to in-pile experiments (see CRBRP-GEFP-00523, References E-3
and E4).

(e) The author of the PLUTO 1 and PLUTO 2 models performed or directly
supervised all of the coding contained in the PLUTO 1 and PLUTD 2 codes.

QUESTION I(C)(3)

How does the Applicant continue to assure itself that the overall code and
its subroutines accurately reproduce the models as described in the PSAR
and its references?

ANSWER I1(C)(3)

I(C)(3) The Applicant continues to assure itself that the overall code and
its subroutines accurately reproduce the models as described in the PSAR
and its references by careful inspection of the output results for every
case analyzed and by comparison of the output results for each case
analyzed with the results of previous cases which are similar in part or in
whole to the particular case amalyzed. In addition, the camputer system
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messages are checked to assure that the job was properly executed, without
error, by the computer system.

QUESTION I(C)(4)

Please identify and provide all Intra-Laboratory Memoranda generated by
personnel in the Accident Analysis Section, the Coolant Dynamics Section
and other Sections of the ANL Reactor Analysis and Safety Division that
critique or otherwise evaluate the models developed by other personnel in
these respective sections, limited to the development of any and all models
and subroutines that are used in PLUTO (i.e., subroutines identified in (1)
above). Also provide all subsequent mamncranda that are responses to
criticisms or evaluaiions identified above or that represent a continuation
of the dialogue related to the model evaluation.

ANSWER I(C)(4)

See schedule of documents "“Applicants' Response to NRDC Interrogatories"
dated August 30, 1976. The files and documents have been and will be
available for inspection at the Argonne National Laboratory and provisions
have been and will be made for copying. The schedule of documents is being
updated anl the i»pdate will be furmrished upon ocompletion. Document.s
referred to in the update will be available for inspection and copying at
Argonne National Laboratory.

QUESTION II (GENERAL)

Please answer part (e) of questions 1-69 of Part II of the Second J2t of
Interrogatories to the Applicant (pp. AA-13 through AA-14).

ANSWER 11 (GENERAL)

The requested information is provided in the (revised) responses to the
second interrogatory set (see p. AA-14).
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QUESTIONS I1I-1

In response to Interrogatory II 2(b) [of the Second Set of Interrogatories
to Applicant], the Applicant stated:

The use of point kinetics model with fuel displacement feedback
obtained by suming over fuel worth tables is judged adequate, so
long as small, local displacements are considered. Gross reloca-
tion of fuel in large segments of the core can be addressed by use
of FXVARI or similar diffusion type codes to recampute the fuel
worth tables when such recomputation is judged necessary. 3ection
F6.2.1 of the PSAR discusses the approach used.

(a) What is the basis for the first sentence of this response? Explain in
detail.

(b) Quantify what is meant by “"small" displacements and "gross" relocation
of fuel.

(c) What criteria are used to decide when recanputation of the fuel worth

tables is necessary? Describe in detail.

(d) which (DA calculations identified in F6.2 of the PSAR met thes:
criteria? In each case were fuel worth tables recamputed using FXVARI? If
not, why not?

(NOTE: Interrogatory II-2(b) of the Second Set of Interrogatories to
Applicant and the updated answer are on pp. AA-15 and AA-16.])

ANSWER 1I-1(a) through (c)

See Section 3.2.13 of CRBRP-GEFR-00103.




ANSWER II-1(d)

None of the HCDA analyses reported in CRBRP-GEFR-00103 and CRBRP-GEFR-00523
met the criteria for recaomputation of material worth values. Therefore,
fuel worth values were not recamputed using FX-2.

QUESTIONS 11-2

In response to Interrogatory II 3(b) [of the Second Set of Interrogatories
to Applicant], the Applicant stated:

The two distinct modes of failure identified by the terms
‘Slumping’' and 'Fuel-Coolant Interaction' are mutually exclusive
extremes of a continuous spectrum of failure modes.

(a) What is meant by "extremes"?

(b) Describe in detail the basis for the above statement that the two
failure modes are on the extremes.

(c) 1Is it not possible to have both extremes as part of the same accident
scenar io?

(4) Describe fully and precisely the nature of, and the application of,

“technical judgments used to ensure that limiting conditions for the
available subroutines are applied to bound the resulting energy release."

[NOTE: Interrogatory I1I-3(b) of the Second Set of Interrogatories to
Applicant and the updated answer are on p. AA-16.)

ANSWER 1I-2(a), (b)

The SLUMPY Model was devised to represent fuel motion following disruption
of fuel geamecry in a woided coolant chamnel. The SAS/FCI Model was
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devised to represent the fuel-coolant interaction process which by defini-
tion requires the presence of liquid coolant. Since the SLUMPY module
requires the absence of coolant to function as intended and the SAS/FCI
module requires the presence of liquid coolant to function as intended,
they are on the opposite ends of the spectrun of all possible scenarios for
fuel motion with or without coclant interaction.

ANSWER 11-2(c)

Both SLUUMPY and FCI analyses may be used in the same accident scenario but
not in the same chamnel at the same time.

ANSWER II-2(d)

If neither model can be eliminated by reference to first prircip.es of
physical reality, the procedure is to perform both types of analysis and
choose the path leading to higher energetics.

QUESTION 1I-3 (PREAMBLE)

The Applicart's responses to Interrogatories II-5(b) and (c) in the Second
Set of Interrogatories are inadequate.

With regard to Applicant's response to II-5(c), we are requesting a quan-
titative rather than a qualitative response which the Applicant should keep
in mind when answering (a) through (d) below. We see very little differ-
ence between "significant" and "much more sensitive."

QUESTION I1-3(a)

Please provide a detailed and rigorous quantitative response to I1I-5(b) [of
the Second Set of Interrogatories to Applicant] that includes the time
histories of (i) clad temperature, (ii) pressure at the fuel pin center
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line and at the fuel cladding interface, (iii) clad stress, and (iv) clad
strain, each as functions of the height fram the reflector bottom.

[NOTE: Interrogatory 1I-5(b) of the Second Set of Interrogatories to
Applicant and the updated answer are on pp. AA-17 and AA-18.]

ANSWER 1I-3(a)

A quantitative assessment of the influence of the clad failure character-
istics on the axial location of pin failure can be obtained by camparison
of the SAS calculated BOEC and BOEC TOP $0.50/sec pin failure location
predictions with failures predicted by the Damage Parameter empirical pin
failure correlation, described on pages 6-32 and 6-33 of CRBRP-GEFR-00103.
Camparison of the predicted axial failure locations in corresponding
channels given in Table 6-6, page 6-51 of CRBRP-GEFR-00103 shows that both
failure models predict failure at caomparable axial locations above the
midplane. This comparison is applicable tn the TOP analysis in CRBRP-GEFR-
00523.

This comparison quantitatively confirms that use of the experimental
cladding failure strength as a function of temperature predicts pin failure
toward the upper part of the pin in hypothetical unprotected TOP events
(2.4 to 50¢/sec ramp rates). The uncertainty is greatest at low ramp
rates. Recent information on the SLSF W-2 test at low ramp rates is being
evaluated.

The effect of clad inhamogeneities an cladding failure during a hypotheti-
cal transient overpower aor loss of flow transient has not been quantita-
tively assessed since no statistical data on cladding failure due to clad
inhamogeneities is available. Qualitatively, the effects of cladiing
inhanogeneities may cause an individual pin to fail randamly along its
length.

Cladding inhamogeneities are not expected to result in the coherent failure

of large groups of pins. The possible failure of a small nuwber of pins
during the transient due to clad inhamogeneities is not expected to alter
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the failure scenarios and energetics resulting fram the failure of large
groupe of pins as predicted by current pin failure models using the best
available experimental data for irradiated and unirradiated cladding
failure strength.

The temperature dependent clad failure strength curves used for fresh and
irradiated cladding are based on the best available experimental data,
which are given in Refs. 14 and ¢2 in CRBRP-GEFR-00103.

The use of the experimental clad failure data with the transient cladding
stress and temperature calculations in the SAS code result in the predicted
axial location of cladding failure. The statement "The slope of the
cladding strength as a function of temperature significantly influences the
degree of bias in pin failure toward the upper part of the pin" is a
general statement, applicable to TOP transients in the range of approx-
imately 2.4 to 50¢/sec, which is supported by the results of SAS code
calculations using the referenced experimental failure data.

The clad temperature-time history faor the BOEC and BOEC TOP 50¢/sec tran-
sients is given in Figure 6-66 on page 6-117 and in Figure 6-32 on page
6-83, respectively, in CRBRP-GEFR-00103. Clad temperature histories
demonstrate the trend of the cladding temperature increases during low ramp
rates (2.4 to 50¢/sec) hypothetical TOP transients. The pressure at the
fuel pin center line in channel 10, the first channel to fail in the
best-estimate BOEC TOP 10¢/sec transient, is shown in Figure 6-69 on page
6-120 in CRBRP-GEFR-00103. ‘This figure illustrates the trend of the
pressure increase at the fuel pin center during the low ramp rate TOP
transients. Pin failure is predicted to occur where the clad circumfer-
ential stress and the corresponding clad midpoint temperature satisfies the
experimental failure strength data. The mechanistic burst pressure failure
criterion in SAS is based on clad failure strength rather than cladding
strain.
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QUESTION 1I-3(b)

Please provide the quantitative probability of clad failure with the
appropriate uncertainties as a function of time and height above the
reflector.

ANSWER II-3(b)

A quantitatiave probability of clad failure with the appropriate uncer-
tainties as a function of time and axial position does not exist nor is it
necessary since for each transient analyzed clad failure was explicitly
calculated.

There is no axial reflector in the CRERP.

QUESTION 1I-3(c)

Please provide a detailed write-up of the Stuart model as formulated for
SAS3A. Ref. 10 on page F6.2-120 of the PSAR is an abstract and does not
provide sufficient detail.

ANSWER 1I1-3(c)

A 'Stuart Model' as such was not formulated for SAS3A and SAS3D. Rather,
Snith formulated a mathematical model of clad loading based on Stuart's
fission gas pressure loading theory.

The essential elements of Stuart's theory are stated in paragraphs four and
five ar. page 655 in Ref. 6 in CRBRP-GEFR-00103. Smith's clad loading model
was based an Stuart's approach that fission gas released fram the fuel
during a transient overpower event will add to the steady state fission gas
contained in the central cavity to load the cladding.
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A detailed description of Smith's clad loading model used in the burst
pressure failure criterion in SAS is given in Refs. 7 and 13 in CRBRP-GEFR-
00103.

QUESTION 1I-3(d)

Does the model assume the pressure at the fuel-cladding interface is
independent of the height above the reflector? If so, please justify.

ANSWER 1I-3(d)

The TOP fuel pin failure model described in Section 3.2.3 of CRBRP-GLFR-
00103 does not assume that the pressure at the fuel cladding interface is
independent of the height above the lower blanket.

QUESTION II-3(e)

Please provide a detailed description of the curves in Figure F6.2-14
(p-P6.1-176). what are Y.P.'1'2) ur®)  puret(3) puret irradiates
c1ad!®), and Snith-Stevenson? wWhat do these symbols and references mean?
Please cross-  eference the curves in Figure F6.2-14 with the curves in
Reference 52 on p.F6.2-122 of the PSAR.

ANSWER I1-3(e)

Pointer 50 on page 4-14 of CRBRP-GEFR-00103 provides a detailed description
of the clad strength curves in Figure 3-3 (p. 3-43) of CRBRP-GEFR-00103.
References which contain the data upon which the curves are based are also
cited. The curve in Figure 3-3 of CRBRP-GEFR-00103 is the same as Figure
F6.2-14.

The cladding strength table values for fuel types 1 and 2, denoted as

v.P.11'2) are yield strength values for unirradiated 208 OW 316 SS,
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property code 2102, page revision 1, 6-10-74 in Ref. 42 in CRBRP-GEFR-
00103.

The cladding strength table values for fuel type 3, denoted as EJRSF(3),
are burst strength values for unirradiated 20% COW 316 SS, property code
2203, page revision 2, 4-16-75 in Ref. 42.

The cladding strength table values for fuel type 4, denoted as Ur(4), are
ultimate tensile strength values for unirradiated 20% CW 316 SS, property
code 2101, page revision 1, 6-10-74 in Ref. 42.

The cladding strength table values for fuel type 5, denoted as BURST
IRRADIATED CIAD®), are irradiated clad burst strength values for 208 CW
316 SS cladding heated at a transient heating rate of 100°F/sec. This
curve was developed fram a logarithmic interpolation between the 10°F/sec
and 200°F/sec curves given in Ref. 14 in CRBRP-GEFR-00103.

As stated in Ref. 7 in CRBRP-GEFR-00103, the SMITH-STEVENSON curve for

ultimate tensile strength is given by a 1/T fit to high strain rate data
for unirradiated 20% OW 316 SS.

QUESTION II-3(f)

In the above response, please consider the implications of the model and
calculations presented by H. G. Bogensbirger and C. Ranchi (Nuclear Tech-
nology, Vol. 29, April 1976, pp. 73-85).

(i) How does this model differ from that used in SAS3A and in the PSAR?

ANSWER II-3(f)

The Applicant can make no Quantitative assessment of the implications of
the model and calculations presented by H. C. Bogensberger and C. Ronchi
(Nuclear Technology, Vol. 29, April 1976, pp. 73-85) relative to the CRBERP.
The reference applied the fission gas behaviar model in the analysis of a
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$5/sec unprotected TOP event in the SNR-300 Mark I core. No physical bases
for ramp rates of the order of $5/sec have been identified in the CRBRP.

The implications of the use of the referenced fission gas behavior model in
the analysis of lower ramp rate TOP events is not discussed in the refer-
ence, and the Applicant can make no quantitative assessment of the implica-
tions of the model on the lower ramp rate (2.4 to 50¢/sec) hypothetical TOP
events reported in CRBRP-GEFR-00103.

QUESTION I1-4

With regard to Applicant's response to II.1ll.(b) [of the Second Set of
Interrogatories to Applicant] we note that Figure F6.2-1 on p.F6.2-116 of
the PSAR (cited on p.F6.2-9) indicates the SAS/FCI model uses cne dimen-
sional Lagrangian cells.

(a) 1Is this a correct interpretation of the SAS/FCI model?

(b) Has the Applicant rigorously tested whether cne-dimensional Lagrangian
cells is an adequate formalism, ar is the Applicant simply assuming it is
adequate because of the "long length in the axial direction of the coolant
channel in camparison to the relative small distances between adjacent
pins?"

[NOTE: Interrogatory Ii-11(b) of the Second Set of Interrogatories to
Applicant and the updated answer are an pp. AA-20 through AA-21.]

ANSWERS 11-4

The questi~n most probably refers to Fig. F6.2-4 on p. F6.2-166 of the PSAR
because Fig. F6.2-1 an p. F6.2-116 did not exist. Figure 3-4 on p. 3-44 of
CRBRP-GEFR-00103 is the same as Figure F6.2-4.
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(a) These are not Lagrangian cells in a rigorous sense because the veloc—
ities of the cell boundaries are not calculated by solving the momentum
conservation equation. Rather the velocity is determined by linear inter-
polation of the interface velocities of the two constraining liquid sodium
loops .

(b) The assumption of the cne-dimensional pseudo-Lagrangian cells has been
made because the coolant channels are very long in the axial direction
campared to the small distances between adjacent pins. These pseudo-
Lagrangian cells are used only for accounting for fuel motion in the
channel for calculating fuel motion reactivity feedback. The reactivity
feedback effect of any radial fuel motion in the channel would be totally
negligible.

QUESTION II-5

The Applicant apparently failed to answer Interrogatory II.14(c) [of the
Second Set of Interrogatories to Applicant]. The last sentence under 14 in
the Applicant's response is totally inadequate.

Please answer 1I-14(c) [of the Second Set of Interrogatories to Applicant]
fully, identifying each model by author(s) and reference and ._hen explain
fully the basis for rejecting these other models.

[NOTE: Interrogatory II-14(c) of the Second Set of Interrogatories to
Applicant and the updated answer are on pp. AA-22 through AA-23.])

ANSWER II-5

Models in which a rapid superheating of the liquid sodium and subsequent
explosive vaporization is assumed to occur are not considered to be rele-
vant for an IMFBR enviromment with its abundance of nucleation sites. All
in-pile tests done to date support the above statement (see Ref. 56 in
CRBRP--GEFR-00103) .
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The current models which assume the sodium to be in thermodynamical equi-
librium are all similar to the Cho-Wright model. This model can simulate a
wide variety of situations by varying the fuel particle diameter, the
mixing and fragmentation time constant, and the fuel sodium heat transfer
coefficient as a function of the sodium void fraction. This model is
adequate for simulating the mild interactions which have been cbserved in
experiements, typical of LMFBR enviramments, as well as hypothetical more
energetic interactions.

A heat transfer model which takes sodium condensation into account and is
otherwise similar to the Cho-Wright model was used for the successful

analysis of the fresh fuel H-2 experiment (see Ref. 16 in CRBRP-GEFR-
00103).

The SAS/FCI heat transfer model is based an the Cho-Wright model and it
also takes sodiun condensation into account. Morewwer, the SAS/FCI model
calculates the rate of fuel injection into the sodium.

The PLUTO 1 and PLUTO 2 heat transfer model contains a space-dependent
fuei-coolant interaction calculation in which a SAS/FCI type calculation is
being performed in many axial nodes in the coolant channel.

Other current heat transfer models are reviewed in the following reference:
H. K. Fauske, "CSNI Meeting on Fuel-Coolant Interactions," Nuclear Safety,
16, p. 436-422, 1975. The heat transfer modeling utilize’ in SAS/FCI and
PLUTO 1 and PLUTO 2 are considered to be adequate for inclusion in a whole-
core analysis code such as SAS3A and SAS3D.
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QUESTION I11-6 (PREAMELE)

In response to II-15(b) [of the Second Set of Interrogatories to Appli-
cant], the Applicant cited Chapter 6 of Ref. 22, p.F6.2-122 of the PSAR for
sodium thermodynamic properties. This reference an p.% states:

Lack of data and inability to maintain consistency in the
superheated vapor region and the region above the sodium critical
temperature have led to a neglection of sodium properties in these
regions. Since most calculations with the SAS/FCI model do not
require properties in these regions, the equation-of-state model is
adequate. However, extremely high heat transfer rates can lead to
temperatures and pressures above the critical values as well as to
superheated vapor. A rore camprehensive equation of state will be
necessary to handle these cases.

and on p.101:

Although this method for the subcooled region does satisfy the
basic thermodynamic relations at the saturation line, it does have
same problems away fram the saturation line. The most glaring
problem is that for large pressures Eq. (6.15) may yield a negative
isothermal coefficient of bulk compressibility. Similar effects
may occur for the thermal expansion coefficient of Eq. (6.17).
Except in severe cases, the pressures and temperatures predicted by
the SAS/FCI model generally do not result in these anamalies.

With respect to each CDA analysis presented in F6.2 of the PSAR (see I(A)
through (D) of NRDC's Fourth Set of Interrogatories), please provide the

following information (separately for each (DA analysis):

[NOTE: Interrogatory II-15(b) of the Second Set of Interrogatories to
Applicant and the updated answer are on p. AA-23.]

QUESTION 11-6(a)

Does sodium in the core lead to temperatures and pressures above the

critical value? 1Is superheated vapor produced? Explain fully the basis
for the answer.
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ANSWER 11-6(a)

An examination of the cases in CRBRP-GEFR-00103 indicates that the highest
liquid sodium temperature produced in SAS/FCI was approximately 1000°K
below the critical temperature. Exceeding the critical temperature was not
predicted.

Also, no case appears to have resulted in the production of superheated
vapor. This is reasonable since the smallest initial interaction zone
length used was 5 an. A minimum condition to produce superheated vapor in
SAS/FCI is to vaporize all the initial liquid sodium present in the inter-
action zone. This requires a volume expansion by a factor of 100 to 1000
or more, i.e., to an interaction zone 500 to 5000 am long. The active core
is less than 100 am in height. Heat losses due to condensation will thus
arrest the vaporization process before such an expansion can occur.

QUESTION 1I-6(b)

If the answer to (a) is yes, describe fully why the Applicant believes the

SAS/FCI model is an adequate representation of the sodiun equation of
.ute.

ANSWER I1-6(b)

The answer to II-6(a) is "no".

QUESTION I11-6(c)

Do large pressures yield a negative isothermal coefficient of bulk can-

pressibiity or thermal expansion coefficient anywhere in the core? Explain
fully the basis for this answer.
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ANSWER II-6(c)

Pressures large enough to yield these negative values are not calculated
anywhere in the core. Such single phase pressures would be very large. For
example, at a temperature of 1400k, a pressure of approximately 4750 atm
is required to produce negative values of either of these coefficients.
Pressures of this magnitude are not anticipated, since fission gas is
generally present in the interaction zone to act as a cushion, and known
heat transfer rates between oxide fuel and sodium camnot produce explosive
conditions with expected HCDA phenamenology. In any ~ase, the maximunm
calculated single phase sodium pressures in CRBRP-GEFR-00103 and CRBRP-
GEFR-00523 are generally more than an order of magnitude below the values
required for negative coefficients.

QUESTION 11-6(d)

1f the answer to (c) is yes, describe fully why the Applicant believes the
SAS/FCI model is an adequate representation of the sodium equation of
state.

ANSWER 1I-6(d)

The answer to II-6(c) is "no".

QUESTION 11-6(e)

If the answer to (a) ar (c) is no, which are the minimum changes in the
more sensitive parameters (e.g., reactivity ramp rate) that would be
necessary before the answer to either (a) ar (c) is yes?

ANSWER 11-6(e)

No reasonable, i.e., physically meaningful, change to any sensitive param-
eters can be made to change the response in sections (a) and (¢) fram no to
yes.
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QUESTION 11-7

The Applicant also stated the thermodynamic properties of cladding and fuel
used in SAS/FCI are sumarized in Section 6.2.2.3 of the PSAR.

(a) Precisely where in Section 6.2.2.3 are these properties summarized?

(b) EBxplain fully (rather than sumarize) the basis for the choice of
these properties.

(c) Explain fully why the Applicant believes the choice of these prop-
erties is adequate.

ANSWERS II-7

(a) SAS input for SAS/FCI is sumarized on page 3-9 and 4-16 of CRBRP-
GEFR-00103.

(b) No special input for clad and fuel thermodynamic properties is needed
for SAS/FCI. The SAS/FCI module uses the standard cladding and fuel prop-
erties.

(¢) It is mainly the uncertainties in accident phenamenology, not the
uncertainties in the thermodynamic properties employed, that lead to the
spectrun of hypothetical accident scenarios presented in CRBRP-GEFR-00103
and CRBRP-GEFR-00523. A cowplete study of the influence of all possible
property variations has not been done, but the remaining uncertainties are
not expected to lead to a broadening of the spectrum of hypothetical
accident scenario. As a dramatic example, present oxide vapor pressure
uncertainties were shown to have only a small effect in fast reactor
disassembly calculations. See the following reference: J. F. Jackson et
al., "The Influence of Equation-of-State Uncertainties on Fast Reactor
Disassambly Calculations," Trans. Am. Nuc. Soc., 22, p. 368, 1975.
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QUESTION 11-8

Document the basis for the Applicant's response to Interrogatory II 16(b)
[of the Second Set of Interrogatories to Applicant].

[NOTE: Interrogatory II-16(b) of the Second Set of Interrogatories to
Applicant and the updated answer are on pp. AA-23 through AA-24.]

ANSWER 1I1-8

The second sentence in the response to Interrugatory II 16(b) of the Second
Set of Interrogatories to Applicant may have been misinterpreted. Whether
or not the sodium wvoiding reactivity associated with a fuel-coolant inter-
action is larger than or smaller than the associated fuel motion reactivity
is dependent on the particular FCI event being discussed, although the fuel
motion reactivity is generally the daminant reactivity once the event
passes the first few milliseconds. The ariginal interrogatory asked for
support of the assumption that the sodiun wvoiding reactivity can be
adequately determined in SAS/FCI fram the average, smeared sodium density
of the interaction zone. In support of this asumption, calculations of FCI
events with the PLUTO 1 and PLUTO 2 codes have been done a number of times.
In these codes, the sodiun voiding reactivity is determined fram the
detailed axial distribution of sodium in the interaction zone provided by
the Lagrangian mesh. The PLUTO 1 and PLUTO 2 calculations predict sodium
voiding reactivities that do not differ significantly fram those calculated
by SAS/FCI if the constraining sodium slug velocities predicted by both
models are similar (e.g., see page 7-84 in CRBRP-GEFR-00103). The reason
for this is that the detailed distribution of the small amount of sodium in
the interaction zone as calculated by PLUTO 1 and PLUTO 2 is not important
for the sodium voiding reactivity feedback calculation.
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QUESTION 1I-9

Identify in Appendix F of the PSAR (by page and paragraph) the SASBIOK
calculations that represent the parametric variation of the loss coeffi-
cient (see Applicant's Response to Interrogatory II 44(b) [of the Second
Set of Interrogatories to Applicant].

[NOTE: Interrogatory I1-44(b) of the Second Set of Interrogatories to
Applicant and the updated answer are on p. AA-37.]

ANSWER 1I1-9

The SASBLOK calculations that represent the parametric variation of the
loss coefficient referred to in the Applicant's response to Interrogatory
IT 44(b) are identified in CRBRP-GEFR-00103 (by page and paragraph) as
follows: 6-4, para. 2 and 3; p. 6-5, para. 1 and 2; and p. 6-7, para. 2.

QUESTION 11-10

With regard to the Applicant's Answer to Interrogatory II 45(b) [of the
Secornd Set of Interrogatories to Applicant], identify the other locations
of the blockages that were considered. Discuss the sensitivity of the CDA
energetics to the location of the blockage.

[NOTE: Interrogatory II-45(b) of the Second Set of Interrogatories to
Applicant and the updated answer is on pp. AA-37 through AA-38.)

ANSWER 1I-10

The other locations where agglameration of material ocould occur are the
upper blanket and the core.

The HCDA energetics are not expected to be significantly influenced by the

location of the blockage. Fuel blockages are progressively more difficult
to maintain in a stable coolable configuration as the blockage location
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approaches the core mid-plane. As the reactor power continues to increase
due to the continued control rod withdrawal, blockages closer to the core
are expected to be partially or totally dispersed, depending on the portion
of the blockage material which cannot be cooled below the melting point.

The analysis of Section 10.1.1 of CRBRP-GEFR-00103 was performed to assess
the pessimistic assumption that fuel blockages could not be sufficiently
cooled and would slump upon melting. The results of those calculations
showed that slumping of the melted blockages would not result in recriti-
cality. Therefore, the location of the blockage is not expected to have a
significant effect an possible HCDA energetics which might result fram the
sluping of melted blockages.

QUESTION II-11

Please review the Applicant's Response to Interrogatory II 47(b) [see 47(c)
of the Second Set of Interrogatories to Applicant] for correctness. The
Applicant's response here is to refer NRDC to its Response to Interrogatory
27. Interrogatory 27 addresses the method of estimating fission-gas

tamperatures, an unrelated subject. Perhaps the Applicant meant to refer
to another interrogatory.

[NOTE: Interrogatory II 47(c) of the Second £2t of Interrogatories to
Applicant and the updated answer is on pp. AA-38 through AA-3%.)

ANSWER II-11

The original cross-reference has been corrected. See page identified above
and p. AA-75 far answer.
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QUESTION III

In response to Interrogatories I(A)(i0), I(B)(10), and I(C)(10) [of the
Second Set of Interrogatories to Applicant], the Applicants stated:

"(10) The Applicants are currently analyzing this area and will
provide pertinent information as it becames available."

We find this response to be inadequate and request the following informa-
tion:

(a) what is the precise nature of the analysis or analyses currently being

performed in this area, and what is the nature of the uncertainty(ies) to

be resolved by the analysis or analyses?

(b) Who is performing the analysis or analyses?

(¢) When is the analysis ar analyses expected to be campleted?

[NOTE: Interrogatories I(A)10, I(B)10, and I(C)10 of the Second Set of
Interrogatories to Applicant and the updated answers are on pp.
AA-5 and AA-9, pp. AA-5 and AA-10, and pp. AA-5 and AA-12
respectively.]

ANSWER III

The original answers to interrogatories I(A)(10), I(B)(10) and I(C)(10)
have been updated. See pages noted above.
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