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Predicted performance during both steady state and transient reactor operation
detefmines the steady stat. operating limitslon LMFBRs. Unnecessary conserva-
tism in performance predictions will not contribute to safety, but will restrict
the reactor to more conservative, less economical steady state operation. The

most general method for reducing analytical conservatism in LMFBR's with-
out compromising safety is to develop, validate and apply more sophisticated
computer models to the limiting performance analyses. The purpose of the
on-going Natural Circulation Verification Program {(NCVP) is to develop

and validate computer codes to analyze natural circulation transients in
LMFBRs, and thus, replace unnecessary analytical conservatism with demon-
‘strated calculational cap;bi]ity,

| . ..

The computer codes currently under development for LMFBR natural circulation
fca]cu]ations include whole-core, plant and hot channel analysis models.

The whole-core thermal-hydraulic transient analysis code (whcle-core code)
will be used to predict peak reactor coolant temperatures, taking into
account inter- and intra-assembly flow and heat redistribution. The
development and validation requirements for the whole-core code are sum-

marized in Table 1.

The requirements for the development of the whole-core code evolved from
a combination of experimental and analytical investigations, due to a
Jack of capability to perfdrm such analyses without excessive analyticai
‘conservi.tism. The most important requirements are listed in Table 1,
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The temperature changes due to modeling the various phenomena are not
independent, so the inclusion of one may lessen the effect of modeling
another. Furthermore, the time required for heat transfer and flow redis-
tribution to occur may delay the potential temperature reductions until
late in the transient after the peak temperature has occurred. Detailed
transient modeling is essential for predicting such behavior. '

The validation of the whole-core code will provide confidence that the
code is an acceptable tool for predicting the performance of an LMFBR
during a transient and that the code predictions are sufficiently accurate
to be used for licensing an LMFBR. Validation will be accomplished by
comparing code predictions to a data base sufficiently broad to demonstrate
all of the important code capabilities. The data base is defined by the
1ist of relevant test programs in Table 1. The most rigorous comparisons
are to the EBR-II and FFTF Acceptance Test Phase (ATP) tests, which

include temperature and flow rate measurements of LMFBR performance during
both steady state and natural circulaiivn transients.

The transient flow rate, pressvre drop and outlet temperature of a large
number of assemblies, subchannels and other flow paths will be predicted by
the whole-core code given the transient total flow rate, inlet temperature,
heating rates, hydrauiics, etc. as input. A "plant code" which models the
primary loop with much less reactor detail than the whole-core code is
required to predict the time-dependent reactor flow rate which is input to
the whole-core code. The coupling between the core and primary loop calcu-
lations is expected to be sufficiently weak, that iteration between the
-whole-core and plant codes will not be required. The validity of this
approach will be demonstrated by the FFTF ATP pre-test predictions.
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After a satisfactqry.who]e-éore code calculation is achieved, the limiting
fuel and/or blanket pins will be identified and additional design tempera- A
tures calculated with the pin design analysis code; Given the time
dependent coolant temperatures from the whole-core code, a hot channel
-analysis code such as FﬂRE-ZM[]]] quickly performs detailed design tempera-
ture- calculations, inc]uding such local rod phenomena as fuel restructuring,
with uncertainty factors at selected levels of confidence. The resulting
temperatures can then be evaluated for safety margins such as the tempera-
ture margin-to-too]ant boiling or fuel melting at some level of confidence,
or included in cladding damage analyses.

In summary, a coordinated program is underway to demonstrate the capability
to predict the natural circulation performance of LMFBRs during transients.
The important calculational capabilities were identified and specified as
whole-core code development requirements and a data base was identified
which is considered adequate for code validation. Pre-test predictions
for the FFTF Acceptance Test Phase Four steady state and transient measure-
ments to be made with both plant and in-core assembly instrumentation will
provide a comprehensive test of both the calculational sequence and the
accuracy of the natural circulation codes. j
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WHOLE-CORE THERMAL-HYDRAULIC TRANSIENT ANALYSIS

é _ CODE DEVELOPMENT AND VALIDATION REQUIREMENTS
' \

! MODELING DEVELOPMENT

CODE VALIDATION DATA

Intra-Assembly Heat Transfer and Flow
Redistribution

Inter-Assembly Heat Transfer and Flow
Redistribution

Form and Friction Factor Correlations

Inboard/Side Subchannel Flow Split

| Fuel/Blanket Decay Heat Generation Pate

Variable Gap Conductance

| Pressure Drop Boundary Condition
Dissimilar Fuel and Structural Materdals
Bypass and Interassembly Flow

Flow Reversals

Computer Time Less Than One Hour

L

HEDL 217-Pin Low Flow Heat Transfer
Test (Ref. 1)

ARD 61-Pin Blanket Heat Transfer Test
(Ref. 2)

- ORNL 19-Pin FFM Test (Ref. 3)
"ORNL 61-Pin THORS Test

EBR-II Natural Circulation Tests with-
XX08 (Ref. 5)
FFTF Acceptance Test Phase 4 (Ref. 4)
FFTF-Type Fuel Assemb1y Hydrau]ic Tests
pﬂ‘"- 5; Iy B’ J[
MIT 81 and 217-Pin Tests and Flow Split
Models (Ref. 10)
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