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LEGAL NOTICE

This report was prepared by Energy Incorporated (EI) as an account of work
sponsored by the Electric Power Research Institute, Inc. (EPRI). Neither EPRI,
members of EPRI, EI, or any person acting on behalf of either: (a) makes any
warranty or representation, express or implied, with respect to the accuracy,
completeness, or usefulness of the information contained in this report, or that
the use of any information, apparatus, method, or process disclosed in this
report may not infringe privately owned rights; or (b) assumes any liabilities
with respect to the use of, or for damages resulting from the use of, any
information, apparatus, method or process disclosed in this report.



ABSTRACT

RETRAN represents a new computer code approach for analyzing the thermal-
hydraulic response of Nuclear Steam Supply Systems (NSSS) to hypothetical
Loss of Coolant Accidents (LOCA) and Operational Transients. In contrast
to the "conservative" approach, RETRAN provides "best estimate" solutions
to hypothetical LOCA's and Operational Transients. RETRAN is a computer
code package developed from the RELAP series of codes, from reference data,
and from extensive analytical and experimental work previously conducted
relative to the thermal-hydraulic behavior of light-water reacto systems
subjected to postulated accidents and operational transient conditions.
The RETRAN computer code is constructed in a semimodular and dynamic
dimensioned form where additions to the code can be easily carried out as
new and improved models are developed. This report (the fourth of a four
volume computer code manual) des-.ribes the extensive verification and
qualification performed with R"TRAN. The three companion volumes describe
the theory and numerical algorithms, the programming details, and the
user's input information.
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I. INTRODUCTION

The objective of this document is to describe the criteria and verification
activity which preceded the formal EPRI release of the RETRAN Code. Specifically,
the assembly verification process is carefully defined and details of the level

of qualification against experimental data are shown.

1.0 OBJECTIVE OF RETRAN DEVELOPMENT

The over:11 objective of the RETRAN project (RP-342 and RP-889) was to develop
an improved and reliable thermal-hydraulic program for analysis of light water
reactor system transients. RETRAN was developed primarily for:

(1) Utitlity use in
. Evaluating and imgroving design ar1 v.eration of reactor plants

. Evaluating safety considerations

- Support of licensing submittals

and for

(2) EPRI and EPRI contractors use in

o Interpretation of safety/operational related experiments and
analysis
g Generic evaluation of

safety issues
- proposed regulations
o> new concepts

and secondarily for

779 014
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Defining research support

- What research is to be performed
- Support research implementation
- Interpreting research results.

The minimum modeling requirevents consistent with the above objectives are one-
dimensional, homogeneous thermal-hydraulic models for the reactor cooling system,
a point neutron kinetic model for the reactor core, and control system models.
This level =* sophistication permits analysis of most Safety Analysis Peport
(SAR) Chapter 15 incidents (cxcept the reflood portion of a LOCA) fo: both
boiling water reactor (BWR) and pressurized water reactor (PWR) plants. These
analyses utilize the basic RETRAN models, for which a relatively large experience
base exis. The minimum model requirements given above are satisfied by the
current version of RETRAN.
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2.0 LIMITATIONS

In principle, the current version of RETRAN has the capabilily to model all SAR
Chapter 15 incidents for both BWR and PWR applications. The accuracy of the BW..
analysis may be limited by the homogeneous flow models and/or the poirt kinetics
models. Because of these limitations, EPRI is in the process of developing an
advanced version of RETRAN which has both a slip model and a one dimensional
neutron kinetics model for BWR applications.

Likewise the analysis of the reflood portion of a LOCA requires additional
thermal hydraulic capability which models

(1) slip between the liquid and gas phases of the coolant
(2) the non-equilibrium, emergency core cooling injection process
(3) the quenching process.

’ These applications require advanced models for whicn only a very limited experience
base exists, and such models are not included in the presient version of the

code.

Because RETRAN is a very general thermal-hydraulic coae, no assurance of accuracy
can be made in general. Therefore, it is recommended that the application of
RETRAN be limited to those plant transients for which some degree of confidence
has been obtained. lhe results of the current qualification effort are summarized
in Section 6.0, which lists most Chapter 15 incidents requiring system analysis
and shows the current application levels of RETRAN. The RETRAN recults are
classified according to the following categories:

(1) direct comparison with e neriments
(2) extrapolated from similar but different experiments
(3) results appear physically reasonable.

| Application to other analysis not shown in Section 6.0 as of yet is uncertain.
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3.0 RELEASIBILITY CRITERIA

Because RETRAN is a new computer program, the confidence i, and the limitations
of, the program must be established for potential users of the program. The
degree of confidence in any computer program stems from two different processos,
(1) Documentation must exist that
fa) describes the theory and assumptic.s made in developing the code
(b) describes the code models, logic and solution schemes
fc) describes in detail how to use the ccde
(2) The code must be verified to assure
(a) the coding is correct
(b) the sclution techniques are stable and copvergent
(c) the code is correctly solving the equation set programmed.
(3) The code must be qualified to perform the analyses to be performed by
(a) comparison with relevant test data

(b) comparison against other calculation techniques

(c) assuring that all results are consistent with physical assumptions
made.
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4.0 RETRAN DOCUMENTATION

The first criteria for the release of a code is adequate documentation. The
RETRAN program is documented in this four volume Computer Code Manual (EPRI CCM-
5, Volumes I-IV) entitled "RETRAN - A Program for One-Dimensional Transient
ihermal-Hydraulic Analysis of Complex Fluid Flow Systems". Volume I - Equations
and Numerics, satisfies requirement 1-a and part of 1-b as it gives a detailed
description of the theory and nummerics used in RETRAN. (An earlier edition of
this volume appeared as EPRI NP-408 and describes some models which are not
included in the current version of RETRAN). The remair:ng part of requirement
1-b, the RETRAN code logic and detoiled programming description, is given in
Volume II - The Programmer's Manual Requirement 1-c is satisfied by Volume III -
User's Manual, which describes the code input, output and gives a series of
sample problems to assist the user. The remaining two criteria (2-3) are the
subject of this volume. The next two sections of this chapter summarize the
RETRAN verification (criteria 2) and qualification (Criteria 3). The details of
both the verification and qualification analyses performed to date are described
in Chapters III-VIII. A summary of the experience of users of the code, along
with specific modeling suggestions, is given in Chapter IX.
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5.0 RETRAN VERIFICATION

“"he verification process (Criteria 2, Section 3.0) was undertaken to assure that
‘he computer program performed the calcuiation and processed the data and input
as required by the documentation.

First, to assure that the models were documented properly, all the RETRAN models
were listed (Section 11.4) and the basic technical reference identified. Next
the original reference was reviewed and compared with the RETRAN documentation
to assure consistency.

The next step was to assure proper coding of each individual model. Four semi-
independent methods of accomplishing this were identified. These are

(1) An independent visual check of the coding by someone other than the
original programmer

(2) Specifying input (driving the model) that produces known results

(3) Editing all required information entering a model and hand calculating
the output

(4) Comparing results with output from other condes.

A list of the RETRAN models was used to assure that each individual RETRAN model
was verified against at least two of the four methods.

Finally a series of "basic" test problems were run for which either analytical
solutions or detailed experimental results were available. Again, the list of
RETRAN models was cross-correlated against this list of analyses to assure that
all common mode models were correctly functioning. The results of some of this
activity was useful in Lhe qualirvication of the code, which is summarized in the
next section.

779 019

1-€



6.0 RETRAN QUALIFICATION

The qualification of a code involves comparisons of code results with experimental
data to determine its applicability ana sensitivity. The RETRAN code was qualified
age “hree different classes of dala.

The firsc, and simplest, were separate effect experiments which, in general, are
small scaie tests in which complexities are held to a minimum and . ~ governing
parameters accurately measured. The results of these analyses produce some
level of confidence i:i both the i1ndividual and combinations oi models utilized.
Chapter III describes the ¢ alification of RETRAN against the separate effect
tests.

The second category of experiments are System Effects Tests, in which the inter-
action of various components must be described. In general, these are intermediate
size tests (i.e., Semiscale, Two-Loop Test Apparatus, LOFT) in which the assump-
tion of one-dimensional streamline flow is reasonabiy approximated. The RETRAN
qualification against experiments of t..'s type is more demanding than for the
separate effect tests, and gives confidence in, and implies limitations on, the
basic theory used in RETRAN. The results of this class of expariments are given

in Chapter 1IV.

The third and most important class of comparisons is against actual plant data.
The data from large nuclear plants is generally obtained from operational instru-
mentation, and is usually limited in both quantity and quality. The actual
comparisons are also made more difficult by the unavailability of all required
input data, specificaliy data on items such as the initial conditions, times
manual operator action was taken, and response characteristics of valves. This
phase of the RETRAN qualification was performed mainly by the EPRI/Utility
System Anaiysis Working Group.

A description of this Working Group is included in Chapter II. This group was
primarily interested in the analysis of the operational transients generally
addressed in Chapter 15 of most SARs. Each of the participat.ng utilities
identified both analysis of interest and some existing reactor start-up and/or
operating test data against which the RETRAN results could be qualified. The
results of this effort are presented in Tables 1.6-1 and 1.6-2, which also list
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TABLE 1.6-1
RETRAN QUALIFICATION FOR SOME SAR-CHAPTER 15 BWR TRANSIENTS

~Other

irect

Comparison
Thimitar

Calculations

e -

footnote

Comments

Phenomena

S

PRESSURE INCREASE TRANSIENTS

=

Generator load rejection

Turbine trip with/without bypass
Steam Line isolation velve(s) closure
Pressure requlator failure (close)
Loss of condenser vacuum

Turbine control valve fast closure
Above incidents with delayed scram

S

Peach Bottom Tests

PRSIy

@ 0000000
e

REACTOR VESGEL WATER TEMPERATURE DECREASE | i

Loss of feedwater heater f ‘
. Inadvertent injection pump start |

REACTOR VESSEL COOLANT INVENTORY DECREASE

-
[

. Loss of feeawater flow ‘
. Pressure regulator failure (open) i | l
. Relief or safety valve failure (open) |

€ Loss of auxiliary power |

-ORE COCLANT FLOW DECREASE

Recirculation pump seizure |
b Recirculation pump(s) trip LR
- Recirculation flow control faiiure |

CORE COOLANT FLOW INCREASE

. Recirculation flow control failure

8 Startup of idle recirculation pump | |

POSITIVE REACTIVITY INSERTION f

2 Continuous rod withdrawail ! |
. - from subcritical ! 1

- from power | |
. Rod ejection

ANTICIPATED TRAWSIENT WITHOUT SCRAM |

STEAM _INE BREAK *
RECIRCULATION LINE RUPTURE l | |

» Large break
= “nall break : { {

Startup test
SAR comparison
Other code comparison

S
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TABLF '.6-2

RETRAN QUALIFICATION FOR SOME PWR SAR-CHAPTER 15 TRANSIENTS

Direct
Comparison

imilar

Phenomena

SAR-Other

Calculations

Footnote

See

Comments

UNPLANNED

e 090 0 00

UNPLANNED

© 000 0 0

DECREASE IN SECONDARY HEAT REMOVAL

Loss of external loaa

Turbine trip

Loss of condrnser vacuum

Steam pressure regulator failure
Loss of normal feedwater flow
Loss of A-C power to auxiliaries

INCREASE IN SECONCARY HEAT REMOVAL

Excessive load increase

i{dle loop startup

Decrease in feedwater temperature

Increase in feedwater flow rate

Increase in steam flow rate

Inagvertent opening of steam generator
relief or safety valve

CHANGES IN REACTOR COOLANT SYSTEM INVENTORY
(PRIMARY SIDE INITIATED)

Q
2

Inadvertent operation of ECCS
Accidental depressurization

LOSS OF REACTOR COOLANT FLOW

o

Rl

Partial loss of flow
Complete loss of flow
Locxed rotor

REACTIVITY INSERTION (PRIMARY SIDE INITIATED)

]

Uncontrolled rod withdrawal
- from subcritical

~ from power

Control rod misoperation
Chemical system malfunction

ANTICIPATED TRANSIENTS WITHOUT SCRAM

STEAM LINE BREAK

RECIRCULATION LINE BREAK

e
2
2

Steam generator tube rupture
Small break
Loss of coolant accident

T

| TMI-2 Cooidown

Pump Coastdown Test

- PO e

Startup test
SAR comparison
Other code comparison
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all Chapter 15 incidents for BWRs and PWRs respectively. These tables also
indicate those transients which were analyzed and the degree of qualification of
the RETRAN analysis which was possible. The analyses are classified according
to

(1) Direct comparison with experiments
(2) Extrapolated from similar but different experiments

(3) Results appear reasonable and agree with available SAR results or
calculations from other codes.

The first category implies that the accuracy of the results were determined by
direct comparison with experimental data for some (one or more) cases where such
data exist. The second category includes cases where direct experimental confirma-
tion does not exist, but confidence can be established in the calculation based

on other transients which are governed by similar phenomena. The third category

is one where no experimental data were available and the results were reviewed
only to assure that they appeared phvsically correct.

9023
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I1. RETRAN VERIFICATION AND QUALIFICATION

Users of large computer codes expect

(1) The code to be free of errors to the greatest extent possible

(2) The code to be able, with appropriate input, to give reasonable
agreement with experimental data when applied within theoretical
limitations.

In the PSTRAN project, a significant effort has been directed to meeting these
expectations.

The first step, code verification, is best accomplished by very strict procedures
during the actuai coding. However, RETRAN is based on an existing RELAP code
and, as a result, only complete model additions to the code were subjected to
close scrutiny during the coding phase. Members of the EPRI/Utility Working
Group have exercised the code with a great variety of problems, and have helped
to identify errors in the code.

The qualification of the code is actually a measure of how well the code can
anaiyze problems of interest. The EPRI/Working Group, EPRI and EPRI contractors
have performed a number of analyses and compared results with experimental data.
The code verification for RETRAN and the approach used to qualify the code are
discussed in this section, along with some background information on the develop-
ment of the cede.

1.0 BACKGROUND OF RETRAN

The RETRAN computer program is the result of an extensive code development

effort sponsored by EPRI since 1975. The effort was initiated as research

project RP-342 in response to the utility need for a more realistic appraisal of
the blowdown phase of the design basis Loss Of Coolant Accident (LOCA), and

EPRI's need to evaluate relevant supporting experiments. During the term of

this effort, the project was expanded such that the computer program, then
denoted as RELAP/E, would be gencral enough to analyze both boiling water reactors
(BWRs) and pressurized water reactors (PWRs) for either large or small break

o
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LOCA's from the start of the accident through the REFILL and REFLOOD periods.
During the first quarter of 1976, the Nuclear Safety Analysis Task Force identified
the pressing need of the utilities to analyze the non-LOCA condition events for
PWRs (Types I, Il and III1) and BWRs (Types I through VIII). 1In response to this
request, EPRI obtained from Energy Incorporated the RETRAN system analysis
submodules through RP-289. Thus the RETRAN code package stems from the develop-
ment of two separate code packages, RELAP/E and RETRAN. Both of these codes

were based upon RELAP4/003 update 85, released by the United States Nuclear
Regulatory Commission (NRC) as a portion of the Water Reactor Evaluation Model
(WREM). RELAP/E was developed to provide a "best estimate" thermal-hydraulic
behavior of light-water reactor systems subjected to anticipated operational
transients ar.d normal startup and shutdown maneuvers. Since both codes were

based on the thermal-hydraulic differential and state equations of RELAP4, and
since RELAP/E was constructed for ease of model incorporation with its semimodular
and dynamic structure, the operational transient models were added as options to
RELAP/E and the code name RETRAN was retained.

During this time period (late 1976) the importance of the code verification

effort first became apparent to EPRI. It was estimated that a minimum of 500 ‘
hours of CDC-6600 time would be required to verify this code package, in addition
to an extensive amount of manpower to set up and execute the cases. It was also
apparent that, when the verification phase was complete, there would be an
additional delay in implementing RETRAN on the utility computers and in training
their personnel in the use of this rather sophisticated computer code package.

The EPRI/Utility System Analysis Working Group was established to attempt to
combine these various tasks and shorten the overall time between development and
application of RETRAN. Table II.1-1 gives a short summary of the overall intent
of the RETRAN pre-release activity, while Table 11.1-2 lists the current
participants in the Working Group.

The first phase of this activity is now complet., and a version of RETRAN is to

be released for EPRI members. This version of the code has been used to analyze
separate effect experiments (Section III), small scale system effects (Section IV),
operational transients (Sections V and V1) and PWR LOCA's (Section VIII).

During the next year, additicnal analyses, including BWR LOCA's will be performed,

3 140
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TABLE II.1-1

A SUMMARY OF THE INTENT OF A PRE-RELEASE OF RETRAN

Provide participating utilities with RETRAN so they can become familiar
with and competent in its use.

Obtain, via utility participation, a much more thorough "debugging" of
RETRAN than EPRI can provide under conventional project effort.

Exercise RETRAN against a wide series of problems typical of utility ap-

plication.

Qualify RETRAN against existing plant data and other analyses.

Reduce the confusion associated with implementing a large computer program

by inexperienced users.

Accumulate results of RETRAN analysis from a wide-based application effort.
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TABLE 11.1-2

EPRI/UTILITY SYSTEM ANALYSIS WORKING GROUP FARTICIPANTS

Consolidated Edison Company of New York
Consumers Power Company

Detroit Edison Company

Florida Power and Light Company

General Public Utiiities Service Corporation
Northeast Utilities Service Company

Long Island Lighting Company

Pacific Gas and Electric Company
Philadelpha Eiectric Company

Portland General Electric

Power Authority of the State of New York
Public Service Electric and Gas Cempany
Southern California Edison Company
Tennessee Valley Authority

Washington Public Power Supply System
Virginia Electric and Power Company
Yankee Atomic Electric Company
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2.0 RELEASABILITY CRITERIA

Because RETRAN is a new computer program, confidence in, and the limitations of,
the program must be established for potential code users. There are many indi-
vidua)l factors necessary to establish confidence in a code. Defining what is a
reasonatle effert, coupled with the complex concept of a large computer code,
make this a formidable problem. For simplicity, let us restrict our attention
to one specific part of the computer code, a particular model. For any indi-
vidual model one must address the following questions:

(1) What is the "design" function of the model?

(2) What are the general '‘mitations of the model, i.e., the limiting
theoretical assumptions and the range of applicability of the data
base?

(3) What is the specific formulation of the model, i.e., what are the
closure assumptions made and the constitutive models utilized?

(4) What solution technique was utilized and how dependent is this on time
steps or spatial representation?

(5) What is past experience with this or similar models?

At this point the concept of "consistent application" and "extended application"
must be made. An application of a model will be denoted as being "consistent”
if the application does not violate any of the basic assumptions made in (1)
through (4) above. An "extended" application is one that violates any of the
basic restrictions given in (1) through (4) above. The fifth item above relates
to previous experience associated with any model. Some models have been used
extensivelv with satisfactory results while others are relatively new and have
only been tested against a limited data base. The user must have some information
regarding the confidence level of each model. For a particular model, one
should expect reliable “consistent applications" and hopefully some limited
"extended application". However, any "extended application" must be recognized
as highly speculative and should not be expected to produce reasonable results.
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From this discussion, two requirements emerge, (1) the computer code must be
comple ely described and (2) the confidence level of the code must be indicated.
The degree of confidence in any computer program stems from two different processes,
(1) the assembly verification process in which each submode! and the entire code
are gquality assured and (2) the qualification of the computer code against
experimental data.
These considerations have led to the following releasability criteria:
(1) Documentation must exist that
(a) Describes the theory and assumptions made in developing the code
(b) Describes the code models, logic and soiution schemes
(c) Describes in detail how to use the code
(2) The code must be verified to assure
(a) The coding is correct
(b) The solution technique is stable and convergent
(c) The code is correctly solving the equation set programmed
(3) The code must be qualified to perform the analysis required of it by
(a) Comparison with relevant test “ita

(b) Comparison against other calculation techniques

(c) Assuring that all results are consistent with physical assumptions
made.
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3.0 RETRAN DOCUMENTATION

The first criteria for the release of a code is adequate documentation. The
RETRAN program is documented in this four volume Computer Code Manual (EPRI

CCM-5, Volumes I-IV) entitled "RETRAN - A Program for One-Dimensional Transient
Thermal-Hydraulic Analysis of Complex Fluid Flow Systems". Volume I - Equations
and Numerics, satisfies requirement 1-a and part of 1-b as it gives a detailed
description of the theory and numerics used in RETRAN. (An earlier edition of
this volume appeared as EPRI NP-408 and decribes some models which were not
released in the current version of RETRAN). The remaining part of requirement
1-b, the RETRAN code logic and detailed programming description, is given in
Volume II - The Programmer's Manual. Requirement l-c is satisfied by Volume III -
User's Manual, which describes the code input, output and gives a series of

sample problems to assist the user. The remaining two criteria (2-3) are directly
addressed by this volume. Specifically, the next two sections of this chapter
describe in detail the extent of the RETRAN verification (Criteria 2) and summarizes
the qualification (Criteria 3). The remaining Chapters of this report detail

the qualification analysis performed to date.
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4.0 RETRAN VERIFICATION

In the development of any product the question inevitably arises as to how much
quality assurance is required to produce an acceptable product. This question
is especially difficult in the area of software products (computer codes). The
basic consideration is not related to the usefulness or accuracy of the product,
but more towards defining a meaningful and competent level at which to stop the
verification process. In general, any computer code is designed to generate
numbers by using a selected set of algorithms in some logical, predetermined
manner. Initially, the computer code goes through a debug stage in which the
programmer attempts to remove all coding errors and to establish that the model
is working as required. Then the code is utilized by others for problem solving.
Because of the extremely large number of logic paths possible in any modern
computer program, the user inevitably discovers certain paths which produce non-
physical or absurd answers. The main objective of this section is to describe
the procedure used in the assembly verification process of RETRAN. This section
describes why RETRAN can be reasonably expected to correctly generate numbers
according to the prescribed logic, algorithms and formulas.

The RETRAN verification process was an extensive effort in attempting to assure
that the computer program is performing the correct calculation and processing
the data and input as required. The first step in this activity was to assure
that all individual models were adequately documented. Table I1.4-1 shows how
this was accomplished. The first column tabulates the type of physical process
represented while the second column lists the available RETRAN models. The next
column identifies the Volume I reference which was used to confirm the particular
models. The last column is a short description of the model to assist others in
understanding and, if necessary, repeating this process. Note that the original
references were reviewed and compared with the RETRAN documentation to assure
consistency.

The next step wac to assure proper coding of each individual model. Four semi-
independent methods of accomplishing this were identified. These are

(1) An independent visual check of the coding by someone other than the
original programmer
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TABLE 11.4-)
KETRAN MODEL DESCRIPTION

I11-2 to 111-5
I11-13 to I1I-17

Correlations flow regime. The flow regime is determined
from a modified version of the Bennett

flow regime map.

Type Mode | Volume 1 Page Description
Reference
Momentum Equation Average of Inlet vIiti-i2 Approximate value of volume mass flow
Volume Mass Flow and Outlet Flows based on mass flow rates at adjacent
junctions.
Momentum Equation Methods of Computing I11-35 to 11-43 Methous of treating momentum flux,
Momentum Flux Term Momentum Flux including zero values, incompressible
and compressible flow.
Momentum Equation Local Incompressible I1-35 to 11-43 Option to calculate flow at junction
Junction Area Change or Compressible Flow with variable area assuming either
incompressibie or compressible flow at
the junction.
Momentum Equation Fanning Friction 11i-2 to I11-5 Equations to compute friction for wall
Wall Friction Force Factor friction force term.
Momentum Equation Homogeneous I11-35 to 11-43 Two-phase multiplier for Fanning friction
Wall Friction Force Correlation 111-2 to I11-6 factor based on assumption that flow
is homogeneous.
Baroczy 11-35 to 11-43 Empirically-determined two-phase multiplier
Correlation I11-2 to III-12 for single mass flux with correction factor
d which is dependent on mass flux and a
property index.
~O
[ Beattie I11-35 to 11-43 Two-phase friction multipliers based on
N
N



TABLE II1.4-1 (Cont'd)

01-11

Type Mode | Volume T Page Description
Reference
Momentum Equation Loss I11-35 to 11-43 Momentum loss associated with area changes
Loss Coefficients Coefficients I111-16 in a momentum eguation cell.
Energy Equation Dittus-Boelter 111-44 to 111-45 Coefficient for single-phase, forced-
Wall Heat Transfer Correlation convection heat transfer.
Thom Correlation I11-45 to 11i-46 Heat flux fur forced convection, fully
developed, nucleate boiling.
Schrock-Grossman I11-46 to 111-49 Coefficient for forced convection vapor-
Correlation ization heat transfer.
McDonough, Milich 111-49 to III-%4 Coefficient for forced convection
ard King Correlation transition boiling heat transfer.
Groeneveld 5.7 I11-52 to 111-54 Coefficient for forced convection stable
and 5.9 Correlations film boiling heat transfer (user option).
Dougall-Rohsenow 111-54 Coefficient for forced convection stable
Correlation film boiling heat transfer (uvser option).
~O
Pe Berenson Correlation IT1-50 to III-52 Coefficient for pool transition boiling
N heat transfer.
=
Enevrgy Equation Uchida Correlation I11-69 to I11-70 Based on core spray experiments for

Condensing Heat Transfer

vertical surfaces.
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TABLE I11.4-1 (Cont'd)

Type

Mode |

Volume 1 Page
Reference

Description

Energy Equation

Critical Heat Flux

Energy Equation

Critical Heat Flux

Energy Equation
Junction Enthalpy

Energy Equation
Kinetic Energy

Tagami Correlation

CSB 6-1

B&W-2 Correlation

Barnett Correlation

Modified Barnett
Correlation

Interpolation

Enthalpy Transport

Volume-Averaged Flow

I111-70 to III-76

I11-76 to I11-77

111-58

IT11-59 to I1I-61

I111-61 to I1I-62

I11-62

I11-44 to 11-45
I11-63 to 111-69

11-44 to 11-45

Based on steady-state and transient
experiments in cylinders.

NRC equations used for containment
pressure calculations.

Critical heat flux for forced
convection boiling when pressure
is above 1500 psia.

Critical heat flux for forced

convection boiling for pressures
between 1000 and 1300 psia.

Critical heat flux for forced
convection boiling when pressure is
below 725 psia.

Critical heat flux for 1300< p < 1500
and 725< p < 1000 based on above correlations.

Used to compute enthalpy at the junctions
of conventional RETRAN volumes (cells
for the energy equation).

Kinetic energy term based on volume
average mass flows.
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TABLE II 4-1 (Cont'd)

Type

Mode

Volume 1 Page
Reference

Description

State Equation

Thermodynamic Properties

State Eqguation

Transport Properties

State Equation
Void Fraction

State Egquation
Junction Pressure

State Equation
Junction Enthalpy

Critical Flow

Tabulated Valuec

Viscosity

“onductivity

Homogeneous
Equilibrium

Momentum
Equation

Energy Transport
or Donor Cell

Sonic Choking

11-28 to 11-29
11-45 to 11-46

VIII-22 to VIII-32

i11-29

11-29

I1I-13

11-48

11-48

I11-79 to I1I-83
I11-91

Tabulated values of ASME equations.

Tabulated values of ASME equation
for vapor phase and saturation values
for liguid phase.

Tabulated values of ASME equations.

Assumes liquid and vapor phases have
the same velocity and are in thermo-
dynamic equilibrium.

Approximate solution of steady-state
momentum equation to compute pressure
at junctions.

Methods of determining enthalpy at
junctions for STATE calls. Donor ceil
is the default model used.

Caiculation of sound speed assuming
homogeneous equilibrium.
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TABLE I1.4-1 (Cont'd)

Type Mode | Volume I Puge Description
Reference
Henry-Fauske I71-84 to III-89 Tabulated values of stagnation enthalpy
and Extended Henry- I111-91 to III-93 and critical flow based on equilibrium

Solutiuva Techniques

Heat Conduction

Fauske

Moody

FLASH-4

Causal Volume

Steady-State

Two-Sided Heat

Conduction

Causal Conductor

I11-89 to III-91
I11-93 to III-94

VIII-1 to VIII-22

VIII-43

VIII-68 to VIII-100

IV-1 to IV-2

VIII-47 to VIII-61

VIII-43 to VIII-46

quality and stagnation pressure.

Tabulated values of stagnation enthalpy
and critica! flow based on equilibrium
quality and stagnation pressure.

Explicit solution of finite-differenced
flow equations.

Linear solution of pressure equation
where pressure is changing slowly in time.

Iterative solution of steady-state equations.

Solves conduction equation with fluid
volumes on one or both sides of conductor
based on surface boundary conditions.

Approximate solution of conduction equation
for specific heat flux, fluid flow, wall
temperitures, fluid temperature and

power conditions.



71-11

8¢l 6

TABLE 11.4-1 (Cont'd)

Type

Mode ]

Volume I Page
Reference

Description

Energy Generation

Momentum Equation
Component

Momentum Equation
Component

Erergy Equation
Component

Reactor Trip System

Tabulated Values

Point Kinetics

Metal-water

Direct Moderator
Heating

Centrifugal
Pumps

Valves

Non-Conducting
Heat Exchangers

Trips

None Required

V-1 to V-14
VIII-70 to VI1I-75

V=15 to v-18
V-19 to V-20
VI-1 to VI-17
V-18 to VI-21

VI-22 to VI-24

VI-25 to VI-28

User-supplied table o 7n% = ed power
vs. time for the prodie.

Runge-Kutta solution of point k - .ics
model for user supplied dela e.
neutron values and decay hear “iues.

Calculates energy-generation associated
with zirconium-steam chemical reaction.

Calculates energy associated with
gamma and neutron heating.

Models used to compute momentum losses
associated with flow through pumps.

Used to compute momentum losses associated

with flow through valves.

Used to compute energy exchange between
primary and secondary side of heat
exchanger.

Simulated trip logic of reactor system
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TABLE 11.4-1 (Cont'd)

Type

Mode |

Volume I Page
Reference

Description

Control System
Control Blocks

Pyessurizer

Special Model

Flow Regime Map

Operational Transients

Transport Delay

Operational Transients

Auxiliary DNB

Digital Control
Blocks

Non-equilibrium

pressurizer

Bubbla Rise

Modified Bennett

EI Model

EI Model

VII-1 to VII-9
IX-10 to IX-11

VII-10 to VII-20
IX-9

I11-16 to 11I-35

I11-12 to 1I1I-15

VII-10 to VII-12
IX-8

VII-21 to VII-26

Digital models of control elements
which can be combined to model controllers.

Solves energy equations in pressurizer,
assumming non-equilibrium thermodynamic
conditions.

Used to account for phase separation and
to compute partial density of vapor phase
for momentum equation gravity term.

Determines two-phase flow regime based on
mass flux and void fraction.

Computes junction enthalpy for movement of a
temperature change as a slug through a pipe.

Computes DNB based on hydraulic conditions
from flow equation solution and core power
response.




(2) Specifying input (driving the model) that produces known results

(3) Editing all required information entering a model and hand calculating
the output

(4) Comparing results with output from other codes.

A list of the RETRAN models versus these four verification methods was used to
assure that exch individual RETRAN model was verified against at least two of
the four methods. Table I1.4-2 shows the details of this effort. The first two
columns are the same as Table I1.4-1 and give the physical process and model
utilized. The last four columns identify the specific methods (described above)
used to verify the individual model.

Finally a series of "basic" test problems were run for which either analytical
solutions were available or self consistency checks could be made. Again the

list of RETRAN models was cross-correlated against this list of problems to
assure that all common mode models were correctly functioning. The results of
“his activity, which was usetul in establishing that the basic models of the .
code were functioning correctly, are summarized in Tables 11.4-3 and 11.4-4.

The analytical solution comparisons are listed in Table 11.4-3. Some of the
comparisons with experimental data, which are considered to be consistent applica-
tions, are given in Table 11.4-4. Note that type and mode! herein refer to a
combination of individual models, components, and numerical techniques, and the
comparisons are with overall results of these groups.

A complete level of verification of the code logic is very difficult to establish.
A major practical problem associated with RETRAN is associated with the fact

that RETRAN is basically a one-dimensional, homogeneous equilibrium code. The
set of problems thus classified as the ¢ nsistent application type rigorously
includes only simple geometries, like siraight pipes, with well-mixed fluid
conditions. If the definition of one-dimensional is relaxed to include a one-
dimensional streamline, then simple closed loops are allowed. Even with this
definition, almost all of the interesting reactor applications of the code fall
into the extended class and hence should be carefully examined, with the results

9000 @

and limitations documented.

I11-16
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TABLE 11.4-2

RETRAN MODEL VERIFICATION

Type Mode | Data Reference Visual(i) Driver(z) RETRAN(3§ Other(‘)
In Volume I Check Check Check Code
Momentum Equation  Average of Inlet None X X X
Volume Mass Flow and Outlet Flows
Momentum Equation Methods of Computing None X X
Homentum Flux Term Momentum Flux
Momentum Equation Local Incompressible None X X X
Junction Area or Compressible Flow
Change
Momentum Equation Fanning Friction I11.1-1 X X X X
Wall Friction Force Correlation
Momentum Equation  Homogeneous I11.1-4 X X X X
Wall Friction Force Correlation
Baroczy Correlation 18118, 331.%-7 X X X X
Beattie Correlations I1-1-14, J31.1~15 X X X
Momentum Equation Loss Coefficients None X X X
Energy Equation Nittus-Boelter I11.2-36 X X X
wWall Heat Transfer elation
Thom Correlation I11.2-37 X X X



TABLE 11.4-2 (Cont'd)

visual®!) priver(?’ reTRANG) other(®)

81-11

Type Model Data Reference
In Volume I Check Check Check Code
Energy Equation Schrock-Grossman I11.2-58
Wall Heat Transfer Correlation
McDonough, Milich I11.2-62
and King Correlation
Groeneveld 5.7 111.2-35
and 5.9 Correlations
Dougal1-Rohsenow I11.2-68
Correlation
Berenson Correlation I11.2-63
Energy Equation Uchida 111.2-75
Condensing Heat Correlation
Transfer
Tagami 111,.2-76, 111.2-77
Correlation
CSB 6.1 111.2-78, 111.2-79

Energy tquation
Critical Heal Flux

B&W-2 Correlation

¥13.2-23, 111.2-2%
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TABLE 11.4-2 (Cont'd)

Type

Model

Data Reference
In Volume 1

visual\!) priver(?) ReTRANG) other(®)

Energy Equation
Junction Enthalpy

Energy Equation
Kinetic Energy

state Equation
Thermodynamic
Properties

State Equation
Transport
Properties

State Equation
Void Fraction

State Equation
Junction Pressure

Barnett Correlation

Modified Barnett
Correlation

'nterpolation
Enthalpy Tren  ort
Volume Averaged
Flow

Tabulated Values

Viscosity

Conductivity

Homogeneous Equilibrium

Momentum
Equation

I11.2-25, 1I1.2-69

I[11.2-18
None
None
None
VIIi.1-7
VIII.1-9
VIII. -7
Viii.1-?
13%. 22

£l addition
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TABLE 11.4-2 (Cont'd)

Type Model Data Reference Visual(]) Driver(z) REYRAN(3) Other(‘)
In Volume 1 Check Check Check Code
State Equation Energy Transport EI addition X X
Junction Enthalpy or Donor Cell
Critical Flow Sonic Choking I11.3-1,111.3-2 X X
Henry-Fauske I111.3-4 X X X
Moody I11.3-6 X X X
Solution FLASH-4 VIII.1-2,VII.1-1] X x X
Techniques
Causal Volume EI addition x X
Steady-State EI addition X X
Heat Conduction Two-sided Heat EI addition X X X
Conduction
Causal Conductor EI addition X X
Energy Generation Tabulated Values None X X
Point Kinetics Y. -} X X X
Metal-Water ¥.2=] X X X

pv0 €

Direct Moderator Heating VI.1-2
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TABLE 11.4-2 (Cont'd)

Type Model Data Reference Visual(]) Driver(z) RETRAN(a) Other(‘)
In Volume 1 Check Check Check Code
Momentum Equation Centrifugal vi.1 =1, vi.1-2, X X X
Component Pumps vi.1-3
Momentum Equation Valves vI.1-2 X X X
Component
Energy Equation Non-Conducting None X X X
Component Heat Exchangers
Reactor Trip System Trips ¥l.1-2, X X X X
EI addition
Control System Digital Control EI addition X X X X
Control Blocks Blocks
Pressurizer Non-equilibrium El addition i X X
Pressurizer
Special Model Bubble Rise I11.1-21 X X X
Flow Regime Map Modified Bennett 11;.7-22,111.1=16 X X X
111.1-24
Operational EI Mode! El addition X X
Transients
Transport Delay
Operational El Model El addition X X
Transients

Auxiliary DNB
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TABLE 11.4-2 (Cont'd)

Type

Mode Data Reference Visual(‘) Driver(z) RETRAN(a) Other(‘)
In Volume [ Check Check Check Code

(1) Coding Check
(2) Driver Check
(3) RETRAN Check
(4) Other Code

- Visual coding check by two people

- Model checked by a driver routine outside of RETRAN and results compared to hand calculation
= Model checked by hand calculation and compared to RETRAN computation

- Results of RETRAN analysis of problem compared to results from another code

9§0 6.«
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TABLE 11.4-3 (Cont'd)

X

—

© o N OO ;s N

—
—
—

Indicates the model has been used for the analysis indicated.

Null problem

Symmetric perturbation
Single-phase friction

Zero friction

Junction enthalpy calculation
Momentum flux calculation
Conduction equation solution
Constant Energy addition

Solar controller

Neutron decay
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TABLE 11.4-4 (Cont'd)

10

Type Mode |
1
Control Blocks
Pressurizer
Special Models Bubble Rise
Bennett Map X

Transport Delay

Auxiliary DNB

X -

= LNV WN -

Has been run with the indicated model

Ferrel1-McGee (pressure drop)

Bennett et al. (heat transfer, pressure drop)
Schrock-Grossman (heat transfer)

Fauske (critical flow)

Expansion/contraction

Flow in manifolds

Flow in tees

Edwards pipe (SP#1)

Shipping port pressurizer

Semiscale Test S-02-8 (SP#5)




5.0 TRANSIENTS OF INTEREST

As indicated in the preceding section, most applications of RETRAN to reactor
analysis fall in the extenced application category. This is because one or more
of the basic assumptions used to develop the RETRAN models are in some way
violated. The main assumptions which result in theoretical limitations can be
classified as follows:

(1) One-dimensional assumptions
(2) Homogeneous flow assumptions
(3) Thermal equilibrium assumptions

(4) Steady-state correlations for most constitutive models, (e.g., heat
transfer, critical flow, and friction factors).

Probably the most apparent limitation is that of one-dimensional streamline

flow. Light water reactors (LWRs) have numerous regions where there are definitely
multidimensional effects; for example the downcomer, steam generator, upper and
lower plena, and the reactor core. However, if one is not interested in detailed
distribution information in these regions, the multi-dimensionality may have

only a minor influence on the bulk parameters of interest. Circumstances where
this is most likely to occur are those cases in which only minor changes in

system conditions occur and for those cases in which the change in a value, not

the absolute value, is of interest.

It is thus necessary to categorize the various types of reactor analyses and to
determine the code sensitivity and limitations in each case. Tables I1.5-1 and
I1.5-2 list most SAR Chapter 15 transients of interest for BWRs and PWRs,
respectively. Some of the normal operation and moderate frequency incidents
produce mi'd transients in which the system variables are only slightly changed.
For these cases, the initial conditions and the reactor control system can make
a significant contribution to the plant response. Thus the steady-state and
operational transient models ir RETRAN are of great irportance for these events.
For other incidents and limiting fault events, the transients may produce large
changes in the system conditions. In the case of a LOCA, these changes are

11-29
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TABLE 17.5-1

SOME BWR SAR-CHAPTER 15 TRANSIENTS

System
Transient Condition Analysis
Required
PRESSURE INCREASE TRANSIENTS
- Generator load rejection 11
- Turbine trip with/without bypass II Yes
. Steam line isolation valve(s) closure 11 Yes
" Pressure regulator failure (close) 11 Yes
» Loss of condenser vacuum 11 Yes
- Turbine control valve fast closure I11 Yes
- Above incidents with delayed scram IT1 Yes
REACTOR VESSEL WATER TEMPERATURE DECREASE
. Loss of feedwater heater I1 Yes
. Inadvertent injection pump start 11 Yes
REACTOR VESSEL COOLANT INVENTORY DECREASE
» Loss of feedwater flow 11 Yes
e Pressure regulator failure (open) 11 Yes
» Relief or safety valve failure (open) II I Yes
. Loss of auxiliary power 11 Yes
CORE COOLANT FLOW DECREASE
- Recirculation pump seizure 111 Yes
e Recirculation pump(s) trip I1 Yes
» Recirculation flow control failure 11 Yes
CORE COOLANT FLOW INCREASE
- Recirculation flow control failure II Yes
- Startup of idle recirculation pump 111 Yes
POSITIVE REACTIVITY INSERTION
” Continuous rod withdrawal
- From subcritical 11 Yes
= from power I1 Yes
’ Rod ejection v Yes

11-30
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TABLE I11.5-1 (cont'd)

SOME BWR SAR-CHAPTER 15 TRANSIENTS

System

Transient Condition Analysis

Required
ANTICIPATED TRANSIENT WITHOUT SCRAM 111 Yes
STEAM LINE BREAK Iv Yes

RECIRCULATION LINE RUPTURE

) Large break v Yes
" Small break Ii III Yes
IMPROPER CORE ASSEMBLY 111 No
ROD REMOVAL ERROR AT REFUELING Iv No

FUEL HANDLING ACCIDENT Iv No

779 059
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TABLE 11.5-2
SOME PWR SAR-CHAPTER 15 TRANSIENTS

System
Transient Condition Analysis
Required
UNPLANNED DECREASE IN SECONDARY HEAT REMOVAL

¢ Loss of external load 11 Yes

o Turbine trip I1 Yes

. Loss of condenser vacuum 11 Yes

¢ Steam pressure regulator failure 11 Yes

. Loss of normal feedwater flow 11 Yes

» Loss if A-C power to auxiliaries I1 Yes

UNPLANNED INCREASE IN SECONDARY HEAT REMOVAL

ot Excessive load increase I Yes

" Idle loop startup 11 Yes

. Decrease in feedwater temperature 11 Yes

. Increase in feedwater flow rate 11 Yes

- Increase in steam flow rate 11 Yes

. Inadvertent opening of steam I1 Yes
generator relief or safety valve

CHANGES IN REACTOR COOLANT SYSTEM INVENTORY
(PRIMARY SIDE INITIATED)
- Inadvertent operation of ECCS 11 Yes
” Accidental depressurization II Yes
LOSS OF REACTOR COOLANT FLOW

¢ Partial loss of flow 11 Yes

. Complete loss of flow I11 Yes

9 Locked rotor v Yes

REACTIVITY INSERTION (PRIMARY SIDE INITIATED)

" Uncontrolled rod withdrawal Yes
= from subcritical I1 Yes
= from power 11 Yes

- Control rod misoperation I1 Yes

. Chemical system malfunction 11 Yes

ANTICIPATED TRANSIENTS WITHOUT SCRAM Yes
STEAM LINE BREAK Iv Yes

I11-32



TABLE I1.5-2 (cont'd)
SOME PWR SAR-CHAPTER 15 TRANSIENTS

System

Transient Condition Analysis

Required

RECIRCULATION LINE BREAK

" Steam generator tube rupture 11 III Yes
. Small break I11 Yes
" Loss of coolant accident v Yes
FUEL ASSEMBLY INSERTION ERROR 111 No
CONTROL ROD EJECTION Iv No
FUEL HANDLING ACCIDENT Iv No
WASTE G+ S DECAY TANK RUPTURE IV No

11-33



usually the result of rapid depressurization, and/or ECCS injection, and may
require use of blowdown and refill/reflood models which are not in the present
version. Currently, RETRAN has been applied only to the blowdown portion of
primary pipe break transients.

For those normal and moderate frequency events which only slightly perturb
reactor conditions, it is expected that, even though RETRAN is being applied in
the extended application range, reasonable results should be obtained. However,
because this is an intuitive argument, the accuracy of the results should be
determined by direct comparison with experimental data for those cases where
such results exist. In this manner, one can establish confidence in the calcula-

tion based on other transients which are governed by similar phenomena.
Note that blowdown calculations produce large changes in the system variables,

hence generalization of confidence in these cases is more demanding. For such
cases, the direct comparison with some experimental results is required.
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6.0 RETRAN QUALIFICATION

The qualification of a code is the comparison of the code results with experimental
data so as to determine its applicability and sensitivity. The RETRAN Code was
qualified against three different classes of data.

The first and simplest types of comparisons are separate effect experiments
which, in general, are small scale tests in which complexities are held to a
minimum and the governing parameters accurately measured. The results of these
analyses give confidence in the individual, and combinations of, models utilized.
Chapter 111 describes the qualification of RETRAN against the Separate Effect
Tests.

The second category of experiments are System Effects Tests in which the interaction
of various components must be described. In general these are intermediate size
tests (i.~., Semiscale, Two-Loop Test Apparatus, LOFT) in which the assumption

of one-dimensional streamline flow is reasonably approximated. The RETRAN
qualification against experiments oi this type is much more demanding and gives
confidence in, and implies limitations on, the basic theory used in RETRAN. The
results of this class of experiments are given in Chapter IV.

The third and most important class of comparison is against actual p.ant data.
The data from large nuclear plants is generally obtained from operational instru-
mentation and is usually limited in both quantity and quality. The actual
comparisons are also made more difficult by the unavailability of all required
input data, (e.g. information regarding the initial conditions, time manual
operator action was taken, response characteristics of valves). This phase of
the RETRAN qualification was performed mainly by the EPRI/Utility System Analysis
Working Group.

A description of the Working Group is given in Section II.1. This group was
primarily interested in the analysis of operational transients generally addressed
in Chapter 15 of most Safety Analysis Reports. Each of the participating utilities
identified both analyses of interest and some existing reactor start-up and/or
operating tests against which to qualify the RETRAN results. The results of

this effort are presented in Tables I11.6-1 and 11.6-2 which list all Chapter 15
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TABLE I1.6-1
RETRAN QUALIFICATION FOR SOME SAR=CHAPTER 15 BWR TRANSIENTS

Calculations

Phenomena

SAR-Other
e

fFootnote

Direct
Comparison
Similar

Comments

PRESSURE INCREASE TRANSIENTS

Generator load rejection
Turbine trip with/without bypass

Steam Line isolation valve(s) closure |
Pressure regulator failure (close) |
Loss of condenser vacuum

Turbine control valve fast closure
Above incidents with delayed scram |

REACTOR VESSEL WATER TEMPERATURE DECREASE {

> =
-
~

Peach Bottom Tests

© 06 00 00

Loss of feeawater heater
Inadvertent injection pump start

REACTOR VESSEL COOLANT INVENTORY DECREASE

Pressure regulator failure (open)
Relief or safety valve failure (open)
Loss of auxiliary power

o e 0 0

CORE COOLANT FLOW DECREASE

Recirculation pump seizure
Recirculation pump(s) trip
Recirculation flow control failure

i ,
Loss of feedwater flow X I | 1
1
|
|
!

CORE COOLANT FLOW INCREASE

. Startup of idle recirculation pump

= Recirculation flow control failure | ‘ ' |
' |
POSITIVE REACTIVITY INSERTION |

o Continuous rod withdrawal

l i
|
|
L
= from subcritical | #
= from power i ;
|
|
|
|

- Rod ejection

ANTICIPATED TRANSIENT WITHOUT SCRAM
STEAM LINE BREAK
RECIRCULATION LINE RUPTURE

Large break !
- Small break |
)

Startup test
SAR comparison
Other code comparison

w N e

17 (’ () ‘0 ()
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TABLE I1.6-2

RETRAN QUALIFICATION FOR SOME PWR SAR-CHAPTER 15 TRANSIENTS

ect

Phenomena

Other
Calculations

footnote

See

Comments

UNPLANNED DECREASE IN SECONDARY HEAT REMOVAL

Loss of external load

Turbine trip

Loss of condenser vacuum

Steam pressure regulator failure
Loss of normal feedwater flow
Loss of A-C power to auxiliaries

© ¢ 090 0@

UNPLANNED INCREASE IN SECONDARY HEAT REMOVAL

Excessive load increase

Idle loop startup

Decrease in feedwater temperature

Increase in feedwater flow rate

Increase in steam flow rate

Inadvertent opening of steam generator
relief or safety valve

O 0900 00

CHANGES IN REACTOR COOLANT SYSTEM INVENTORY
(PRIMARY SIDE INITIATED)

. Inadvertent operation of ECCS
o Accidental depressurization

LOSS OF REACTOR COOLANT FLOW

- Partial loss of flow
Compiete loss of flow
Locked rotor

°

2

REACTIVITY INSERTION (PRIMARY SIDE INITIATED)
4 Uncontrolled rod withdrawal

-~ from subcritical

- from power

Control rod misoperation

Chemical system malfunction

ANTICIPATED TRANSIENTS WITHOUT SCRAM
STEAM LINE BREAK
RECIRCULATION LINE BREAK

Steam generator tube rupture

. Small break
Loss of coolant accident

“1oir
Comparison
YR e T

B

-

R T

[

TMI-2 Cooldown

Pump Coastdown Test

Startup test
SAR comparison
QOther code comparison

e
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incidents for BWRs and PWRs respectively, and show which transients were analyzed
and the degree of qualification of the RETRAN analysis which was possible. The
analyses are classified as:

(1) Direct comparison with experiments
(2) Extrapolated from similar but different experiments

(3) Results appear reasonable and agree with SAR results or calculations
performed with other codes.

The first category implies that the accuracy of the results were determined by
direct comparison with experimental data for some (one or more) cases where such
data exist. The second category includes cases where direct experimental
confirmation does not exist, but where confidence can be established in the
calculation based on other transients which are governed by similar phenomena.
The third category is one where no experimental data was available and the
results were reviewed only to assure that they appeared physically correct, and
that they are consistent with results of other computer analysis, principally
vendor SARs. Note however, that comparisons of RETRAN and SARs is of limited
value unless the assumptions and models utilized by the vendor are known. In
general RETRAN has to be used in a restricted manner to compare with these
analyses.

179 042
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II1. SEPARATE EFFECT ANALYSES

A1l two-phase problems exhibit a combination of physical phenomena. Even the
simpiest of single-phase flow problems, flow in a straight pipe, requires a
model(s) for representing the friction contribution to momentum change from one
point to the next. When such a problem is analyzed with a code like RETRAN,
additional uncertainties are introduced by the approximations to the differential
equations, the numerical solution technique employed to solve the problem, and
the actual modeling of the problem (e.g., boundary conditicns, node sizes, time
step sizes). Despite these uncertainties, it is possible to evaluate each of
the above mentioned items with appropriate analyses.

when two-phase flow analyses are performed, further uncertainties arise due to
the addition of more constitutive equations (e.g., heat transfer, friction
losses for the mixture, separate phase velocities and/or energies). However,
such analyses are required if confidence in specific models is to be achieved.

The first step in qualification of the RETRAN code was to perform analyses of
simple problems, referred to as separate effect analyses. In these problems,
complexities are held to a minimum in an effort to evaluate specific models.
Assuming appropriate noding and time step studies are performed, analyzing flows
in a heated pipe can yield information about the conduction solution, the momentum
and energy constitutive equations, and the code logic used in the analyses.

In this section, the separate effect analyses performed with the RETRAN code are
summarized. Where possible the RETRAN analyses are compared with experimental
data and the resuits of similar analyses (generally from a RELAP4 code).

1.0 PRESSURE DROP

The simplest two-phase flow analyses performed were for steady-state flow in an
unheated pipe. The data from these types of experiments, when compared to

RETRAN solutions, are used to evaluate the friction terms in the momentum equa-
tion. Experimental data reported generally include flow rate, inlet and outlet
pressure, and inlet and outlet enthalpy. These reported data should be sufficient
to provide boundary conditions (expressed as a fill or time-dependent volume) so
that the computed pressure drop across the pipe can be compared to the experi-
mental data. The work was performed by Energy Incorporated.

111-1

779 (k4



1.1 Ferrell-McGee Pressure Drop Data

RETRAN comparisons were performed with experimental data obtained by Ferrell-
McGee|I1I.1-1] for steady-state two-phase flow through constant and variable
flow area test sections. The Ferrell-McGee data were obtained for vertical
upflow of steam-water mixtures in test sections with constant flow areas and
with abrupt expansions and contractions.

The test section containing the expansion or contraction had an area ratio of
0.608. The diameters ranged from J.46 to 0.59 inches while the length of all

the test sections was 72 inches. The experimental data consisted of axial
pressure and void fraction measurements. The range of test variables encompassed
pressures from 60 to 240 psia, mass velocities from 67 to 506 lbm/sec-ftz. and
qualities from subcooled conditions to 32 percent. Six test runs were selected
to cover their range of data.

1.1.1 Description of the RETRAN Models

The RETRAN models used for these data comparisons were essentially the same as
far as the number of volumes used and the method of applying the boundary condi-
tions. All models had 9 control volumes and 9 flow junctions. The only dif-
ference between models were the flow areas and diameters for the expansion and

contraction models.

The specification of the boundary conditions at the inlet was accomplished by a
fill junction which set the flow rate and fluid energy. The exit pressure was
established by a time dependent volume. The RETRAN steady-state option, the
compressible flow form of the momentum equation, and the internal calculations
of the applicable form loss coefficients were used for all the models.

1.1.2 Results and Data Comparisons

The comparisons of the RETRAN predictions with the experimental pressure data
are given in Figures I.1-1 through I1.1-3. The results of the comparisons are
very good with the largest deviation being less than 4 percent for Test 7D-4.

779 045
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The disagreement between the calculations and the experimental data may be due
to the calcuiated form loss coefficients. REIRAN uses a constant value based on
the up and ‘ownstream flow areas. In reality. the coefficients should vary with
the flow rate. Also finer spatial nodalization of the test section in the
immediate vicinity of = 1e expansion or contraction could have produced better
results,
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ITI-6



2.0 HEAT TRANSFER

Tests from three sets of heat transfer experiments have been modeled with RETRAN.
The experiments involved steady-state flow in a heated test section, with heat
transfer modes ranging from single-phase forced convection to stable film boiling.
Experimental data reported include surface temperatures and test section pressure
drop. These data are used, with the RETRAN analyses, to evaluate the RETRAN
constitutive equations for energy exchange between the surface and the fluid.

In addition, comparisons with RELAP4 analyses are presented for some cases. The
work was performed by Hughes and Fujita[III.2-1] and additional information can
be obtained ..m the referenced report.

2.1 Bennett, Hewitt, Kearsey and Keeys Round Tube Data

Steady-state, heat transfer experiments for vertical upflow in a round tube were
conducted by A. W. Bennett et al., [Iil.2-2]. Single-phase water was introduced
at the inlet of a uniformly heated test section, and boiling conditions at the
test section outlet varied from saturated nucleate boiling to stable film boiling.

The inside diameter of the test section was 0.797 inch and the total length was
19 feet. Heated test section lengths of 12 feet and 18.25 feet were obtained by
the use of current clamps at three locations. Wall temperatures were recorded

by thermocouples attached to the outer wall of the test section. The reported
inner wall temperatures were determinec by the experimenters from heat conduction
calculations. In performing a given experiment, the system was brought to a
pressure to provide 1000 psia at the outlet and the heater power was increased

to provide the desired test condition. Conditions were then allowed to stabilize
and the power input, inlet temperature, exit pressure, mass flow, and wall
temperatures were recorded.

2.1.1 Description of Model

Six experimental runs were evaluated with both RETRAN anc RELAP4. Since the
heat transfer logic for these two codes is similar, the analyses provide an
opportunity to check for coding errors in RETRAN which may have occurred during
the development effort. The 12 foot test section was modeled with 12 volumes
and 12 heat conductors, while the 18.25 foot test section was modeled with 20
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volumes and 20 heat conductors. The boundary conditions applied were a fill
(flow rate and fluid energy) at the test section inlet, and a time-dependent
volume (pressure) at the test section outlet. A uniform heat flux was applied
to the heat conductors.

The RETTAN analyses were performed using (1) the steady-state (self-initialization)
option and (2) by running a pseudo-transient with initial conditions different from
the steady-state experimental conditions. For the latter case, the transient is
calculated until the computed resuits are constant, a steady-state condition.

Since RELAP4 does not have the steady-state option, pseudo-transients were run

in a manner similar to the second method described for RETRAN.

2.1.2 Results and Data Comparisons

The results of the RETRAN analyses using the steady-state option are shown in
Figures I11.2-1 to IIl.2-6. The Barnett correlation was used to evaluate CHF
and two options for the stable film boiling regime were used, Groeneveld
Equation 5.7 and Groeneveld Equation 5.9. The pre-CHF heat transfer correlations
in RETRAN give good agreement with the experimental data. The dryout point
however is predicted to occur earlier with the RETRAN analyses than is actually
observed experimentally. This may be due to applying an empirical correlation
(Barnett) based on rod bundle experiments to the round tube geometry. Hughes
and Fujita [II1.2-1] performed a limited number of analyses with the Bowring
round tube correlation to investigate this possibility. In general, a better
prediction of dryout was achieved with the Bowring correlation, but additional
analyses are required to provide further qualification. The post-CHF heat
transfer results show good agreement with the experimental data. In general,
Groeneveld Equation 5.7 under-predicted the heat transfer coefficient.

Comparisons of the RETRAN and RELAP4 analyses are given in Tables II1.2-1 to
I11.2-4. Agreement between the two codes is very good. In these tables, the
RETRAN results were obtained using the steady-state cption. A null transient
was executed after achieving steady-state to assure agreement between the steady-
state solution and the transient solution. The computational time indicates the
savings which can be achieved with the RETRAN steady-state option.

3 071
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TABLE II1.2-1

COMPARISONS OF PREDICTED PRESSURE (PSIA) FOR BENNETT'S 144-INCH

VERTICAL, HEATED ROUND TUBE TEST SECTION

Run
Number 5442 5407
Volume
Number RETRAN RELAP4 RETRAN RELAP4 RETRAN RELAP4 RETRAN RELAP4
1 1046. 22 1046. 36 1024.62 1024.61 1011.60 1011.71 1018.03 1018.04
2 1045.13 1045. 27 1023.56 1023.55 1011.17 1011.25 1017.31 1017.32
3 1043. 86 1043.99 1021.89 1021.88 1010. 39 1010.47 1016.12 1016.13
4 1040.21 1040. 32 1021.08 1020.09 1009. 59 1009.68 1014.86 1014.86
o 1036.25 1036. 35 1018. 16 1018. 15 1008.73 1008.81 1013.48 1013.49
6 1032.04 1032.13 1016.08 1016.07 1007.80 1007.87 1012.00 1012.00
7 1027.55 1027.63 1013.63 1013.86 1006.79 1006.85 1010.40 1010.40
8 1022.79 1022.85 1011.52 1011.51 1005.71 1005.76 1008.69 1008.70
9 1017.79 1017.84 1009.03 1009.03 1004. 55 1004.59 1006.89  1006.89
10 1012.58 1012.61 1006. 44 1006.44 1003.28 1003. 30 1004.99 1004.99
11 1007. 16 1007.18 1003.75 1003.75 1001.92 1001.94 1002.95 1002.96
12 1001.53 1001.54 1000. 92 1000.92 1000.51 1000.51 1000.76  1000.77
CP time 8 155 8 131 8 143 8 129




TABLE 111.2-2

CCMPARISONS OF PREDICTED PRESSURE (PSIA) FOR BENNETT'S
219-INCH VERTICAL, HEATED ROUND TUBE TEST SECTION

Run
Number 5293 5380
Volume
Number RETRAN RELAP4 RETRAN RELAP4
1 1025.15 1025. 25 1060. 90 1061. u4
2 1024.71 1024.81 1060. 14 1060. 27
3 1024.20 1024.29 1058. 88 1059.02
4 1023.30 1023. 39 1056. 50 1056.73
9 1022. 38 1022.47 1054. 16 1054. 28
6 1021. 40 1021.49 1051.57 1051.69
7 1020. 36 1020.44 1048.83 1048.94
8 1019. 25 1019. 33 1045.93 1046.03
9 1018.08 1018. 15 1042.88 1042.98
10 1016. 84 1016.91 1039.71 1039.80
11 1015.53 1015.59 1036.41 1036.49
12 1014.16 1014.21 1032.98 1033.06
13 1012.72 1012.77 1029.42 1029.49
14 1011. 22 1011.27 1025.74 1025.80
15 1009. 68 1009.72 1021.95 1022.00
16 1008.07 1008.11 1018.07 1018.12
17 1006. 37 1005.40 1014.10 1014. 14
18 1004. 58 1004.60 1010.05 1010.08
19 1002.69 1002.70 1005. 85 10u5.87
20 1000. 74 1000. 74 1001.45 1001.46
CP Time 18 356 14 431

1779 079
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TABLE III.2-3

COMPARISONS OF PREDICTED SURFACE TEMPERATURES (°F) FOR BENNET'S 144-INCH
VERTICAL, HEATED ROUND TUBE TEST SECTION, GROENEVELD EQUATION 5.7

Nu::Zr 5442 5424 5456 5407
Heat Cond.

Number RETRAN RELAP4 RETRAN RELAP4 RETRAN RELAP4 RETRAN RELAP4
1 575.55 575.62 570.67 570.68 566.78 566. 86 568. 86 568. 88
2 575.45 215.52 570. 56 570.57 566.73 566.80 568.79 568.79
L 3 $575.33 575. 39 570.39 570.40 566. 65 566.72 568.67 568.67
? 4 574.97 575.03 570.21 570.22 566.57 566.63 568.54 568. 54
S 5 574.58 574.64 570.02 570.02 579.07 583.41 569.11 569. 34
6 574.17 574.23 575.60 576.39 592.58 594.77 582.25 583.63
7 573.73 573.79 581.76 582.54 594.96 594.70 587.55 588.17
8 1766.92 1768.75 1649.70 584.20 589.70 589.54 587.99 588.00
9 1666.86 1668. 60 1571, 52 1572.16 585.76 585.66 584.13 584.15
10 1586.43 1588. 10 1507.87 1508. 48 582.70 582.64 1517.61 1517.95
11 1520.25 1521.85 1446.28 1446.94 1495, 35 1488.63 1456.89 1457.27
12 1457.01 1458.74 1396.97 1397.60 1436.28 1437.01 1408.02 1408.40

cul) 6



TABLE I111.2-4

COMPARISONS OF PREDICTED SURFACE TEMPERATURES (°F) FOR BENNETT'S

219-INCH VERTICAL, HEATED ROUND TUBE TEST SECTION
GROENEVELD EQUATION 5.7

Run
Number 5293 5380
Heat Cond.
Number RETRAN RELAP4 RETRAN RELAP4
1 566. 19 566. 25 574.49 574.54
2 566. 14 566.21 574.41 574.47
3 566.09 566. 14 574.29 574.34
4 565.99 566.05 574.06 574.11
5 565. 90 566.95 573.82 573.87
6 565.80 565.85 §73.57 573.62
7 565.67 565.74 573.30 573.34
8 565.57 £65.62 573.01 573.06
9 571.44 572.51 572.71 572.75
10 574.76 575.65 1547.16 1548.42
11 576.26 576.81 1494 .65 1487.29
12 576.61 576.86 1423.72 1425.01
13 575.47 575.51 1374.50 1375.74
14 573.65 573.68 1332.01 1333.21
15 572.06 572.09 1295.01 1296.17
16 1195.88 1197.19 1262.54 1263.68
17 1169.88 1171.19 1233.85 1234.97
18 1146.98 1148.30 1208. 36 1209.45
19 1126.73 1128.06 1185.58 1186.65
20 1108.74 1110.08 1165.13 1166.19
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2.2 Bennett, Collier, Pratt and Thornton Annulus Data

The primary objectives of the experiments conducted by Bennett et al.[II1.2-3]
were to obtain wall temperature and pressure drop data in the annular flow
regime. Steam and water were introduced into an annulus test section. After a
suitable mixing length, the two-phase mixture entered a heated test section.

The experiments analyzed by Hughes and Fujita [II1.2-1] were for a test section
29 inches long. The inside diameter was 0.547 inch and the outside diameter was
0.623 inch.

The experiments were conducted in a manner similar to that discussed in

Section 111.2-1, except that the test section pressure was close to atmospheric
pressure. Ten wall temperature measurements and six pressure measurements were
made in the test section. These data, in addition to inlet gquality, flow rates
and fluid temperatures, were reported.

2.2.1 Description of Model

Analyses were performed for six experimental runs with both RETRAN and RELAP4.

The models used for the analyses are similar to those described for the round
tube (Section III.2.1.1) except that 10 control volumes and heat conductors were
used to model the test section. Boundary conditions were specified at the inlet
with a fill junction and at the outlet with a time-dependent vo.ume. The RETRAN
anaiyses were performed using the steady-state option along with a null transient,
while the RELAP4 analyses were conducted by running a pseudo-transient.

2.2.2 Results and Data Comparisons

Comparisons between the RETRAN analyses and experimental values for wall temper-
ature and pressure are shown in Figures II1.2-7 to II1.2-12. Since the flow for
these experiments was annular and dryout did not result, the data are good for
evaluating the forced-convection vaporization heat transfer regime. In general,
RETRAN underpredicted the wall temperature for this regime, although by a small
(~5 °F) amount. The Baroczy two-phase multiplier was used to determine the
friction losses, and the results shown in Figures II1.2-7 to III.2-11 indicate
good agreement with experiment. For the low mass flow case (Figure 111.2-12),
RETRAN showed a slightly larger pressure gradient than was observed experimentally.
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Tables 111.2-5 and 111.2-6 show that RETRAN and RELAP4 give essentially the same
values for these experiments. This result indicates the steady-state initializa-
tion option in RETRAN is coded correctly for the logic used in analyzing these
experiments.

2.3 Schrock-Grossman Round Tube Data

A third set of steady-state heat transfer experiments which have been analyzed
with RETRAN are those conducted by Schrock and Grossman[II11.2-4] In these
experiments, subcooled water was introduced at the inlet of a heated round tube,
vertically oriented. The experimental conditions are such that forced convection
vaporization is the heat transfer mode for most of the test section. This

occurs due to the high surface heat flux imposed on the test section.

Experimental data reported include inlet subcooling and pressure, exit quality,
and pressure and wall temperature profiles in the test section. The inside
diameter of the test section for these analyses was 0.118 inches, and two test
section lengths were evaluated, 30 inches and 40 inches.

2.3.1 Description of Model

Hughes an_ Fujita[IIl.2-1] evaluated four experimental runs with RETRAN, RELAP4,
and UVUT, an unequal velocity, unequal temperature code. Only RETRAN and RELAP4
results are reperted here. The test section was modeled with 10 volume ~nd 10
conductors. As in the previous analyses, the boundary condition at the inlet
was modeled with a fill junction while a time-dependent volume was used for the
outlet boundary condition. The steady-state option was used for RETRAN while a
pseudo-transient was executed to achieve the RELAP4 analyses.

2.3.2 Results and Data Comparisons

Comparisons of the RETRAN prediction with the experimental data for test section
pressures and wall temperatures are given in Figures 111.2-13 to 111.2-16.

The computed wall temperatures are within 2 percent of the experimental data
except for points close to the test section inlet. The code results for this
region indicated nucleate boiling heat transfer. However, Hughes and
Fujita[I11.2-1] showed that the heat transfer mode was actually forced con-
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TABLE I11.2-5

COMPARISONS OF PREDICTED PRESSURES (PSIA) FOR BENNETT'S VERTICAL,
HEATED ANNULAR TEST SECTION

Run
Number C85-Core 6R' C63-Core 8R C39-Core 8
Volume
Number RETRAN RELAP4 RETRAN RELAP4 RETRAN RELAP4
1 16.42 16.40 29.97 29.91 24.60 24.62
2 16.34 16.31 29.45 29.39 24.29 24.32
3 16.22 16.20 28.82 28.76 23.90 23.93
4 16.11 16.08 28.16 28.10 23.49 23.52
5 15.99 15.96 27.48 27.42 23.04 23.07
3 15.86 15.83 26.78 26.72 22.55 22.59
7 15.72 15.70 26.04 25.99 22.01 22.06
8 15.59 15.56 25.27 25.22 1.42 21.46
1 9 15.44 15.42 24.45 24.39 20.75 20.80
= 10 15.29 15.26 23.59 23.54 20.02 20.07
o CER[img_ L 5 109 - S 312 —r 242
un
Number C31-Core 8 C6-Core 8 C2-Core 6
Volume
Number RETRAN RELAP4 RETRAN RELAP4 RETRAN RELAP4
| 23.01 23.07 28.98 28.94 27.68 27.34
22.70 22.76 28.57 28.54 27.29 26.94
3 22.31 22.36 28.06 28.02 26.79 26.44
4 21.50 21.96 27.50 27.46 26.25 25.89
5 21.47 21.53 26.89 26.85 25.67 25.30
6 21.02 21.08 26.24 26.20 25.05 24.66
7 20.54 20.60 25.54 25.50 24.38 23.98
8 20.04 20.11 24.78 24.73 23.66 23.23
J 9 19.52 19.58 23.95 23.90 22.88 22.44
10 18.96 19.01 23.04 22.99 22.03 21.60
CP Time 5 209 5 202 5 203

~O
=

~0O
e
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TABLE 111.2-6

COMPARISONS OF PREDICTED SURFACE TEMPERATURES (°F) FOR BENNETT'S VERTICAL,
ANNULAR TEST SECTION

“Run

Number C85-Core 6R' C63-Core B8R C39-Core 8

Heat Cond.

Number RETRAN RELAP4 RETRAN RELAP4 RETRAN RELAPS
1 235.92 235.94 259,52 259.50 298.74 299.27
2 235.41 235.27 258.58 258.48 296.80 296.83
3 234.62 234.48 257.29 257.19 294.04 294.08
4 233.84 233.71 255.94 255.84 291.45 291.51
5 233.07 232.94 254.51 254.42 289.00 289.05
6 232.31 232.18 253.01 252.91 286.59 286.64
7 231.55 231.42 251.41 251.31 284.16 284 .22
8 230.79 230.66 249.68 249.58 281.66 281.73
9 230.03 229.90 247.82 247.70 279.70 279.13
10 229.26 229.12 245.78 245. 66 276.27 276.36
Run

Number C31-Core 8 C6-Core 8 C2-Core 6

Heat Cond.

Number RE 1 RAN RELAPS RETRAN RELAPA RETRAN RELAPS
1 258.74 259.01 307.76 308.10 292.78 292.31
2 257.88 257.96 305.45 305.29 291.09 290.22
3 256. 56 256.65 302.30 302.14 288. 66 287.78
4 255.21 255. 30 299.34 299 19 286.29 285.39
5 253.81 253.90 296.51 296. 36 283.95 283.01
6 252.35 252.45 293.75 293.59 281.59 280.61
7 250.82 250.93 290.99 290.83 279.18 278.16
8 249.22 249 .34 288.18 288.02 276.69 275.62
9 247.53 247.65 285.28 285.11 274.08 272.94
10 245.72 245. 85 282.22 282.04 271.30 270.06
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vection vaporization, which results in a lower heat transfer (higher wall tempera-
tures) than does nucleate boiling. The pressure distribution, based on use of

the Baroczy two-phase multiplier, is generally above the experimental data,
although the differences are not large. RELAP4 calculations gave essentially

the same results as RETRAN for wall temperatures and pressure (Table II1.2-7)

in the *« .t section.

2.4 Summary of Results

The comparisons presented in the previous sections between RETRAN calculations
and experimental data lead to the following conclusions for the RETRAN heat
transfer relationships and the Baroczy two-phase multiplier:

(1) The pre-CHF correlations give good agreement with experimental data
for steady-state experiments.

(2) The Groeneveld stabie film boiling correlations provide an accurate
representation of this type of heat transfer for the experiment-.

(3) The Barnett CHF correlation predicts CHF to occur sooner than was
observed experimentally. Additional analyses with bundle data as well
as round tube data should be performed to further qualify the Barnett

correlation.

(4) The Baroczy two-phase multiplier gave good agreement with data with
the possible exception of low mass flux. Analyses should be performed
for low mass flux experiments with and without external heat sources.

The comparisons between RETRAN and RELAP4 calculations indicate that:

(1) The conversion of the RELAP4 code to RETRAN was correct for heat
transfer and the solution of the basic eguations.

(2) The steady-state option in RETRAN provides an inexpensive method for

9 096

evaluating consitutive equations for the code.
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TABLE I11.2-/

COMPARISONS OF PREDICTED PRESSURES (PSIA) FOR SCHROCK-GROSSMAN
FORCED CONVECTION EXPERIMENTS

Run

Number 271 279 282

Vo i ume

Number RETRAN RELAP4 RETRAN RELAP4 RETRAN RELAPS RETRAN RELAP4
1 119.51 118.83 145.99 142.18 216.19 214.09 263.11 262.10
2 119.27 118.59 145.70 141.88 214.86 212.83 260.60 259.69
3 118.54 117.82 144 .43 140.37 210.25 208. 26 254.26 253.70
4 116.17 115.57 138.94 136. 86 203.93 202.27 246.74 246.18
5 113.19 112.63 134.24 132.28 196.28 194.85 237.49 236.96
6 109.55 108.99 128.31 126.67 187.19 185.81 226.18 225.65
7 105.18 104.68 121.37 119.81 176.01 174.85 212.12 211.61
8 100.19 99.69 112.42 ntg B s 161.39 161.20 194 .39 193.91
9 94 .32 93.83 101 '8 100.73 142.78 142.77 171.13 170.64
10 86. 66 86.69 86.72 86.58 107.03 107.17 131.43 131.26

CP Time 134 6 172 6 214 7 252 7
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3.0 CRITICAL FLOW

The RETRAN code is designed primarily for the analyses of transient thermal-
hydraulic conditions in complex systems. The constitutive equatio<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>