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LEGAL NOTICE

THIS REPORT WAS PREPARED AS AN ACCOUNT OF WOFR ' SPONSORED
BY COMBUSTION ENGINEERING, INC. NEITHER COMBUSTION ENGINEERING
N JR ANY PERSON ACTING ON ITS BEHALF:

A. MAKES ANY WARRANTY OR REPRESENTATION, EXPRESS OR
IMPLIED INCLUDING THE WARRANTIES OF FITNESS FOR A PARTICULAR
PURPOSE OR MERCHANTABILITY, 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.
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CRITERIA FOR PROPRIETARY INFORMATION

Code numbers 1-6 have been placed in the margin of the text to i entify
picorietary information. The following list explains the criteria
associated with these code numbers.

Code

1

Criteria

The information reveals privileged cost or price informa-
tion, commercial strategies, production capabilities, or
budget levels of Combustion Engineering, Inc. its
customers or suppliers.

The information reveals data or material concerning
Combustion Engineering or customer funded research or
developiment plans or programs of substantial present
or potential competitive advantage to Combustion
Engineering, Inc.

The use of the information by a competitor would
substantially decrease his expenditures, in time
or resources, in designing, prodicing or marketing
a similar product.

The information consists of test data or otker similar
data concerning a process, method or component, the
application of which results in a substantial competitive
advantage to Combustion Engineering, Inc.

The information reveals special aspects of a process,
method, component or the like, the exclusive use of which
results in a substantial competitive advantage to
Combustion Engineering, Inc.

The informat on contains ideas for which patent protection
is likely to be sought.
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Mr. A. E. Scherer

Licensing Manager
Combustion Engineering, Inc.
1000 Prospect Hill Road
Windsor, Connecticut 06095

Dear Mr. Scherer:
SUBJECT: STAFF EVALUATION OF TOPICAL REPORT CENPD-252-P

Our letter to you dated February 12, 1979 transnitted our evaluation of
topical report CENPD-252-P, "Blowdown Analysis Method - Method for
Analysis of Blowdown Induced Forces in a Reactor Vessel." After receipt
of the evaluation, representatives of Combustion Engineering (C-E) con-
tacted us by telephone regarding the evaluation. They stated that it
was their understanding that the CEFLASH-4B code discussed in CENPD-25z-P
was found acceptable for use during the early saturation portion of blcw-
down as well as the subcooled decompression; however, the evaluation of
CENPD-252-F did not identify this as being acceptable.

We reviewed the evaluation and concluded that the summary and the cov:
letter are in error in this regard. Although we did not explicitly stete
ft, we did find the use of CEFLASH-4B in the early saturation portion

of blowdowr as well as the subcooied decompression to be acceptatle. 'n
addition, we note th't the "CEFLASH-4A" in Item 4 of the summary should
be "CEFLASH-4B."

We request that you include this leti_ - with the approved copy of CENPD-
252-P. If you have any further questiuns or .his topical report, please
contact us.

Sincerely,

Potert K. /Baw7

Robert L. Baer, Chief
Light Water Reactors
Branch No. 2
Division of Project Management



UNITED STATES
NUCLEAR REGULAT 'RY COMMISSION
WASHINGTON, D. C. 20555

FEB 12 1979

Mr. A. E. Scherer

Licensing Manager
Combustion Engineering
1000 Proc,ect Hill Road
Windsor, Connecticut 06095

Dcar Mr. Scherer:
SUBJECT: STAFF EVALUATION OF TOPICAL REPORT CENPD-252-P

On December 15, 1977, Combustion Engineering submitted topical report
CENPD-252-P, "Blowdown Analysis Method - Method for Analysis of Blowdown
Induced Forces in a Reactor Vessel." The report was amended twice;
Amendment 1-P was submitted on August 22, 1978 and Amendment 2-P was sub-
mitted on October 20, 1978. We have copleted our review of CENPD-252-P
and our evaluation appears as the Enclosure to this letter.

Subject to the limitations discussed in the En_losure, we conclude that
the CEFLASH-48 computer code is an acceptable code for evaluating the
subcooled decompression response of a pressurized water reactor primary
coolant system following a postulated loss-of-coolant accident. It is
requested that CENPD-252-P be resubmitted as an approved report. The
copies of the approved report should include this approval letter and
the responses to our requests for information. However, the conputer
printouts provided in the responses need not be included in the approved
report.

Should NRC criteria or regulations change such that our conclusions con-
cerning CENPD-252-P are invalidated, you will be notified and given an

opportunity to revise and resubmit your topical “eport should you so
desire.

When CENPD-252-P is referenced in a license application, the non-proprietary
version should also be referenced. We do not intend to repeat our review
of this report when it appears as a reference in a particular license
application.

Sincerely,

Robert L. Baer, Chief
Light Water Reactors Branch No. 2
Division of Project Management

Enclosure:
Evaluation of CENPD-252-P
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TOPICAL REPOR' EVALUATION

CENbD-ZSZ-P: “Blowgown Analysis Hethgf - Method for the Analysis of

-

Blowdown Induced Forces in a Reactor Vessel.”

A. Summary of Topical Report "
This report describes the methods and procedures that are utilized by
Combustion Engineerihg in calculating hydrodynamnic loadings on a reactor

coclant system undergoing a postulated loss-of-coolant accident (LOCA).

The hydrodynamics for both the subccoled and the saturated portions of

the blowdown are calculated with the CEFLASH-4B digital computer program,
A post-processing routine for the CEFLASH-48 program is used to calculate
the hydraulic forces acting on the reactor vessel internals as a result of

momentum changes in the coolant fluid.

At present, a rigid boundary assumption is made in the hydraulic
analyses. The fluid boundaries are assumed to be constant and at

rest during the CE-FLASH-4B analysis.

Tre CEFLASH-4B computer program (References 1, 2 and 3) solves the con-
servation equacions for mass and energy, the one-dimensional continuity
equation, and the equation of state for water. The CEFLASH-4B yrogram
permits the user to select the nodal representation that results in the
best finite differencing .€ the fluid system to be analyzed. The program
then solves the conservation equations for each node and the ore-dimensional

momentum eyuation for each flow path between nodes. CEFLASH-4B ises
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explicit solution techniques. Various options as well as user input
parameters enable the program to model the reactor core, reactor
coolant pumps, steam generators, and conneeting piping in any con-

figuration 2nd operating model desired.

Thé thermodynamic and transport fluid properties in CEFLASH-4B are

obtained from functional fits to the properties based on the 1967 ASHME

Steam Tables.

CEFLASH-4B is used to compute the pressure response of a system during
a decompression transient. The transient pressure response can then be
used to evaluate the system's overall dynamic structu e response. The
asymmetric pressure field in the downcomer annulus of a PUR can be
obtained. This pressure field can then be integrated over the core

support barrel area to obtain the total dynamic load on the core support

barrel.

The analysis is performed for the subcooled decompression and early
se*uration periods of the transient, where the hydraulic loads are
greatest. These loads are used for the structural evaluation of the
reactor pressure vessel system, in conjunction with other loads associated
with a postulated LOCA and with a safe shutdown earthquake. The capability
of the CEFLASH-48 anaiysis to account for the acoustic wave phenomena

induced in subcooled water is demonstrated.

)
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Requlatory Evaluation

CEFLASH-4B is a generalized computer program; however, the review of

the CEFLASH-48 program was 11 ited to the representation of a PWR primary
coolant system subjected to a postulated loss-of-coolant accident

(LOCA), specifically during the subcooled and early saturation periods

of the decompression transient.

The NRC evaluation of the CEFLASH-4B program covered three major areas of

review:
1. Analytical Development

2. Application and System Modeling

3. Code Verification

The application of the one-dimensional CEFLASH-4B program to the calcula-
tion of the mult:i-dimensional downcom>r pressure field represen.s the

major portion of this review.

1.0 Conservation Equations

The basic assumption of equilibrium of the steam/water r ixture is
employed in the CEFLASH-48 program. Th2 subcooled, transition, and early
saturated regimes, for which the equilibrium fluid assumption is
acceptable, can be evaluated. It is during this portion of the blowdown

that the LOCA hydraulic loads are greatest,

The mass, momertum and energy conservation equations are developed for
a one-dimensional system. Density and mass flow are assumed to be
uniform over the space and solution time interval. Friction and

buoyancy are included in the momentur equation. Included in the energy

596 01U
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equation is heat transfer associated with a reactor core and with a

steam generator.

2.0 Equation of State and Sonic Velocity ™

The equation of state used in CEFLASH-4B is a set of functiounal fits
to the data for liquid and steam properties for single and two-phase

conditions. The properties values obtained from these fits were checked

against the 1967 ASME Steam Tables and show qood agreement o ‘er the range

of interest.

The sonic velocity in water is not explicitly used in the CEFLASH-4B
analysis. It can be derived, or implied, from the properties fits
for an isentropic expansion process. The implied sound speed has been
demonstrated to be in good agreement with the ASME values over the

range of interest.

3.0 HMethod of Solution

The solution of the conservation equations, for the analyses of hydro-
dynamic loadings, is obtained by using the explicit numerical solution
technique. The solution time step for stability is based on the system
noding and the local aco’ tic wave spaed. A time step study was per-

formed for a typical LOCA loads model and the time step selected for

‘licensing calculations is one-half that of the largest time step studied

which showed a variation in the solution converqgence.

The solution is assumed to be converged for the LOCA loads calculation

when the time history results of the predicted pressures and momentum
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flow parameters are all nearly identical to the respective values

f- he preceeding smaller time step trial.

4.0 Discharge Flow Model and Non-Equilibrium Effects

The discharge flow model for the postulated break is the system forcing
function. As such, the treatment of the subcooled critical flow and
potential non-equil.brium effects mi.t be properly accounted for in the

develcopment of the discharge flow model.

Combustion Engineering uses the CE criticael flow model for crmputing

the subcocled and saturated critical fluid discharge at the break. The
CE correlation accounts for the non-equilibrium nature of the critical
discharge during the subcooled portion of the transient. The CE

critical flow model also yields higher, on the order of 10%, loads across
the internal components than the equilibrium critical flow formulations.
The Moody and the Homogeneous Equilibrium models were used for this

comparison.

The break characieristics are modeled in CEFLASH-4B as a function of
location in the coolant system, total area and time to develop the
total area. The guillotine offset area is properly modeled as the
two ends of the pipe separate to the full double-ended area or

partial offset area.

o
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The opening time history of a breal in the NSS primary piping systen
is plant specific, and it depends oa considerations such as the location
of the break, the stiffness and mass of the piping system involved,

and the type and location of pipe restraints/supports being used.

Combustion Engineering utilizes a mechanistic approach based on non-linear
structural analysis techniques and the conservative assumption of
instantaneous crack propagation to determine realistic break opening
times. The break opening schedules, for the Syst. 30 generic class

of plants, are documented in Reference 4.

The hydrodynamic loads are directly proportional to the differential
pressures applied to the structure. If, as a result of non-equilibriun
the pressure at the break plane falls below the saturation pressure of
the fluid, prior to the development of two-phase fluid conditions, an

increased loading could result.

The effects of non-equilibrium could also increase the loading on the
core support cyiinder structure if this pressure "undershoot" could be

transmitted to the downcomer annulus.

The reactor coolint system depressurization rate is, in part, a function
of the break opening time and, in part, a function of the break area.
Combustion Engineering has assessed the potential for non-equilibrium
effects to occur in a PWR blowdown as well as assessing the resulting
affects should non-equilibrium conditions be present. The behavior

of experiments, with initial conditions and break characteristics

p
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s'milar to the Combustion Engineer ing mechanistic break, were
studied. For these conditions non-equilibrium effects were not
obsery_u. An assessment of the affects of a pressure “under’ hoot"
on the impulse loading of the core supportrbarrel was performed
based on the analysis performed in reference 5. For this extreme

case, the impulse loading increased less than one percent.

5.0 Muylti-Dimensional Region Modeling

- m—-—-—-

The downcomer region of a PWR can be considered at least 2-dimensi-. )
for analytical evaluations of subcooled decompression transients and,
as such, should be properly modeled. Since CEFLASH-48 solves the 1-
dimensional conservation equations, it was necessiary to investigate the

modeling procedures used to represent the multi-dimensional aspects of

this region.

The modeling techniques used to represent a physical system can affect
the results of the calculation. Not only must the mathematical equa-
tions be stable and the solution converged, but the nodal network

representation should not exert undue influence (i.e., non-conservatism)

on the calculation.

A set of experimental test geometries was selected to study the effects
of the modeling techniques on the results of the calculations, by

comparing the Combustion Engineering calculations to those performed by
the NRC. The selected geometries contain two important features typical

of PWRs: a downcomer annulus region and a core simulator region.

While the systems selected may not be ‘roperly scaled to a PWR system,

in terms of the ratio of the downcomer length to circumferential

7 ¢
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length, for the analysis of a subcooled decompression transient, the

system behavior should be well defined for the postulated transients,

If the system is properly modeled, the analysis will predict the
expected transient behavior. The selected tests were instrumented to
obtain subcoolei decompression data. The selected geometries were:
(1) LOFT Test L1-2. '

This test was designed to represent a PWR during dec-pression.

Tne break was designed to represent a large, inlet nozzle rupture.

(2) Containment Systems Experiment (CSE) Test B-75.
This test was run at an initiai pressure of 1000 psig and the

break was designed to represent a large, inlet nozzle rupture.

In addition to the experimental test geometries, three problems using
simplified geometries were developed to evaluate the multi-dimensional
nodal approa h. Th2 results of these analyses were compared with
multi-dimensional computer code calculations (Reference 6). The
geometries represented typical PWR regions, such as the nozzle to
downcomer interface region, flow obstructions, and the un-wrapped
downcomer region. In addition to the multi-dimensional code calcu-
lations, similar calculations using RELAP4/MODS were performed for

comparison with the CEFLASH-4B results (Reference 7).

The magnitude of the pressure wave penetra’ .g iato the downconer

annulus is the forcing function which determines the resulting hydraulic



loading on the vessel internals. The inertial faztor used in the
CEFLASH-4B computer code to represent the flow path between “he inlet
nozzle and the downcomer is calculated as the sum of the inertial
fectors within the nozzle and inertial fagior within the downcomer,
One of the above simple problems was developed to study the effects of

modeling at this location.

Comparisons of the CEFLASH-48 analyses for the three sample problems to

the analyses performed by the NRC demonstrate the capability of the
CEFLASH-48 computer program to account for the acoustic wave transmission
and reflection phenomenon induced in subcooled water. The CEFLASH-48 nodal
representation for multi-dimensional regions is shown to be acceptable
within the computer prograis limitations which restrict the amount of spacial

detail available.

The methodology and nodal representations are further Justified by

the good agreement obtained for the CEFLASH-4B analyses of the selected

test geoumetries.

E‘..Q“Fl uid-Structure Coupling

- -———

Fluid-structure interaction is not included in the CEFLASH-4B analysis of
subcooled blowdown.. Fluid boundaries are assumed to be rigid and at

rest.

7.0 nRC Audit Calculations

- ——

The NRC has performed independent audit calculations for a System 80 PWR.

In additicn, calculations for the selected test geometries were performed.,
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The WHAM/MOD-007 computer code was tsed to perform the NPC audit
calculations (Reference 8). The modeling techniques employed for these
calculations were based on the evaluations of the three simp'e problems

used to study the network modeling approach TReference $ and 10).

Requlatory Position

The CEFLASH-4B computer program is used by Combustiong Engineering to
evaluate the "ydrodynamic loadings on the reactor coolant system following
a postulated loss-of-coolant accident (LOCA). Fluid-structu . interaction
is not included in the CEFLASH-4B analysis of subcooled blowdown. Fluid
boundaries are assumed to be rigid and at rest. The downcomer region

of the PWR is modeled to allow for the calculation of the induced hydro-
dynamic loads on the core support barrel. The methodology used results

in a conservative calculation of the inauced hydrodynamic loads on the

reactor coolant system, reactor vessel supports, and reactor internals

following a postulated LOCA.

1.0 Evaluation of Analytical Methods

The solution of the cconservation equations and the equation of state in

the CEFLASH-4B computer program can be shown to be nearly equivalent to

the vector momentum equation governing nearly incompressible, low speed

flow “or a multi-dimensional analyses. Therefore, the use of the CEFLASH-48
code to evaluate subcooled decompression transients, for the multi-dimensional

nodal models, is acceptable.
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The potential effects of non-e,1i!ibrium have been addressed in an

acceptable manner, and changes to account explicitly for this phenomenon

are not required for licensing caiculations.
' -

Tne discharge flow model used for the analysis of subcooled decompres-
sion transients, the CE critical flow model, has been showr to yield con-

servative results for the calculation cf the hydrodynamic loads.

CEFLASH-4B is a generalized computer program for the anzlysis of thermal-
hydraulic systems, and the user has a number of options available for an ana-
lysis. Quring the course of this review a number of these opticns were ex-
plored and subsequently accepted for a licensing calculation. These options

are listed in the Summary section to this report and are also identi’ied

in the audit analyses.

2.0 Break Characteristics

The break area models used in the CEFLASH-4B computer program are
acceptable. The break opening time history of a break in the NSS
primary piping system is plant specific, and it depends on con-
derations such as the location of the break, the stiffness and

mass of tne piping system involved, and the type and location of

pipe restraints/supports being used. Combustion Engineering

utilizes a mechanistic approach based on non-linear structural analysis
techniques and the conservative assumption of instantaneous crack

propagation to determine realistic break npening times.
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3.0 System Modeling and Code Verification

S ——— S — -~ ——

The application of the CEFLASH-4B computer program for the analyses of multi-
dimensional fluid transients can be shown to be equivalent to the vector
momentum equation for nearly incompressible, low speed flow. This is
demonstrated by comparisons of the simplied geomet-y problems to multi-
dimensional computer code results. Further verification is obtained by
comparing the CEFLASH-4B analyses to the selected exderimental test geometry
data. The evaluation of the modeling techniques employed by Combustion
Engineering, for the representation of a PWR, is based on the results and
observations made from the comparative analyses performed for the selected

test geometries, and for the simplied geometry problem calculations.

There are four fundamental areas associated with this evaluatio. for
the nodal hydraulic representation of the system:

1. The modeling of the primary coolant loops,
2. The modeling of the nozzle to downcomer interface,

3. The representation of the mylti-dimensional downcomer regic

and;

4. The representation of the vessel internals; lower plenum, core,

upper plenun.

The representation of the primary coolant loops as one-dimensional pipes
is acceptable. The piping system can be represented, for practical
purposes, as one-dimensional. Wnen the proper engineering loss factors

are accounted ‘or, the one-dimensional flow equation is solved correctly.

c9¢ 019
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" e method for modeling the nozzle to downcomer region is acceptable.
The inertial factor used in the CEFLASH-4B computer program .- obtained
by summing the inertial factors for the ﬁ;zzle with the inertial factors
for the downcomer to nozzle “aterface. This method properly accounts

for the geometry of this region.

The procedures used by Combustion Engineering, to generate the nodal
representation of a PW.' for licensing calculations, result in a conser-
vative hydraulic model. This is, in part, a result of the hydraulic
nodal network employed to represent the downcomer annulus region.
Independent audit calculations performed by the NRC show that the

nodal network developed ty Combustion Engineering for the LOCA analysis

is conservative.

Computer limitations restrict the amount of detail that can be specified
in the CEFLASH-48 model. This limits the user's ability to select a nodal
representation, or finite differencing of the fluid system to be analyzed.
Combustiqn Engineering performed a sensitivity study for the nodal repre-
sentation of the downcomer annulus. Based on these studies, which in-
cluded the evaluation of the hydraulic loads on the core support barrel,
a design an.lication model was selected. This model is acceptable for

licensing .alculations.
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This model also includes the reprrsentations of the remainder of
the primary system. The steam generator, pressurizer, coolant
pumps and the vessel internals are described using the node and

flow path modeling technique.

The multi-dimensional region modeling has been verified by
comparing the CEFLASH-48 results to 2-dimensional computer code
analyses of the three simplified geometry problem. These com-
parisons demonstrate the near equivalence of the CEFLASH-4B
solutions for incompressible, low speed flow conditions. Further
verifications were made by comparisons ¢f the CEFLAZ:! 4B

results to the selected test geometry data. The analyses of

the LOFT L1-2 and the Containment Systems Experiment test B-75
showed good agreement with the test data and the analytical
results compared favorably with the &RC calculations. In
general, the differential pressures obtained from the CCFLASH-48
analyses are larger than those reportei in the test results and
larger than those calculated with the NRC methodology. These
differential pressures are similar to those which would be used
to obtain the integrated hydraulic loads on the PWR core support

barrel.

The methodology employed by Combustion Engineering to generate
the nodal representation of the PWR system, specifically at the
nozzle to downcomer interface, and for the developmern* of the
downcomer region itself, shall be incorporated into the final
topical report documentation (see Appendix A). The development
of a model using this methodology is acceptable for licensing

calculations.
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4.0 Audit Calculations

Combustion Cngineering has performed an audit analysis with both

a hot leg nozzle break and a partial douﬁ?e-ended guillotine

rupture at the reactor inlet nozzle using the 1. “anistic break data.
In addition, an analysis was performed for th. inlet nozzle rupture

using the design model but with a full double-ended guillotine break.

Comparisons of the Combustion Engineer.ng analyses to the NRC inde-
pendent analyses shows that the CEFLASH-48 methodology predicts higher

hydraulic loads, for all cases evaluated.

The model developed by Combustion Engineering is based on the methodology
reviewed for *his evaluation. The CEFLASH-4B calculation of a postu-
lated LOCA in a PUR for the purpose of determining the resultant hydro-

dynamic loads on the system, is acceptable for iicensing calculations.

3.0 Fluid-Structure Coupling

Fluid-structure interaction is not included in the CEFLASH-4B analysis

of subcooled blowdown. Fluid boundaries are assumed to be rigid and at

rest.

Analytical evaluations of the uffects of fluid-structure coupling, by
a number of researchers (References 11, 12, and 13), have shown that
for a coupled analysis the frequency and amplitude motions are lower

than for an uncoupled analysis with the consequence of generally lower

induced stresses.

™
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. The rigid boundary assumption used i the CEFLASH-4B ana’ sis is
acceptable for licensing calculations. However, the NRC will
contim 0 monitor the on-coing research in this area and will
require, if necessary, a re-evaluation of the rigid boundary
assumption. Part of this research will be performed in the German
HDR subcooled blowdown experiments (Reference 14). Combustion Engineering
has committed to perform a pre-test analysis of this experiment when test

conditions have been established (Reference 15).

D._ Summary
The Combustion Engineering CEFLASH-4B computer program is used to evaluate
the subcooled decompression and early saturation response of a PWR primary
coolant system following a postulated loss-of-coolant accident. This
topical report describes the assumptions used and the methodology employed

by Combustion Engineering to perform this evaluation.

Subject to the limitations of this review, the CL"LASH-4B computer program
is an acceptable code for evaluating the subcooled decompression response

of a PWR primary coolant system following a postulated loss-of-coolant

accident. These limitations are:

(1) The CE critical flow model is to be used.

(2) The break opening schedules, including location, size and time
based on the mechanistic break model employed by Combustion

Engineering are to be referenced for licensing calculations.

(3) The Combustion Engineering design model fer the annulus repre-

sentation is to be used for licensing calculations.
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(4) The evaluation of the blowdown induced forces following a
postulated LOCA is acceptable provided a CEFLASH-4A licensing

calculation is performed to obtain the hydraulic input data.

The responses to the NRC requests for additional intormation, as
listed in Appendix A of this evaluation, are to be incorporated
into the final version of the topical report to describe and
develop the Combustion Engineering modeling methodology and to
identify the assumptions and acceptable input parameters for a

liceasing calculation.

Combustion Engineering has committed to perform a pre-test énalysis

of the German HOR subcooled blowdown experiment when test conditions

becomes available.
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APPENDIX A

The responses to the following NRC requests for additional informatio..

(reference NRC letter from D.B. Vassallo, DPM} to A.E. Scherer, Licensing

Manager, dated May 10,1978) are to be incorporated intc the final version

of the report to describe and develop the Combustion Engineering modeling

methodology and ‘o identify the assumption” and acceptable irput parameters

for a licensing calculation:
Questions 1.1
1.2
1.3
1.4

2.1 el

2.2 3.2

2.3

2.4
without t1istings

2.5

2.6

-~/ m"
JA/’\'J Uéé



ABSTRACT

This report presen*s a description of the Ccmbustion Engineering methodology
for the prediction ¢f the reactor pressuirc vissel pressure

and flow distributions during the subcooled and early saturated

portion of the blowdown period ¢f a loss-of-coolant-accident. The

analysis employs the CEFLASH-48 computer program. (CEFLASH-4B is the
CEFLASH-4A code with several subroutines deleted to provide increased

nodes and fluwpaths., The CEFLASH-4A Computer Program has been approved by the
NRC for use in Appendix K analyses.) The specific use of the CEFLASH-48
procedures for blowdown loads analysis is supported by analytical
comparisons with results from the large scale LOFT L1-2 experimental blow-
down and CEFLASH-4B model parametric studies.

Results for a typical application of this methodolooy to a loss-of-coolant-
accident with mechanistically determined pipe breaks for the Combustion
Engineering standard 3800 Mwt plants are presented.
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1.0 INTRODUCTION

1.1 PURPOSE

T.. purpose of this document is to describe a Combustion Engineering
methodology for performing the blowdown loads analysis of a reactor primary
system with emphasis on the reactor vessel and its internals. The description
includes a presentation of the CEFLASH-4B code, parametric studies performed
to show the validity of the model, and a direct comparison of analytical
predictions to experimental results in support of the methods.

1.2 St.ope

Following the initiation of a postulated break in the primary piping, an
imbalanced pressure distribution would develop throughout the initially
subcooled fluid in the system. This pressure distribution would dissipate
rapidly upon attainment of the local saturation pressures.

Tn arder to predict the snace - time distribution of svhconled and two-
phase pressures and flow rates, a detailed representation of the primary
system has been developed using the CEFLASH-4B computer program. The major
portion of the available spacial representation in CEFLASH-4B has been used
to represent the reactor vessel (nczzles, downcomer, annulus, lower plenum,
core support barrel interior and upper plenum). Hence, the scope of the
analyses performed by CEFLASH-4B is primarily focused on the blowdown loads
in the region of the reactor vessel, its internals and fuel.

1.3 APPLICABILITY

The blowdown loads obtained with the methods described in this report are
applicable to the analysis of the reactor coolant system and its supports
with emphasis on the reactor vessel, internals and fuel.

| S
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1.4 HISTORICAL PERSPECTIVE

The analysis of the blowdown loads following a postulated pipe rupture has
been a consistent part of the safety analysis for Combustion Engineering
plants. However, the analytical procedures used to determine these loads
have been refined from time to time. There refinements have reflected
improvements in mathematical modeling of the physical processes as well as
the growth of computer technology and the availability of blowdown test
results against which the analytical methods can be compared.

The major contribution to the blowdown loads occurs during the early subcooled
portion of the decompression. This is due to the Tow compressibility of

the liquid and r2sults in a large change in local pressures for a small

change in density (where the density change results from fluid ocutflow

through the broken pipe). Thus, in order to determine the blowdown loads

in the reactor vessel Combustion Engineering initially relied on the WATER-
HAMMER code (Reference 1-3) whose solution is limited to subcooled conditions
by virtue of its mathematical and physical assumptions.

The analytical procedure for blowdown loads was extended, in 1972, in u.i;r
to account for both the subcooled and the two-phase portions of the decompres-
sion. This procedure involved the use of two codes (WATERHAMMER and CEFLASH-
4) and accounted for the considerable damping of the decompression following
the occurrence of the local saturaiion pressures. The computer models for
the above codes included an extensive representation of the various regions
inside the reactor vessel. In particular, the fluid annulus between the
vessel and the core support barrel was represented with a two dimensional
(circumferential and axial) grid structure. Descriptions of the models
applied to these codes, for PWR's, as well as experimental - analytical
comparisons are given in Reference 1-1. NRC approval of these methods is
documentcd in Reference 1-2.

3
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.5 THE CEFLASH-4B COMPUTER CODE

During the past few years much effort has been devoted to the analytical
representation of the decompression process with emphasis on the Loss-of-
Coolant Accident for emergency core cooling system considerations. This
effort has resulted in the devalopment of the CEFLASH-4A code (References
1-4, 1-5, and 1-6) at Combustiun Engineering. For application to the
analysis of blowdown loads, the CEFLASH-4A code has been modified to
produce a version that is designated as CEFLASH-4B. The code modifications
consisted of the removal of scveral features which do not influence the
course of the early term decompression, and the expansion of the amount of
spacial detail (volume nodes and flowpaths). The latter changes have
increased the ability of the code to yield more detailed information for
use in blowdown loads analysis. A description of the CEFLASH-4B code is
presented in Section 2. That section also considers the validation of the
CEFLASH-4B code version versus the approved CEFLASH-4A code. A comparison
of results for the same problem run on both code versions demonstrated
excellent agreement. Section 2 also reviews the adherence of the CEFLASH-
48 formulation to the conscrvation laws of mass, encrgy and mementum fer 2
representative PWR blowdown. It is shown that the numerical results associated

with a blowdown loads a~alysis satisfy the above conservation laws with a
high degree of accuracy.

The CEFLASH-4B code does not account for changes in local volumes and
pressures which may be caused by structural displacements. The inclusi~=

of such effects results in reduced blowdown loads, particularly on regn

such as the core support barrel. Therefore, the exclusion of fluid-structure
interaction effects are conservative for determination of blowdown loads.
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1.6 EXPERIMENTAL VERIFICATION

The most direct verification of an analytical procedure consists of a
comparison to a pertinent experiment. Such a4 comparison is presented in
Section 3 for the LOFT blowdown test L1-2. The bases for selecting LOFT
L1-2 for compa son are given in Appendix C and in Reference 1-7.

An extensive parametric study of the LOFT L1-2 test with the CEFLASH-4B
code is presented in Appen.x D.

Y7 ANALYTICAL STUDIES

In addition to the direct experimentai comparison cited above, the CEFLASH-
4B code has also been verified for mathematical solution convergence. The
studies, which are reported in Section 4, consider the use of different
computational time stevs as well as various spacial representations for key
regions of the reactor vessel model. These key regions are the reactor
vessel nozzle aajacent to the postulated cold leg break and the vessel
annulus.

As a result of these parametric studies the CEFLASH-4B model devcloped for

a PWR is shown to give a converged solution for the blowdown loads resulting
from a postulated pipe break. This conclusion is reinforced by the good
experimental-analytical agrcement shown in Section 3.

1.8 PWR MODEL
The full CEFLASH-4B model of a PWR is described in Section 5. Analytical

results are shown for a System 80 type plant. Separate cases were analyzed
for postulated breaks at the ends of the hot and the cold leg nozzles.



1.9

HYDRAULIC FORCES

Section 6 described the generation of the transient hydraulic forces during
blowdown from the calculated fluid pressures and “lowrates. These forces

are
and

1.10

The
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subsequently used to drive the s*ructural models of the reactor vessel
its internals in order to determine the response of the system.

APPENDICIES
Appendicies to this report include the following supporting material:

A description of the input requirements of the CEFLASH-4B code.

A discussion of decompression thermodynamics. The emphasis is on the
subject of nonecuilibrium decompression (rapid pressure drop below the
saturation value).

A documentation of the bases for selecting the LOFT L1-2 test results
for comparison with the CEFLASH-4B predictions. Also, a CEFLASH-4B
steady state output for LOFT test L1-2. This output demonstrates that
a steady state was satisfied with the code prior to the initiation of
the transient.

An extensive parametric study of LOFT L1-2 with CEFLASH-4B. Thes2
studies were proposed to the NRC in Reference 1-7.
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2.0 DESCRIPTION OF THE CEFLASH-4B COMPUTER PROGRAM

:The CEFLASH-4B computer program is a modified version of the CEFLASH-4A
code (see References 2-1, 2-2, and 2-3) currently approved by the KRC for
‘use by C-E in performing Loss-of-Coolant-Accident (LOCA) analyses (References
2-4 and 2-5). In order to allow more nodal detail for the C-E PWR blowdown
loads calculations, CEFLASH-4B has been provided with additional nodes and
flowpaths (see Section 2.1.2 below). To accomplish this, several CEFLASH-
4A subroutines and options not influencing the early portion of the biowdown
‘have been eliminated. A list of these deleted options is presented in

Table 2-1. The items removed from CEFLASH-4A play a negligible role during
the subcooled and early saiurated decompression. Therefore. the blowdown
solutions generated by CEFLASH-4A and CEFLASH-4B are identical (see Section
12.2.1) during the early term.

The purpose of this section is to present the key features of the CEFLASH-

48 computer code as they apply to blowdown loads determination. In this
process, some information presented in References 2-1, 2-2, and 2-3 is
repeated. This adds to the overall clarity and aids the reader in under-
standing the material that is to be presented in the following sections.

In addition, results of a CEFLASH-4B code validation effort are also discussed.

2.1, FEATURES OF THE CEFLASH-4B COMPUTER PROGRAM

This secticn presents a summary of the important features of the CEFLASH-4B
computer program. For additional details the reader is referred to the

- CEFLASH-4A reference manual and supplementary documents (See above references).
A CEFLASH-4B input description may be found in Apperdix A of this report.
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2.1.1 CEFLASH-4B Equations and Their Solution

The CEFLASH-4B (or 4A) computer prigram is based on the node-flowpath
concept, in which control volumes, denoted as nodes, are connected to other
control volumes, in any desired manner via a flow area, denoted as a flow
path. The code is formulated to conserve properties of mass, momentum and
energy. In the node-flowpath method the equations of conservation of mass
and energy are solved in the nodes, and the one-dimensional momentum
equation is solved in the flowpaths.

The numerical solution is obtained with the CEFLASH-4B(or 4*) program by
numerically integrating the one-dimensional equations for conservation of
mass, energy and momentum using a node-flowpath network to model the reactor
system. The hydraulic transient of the reactor is coupled to the thermal
response of the core by analytically solving the one dimensional radial

heat conduction equation in each core node. The system pressure and enthalpy
are obtained by performing a property search, using functional fits to

steam table data.

r g Node-Flowpat! Detail

The CEFLASH-4B computer program has beer, developed from CEFLASH-4A, to
allow additional nodes and flowpaths. A comparison of the available nodes
and flowpaths in CEFLASH-4A and 4B is presented in Table 2-2.

TABLE 2-2
COMPARISON OF AVAILABLE NODES AND FLOWPATHS BETWEEN
CEFLASH-4A AND CEFLASH-4B

Code No. of Nodes No. of Flowpaths
CEFLASH-4A 70 88

CEFLASH-48 C ] (5]
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The additional flexibility afforded with CEFLASH-4B resulted in the selection
of this code for blowdown loads evaluation. Results in Section 4, indicate
that lesser nodal detail is satisfactory for most circumstances.

2.1.3 Critical Flow Model

The C-E blowdown loads model uses the C-E[ Jeriticar  [3.5)
flow correlation for computing the subcooled and saturated critical fluid
discharge through the break. This model has been chosen for several reasons.

First, the C-E[ ]correlation. accounts for the non- [3,5]
equilibrium nature of the critical discharge during the subcooled period of
the vessel decompression. Thus, CEFLASH-4B using the C-E[ (3,5]

]critica1 discharge correlation, produces higher (-10%) loads across
internal components than equilibrium critical flow formulations (see
Section 4.4 for details). Second, as shown in Section 3, use of the C-E
[ ]critical flow correlation results in predicted [3,5]
blowdown pressures in good agreement with LOFT measurements.

2.1.4 Single Phase Liquid Equation of State

During the subcocled blowdown, fluid pressures, densities and enthalpies

are related to cne another, at each instant, through property fits checked
against the ASME steam table data. Al thermodynamic properties are assumed
to exist in a state of thermodynamic equilibrium. This assumption is
discussed in Appendix B.

2.1.5 Two Phase Phenomena

The C-E blowdown loads model considers voids, once generated, to be dispersed
homogeneously throughout the nodal volume. During the blowdown period the

bubble rise velocity is of negligible importance to the evaluation of
dynamic loads.

Two phase densities, enthalpies anZ pressures are evaluated assuming the
vapor and liquid phases always exist in a state of thermodynamic equilibrium.
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Yapor properties are evaluated using numerical fits to saturation line
steam data. Correspondingly fluid properties in a two phase node are
evaluated from properties found along the liquid saturation curve. [

:] (For an additional discussion of this
matter the reader is referred to Appendix B.)

2.1.6 Self-Initialization

CEFLASH-48 uses a subroutine recently added to CEFLASH-4A (Reference 2-3)
for establishing pre-blowdown steady state conditions. The subroutine
allows the CEFLASH-4B node-flowpath network to generate a steady state
("Self-Initialization") through direct use of designer supplied quantities
(pressure drops, average reactoer po:er, reactor core boundary conditions
and steam generator boundary conditions). Use of raw data to set up a
steady state, instead of the previously reguired system "K" factors,
ensures a correctly balanced primary system. This option has been selected
for use in blowdown loads analyses. Sample steady state absolute and
differential pressure 'races may be found in Section 5. Details of the
Self-Initialization options can be found in Reference 2-3

2.2 CODE VALIDATION

2.2.1 Comparsion of a Standard PWR Blowdown With CEFLASH-4A
and CEFLASH-4B

A comparisor of predicted blowdown hydrodynamics obtained with CEFLASH-4A
and CEFLASH-4B was made using the PWR model presented in Figure 4-1.
Typical results of this comparisons are presented in Figures 2-1 and 2-2.
The excellent agreement between the two code predictions confirms the
similarity of CEFLASH-4A and CEFLASH-4B for blowdown loads analyses.

i 59¢
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| 2.2.2 Adherence to Conservation Laws

Conservation of mass, energy and momentum was investigated by applying the
respective conservation principles to the CEFLASH-4B cmputer output of a
typical C-E PHR blowdown case. Conservation laws were evaluated at 20 msec
intervals for the duration of a 400 mscc blowdown.

2.2.2.1 Conservation of Mass

Mass conservation requires that the instantaneous mass, M(t), of the primary
coolant system and containment equal the initial mass, Mo. The total mass

~ was obtained by summing the mass in each node, at discreie times. The
resultant instantaneous mass was compared with the initial mass. The
results of this comparison, expressed in terms of a relative deviation,
(Mo-M(t))/Mo, are presented in Figure 2-3(a). [

(3,5]

2.2.2.2 Conservation of Erergy

Conservation of energy requires that for a control volume consisting of the
primary coolant system and containment, the sum of all the total energy
(kinetic energy plus potential energy plus internal energy) within the

system be equal to "he initial system energy plus any net heat inpui. The
C-E PWR model contains a heat source (core) and two heat sinks (steem
generators). CEFLASH-4B keeps track of the integrated energy input and
removal from the respective heat sources; and sinks. Using available CEFLASH-
48 information, a computed total initial energy, E(t) was established by
summing total nodal energies and subtracting the net integrated heat input.




If the conservation law i: identically satisfied, this sum should be the
total initial system energy, Eo. [

]

2.2.2.3 Conservation of Momentum

CEFLASH-4B conserves momentum in the flowpaths. Therefore, momentum conser-
vation was checked dynamically by summing the total pressure drop (including
the pump pressure rise) around an arbitrary closed primary coolant flow

loop (ZAPLOOP). The loop selected is identified in Figure 2-4 with a heavy
line. For a conservative system the summation should be identically zero.

In this manner the adherence to the momentum conservation law, as programmed
in CEFLASH-4B, can be evaluated. The absolute deviations in pressures were
converted into relative deviations by normalizing the net loop pressure

drop to the instantaneous local pump head, APH' The results of this analysis
are presented in Figure 2-3(c). [
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TABLE 2-1
MODIFICATION OF CEFLASH-4A
10
CREATE CEFLASH-48

Removed From CEFLASH-4A Added To CEFLASH-4A

Vessel Wall Heat Conduction Model 1. Additional Volume Nodes
Two-Phase Bubble Rise Model 2. Additional Flowpaths
Safety Injection Tank Model

Safety Injection Pump Model

Clad Rupture Model

Reactor Kinetics Model

Check Valve Flowpath Model

Restart Option

Output Card Punch Option
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Figure 2-1
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Figure 2-2
IDENTICAL TRANSIENT PRESSURE DROP
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Figure 2-3
ADHERENCE OF CEFLASH-4B
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3.0 EXPERIMENTAL-ANALYTICAL COMPARISON

This section presents the results of a comparison of CEFLASH-4B
predicted pressures with data from the Loss of Fluid Test (LOFT)
L1-2. These comparisons verify the capability of the CEFLASH-48B
computer code to calculate blowdown pressures.

A series of parametric blowdown analyses for LOFT L1-2 is presented
in Appendix D. Additional information regarding C-E's basis for
selection of the LOFT experiment and a zero time edit may be found
in Appendix C.

31 LOFT FACILITY DESCRIPTION

The LOFT system is designed to simulate the major components of a

PWR during a LOCA. The system consists of five parts, namely; the
reactor vessel, the operating loop, the blowdown loop, the suppression
system, and the emergency core cooling system (ECCS). A detailed
description of this system is presented in Reference 3-1.

The LOFT reactor vessel (see Figure 3-1) simulates the reactor vessel
of a PWR. It has an annular downcomer which connects with the cold
legs of both the operating loop and the blowdown system, a lower plenum,
lower core support plates, a core simulator which contains orifices
which simulate the resistance of the nuclear core and an upper plenum,
which connects with the hot legs of both the operating loop and the
blowdown system. The operating loop simulates the three intact loops
of a 4 loop PWR. The loop contains two primary coolant pumps, a steam
generator and a pressurizer,

The blowdown loop can be assembled to simulate tne r. “~oken loop
during either a cold leg or hot leg guillotine break. r.gure 3-2 shows
the LOFT major components arranged to simulate a cold leg break. In
their configuration the hot leg line of the blowdown system contains a
steam gen .~ator simulator and a pump simulator.
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The blowdown is initiated by the motion of an internal "piston-like"
structure housed within the hot and cold leg Quick Opening Blowdown
Valves (QOBV). Each valve is designed to linearly expose a 0.56 ft2
area, with an adjustable break opening time between 10 and 50 milli-
seconds. The nomihal opening time for the LOFT non-nuclear test
series is 17.5 milliseconds (see Reference 3-2). Actual opening
times varied from test to test. The restricting blowdown break area
is defined by orifices at the break plane upstream of the QOBV. For
test L1-2 the orifice area at the break plane is .09 ft2.

The suppression system simulates the containment back pressure of a
PWR. It consists of the suppression tank header which is connected

to the suppression tank through four parallel vents, and a spray system
which controls suppression tank pressure.

During the initial blowdown period, all ECCS systems (not shown) with
the exception of parts of the reflood assist bypass are valved off

from the main piping.

3.2 LOFT NON-NUCLEAR TEST L1-2

LOFT Test L1-2 was the second in the series of non-nuclear blowdown
experiments to be conducted on the LOFT facility. Test L1-2 has been
designed to simulate a 200% (doubie ended full offset shear) guillotine
break at the cold leg reactor vessel nozzle. The test was initiated from
representative PWR operating conditions. The actual test conditions (from
Reference 3-3) are presented in Table 3-1.

TABLE 3-1
LOFT L1-2 PRE-BLOWDOWN
SYSTEM PARAMETERS

System Pressure : 2270 psia
Fluid Temperature :  540°F (Isothermal)
Reactor Pressure Vessel 6
Mass Flow Ratle ¢ 2.12 x 107 Lbm/hr
3"'2 {
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3.3 CEFLASH-4B COMPUTER SIMULATION OF LOFT TEST L1-2

Figure 3-3 shows the CEFLASH-4B network model, developed at Combus tion
Engineering, for LOFT Test L1-2. The CEFLASH-48 model consists of 65
control volumes and 100 flowpaths. A description of the nodal network
is presented in Table 3-2. Flowpaths are identified in Table 3-3.

Nodes 63 and 64 are used to represent the volume of the piping downstream
of the break plane orifice, up to and including each QOBV. The pipe
rupture was mathematically simulated as a simultaneous linear opening

of both QOBV's. A QOBV opening time of 28 milliseconds was selected
based on LOFT L1-2 data presented in Reference 3-3.

With the exception of the pressurizer (node 22) and the suppression tank
(node 65) all fluid paths and volumes were considered isothermal. The
LOFT model has been constructed[ ,

](see Section 5.0).  In particular, the annulus node- (3]
flowpath network permits both axial and circumferential transport of
pressure waves. E

(3]
j Furthermore, the loop
noding arrangement has the same degree of detail as that used for
describing a PWR.
The critical flow break model used in this analysis was the [ [3]

presented in Reference 3-4 in conjunction vith
a [_ :ldischarge coefficient. Prior to transient analysis a steady state [3]



case was run to ensure a balanced and drift-free pre-rupture condition

(A zero time edit for the LOFT analysis can be found in Appendix C).

Computations were performed with a[ Jsecond calculational time

step. [ , 3]
The acceptability of this time interval for use in LOFT

was justified through time step convergence studies (see Appendix D).

3.4 DISCUSSION OF RESULTS

3.4.1 Comparison of CEFLASH-4B with LOFT Data

Figures 3-4, 3-5 and 3-6 show comparisons of pressure vessel fluid
pressure data from LOFT test L1-2 with CEFLASH-4B predictions. CEFLASH-4B
pressures agree faverably with LOFT measurements. The zero time, for
comparison purposes was taken as the initiation of motion of the QOBV
piston. This is approximately ten (10) milliseconds earlier than the
experimental “zero" time. (This procedur. was also followed by the NRC
staff in their LOFT WHAM comparison, Reference 3-5).

It can be seen that during the early phase of blowdown CEFLASH-4B predicts
pressures to decay more rapidly than the measured decompressions. This

is a consequence of the simplified CEFLASH-4B LOFT break treatment. To
visualize this it is helpful to consider the actual LOFT break opening
process. After valve actuation, but prior to "piston" unseating, the QOBV
piston motion propagates a weak rarefaction wave into the LOFT loop.

This "piston-1ike" behavior continues until the piston unseats and the

high pressure loop fluid is vented to the suppression tank. Once the piston
unseats, its subsequent motion has bean programmed to linearly expose the
QOBV pipe area. CEFLASH-4B simulates this process by a linear Lreak area
function usirg experimental opening time measurements for this phase of

the process. The earlier decompression resulting from the motion of the
piston prior to exposing the break is ignored. As a result, in the CEFLASH-
model, fluid of initially higher pressure (~150 to 200 psi higher) is vented
to the simulated suppression tank. Consequently, a faster initial
decompression rate is predicted.

3.4.2 Discussion_of Modeling Assumptions

In the preceeding comparisons the entire loop (with the exception of
pressurizer and containment nodes) was isothermal. To investigate the
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i importance of this assumption a best estimate loop temperature distribution

‘ was constructed based on experimental data reported in Reference 3-3.
Typical results of the study are shown for the LOFT core simulator in

Figure 3-7. Predictions of the isothermal and non-isothermal

loop transients are substantially the same, with the only minor differences
being noted when saturation is achieved.

To substantiate the use of a ¢8 millisecond break opening time, results
were compared with a similar transient in which both QOBYV's opened in
the average hot and cold leg opening time (22.5 milliseconds). Resuits
of this study are shown in Figure 3-8, Predictions from both models are
seen to be in close agreement,

3.8

3-1
3-2
3-3

w 3-4

3-5

3-6
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TABLE 3-2

CEFLASH-4B LOFT L1-2 NODAL DESCRIPTION*

NODE NO. DESCRIPTION
P P R —




TABLE 3-2 (Cont'd.)

CEFLALH-4B LOFT L1-2 NODAL DESCRIPTION*

NODE 0. DESCRIPTION
¢ N

(3]

L
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TABLE 3-2 (Cont'd.)

CEFLASH-4B LOFT L1-2 NODAL DESCRIPTION™*

NODE_NO. DESCRIPTION
f

* Piping section numbers refer to the identification in Tables VI and XIV
of Reference 3-1



TABLE 3-3

CEFLASH-4B LOFT L1-2 FLOWPATH DESCRIPTION

FLOWPAT:i NUMBER DESCRIPTION
r
N

(3]
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TABLE 3-3 (Cont'd)

CEFLASH-4B LOFT L1-2 FLOWPATH DESCRIPTIOMN

FLOWPATH NUMBER DESCRIPTION \

E




TABLE 3-3 (Cont'd.)

CEFLASH-4B LOFT L1-2 FLOWPATH DESCRIPTION

FLOWPATH NUMBER DESCRIPTION
/ N\

(3]




" LOWPATH NUMBER

TABLE 3-3 (Cont'd.)

CEFLASH-48 LOFT L1-2 FLOWPATH DESCRIPTION

DESCRIPTION
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Figure 3-3
CEFLASH-4B MODEL OF LOFT L1-2
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Figure 3-7
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4.0 CEFLASH-4B PARAMETER STUDIES

This sention presents the results of an extensive parametric investigation
of several key elements in the blowdown loads analysis procedures. These
studies have been used to establish and/or confirm modeling procedures and
to understand their consequences.

Unless otherwise specified, the bzse computer model used for these studies

war the CEFLASH-8A* computer simulation of a System 80 350 in’ mechanistic
break at the reactor cold leg nozzle. The node-flowpath network fcr this
model is presented in Figure 4-1. The model consists of[ ]nodes and[ ] (3]
flowpaths. Tables 4-1 and 4-2 provide the corresponding node and flowpath
descriptions. The break parameters for the base case are as follows:

TABLE 4-3
CEFLASH-4A BASE MODEL
BREAK PARAMETERS

Total Break Area: 2.43 ft2 (350 in?) (See Kererence
4-1)
Break Opening Time: L 5.0 milliseconds
Break Opening Function:
Critical Flow Correlation: (3]

Nozzle Discharge Coefficient:

Studies reported in this section investigate the sensitivity of the base
model to variations in the size of the calculational time step, type of
critical flow correlation, flowpath modeling and amount of spacial detail.

4.1 TIME STEP CONVERGENCE STUDY

ihe CEFLASH-4 (A or B) computer code requires that a computational time
step (DELTN) be prescribed as input by the user (see Appendix A). The

* Results of these studies are considered applicable to CEFLASH-4B analyses
(See Section 2.2.1).




value of this time step is important to the predictions in order to assure
a convergent numerical solution.

Based on past experience with CEFLASH-4A analyses, the time step investigation

was restricted to three calculation time interva]s,[ (3]
second. Identical blowdown transients were

run with each of the above values of DELTN. Typical results of this study

are presented in Figures 4-2 through 4-4. Predicted pressures and momentum

flow parameters obtained for the two smaller calculational time intervals

are in excellent agreement, thus indicating the solutions to be convergent.

Results of the model run with the largest[ ]time step (3]

display a small departure from the others, particularly at solution extrema.

As a consequence of the above study a[ jsecond computational time [3]
step was selected for use in blowdown loads design analyses.

4.2 SENSITIVITY OF DYNAMIC LOADS TO THE CRITICAL FLOW CORRELATION

The Combustion Engineering Inc. blowdown loads procedure uses the C-E[ [3]
]critical flow correlation (see Reference 4-2) to predict the

subcooled and saturated nozzle critical discharge flowrates. The C-E

[ ]formulation is a nonequilibrium correlation well [3]

suited to predict the subcooled phase of blowdown. The use of this correla-

tion was shown to result in good agreement with LOFV L1-2 experimental data

(see Section 3). The impact of this selection was investigated by comparing

predicted absolute pressures and pressure differences from typical C-E PWR

analyses with those obtained using the Moody and Homogeneous Equilibrium

critical flow models.

Typical comparisons of the C-E base model predictions with those of the
Moody and Homogeneous Equilibrium Model (HEM) are presented in Figures

4-5 through 4-8. With all other input parameters made equal the Combustion
Engineering, Inc. model provides for a more rapid decompression and concomit-
tent higher pressure loads than either of the other critical flow models.

Yt



This is a consequence of the nonequilibrium nature of the C-E[ [3]
3model. which allows critical flowrates in excess of that

predicted by either of the two equilibrium based critical flow models, with

which it was compared.

4.3 SENSITIVITY OF DYNAMIC LOADS TO FLOWPATH MODELING

In modeling typical C-E PWR's with CEFLASH-4B, some internal vessel cowponents,
specifically, the fuel alignment plate, upper guide structure plate and

lower core support structure assembly are not treated discretely. Therefore,
loads across these structures must be evaluated from CEFLASH-4B predicted
fluid dynamic variables through use of the mementum control volume concept.

Use of such a procedure has several advantages. Through careful definition

of the control surfaces resultant plate loads can be accurately established.
This is true, even for those models emploving limited node detail in the
vicinity of the structure. [

] (3}

This section presents an investigation of the sensitivity of CEFLASH-48
predicted nodal pressure drops and associated plate dynamic loads (obtaied
by control volume type analyses) to the plate flowpath definition. [

(3]

]

Two flowpath modeling procedures were compared. These were:

m(

(3]
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where:

[3,5]

\ .

Equation 4-1 is used as a vehicle to show the equivalence of the two CEFLASH-48B
formulations, regarding plate loads. This procedure is not otherwise used

in the Combustiun Engineering blowdown loads methodology. In the derivation

of the above equation the contribution of all non-inertial components to the
upstream 2nd downstream flowpath pressure drops of the plate have been

assumed small compared to their inertial components.

Figure 4-11 superimposes the Applate(t) calculated from the equation 4-1,
using informatic. available from the base model, on the plate pressure
drop computed with the CEFLASH-4A plate model (Method 2). Agrcement
between the two predicted plate pressure drops is exceilent. Similar

agreement was found for other C-E reactor plates.




During the subcooled blowdown phase of a LOCA plate loads can be treated,
in the CEFLASH-48 computer code, (3]

) For both situations resultant pressure
drops are converted into plate forces using a control volume analysis
technique consistent with the CEFLASH-4B nodal representation (see Section
6.3). Thus, the model invariance of predicted plate blowdown forces is
ensured.

4.4 SPACIAL CONVERGENCE STUDIES

The CEFLASH-4(A or B) ccmputer code(s) represent a region of space via an
assemblage of volume nudes and flowpaths. These codes have been employed
with different volume node and flowpath models in order to assess the
convergence of the transient pressure solutions following a postulated
rupture of a RPV cold leg nozzle. The following spacial convergence studies
indicate the adequacy of the node and fiowpath models selected to represent
a PWR for blowdown loads purposes.

4.4.1 Spacial Representation Of The Dowr. umer Annulus

Thi. section presents the results of two annulus nodalization studies to
determine the influence of the vessel annulus spacial representation on the
downcomer space-time pressure response during decompression. These studies
confirm the adequacy of a(' [3]

]CEFLASH-4B downcomer annulus representation,
for use in the prediction of blowdown pressures.

The first study investigated the asymmetric pressure response to a cold lec
break for an idealized annular structure of dimensions similar to a C-E
PWR. This study considered a restricted region of the reactor which
consisted of the vessel annulus, portions of each of the four cold legs at
appropriate angular locations about the vessel <i..uuference, and a lower
plenum region at the vessel bottom. The annulus region was modeled with
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arrangements of(

(3]

J e

distribution of the annulus volume and the flowpath descriptions for these
three models is given in Tables 4-4 and 4-5 respectively. These annular
nodal arrangements are presented schematically in Figure 4-15.

The vessel annulus representation, being limited in size, permitted different
spacial models to be studied in more detail than would a full PWR model.

The results of the annulus study provides a mere rigorous test of convergence
th.an does a full PWR model. This is because the initial liquid volume in

the annulus region is considerably less than that in an entire PWR. There-
fore, during an assumed pipe rupture the transient pressures in the annulus
model fall more r »idly than do the pressures in the annulus region of a

full PWR mod~1 for the same size breaks. Second, as a consequence of its
reduced size, the annulus model experiences more frequent and s*ronger
pressure reflections than are possible in a real PHR.

For these cases the base conditinns are presented in Table 4-6.

TABLE 4-6
Base Conditions For Annulus Model Parametric Studies

region modeled annulus, cold legs and lower plenum
volumetric distribution see table 4-%

initial pressure ~2500 psia

initial temperature 565°F

break location end of col4 leg nozzle

break size 350 inz

break opening time 5 millisecond[ ) [3]

4-7




The portion of the annulus that experiences the most severe decompression
is adjacent to the broken nozzle. The transient pressure response for this
region for all three cases is shown in Figure 4-16. It is seen from this
figure that there is little difrerence between the results for the three
different annulus models. Good agreement is also obtained at locations in
the annulus that are further away from the break. This can be seen in
Figures 4-17 and 4-18 which compare these pressures at locations which are
at the nozzle elevation and bottom of the annulus, and 180° around the
annulus from the break.

Figure 4-19(a) presents a comparison of the transient pressure difference
around the core barrel at the nozzle elevation for the three cases. This
function is the differenc2 between the pressure in the annulus node adjacent
to the hroken nozzle (Figure 4-16) and the node 180° around the annulus

from the broken nozzle (Figure 4-17). As can be seen from Figure 4-19(a)
there is excellent agreement among the three predictions for the first

pulse (which has the greates. magnitude). For the subsequent pulses predic-

tions of ther ]models remain virtually identical, while some (3
differences are anted with the[ ]modpi. These di7 "wrences are agenerally (3
observable only at Lhe pressure pulse peaks, with t'ne[ ]mode'l giving the (3

highest magnitude pulses. Towards the lower portion of the downcomer these
differences diminish and all three models demcnstrate excellent agreement

(see Figure 19 (b)). The larger liquid mass in a full PWR primary loop

mode]l will .rtenuate the rate of decompression relative to the arnulus

models. This should result in even better agreement for the annulus pressures.

The second study of the annulus models consisted of a full representation

of a PWR (System 80) primary circuit. Two different models of this system

were investigated. The principal difference between these models was in the
treatment of the vessel annulus. PWR modrls with both( ‘](:°e Figure 4-1) (3
and( ]annulus nodal arrangements wer. studied. Thec )ncde, PWR (3
network is presented and discussed in Chapter 5. Since the node and fiuwpath
requirements of the later model would exceed the CEFLASH-4A, computer code
capability, both studies were performed using its expanded, CEFLASH-4B,

version.



The cold leg break conditions were studied for both a mechanistic (2.43
ftz) and a full offset shear (9.817ft2) double ended cold leg guillotine

breaks. The latter break employed a ropresentative break opening time of
18.5 milliseconds.

Comparisons of the transient pressure differences across the core support

barrel for these two PWR models are shown in Figure 4-20 for a mechanistic

break LOCA. As seen from this figure there is excellent agreement between

the results obtaired with the[ ]and( .]annulus representations. Compar- (3]
isons of predicted absolute pressures and pressure differences between the

two models for the above full offset shear double ended guillotine

simulation, similarly demonstrates good agreement (see Figure 4-21).

Based on the above studies the[ ]node annulus representation [3,5])
has selected for design applications. [

[3.5]

)

4.4.2 Spacial Representation of the React. "ressure Vessel Nozzle
in the Broken Loop

This section describes the investigation into the influence of the spacial
representation of the ruptured reactor pressure vessel nozzle on the prediction
of blowdown pressures. The motivation for studying the spacial detail at

this location, is to assure proper representation of the initial rarefaction
wave entering the reactor pressure vessel downcomer.

Results of a spacial detail study indicates that treating the broken nozzle
as a single node gives an adequate prediction of blowdown hydraulics.

To accomodate the added detail in the reactor pressure vessel nozzle model

it was necessary to use the CEFLASH-4B computer code because cf its greater
node and flowpath capacity.

4-9



Three methods of modeling the broken nczzle region were analyzed. These
were:

-
(m 4 (3]
This section describes the broken nozzle spacial
representation models used in the analysis.
(2)
(3)
\ /

A sketch of these three models is presented in Figure 4-22. The basic
nodal structure is similar to Figure 4-1.

Comparison of the absolute and differential pressures obtained from the
three models are in excellent agreement. Typical comparisons of absolute
pressure are presented in Figures 4-23, 4-24 and 4-25. Node numbers refer
to control volume locations presented in Figure 4-1.

QL
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~ Comparisons of the radial pressure differential ackoss the core barrel
(inside-outside) are presented in Figures 4-26 and 4-27. The three break
node models reveal no significant differences. The worst agreement was at

the annulus node adjacent to nozzle where the break occurred (see Figure 4-
26).

A study =F the applied impulses* (see Table 4-7) shows the three cases
produced virtually the same applied pressure load over the initial blowdown

period. The impulse applied to[ ]the core barrel at the nozzle [3]
elevation over the first 31 msec (duration of the first impluse) showed
that the( )nozzle case gave 0.11% higher impulse and the( )nozzle [3]

case gave 0.56% lower impulse than the base case with one node in the
nozzle.

TABLE 4-7
Integrated Impulse at the Nozzle
Centerline Elevation
(Impulse Integrated from 0 to 31 msec)

(Pnooe 34 - Prooe 12)
NODES IN RPV ' Integrated Impulse(]) Relative Difference
INLET NOZZLE (x10* 1bf - sec) _To BASE CASE (%)
(BASE CASE) - [3]
0.1
-0.56
(1) Impulse applies to Core Barrel projected Area segment of[ ]ftz [3]

The delta pressure across the core axially is virtually the same for all

three breax node models (Figure 4-28). This indicates that any pressure

fluctuation between the models has died out by the time the decompression
wave has reached the reactor vessel internals.

t

*The impluse over time t was calculated as s aP.A.dt, where AP is the
pressure difference across the structure 3nd A is the projected area of
the structure on which the AP acls; t is time (see Reference 4-3).

4-1 ‘ ]




These comparisons show that increased nodal detail, over modeling the RPV
nozzle as a[' ]does not result in significant changes in predicted
absolute pressures or hydraulic loads. Therefore, the[ has
been selected for use in design analyses.

4.5 REFERENCES FOR SECTION 4.0

4-1 Combustion Engineering, Inc., "Design Basis Pipe Breaks", CENDP-
168-A, June 1977

4-2 Combustion Engineering, Inc., "Calculative Methods for the C-E
Large Break LOCA Evaluation Model", CENPD-123P, August 1974,
(proprietary)

4-3 Fev, E.A., Mechanics, Harper & Row, New York, 1973,
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TABLE 4-1

PARAMETER STUDY BASE MODEL NODAL DESCRIPTION

NODE_NO. DESCRIPTION
r \
(3]
\




TABLE 4-1 (Cont'd.)

PARAMETER STUDY BASE MODEL NODAL DESCRIPTION

DESCRIPTION \

(3]
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TABLE 4-2

PARAMETER STUDY BASE MODEL FLOWPATH DESCRIPTION

FLOWPATH NUMBER DESCRIPTION

' Y

(3]
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TABLE 4-2 (Cont'd.)

PARAMETER STUDY BASE MODEL FLOWPATH DESCRIPTION

FLOWPATH NUMBER DESCRIPTION

r N

(3]
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TABLE 4-2 (Cont'd.)

PARAMETER STUDY BASE MODEL FLOWPATH DESCRIPTION

FLOWPATH NUMBER DESCRIPTION \
'

(3]
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NODE (s) NO. (s)

TABLE 2-4

NODE DESCRIPTION FOR ANNULUS SP/CIAL REPREZSENTATION STUDY

NdGE DESCRIPTION

1,3,4,6

13, 15, 15, 18

14, 7

193, 21, 22, 24

20, 23

25

[3,5]



NODE DESCRIPTION FOR ANNULUS SPACIAL REPRESENTATION STUDY

NODE (s) NO. (s) NODE DESCRIPTION
r

6l-v
s

[3,5]

3N ’ LT

32

,.
S B

33
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TABLE 4-4 ((ont'd.)
NODE DESCRIPTION FOR ANNULUS SPACIAL REPRESENIATION STUDY

NODE (s) NO. (s) _NODE DESCRIPIION
F b
43
4 [3,5]
45
..-, /
N

(1) Oowncomer height is defined in this context as the distance between the top of the FAP and the bottom of the flow skirt.
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22~y

“\

by

FLOWPATH (s) NO. (s)

TABLE 4-5

FLOWPATH DESCRIPTIONS FCR ANNULUS SPACIAL REPRESENTATION STUDY

FLOWPATH DESCRIPTION

’.( y

7, 8,9,
10, 11, 12

13, 16

15, 18

14, 17

19, 20, 21,
22, 23, 24

5. 8

(3,5]
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_ Figure 4-2
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Figure 4-3
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Figure 4-4
TIME STEP STUDY
MOMENTUM FLOW PARAMETER FOR FLOWPATH 3
(WEIGHT FLOW RATE SQUARED * SPECIFIC VOLUME)
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PRESSURE, PSIA

Figure 4-5
EFFECT OF CRITICAL FLOW FORMULATION
ON PRESSURE DECAY
(TOP INACTIVE CORE REGION: NODE 32)
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PRESSURE, PSIA

EFFECT OF CRTITICAL FLOW FORMULATION
ON PREDICTED PRESSURE DECAY

Figure 4-6
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Figure 4-7

EFFECT OF CRITICAL FLOW FORMULATION
ON THE CORE SUPPORT BARREL RADIAL
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EFFECT OF CRITICAL FLOW FORMULATION
ON THE CORE AXIAL PRESSURL DROP

(Pag - P32

100 |t

o

=300 ] | | |

(3]

0.08 0.16 0.24 0.32
TIME, SEC

O

=

0.40



Figure 4-9
COMPARISON OF NODE/FLOWPATH PLATE
MODELING TECHNIQUES
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Figure 4-10
PRESSURE DIFFERENCE ACROSS FUEL ALIGNMENT PLATE
350 IN2 INLET BREAK
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| Figure 4-11
PRESSURE DIFFERENCE ACROSS FUEL ALIGNMENT PLATE
350 IN2 INLET BREAK
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FIGURE 4-17

DOWNCOMER ANNULUS MODEL
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Figure 4-13

DOWNCOMER AMNULUS MODEL
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FIGURE 4-14

DOWNCOMER ANNULUS MODEL
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Figure 4-15
SPACIAL REPRESENTATION OF THE DOWNCOMER ANNULUS
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Fioure 4-17
ANNULUS REPRESENTATION STUDY
PRESSURE OPPOSITE BROKEN NOZZLE LOCATION
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Figure 4-18
ANNULUS REPRESENTATION STUDY
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Figure 4-19
ANNULUS REPRESENTATION STUDY
PRESSURE DIFFERENCE ACROSS THE CORE BARREL
NOZZLE CENTERLINE ELEVATION
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Figure 4-20
EFFECT OF PWR DOWNCCMER REPRESENTATION ON THE RADIAL
CORE SUPPORT BARREL PRESSURE DIFFERENCE
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Figure 4-21
EFFECT OF PWR DOWNCOMER REPRESENTATION ONTHE RADIAL
CORE SUPPORT BARREL PRESSURE DIFFERENCE

NOZZLE CENTERLINE ELEVATION
(FULL OFFSET SHEAR (9.8174 FT2) INLET BREAK)

1200 T T T T ]I

8

8

(3,5]

-

DELTA PRESSURE, FSID

5

-1200 l | 1 | I
0 0.04 0.08 0.12 0.16 0.20

TIME, SEC



Figure 4-22
BREAK NODE MODEL REPRESENTATIONS
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Figure 4 )
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Figure 4-24
BREAK NODE REPRESENTATION STUDY
COMPARISON OF ABSOLUTE PRESSURES IN THE ANNULUS
AT NOZZLE CENTERLINE ELEVATION (NODE 12)
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Figure 4-25
BREAK NODE REPRESENTATION STUDY
COMPARISON OF ABSOLUTE PRESSURES IN THE ANNULUS
AT LOWER CORE ELEVATION (NODE 24)
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Figure 4-26
EFFECT OF SPACIAL REPRESENTATION OF THE RPV NOZZLE ON THE

PRESSURE DIFFERENCE ACROSS THE CORE BARREL
(350 IN2 INLET BREAK)
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Figure 4-27
EFFECT OF SPACIAL REPRESENTATION OF THE RPV NOZZLE ON THE
PRESSURE DIFFERENCE ACROSS THE CORE BARREL
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5.0 CEFLASH-4B ANALYSIS OF A PWR

This section presents the CEFLASH-48 computer mode! for the Combustion
Engineering two loop pressurized water reactor. Results from computer
analyses are presented to show the typical nature of the blowdown loads.
The particular analy*ical results given are for the C-E System 80 (3800
Mwt) standard plant.

5.1 PRINCIPAL FEATURES OF A C-E PWR

The primary reactor coolant system (RCS) is presented in Figure 5-1 for
a C-E two loop pressurized water reactor (PWR). Each RCS loop is char-
acterized by a single hot leg which connects the outlet plenum of the
reactor vessel (RV) to a vertical U-tube steam generator. There are two
cold legs which connect each steam generator to the reactor vessel inlet
nozzles. Each cold leg cortains its own centrifugal pump. The reactor
vessel inlet and outlet nozzles are spaced circumferentially around the
reactor vessel at 60° intervals and the nozzle centerlines are located
at the same elevation.

The major internal components of the reactor vessel are the core support
barrel, fuel assemblies, upper guide structure, lower support structure
assembly and core shroud. A typical layout of these components is shown
in Figure 5-2 for the System 80 reactor vessel.

5.2 CEFLASH-4B MODEL OF A PWR

This section provides the fratures and key modeling assumptions in the
CEFLASH-4B model of a PWR. Important parameters are presented and a
description of the CEFLASH-4B break model is also given.

5.2.1 Characteristics of the CEFLASH-4B Model

Two models were developed for the analysis of a PWR, one for pipe breaks
occurring in the cold leg and one for pipe breaks occurring in the hot ileg.

¢
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Descriptions of the nodes and flowpaths for the CEFLASH-4B models are given

in Tables 5-1 and 5-2. The network diagrams of the models are shown in

Figure 5-3 and 5-4 for pipe breaks in the cold and hot legs, respectively.

The cold leg model is comprised of[ ]nodes and[ ]flowpaths, whereas the [3,5
hot leg model is comprised of[ ]nodes and[ ]flowpaths.

The CEFLASH-4B model utilizes[ ]nodes to describe the downcomer annulus (3,5
region. This is a result of the parameteric studies presented in Section
4.4.1. The medel is arranged such that there aae[ (3,5

] Figure 5-5 depicts the angular orientation of the nodes
in the annulus. The CEFLASH-4B model explicitly accounts for the respective
reactor vessel nozzles for pipe breaks in the cold and hot legs.

The self-initialization option of the CEFLASH-4B computer code was used to
compute the steady state pressure and energy balance. This requires the
input to the code of reactor coolant system pressure drops, flow rates,
core operating parameters and steam generator boundary conditions. The
pressure loss in a flownath due to friction is obtained assuming flow

varying friction factoers, dependent upon Reynolds number.

The calculational time step used in the PYR analyses was[ ) [3,5
This time step was shown to converge for the CEFLASH-4B model in Section 4.1.

$.2.2 CEFLASH-4B Break Model

CEFLASH-4B utilizes a[ ]with respect to time. [3,5
Figure 5-6 shows how a guillotine pipe break is described in CEFLASH-4B
using a variable flow area flowpath.

Mechanistic pipe break sizes and locations for the System 80 reactor vessel
blowdown analysis were determined from Reference 5-1. The pipe break sizes
and break opening times are summarized in Table 5-3. These postulated
breaks are assumed to occur at the respective reactor vessel inlet and
outlet nozzles.



TABLE 5-3
BREAK_PARAMETERS FOR SYSTEM 80 RV BLOWDOWN ANALYSIS

Break Type Break Size (sq. in.) Break Opening Time (sec)
Inlet Break:
Guillotine 350 ' 0.005

Qutlet Break:
Guillotine 100 0.003

Other parameters used in the CEFLASH-4B break model are given in Table 5-4.

TABLE 5-4
BREAK MODEL PARAMETERS

Break opening model:
Critical flow model: [3]
Discharge coefficient:

5.3 PREDICTED LOCA INDUCED HYDRODYNAMIC LOADS

The appropriate results from the blowdown loads analyses are used in the
dynamic response analysis of the reactor vessel internals and supports.
Transient time histories of node pressure, and flowpath flow squared times
specific volume (uzv) are stored on magnetic compuier tape. The sz
parameter is used in the evaluation of the drag force on the CEA shrouds.
Chapter 6 explains how the blowdown loads data are applied to calculate the
structural forcing functions due to a LOCA. The following sectic ive
representative graphical output from several computer cases.



5.3.1 Steady State Loads

The self-initialization option of the CEFLASH-4B computer code permits the
code to calculate the steady state pressure balance based on the specified
input data. A steady state test case was run to show that the code has
initialized properly with a stable solution. Figure 5-7 shows two steady
state absolute pressure results. Node 5 is located inside the reactor
vessel in the outlet plenum. Node 29 is in the downcomer annulus region at
the nozzle centerline elevation, adjacent to the inlet nozzle used to model
breaks occurring in the cold leg. Figure 5-8 shows the steady state pres-
sure differential across the core support barrel (node inside CSB - node
outside CSB) at the nozzle centerline elevation and the steady state pres-
sure drop axially across the core. It is seen from these figures that a
converged steady state pressure balance has been achieved.

9.3.2 350 Sq. Inch Mechanistic Inlet Break

The CEFLASH-4B model was used to analyze a postulated 350 sg. inch pipe
pbreak. The break was assumed to occur at the reactor vessel inlet nozzle
corresponding to the 60° angular orientation (Figure 5-5). Figure 5-3
shows the CEFLASH-4B network diagram used in this calculation. Figure 5-9
gives the absolute pressure versus time histories during the decompression
for selected nodes in the reactor vessel and the annulus. Figure 5-10
shows the pressure differential across the core barrel at various locations.
Note that the magnitude of the pressure load decreases for locations further
away from the break. Figure 5-11 presents tnhe core axial delta pressure
and Figure 5-12 provides the sz parameter for the two flowpaths in the
outlet nozzles (See Section 6.1).

$.3.3 100 Sq. Inch Mechanistic Outlet Break

The 100 sq. inch pipe break is postulated to occur at the reactor vessel
outlet nozzle corresponding to the 0° angular orientation. Figure £-4
shows the CEFLASH-4B network diagram used in this calculation. Figure 5-13

5-4 Y



presents selected absolute pressure results. In the case of a break
occurring in the hot leg, the decompression in the annulus is symmetric
early in the transient because the pressure wave must travel through the
reactor vessel internals to reach the lower plenum from where the wave
propagates up through the downcomer at the same sonic velocity. Figure 5-
14 shows representaiive pressure differentials across the core barrel at
several elevations in the reactor vessel. Figure 5-15 gives the core axial

delta pressure and Figure 5-16 depicts the sz parameter for the two flowpaths
in the outlet plenum.

5.4 REFERENCES FOR SECTION 5.0

5-1 Combustion Engineering, Inc., "Design Basis Pipe Breaks for the
Combustion Engineering Two Loop Reactor Coolant System, " CENPD-
168-A, June, 1977.

5-5 ,(’;



TABLE 5-1

CEFLASH-4B NODES FOR A PWR ANALYSIS

NODE NO. DESCRIPTION

r

[3,5

5-6



CEFLASH-4B NODE
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TABLE 5-1 (Cont'd)
CEFLASH-4B NODES FOR A PWR ANALYSIS

NODE NO. DESCRIPTION
r QUTLET BREAK MODIFICATIONS -

[3,5]

\ .

¥7IB= inlet break model only.

*%X0B= outlet break model only



TABLE 5-2
CEFLASH-4B FLOWPATHS FOR A PWR ANALYSIS

FLOWPATH DESCRIPTION
T YESLRIT AV

[3.5]
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FLOWPATH
'

TABLE 5-2 (Cont'd)
CEFLASH-4B FLOWPATHS FOR A PWR ANALYSIS

DESCRIPTION

5-10
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FLOWPATH

TABLE 5-2 (Cont'd)
CEFLASH-4B FLOWPATHS FOR A PWR ANALYSIS

DESCRIPTION
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TABLE 5-2 (Cont'd)
CEFLASH-4B FLOWPATHS FOR PWR ANALYSIS

FLOWPATH DESCRIPTION
r

[3.
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Figure 5-1
NUCLEAR STEAM SUPPLY SYSTEM ARRANGEMENT
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Figure 5-5
CROSS SECTION OF REACTOR VESSEL AT NOZZLE CENTERLINE ELEVATION
SHOWING ANNULUS NODE BOUNDARIES
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Figure 5-6
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Figure 5-8
STEADY STATE PRESSURE DIFFERENTIALS FOR SYSTEM 80
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Figure 5-10 (Continued)
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Figure 5-11
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Figuire 5-12
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Figure 5-14

SYSTEM 80 100 SQ. INCH FULL POWER OUTLET BREAK
DELTA PRESSURE ACROSS THE CORE BARREL

400.0 5? 400.0 - : . J[5] :
0.0 ks - 0.0 oo=~—== -
-400.0 L L 1 L -400.0 1 | 1 1
0.00 0.08 0.16 0,24 0.32 0.4 0.0 0.08 0.16 0.24 0.32 0.4
TIME (SEC) TIME (SEC)
UPPER ECRE ELEVATISN[ A]T 6° BOTTONtCSB ELEVATI??\% /;«T 0°
5 5
400.0 T . ) T 400.0 T T T |
0.0 W@ 0.0 W— :4
. .0 1 | 1 1 _ .0 1 1 1 A
~0.00 0,08 0.16 0.24 0,32 0.4 0.00 0.08 0.16 0.24 0.32 0.40
TIME (SEC) TIME (SEC)

NOZZLE CEN(TERLINE ELEVATION AT 0°




Figure 5-15
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Figure 5-16
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6.0 CAL CULATION OF BLOWDOWN INDUCED HYDRAULIC FORCES

In the unlikely event of a primary nipe rupture, strong rarefaction pressure
waves travel through the reactor primary system. Motion of these waves
produces both large local pressure gradients across various reactor internal
components and an acceleration (deceleration) of primary circuit fluid
increasing (reducing) its associated component drag load, depending on the
location of the pipe rupture. This section presents the methodology used
for the evaluation of blowdown induced forces following a pipe rupture.
Particular attention has been given to the evaluations of lateral blowdown
loads on the Control Element Assembly (CEA) Upper Guide Structure (UGS).

6.1 EVALUATION OF LATERAL FORCES ON THE CONTROL ELEMENT ASSEMBLY UPPER
GUIDE STRUCTURE

The Upper Guide Structure (UGS) assembly includes the upper guide structure
support plate, control element assembly shrouds and the fuel alignment
plate. A typical ujper guide structure for a C-E System 80 reactor is
shoun in Figures 6- ) and -2, Among its many functicns, the upper guide
structure assembly maintains the CEA spacing and protects the CEA's from
the adverse effacts of coolant crossflow.

During steady state operation the coolant flows axiaily from the core up
into the upper guide structure. Within the upper guide structure the
coolant flow direction chanyes so that it exits radially via the hot leg
nozzles. The transverse flow of the coolant across the CEA shrouds gives
rise to loads which induce deflections in these shrouds. The magnitude of
this transverse shroud flow, and the resulting deflections, are greatest
followiny a double-ended break in a hot leg.

The drag forces have been determined from steady state, geometrically and
dynamically similar, flow model experiments. Combustion Engineering, Inc.,
has conducted several such experiments in support of its CEA shroud tube



drag evaluation procedures. Prototype CEA loads were established by
axially and azimuthally monitoring surface pressures on various scaled down
CEA shrouds, through pressure taps mounted on their interior. These
experimental pressures were then converted into equivalent shroud forces.
(An example of the resultant model shroud forces is presented in Figure

6-3 for a typical scaled C-t System 80 CEA shroud simulation.) These
measured shroud forces were then geometrically and dynamically scaled up to
be representative of the prototype PWR upper guide structure.
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Combining ai1 known quantities in equation 6-3 into a proportionality

factor kj. the following relationchip for the drag force on an individual
CEA shroud tube results:

1

N

-

/

(6-)

The summation represents a vector sum over all (N) segments, where N is the

number of independent axial shroud locations to be measured.

In the

computation of the CEA shroud drag force vectors are conservatively assumed
to be directed along the centerline of hot leg flow.

/

This section provides additional details on C-E's
calculational methods for evaluating UGS CEA shroud
forces.
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The evaluation of the total force on the UGS is established by vectorally
summing the individual CEA shroud tube forces (from equation 6-6) over all
CEA shrouds in the upper guide structure.

6.2 CALCULATION OF LATERAL LOADS ON THE CORE SUPPORT BARREL

CEFLASH-4B pressures are supplied at[ ]approximately equally [3,5]
spaced locations along the length and circumference of the core support
barrel. (

[3,5]

) These pressures are differenced
from the local interior barrel pressure at the same axial elevations to



obtain the local barrel radial pressure differentials. The procedure for
evalvating lateral loads on the core support parrel from predicted surface

pressure differentials is the same as that previously presented in Reference
6"0

6.3 CALCULATION OF VERTICAL LOADS

Vertical loads on the individual structural components housed in the reactor
pressure vessel are calculated using standard mass, momentum and energy
control volume analysis techniques (see for example Reference 6-2). In
these analyses, care is taken so that the control volumes are defined
consistently with the CEFLASH-4B nodal network. An overview of this method
is presented here for purposes of completeness.

Dependent on the structure, either one of two types of momentum control
volumes are used to define the force acting on a component. Structures,
such as plates, are typically defined by a control volume consisting of the
structure and surrounding fluid. While other structures, for example the
fuel rods, are handled more efficiently by defining the control volume to
include the structure alone. In the latter cace the load on the structures
are determined by summing the forces resulting from all shearing and normal
stresses acting on the control surface.

In the above analyses, fluid shear on the various structure control volumes
are considered to be dependent on the local fluid Reynolds number. In the
particular case of fuel rods, the wall shear forces and spacer grid losses
are evaluated from Reynolds number dependent functions obtained from
experimental data (see for example Reference 6-3).



REFERENCES FOR_SECTICN 6.0

Combustion Engineering, Inc.. " "Dynamic Analysis of Reactor
Vessel Internals Under Loss-of-Coolant-Accident Conditions With
Application of.Analysis to C-E 800 MWe Class Reactors" CENPD-42,
August 1972 (proprietary)

Hansen, A.G., Fluid Mechanics, John Wiley and Sons, Inc., New
York, 1967

Combustion Engineering, Inc., "SYSTEM 80 Preliminary Safety
Analysis Report: Combustion Engineering Standard Systems Analysis
Report" Docket No. STN-50-470, October, 1975

- “'
6-7 93710 } O



Figure 6-1
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Figure 6-2

PLANAR VIEW OF
C-E SYSTEM 80 UPPER GUIDE STRUCTURE REGION
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Figure 6-3
TYPICAL RESULTS OF CEA SHROUD FORCE SIMULATION



APPENDIX A

CEFLASH-4B INPUT DESCRIPTION

This section presents the CEFLASH-4B input description,
Details of the CEFLASH-4B code are presented in
Sections 1 and 2 of this report and are supplemented

by CEFLASH-4A documentation of References A-1, A-2, and
A"3o



Al

CLILASH-4B INPUT

CEFLASH-4B has tbe capability of merging four permarent files
with punched card input to form an input deck to the code. The
first card of punched card input is read as a comment card, then files
are read in order of Tape 1, Tape 2, Tape 3, Tape 4. The reading of
Tape 4 is followed by the reading of the remairing punched card input.
The last card of any card series number is the one kept and used.

No regular data cards may appear after the last card ( - in column 9).
CEFLASH-4B uses the Bettis Environmental+ input package for the main

input deck and specific FORTRAN formats for the first card and the
plotting data.

Title Card

The title card appears at the top of the first page

of each edit. The title card has an 8A10 format consisting of any alphameric

character in columns 1 to 80,
Bettis Environmental input cards

Columns 1-8 should be blank. Punching must begin in Column §.

The cards are either Comment Cards or Data Ca}ds.

Comment Cards

Column § *indicates a comment card

Columns 10-80 Any *ype of information (alphameric
characters). This comment card will
only appcar in the listing of the input
data.

\Q
ON

.- a
Pfeifer, C. J., "CDC 6600 FORTRAN Programming-Bettis Environmentaf”
Report", WAPD-TM-GGS, January, 1967.

A-2



Data Cards

The card number is punched beginning
in column 9 followed by a comma and
input data separated by commas.

No conma follows the last piece of

data on the card. In the description

of the Card Series:

F  indicates floating point numbers
(e'gO) 924-09 9.24+2’ 5004)0

The letier E cannot be used.

I indicates integer numbers (e.qg.,

86, 5, 101).

A-3



DATA CARDS (Bettis Environmental Input)

Time and General Information

Card Series 1001-1010
1001, F1, F2, F3, F4, F5, 16, 17

F1 ENDT Problem end time (sec)

F2 TRUP Rupture time (sec)

F3 TPN Leak opening time (sec)

Fa REFELY Reference elevation for potential energy (ft)
F5 PSUDF Multiplier on pseudo-pressure term (if

equal to 0.0 term is not used)

16 MAXSTP Maximum number of steps (for terminating problem)

17 MAYEDT Maximum number of edits (for terminating problem)

General Option Information

Card Series 1011-1020
o, n, 12, 13, 14, 15

I OIFMK Option of using momentum flux term in momentum
equation
= 0 Do not use momentum flux term
=1 Use momentum flux term for flow paths

selected on 42NN card series.

12 IFTAX Two phase correlation option
= 1 Homogeneous mocel
= 2 Martinelli-Nelson correlation
= 3 Thom correlation (below 250 psia uses

Martinelli-Nelson)

A-4



13 IFKC Isothermal friction factor option
= 1 Constant friction factor
= 2 Flow varying friction facto;
14 1FCF Critical flow cpcck option
= 0 Critical flow check on surge 1ine (Type 5) |
and break flow path (type 7)
= 1 Critical flow check on flow paths selected |
on 42NN cards in addition to Types 5, 7.
15 1FBL = 1 Reactor system is initially balanced by
the code
ime Step Information
ard Series 2001 - 2520
o 2001, Fly, F2,s 13,0 oy Flps F2n, 13, (1<n<20)
Fl DELTN Time step (sec)
F2 0] End of intérvaI (sec) |
13 NIPPO Number of steps per printout for ;

‘this interval



Control Volumes (nodes - maximum of‘_]_ [3]
Card Serics 3001 - 3200 "
3001, Fl,, F2,, F3,, Fa,s F5s FO seeerninininiiins

F1,. F2,, F3,., F4_, F5 . F6 ((1and ) (3]
Fl A Area (ft?)

F2 2107 Height of volume (ft)

F3  ELEX Exit elevation (ft)

F4 ELIN Inlet elevation (ft)

F5 ELBOT Bottom elevation (ft)

Fé AGEE Flow area for kinetic energy calculation (ftz)

One array of six parameters for each controi volume. A1l core nodes must be

listed first,

Card Series 3201-3400 (necessary for certain nodes)*

3201, 11, F2y, F3;, Fap, L.ooeee, LI F2 L R, R (1) (2]
n J | Node nunber
.F2 N Initial pressu}e (psia) must be less than
3000 psia _ '
F3 Wi  Initial enthalpy (BTU/1b) - if two-phase
set = 0.0 |
F4 M . Initial level (ft) (reference to the bottcm of

the control volume) - if subcooled set = 0.0

_*Non-zero values of pressure and enthalpy or two phase level must be input
for certain nodes such as the containment node, secondary nodes, pressurizer
node, and any 2¢ node. For nodes with all inlet flow paths having zero

initial flows onc must input the enthalpy. A zero value of pressure may be

:
A
\ =

input to signal the code to determine the pressure for this node.

=N (1
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Pressure Scarch Guide

Card Scries 3601 - 3800
3601, 1y, EITERIPRPRES | I 12, (l:n;{) (3]

I NFROM Nod~ whose pressure is input or has been

already determined - upstream node

12 NTO Node connected to NFROM node but whose
pressure is to be calculated - downstirean

node

The searching routine goes from NFROM to NT0, then continues by
connecting flow paths until either a pump path, a node whose pressure is

known, or a node specified by the next NFROM is encountered,

Containment Node

Card Series 3801

3801, 11 .
I NLAG « Node number for containment. The code will
look for a maximum of 2 leak flow paths
to this node.
i \' ’.': - §
L .
‘ AR



Flow Paths

Card Series ALNN.

LN begins with 001 and has a maximum value of [ ] LNN must be in ascending
(but not necessarily consecutive) order. The code will assign consecutive

numbers to the flow paths,
L = 0,1 for types 2, 5, 8-10, 12
momentum-governed flow paths
L =2,3 for types 2, 5, 8-10, 12

L =4 fo; type 7

A1l momentum governed paths must precede any and all leak flow paths.

Type Description

2 Pump path

Surge line

Leak path

Simple pipe

Flow area vs. pressure

Flow area vs. time
Lateral flow paths

(LT == B V- N - - S N ¢ o

1
1

All axial flow paths in the core matrix must be listed first. Flow paths 400) u:[

and 4201 to[ ]must. have the same consecutive numbering. Type 7 card must

be numbered after the 40NN and 42!IN cards,

A
\



Moment um-Governed Flow Paths

Types 2, 5, 8-10, 12 Flow Paths
Card Series 4001{ ]
40NN, 1, 12, 13, F4, FS5, F6, F7, F8, F9

(3]

11 NTYPE Type (2, 5, 8, 9, 10, 12)

12 NUP From node

I3 NDOWN To node

F& W Initial flow, W {1bs/sec)

F5  TLOA Sum L/A (ft7)

6 TA Area (ft?)

F7 DIA Hydraulic diameter (ft)

F8 AKUP Momentum flux term upstream area (ftz)

F9 AKDOWN Momentum flux term downstream area (ftz)
For every 40N or 41KN there must be a 42NN or 43RN card.

.\';,_ \
's)‘\b



Card Serics 4201-[ ]
AWRN, F1, F2, F3, 14, 15, F6, F7

(3]

Fl TK Friction K-factor (f2/D) (dimensionless)
is input if initial flow = 0.0*
Pressure drop (psi) 1is input if initial flow

# 0.0*

F2 XPOS Geometric forward flow K-factor (dimensionless)
is input if initial flow = 0.0*
Pressure drop (psi) is input if initial

flow # 0.0*

F3 XNEG Geometric reverse flow K-factor (dimensionless)
is input if initial flow = 0.0*
Pressure drob (psi) 1is input if initial flow

# 0.0*

#1f flow rate is initially 0.0 one must input a non-zero value for the friction
or the geometry K-factor. If friction is 0;0. L/D is set to 3.0 by the code

and there will be no friction during the transient.
Frictional K-factor Calculation:

Once the flowpath up and downstream nodal pressures have been determined, the
code will back calculate a frictional pressure drop using the momentum equation.
This calculated frictional preSsure drop will be compared to the input frictional
drop and if they differ by more than 10'4 psi a message will be printed.

The caléu]atcd frictional pressure drop will then be used in the K-factor

calculation to insure that the steady state momentum equation is satisfied.

A-10 Ak



14 IFMKFP Option for using momentum flux term b, flow
path when IFMK on Card 1011 is 1
= 0 Do not use momentum flux term
= 1 Use momentum flux term, Momentum entering
and leaving (steady state) flow path is
based on the nodal velocities.
= 2 Use momentum flux term. Momentum leaving
(steady state) flow path is based on the
nodal velocity.
= 3 Use momentum “lux term. Momer:tum entering
(steady state) flow path is based on the
nedal velocity.
= 4 Use momentum flux term. A1l contributing
terms are based on the average flow in
path.
15  1FCFFP Critical flow check for subcooled reqime
when TFCF on Card 1011 is 1
= 0 No critical flow check

= 1 Critical flow check

F6  AMCFP Minimum area for critical flow check (ftz)
F7°  FTL ~ Flow path length (ft). If F1= 0.0, then

F7 must not be 0.0,

ALY
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e A Wit Riea P Pivers
Leak Flow taths (Tvee 7)

Card Scrices 4401-4600
These {low paths must follow the momentum-governed paths.

44NN, 11, 12, 13, F4, FS, F6, F7, F8, F9

I1 NTYVE . Type 7
12 NUP + From node
13 NDOUN To node
FA Z0D 4D = -1.0 Henry-Fauske/Moody tables
used with FZ = 44,0
= 0.0 Henry-Fauske tables used with
FZ = 45.4 - )

= 1.0 lkbdy tables used with FZ = 44,0

= 2.0 Horogensous tables used with
F7 = 42,77

Fs TA Avea (£t%)

Fo . CcC1 Discharge ccefficient if h < hf

F7 cc2 Discharge coefficient if h = hg

F8 Ci3 Dischargc ccefficient 3£ h > hf and

s quality <1.0
F9 Cc4 Discharge cocfficient if h > h,. and

quality = 1.0

There is a linear interpolation between CC2 and CC3 which is a functica
of the quality.
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Drag Coefficients (Cptional)

Card Serics 4801-4900 5
4801, 11, F2,,...., FI9),.000I, F2 .00 F19 (n < 20)
J1 NDCT flow pati. nunber
F2 Cr1
F3 CF2
F4 CF3 constant , coefficicnts, and exponents
FS CF4 $ for calculating the drag ceofficient® if
F6 CFS W > 0.0
F7 Creé
I8 CE7
F9 Crs
F10 CIo
Fl1 CR1
F12 CR2
F13 CR3 constant, cocfficients, and exponents
F14 (R4 for calculating the drag coefficient®
F15 CRS ifW<0.0
F16 CR6
F17 CRrR7
F18 CRS
F19 cRo_
Kqrag = CFL + CF2 RS + cFa RS + cr6 R« cr8 RT? w5 0.0)
Kyrag.” R+ CR2 R + cra Re®™® + rs Re®e s ™ (< 0.0)

*DRAG = k wiw _spy
2

where: DRAG = drag force (1bf)
A = flow area (ftz)
 SPV = specific volwe (£t /1bm)

W = flow rate (1bm/scc)
g = 32.171bn-ft/16f-sec?

O <
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Modification of Upstream and Dewnsteam Elevation for Flow Path n (OPTIONAL

Card Series 4601 - 4800

4901, Il'. ¥ F3 .....Iln. FZn. F3

1" n
n J Flow path number (corresponds to a
consecutive numbering of the flow
paths as edited)
F2 20UT Upsteam elevation (ft)

F3 ZIN Downstream elevation (ft)

One array of three parameters must be supplied for each modified flow path.

Variable Flow Area vs. Pressure Table (Necessary for type 9 flow paths)

Card Series 4941 - 43570

4941, F1,, F2,, Fly, F2,0.000F1 , F2, (2<pairs<50)
Fl WFB Flow area (ft%)
F2 WFB Pressure (psia)

There may be several type 9 flow paths but only one table.

Variable Flow Arca vs. Time Table (Necessary for type 10 flow paths)

Card Series 4971 - 5000

NI, Pl B, P PRy nofl, B2 (2<pairs<50)
Fl WFT Flow area (ft?)
F2 WFT Time (sec)

| There may be several type 10 flow paths but only one table.

)

A-14



 Reactor Core Parameters

A1l 5000 and 600N Card Series are omitted if there are no heated core

nodes. There is a maximum of 20 heated core node*, ,

General Core Options

Card Series 5001 - 5010

5001, 11, 12, 13, 14, 15, 16, 17, 18, 19, 110, 1IN, 1z, 13

1
12
I3

14

16

17

NRZ
NAZ
ITCLHG

NOP

NYZIR

NZRSL

1THOM

Number of radial zones in the core

Number of axial zones in the core

= 1 Use table of qu°F) vs. kw/ft

= 2 Use table of gap conductance (BTU/hr—ft2-°F)
vs. kw/ft.

Geometry option for subreaions forAtemperature

distribution

= 1 Subregions have equal thickness

= 2 Subregions have equal volume

Zirc water reactién option

= (0 No Zr-H,0 calculation

2
=1 ZR-H.0 calculation

2
Steam limited option for Zr-HZO reaction
=0 Not limited
=1 Limited
Nucleate boiling heat transfer correlation option

= 0 Jens-Lottes
= 1 Thom
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19

110

m

1z

13

MDELT

NUCB

NOGOBAK

IFDRG

IFDBMC

ILEVY

T = Tepr 2 300°F criterion

surface
= 0 Criterion not activated

= 1 Criterion is activated

Stay in pre-QHB regime except when in heat
transfer to steam

=0 No

=1 Yes

Return to nucleate boiling

=1 No

Stable fi1lm boiling correlation optien

= 1 Dcugall-Roshenow

= 2 Groeneveld

= 3 Modified Dougall-Roshenow

Heat transfer to steam correlation option
= 1. Dittus-Boelter

= 2 McEligot

Modified Levy correlation

= ] Use in DNB calculation

= 2 Do not use in DNB calculation

Lok
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eneral Core Information

ard Series 5011 - 5020

5011, F1, F2, F3, F4, F5, F6, F7, F8, F9, F10, F11, F12

Fl CAKWFT
F2 HCIN
F3 RIC

F4 L2

F5 DENSM
Fé FZBJ
F7 ZXT0
F8 SQUAL
F9 BRX
F10 H3

F11 DNBQIMN
F12 DNBRMN

Core average kw/ft

Core inlet enthalpy.(BTU/lb)

Pellet radius and gap (ft)

Clad thickness (ft)

Density of fuel (1bm/ft’)

Baker-Just multiplication factor for

Zr-HZO reaction (fraction of Zr-H:O energy
used)

Initial thickness of clad reacted in Zr-HZO
reaction (ft)

Minimum value of quality at which steam correla-

tion will be used

Minimum heat transfer coefficient for film
boiling

(BTU/hr-ft2-°F)

Minimum heat transfer coefficieant for post DN
regimes

(BTU/hr-ft2-°F)

Minimum DNB heat flux (BTU/ftZ-hr)

DNB heat flux ratio (a value of 1.0 should be
assumed)
\'?FJ

. \C\' L §)
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Radial Region Information (Core)

Card Series 5021 - 5030
| 5021, Fl], F]Z....Fls. (Max. of 5§ radial regions allowed)
Fl FRODS Number of fuel rods per radial region

Centerline Temperature or Gap Conductance Vvs. kw/ft Tables

Card Series 5031 - 5040
5031, Flys F2qseeasfls F2, (2<n<10)
Fl TCHGA Centerline temperature (°F) or gap conductanc
(BTU/hr-ft2-°F) for axial nodes btelow the pea
power node

F2 TCHGA kw/ft

Card Series 5041 - 7050

5041, F]]’ FZ].....Fln. F2n (2<n<10)

Fi TCHGH Centerline temperature (°F) or gap conductanc
(BTU/hr-ft-°F) for axial nodes at and above
peak power node

F2 . {CHGH kw/ft
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Core Nodal Parameters

Card Series 5101 - 5120

5101, F?]. FZy F3]. Flys eens (1<n<20)

Fl, F2,. F3,. F4_
Fl 2LS
F2 FLA
F3 RF
Fa AF

Core length (ft)
2
Flow area (ft)
Radial fission physics factor

Axial fission physics factor
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Polynomial or Lyons' Fit for Calculating k for 002

Card Series 5211 - 5220
5211, F1, F2, F3, F4, Fs, F6, F7

Fl £Ku022
F2 CKUO2A
F3 CKU028
Fa ckuo2c
F5 CKU02D
Fé CKUO2E ‘
F7 CKUO2F

1f CKuo2Z is input 0.0, Lyons' thermal conductivity function is used for

calculating kUOE where

KUO2A 3
kyoz © CRUGTBST + CKUO2C (459.69 + T)

C
CKUG?

values for CKLO2D, CXU02E, CKUO2F must be input as 0.0.

1f CKuo2Z is not 0.0 a polynomial.fit is used for calculating kUOZ

where
CKuo2z = Coefficient of T° for calculating k>
CKUO2A = Coefficient of g for calculating kUOZ
o 2
CKU028B = Coefficient of T for calculating k4~
cKuo2C = Coefficient of 13 for calculating Koz
CKU020 = Coefficient of 7 for calculating k5,
CKUO2E - Coefficient of T5 for calculating kg5
CKUO2F - Coefficient of T6 for calculating k4
*k calculation in units of BTU/hr-ft-°F !

o2 hyx -
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Conductivity and Volumetric Heat Capacity

Card Series 5221 - 5230

5221, 11‘. le. F3].....F1n. an. F3n (1<n<h)
1 J Material number
F2 CKM Conductivity, k (BTU/hr-ft-°F)
F3 RHOCP Volumetric heat capacity, oCp

(BTU/Ft>-°F)

CKM and RHOCP are set equal to 0.0 if no values are supplied.

When the value is 0.0 the code internally calculates the value.
The gap material (region #3) requires an input value for RHOCP.
One array of 3 numbers must be supplied for any material number.

The material number identifications are as follows:

1. UO2
2. IR
3. gap

Material Region Information

Card Series 5301 - 5320

530]’ l]]. 12]’ F3]’ Fd]’oc.gl]n’ l?n’ F3n, F4n (]iﬂi]O)
I MT Material number of region
12 NSR Number of subregions in region
F3 FHG Fraction of material which

generates heat

F4 " ROUT Outer radius of region (ft)
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Lateral Flow Path K-Factor'Cocfficicnts '

Card Series 5921 - 5930

5921, Il FZl, 1, F41,..., Il‘\, FZn. F3n, Fdn (n < 16)
I1 - NLAT Flow path number of lateral path
F2 BALAT  Coefficient A :

F3 BBLAT+ Coefficient B

F4 BCLAT Coefficient C

Scram Parameters (Core)

Omit if no core is specified.
Care Series €091

6001, F1, F2, F3, F4, F5, F6, F7, 18, 19

F1l S(1) Level shutdown (ft)

F2 S(2) Level time delay (sec)

F2 S(3) Pressure shutdown (psia)

F4 S(4) Pressure time delay (sec)

FS S(5) Time delay ofter ruptwc (sec)

F6 S(6) Overpower shutdown (frzction)

F7 S(7) Overpowver time delay (sec)

18 NS Level detector volume '

19 NSP Pressure detector volume ey St

Heat Generation vs. Time Table

~ Card Series 6011 - 6020

6011, Fll, le,..., Fln, an (2 < pairs < 50)
Fl QDK Normalized heat generation
F2 QDK Time (sec)
> L
. ! \ Y
- . i, . ((‘\1.(1

A-22



Steam Generators:

Steam Generator Shutdown Parameters (General)

Card Series 7001 - 7010
7001, F1, F2, F3, F4, F5, F6, F7, 18, 19

Fl SG(1) Level shutdown (ft)

F2 SG(2) Level time delay (sec)

F3 SG(3) Pressure shutdown (psia)

Fa SG(4) Pressure time delay (sec)

F5 SG(5) Time delay after rupture (sec)

Fé SG(6) Overpower shutdown {fraction)

F7 SG(7) Overpower time delay (sec)

18 NSGD Level detector volume (node number)

19 NSGDP Pressure detector volume (rode number)

Normalized Heat Load vs. Time Table (General)

Card Series 7011 - 7020

011, Fly, F20  aeeaFl s F2 (2<pairs <20)
F1 QsG Normalized heat load
F2 QsG Time (sec)
Heat Transfer Multiplier (General) (OPTIONAL ),

Card Series 7021 - 7030

7021, Fl]. F2].....F!n. FZn (2<pairs<20)
Fl HTMP Heat transfer multip]ier. normalized
F2 HTMP \{\\[5]
) \

AR
If not input multiplier is set eQuﬂlzso 1.0. 3



Secondary Nede Information

Card Series 7201 - 7210 ,
7201, 11, F21...., Iln, an, (1<nc<2)
NQSGZ = ¥ of stcam gereratd
I1 NSEC . Secondary node

F2 HFEED Feed enthalpy (BTU/1b)

Primary Node Information

Card Series 7211 - 7220: Primary node data for first steam generetor node
Card Series 7221 - 7230: Primary node data for second stean generator node

7211, Ill’ le, Fol,...,Iln, FZn, FSn (1<n<9
I1 NSG Primary node
F2 STMUL Multiplier cn heat transfer ccefficient when heat

transfer is from secondary ts primary

F3 XOLPS Fracticral tube length (length of node/active
tube length)

Steam Generator Boundary Conditiens

Card Series 7231 - 7240 A
F2., F3 F1,F2,F3,1 (1 <nc<2)

F1 i
; 7231’ ll l’ 1’ ) n n
i ‘
{ Fi TISC Stean genercter inlet temperature, OF
T F2 TOSG Stcam gernerator outlet tenpercture, OF
F3 PONTSG Fraction of core heat transfer rate distributed

to the steam gcnerator

NQSGZ .2
) P(NTSG = 1.0 + 10
n=1

Notc:

where NQSGZ = number of steam generators
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in Coolant Pumps

lated Pump Conditions - _
ard Series 8001 - 8005 .

'he rated pump conditions should be the conditions associated with the

head and torque tables (Card series 8021 - 8180).

he first pump path should always be that of a single-loop pump and all

ther pump paths will ratio the flow by the respective areas. .

800]‘ Fl' FZ' F3l F4' Fsl FG. F7; F8) F9. F]O.

Fl RLFR Rated loop flow rate (for a single loop) (1bs/sec)
F2 RPHD Rated pump head (ft)
F3 RPD Rated pump density (1bs/ft3)
F4 PSPED Rated pump speed (rad/sec)
F5 RPHT Rated pump hydraulic torque (ft-1b)
F6 PINER  Pump inertia (1b-ft?)
F7  DARTRK Design torque for anti-reverse device (ft-1b)
F8 TWIFR Constant for friction and windage torque (ft-1b)
FS RPHDF Fractional tolerance of operating to rated pump
head
F10 PSPEDI Reference pump speed (rad/sec)
4 \9 N
5 AR
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Pump Shutcowm Parameters

Card Series 8006 - 8010
8006, F1, F2, F3, F4, o, 15

Fl PC(1) Pressure shutdown (psia)

F2 PC(2) Pressure time delay (sec)

F3 PC(3) Time delay after rupture (sec)

F4 PC(4) Overpower shutdown (fraction)

F5 PC(5) Overpower time delay (sec)

16 NPC Pressure detector volume (node number)

Electrical Torque as a Function of Speed

Time
Card Series 80,1 - 8020
8011, F}], F2], Flz, F22....,F]n. F2n {2<pairs<20)

F1 PSET Electrical torque (ft-1b)
Fa PSET Pump speed (rad/sec)
Pump Homologous Curves (lorque) (OPTIOHAL)

Card Series 8021 - 8030
Normal operation; positive flow, posi*ive speed

Table of B/a2 as a function of v/a* for v/a < 1

8021, F1, F2,..., F11 |
F1 BAN N
1l BAN

*when v/a is positive, v/a has values of: 0.0, 0.1, 0.2,...,1.0 for all tables
when v/a is negative, v/a has values of: 0.0, -0.1, =0.2,...,-1.0 for all tabie
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Card Series 8031 - 8040
Normal operation; positive flow, positive speed
Table of elvzas a function of a/v for v/a >]
8031, F1, F2,....F11
| fl BN
F11 BVN

Card Series 8041 - 8050
Energy dissipation; negative flow, positive speed
2
Table of 8/a as a function ot /a for|v/a|f <1
8041, F1, F2, ...,F
Fl BAD
F11 BAD
Card Series 8051 - 8060
Energy dissipation; negative flow, positive speed
2
Table of 8/v as a function of a/v for |v/a |> 1
8051, F1, F2, ..., F11
Fl BVD
F1l BVD

" Card Series 8061 - 8070

Turbine operation; negative flow, negative speed

2
Table of 8/a as a function of v/a for |v/a |< 1

A-27

Vathin?

N
L.



8061, F1, F2, ..., FN

Fl BAT
F11 BAT

Card Series 8071 - 8080

Turbine operation; negative flow, negative speed

2
Table of 8/v as a function of a/v for| v/a |> 1.

8071, F1, F2, ..., F1l
F1 BYT
F BVT

Card Series 8141 - 8150

Abnormal Pump: positive flow, negative speed

2
Table of 8/a as a function of v/a for Mal<

8141, F1, F2,....FN
F1 BAR
F BAR

Card Series 8151 - 8160

Abnormal pump: positive flow, negative speed

2
Table of 8/v as a function of 4/, for | v/u| >

8151, F1, F2, ..., FN
Fl BVR
F11 BVR
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ump Homologous Curves (Head) ' (OPTIONAL )
ard Series 8081 - 8090

Normal operation; positive flow, positive speed

2
Table of h/a as a function of v/a for v/e <1
8081, F1, F2,...,F11
Fl HAN
FIl WA
ard Series 8091 - 8100

Normal operation; positive flow, positive spoed

2
Table of h/v as a function of a/v for v/a > 1

8091, F1, F2, ...,F11 )
F1 HVN
F11 HVN

Card Series 2101 - 8110
Energy dissipation; negative flow, positive speed

2
Table of h/a as a function of v/a for|v/a |< 1

8101, F1, F2,...,F1
r HAD
F HAD

'vv
90

-

\



Card Series 8il1 - 8120
Energy dissipation; negative flow, positive speed

2
Table of h/v as a function of a/v for|v/a | > 1

8111, F1, F2, ..., F1
Fl HVD
F HVD

Card Series 8121 - 8130
Turbine operation: regative flow, negative speed

2
Table of h/a as a function of v/a for |v/a | < 1

8121, F1, F2,..., F1
F1 HAT
F HAT

Card Series 8131 - 8140
Turbine operation; negative flow, negative speed

2
Table of h/v as a function of a/v for |v/a | > 1

‘131, F1, F2, v.os F1]
F1 HVT

1 HVT
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Card Series 8161 - 8170
‘Abnormal Pump: positive flow, negative speed
2
Table of h/a as a function of v/a for |[v/a | <1
8161, F1, F2,..., F1]

Fl HAR
F HAR

Card Series 8171 - 8180

Abnormal Pump: positive flow, negative speed
2 '
Table of h/v as a function of a/v for |v/a {21
8171, F1, F2, ..., F11
F1 HVR
F11 HVR
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Pump Heat Degradation Multiplier (OPTIONAL)

Card Series 8201 - 8210

320‘. F]]g le L B ) F‘ni an (2:: nf_ 20)
Fl HMUL Multiplier (head)
F2 HMUL Void fraction
Pump Hydraulic Torque Degqradation Multiplier (OPTIONAL)
Card Series 8211 - 8220
8211, Flyy F2pees 1y P2 (2< n< 20)
Fl TMUL Multiplier (torque)
F2 TMUL Void fraction

L g
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. CENPD-133-P, Supplement 2, February, 1975 (Proprietary).

A-3

h) Abnormal pump; positive flow, negative speed
Table of (h/v');p as a function of a/v for |v/a |> 1
F78 - FB88 HVRANC

REFERENCES FOR APPENDIX A

Combqst?on.Engineering. Inc., "CEFLASH-4A: A Fortran-IV Digital
Cumputer Program for Reactor Blowdown Analysis", CENPD-133-P,
August 1974 (Proprietary),

Combustion Engineering, Inc., "CEFLASH-4A: A Fortran-IV Digital

Computer Program for Reactor Blowdown Analysis (Modifications)",

Letter A, E. Scherer, Licensing Manager (C-E), to D. F. Ross,
Assistant Director of Reactor Safety Division of Systems Su.'.ty,
LD-76-026, March, 1976 (Proprietary).



Appendix B

COMMENTS ON DECOMPRESSION THERMODYNAMICS

The Combustion Engineerina blowdown loads procedure considers the primary
coolant fluid, not immediately adjacent to the break, to be in a state of
thermodynamic equilibrium during the blowdown. This appendix presents

justification for this assumptici, based on results of large scale blowdown
experiments.

B.1 INTRODUCTION

In the decompression of a constant-volume systam initially containing a
fluid at an elevated subcooled thermodynamic state, the pressure inside the
system will begin to decrease once a break from the system to the ambient
environment has been exposed. For a system in thermal equilibrium the
system pressure will drop rapidly to the liquid saturation pressure and
then decrease at the saturation value. Pressure decreases below saturation
are pronipited by tne nucleation and growth of vapor bubbles which expand
to produce additional fluid volume within the system. This is tihe likely
sequence of events for a typical PWR. For small scale systems undergoing
locally rapid decompressions, substantially in excess of that expected for
a PWR, this may no longer be true. The physical mechanisms governing
bubble nucleation and growth may prevent the fluid from expanding suffi-
ciently. Consequently the fluid may pass through a series of metastable
thermodynamic states before attaining equilibrium.

In the prediction of PWR blowdown loads, the possible existence of metastable
states becomes of concern, since the water in a nonequilibrium state may
decompress below its saturation pressure. This behavior can, in turn,

effect the unbalanced pressure and flow distribution within the reactor,

and ultimately impact on the subsequent structural analyses.

4
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It is the purpose of this section to demonstrate via a comparison of large
and small scale blowdown experiments, that nonequilibrium behavior will not
occur during a PWR decompression.

B.2 DISC!!SION

Although it has been demonstrated that nonequilibrium behavior can exist
for water under certain conditions, it is of concern whether these effects
are present for an actual PWR during the blowdown phase of a LOCA. Results
of large scale experiments with representative break area to RPV volume
ratios indicate that this will not occur for a PWR.

The existence of nonequilibrium thermodynamic states during a rapid decom-
pression has been documented for small scale experimental facilities.
Edwards and 0'Brien (Reference B-1) and later Banerjee et. al. (Reference
B-2) have observed a brief press.re "undershoot" phenomenon during the
blowdown of an adiabatic pipe with one end closed. The nonequilibrium
behavior was noted to be most pronounced at the pipe closed end. This
nonequilibrium behavior was attributed by Edwards (Reference B-1) and
Banerjee (Reference B-2) to a delay in bubble nucleation. Once bubbles
nucleate and grow the decompression begins to reverse and ultimately a
state of thermodynamic equilibirum is achieved.

Nonequilibrium thermodynamic behavior has been reported in a recent experiment
conducted by Science, Systems and Software Inc. (Reference B-3). The test,
employed a 1/25th scale simulation of a reactor pressure vessel and downcomer.
In an analysis of data from this test, Hirt et. al. (Reference B-3) concluded
that analytical-experimental agreement could only be obtained when accounting
for physical bubble growth mechanisms (thermodynamic nonequilibrium). By
assuming that bubbles, once nucleated, grow through heat transfer from the
bulk Tiquid, reasonable agreement with data was obtained.



The above experiments represent but a few of the many tests which have
indicated the thermodynamic nonequilibrium aspects of water subjected to a
sudden decompression. All these experiments have one common feature. That
is, their break areas were large relative to the system volumes. For
example, the break area to volume ratio in the Edwards pipe experiment was
075 ft'l. This is to be compared with ~.002 ft'] for a typical double
ended PWR full offset shear blowdown. Thus, the small scale experiments

would exhibit a more violent decompression than that expected for the
larger PWR.

A more reasonable assessment of nonequilibrium characteristics may be
obtained by reviewing recent large scale blowdown experiments In this
section two large scale blowdown experiments are considered. These are the
Loss-of-Fluid-Test L1-2 (LOFT) (References B-4 and B-5) and the Containment-
Systems-Experiment (CSE) test B-75 (Reference B-6). The reactor pressure
vessel volumes employed in the LOFT and CSE experiments are 108 ft3 and

140 ft3 respectively. Break areas for both experiments were selected to
provide representative break area to volume ratios. The break area to
volume vatio for LOFT is =.0016 ft~' and CSE is .001 ft™'. In both situa-
tions subcooled blowdown experiments were conducted successfully and no
nonequilibrium cffects were observed within the vessel. The significance

of these observations can be seen more clearly with reference to Table B-1.
Table B-1 presents representative rates of decompression for a C-E PWR,

LOFT Test L1-2, CSE test B-75, the Edwards pipe test and the Science, Systems
and Software Inc. downcomer experiment. PWR characteristic decompression
rates have been taken from CEFLASH-4B predictions for the C-E System 80
downcomer. Measurement locations for the various experiments are located

in Table B-1 in parentheses. LOFT and CSE decompression rates were evaluated
based on internal fluid pressure vessel measurements. Decompression rates
for the small scale experiments have been selected at positions of observed
nonequilibrium behavior. As a consequence of break sizing, the C-E PWR and
large scale blowdowns indicated similar decompression rates.
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Both small scale experiments exhibit local decompression rates two orders
of magnitude greater than the C-E PWR. Therefore, the observed nonequilibrium
behavior for small scale experiments cannot be a priori assumed to apply
for a PWR. In fact, results of representative large scale blowdown tests

indicates that decompression of C-E PWR's can be well computed assuming
“thermodynamic equilibrium.

An experimental-analytical comparison of data from LOFT Test L1-2 and C-E
modeling procedures are presented in Section 3 of the text.

B.3 REFERENCES FOR APPENDIX B

B-1 Edwards, A. R., 0'Brien, T. P., "Studies of Phenomena Connected
with the Depressurization of Water Reactors", Journal of the
British Nuclear Energy Society, Vol. 9, No. 2, March 1966.

B-2 Banerjee, S., et. al., "Transient Two-Phase Flow and Heat Transfer
During Blowdown from Subcooled Conditions with Heat Addition",
AIChE paper No. 24, presented at 15th National Heat Transfer
Conference, San Francisco, August 10-13, 1975

B-3 Hirt, C. W., et. al., "A Comparison of SOLA-FLX Calculations with
Experiments at Systems, Science and Software”, LA-NUREG-6752-MS,
March 1977

B-4 Robinson, H. C., "LOFT Systems and Test Descriptiun (Loss-of-

Coolant Experiments Using a Core Simulator)", TREE-NUREG-1019,
Hovember 1976

B-5 Schulz, G. L., Manager LOFT Data Systems Branch, letter to R. E.
Schneider (C-E), “"Transmittal of L1-2 Experimental Data", GLS-38-
77, April 18, 1977

B-6 Allemann, R. T. et. al., "Coolant Dlowdown Studies of a Reactor
Vessel Containing a Simulated Core", BNWL-1524, June 1971
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TABLE B-1
COMPARISON OF DEPRESSURIZATION RATES
WITH TYPICAL PWR DOWNCOMER PREDICTIONS

* FOR EXACT LOCATIONS OF TRANSDUCERS CONSULT REFERENCES
B-1, 8-3, B-4, AND B-6 FOR THEIR RESPECTIVE TESTS
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APPENDIX C

SUPPLEMENTARY INFORMATION ON LOFT ANALYSIS

This appendix presents information supplementary to the LOFT L1-2 analysis.
The information covers two topics. In the first portion of this appendix
the basis for the selection of the LOFT L1-2 experiment for use in the
verification of the C-E blowdown 1.ads methodology is presented. The
second section presents the CEFLASh 4B LOFT L1-2 zero time edit.

C.1 LOFT L1-2: BASIS FOR SELEC) TON

Prior to selecting the LOFT L1-2 test for comparison to anaiytical results,
a review was conducted of the applicability of the available blowdown test
information. This review has already been presented to the NRC in Reference
C-1. The experiments considered are presented in the following table.

Table C-1

BLOWDOWN EXPERIMENTS REVIEWED

FACILITY TEST DESIGNATION REFERENCE YEAR
Loss-of-Fluid-Test L1-2 c-2 1976
(LOFT)

Containment Systems B-63 c-3 1970

Experiment (CSE)

Containment Systems B-75 €-3 1970
Experiment (CSE)

LOFT Semiscale $-02-6 c-4 1975

MOD-1
LOFT Semiscale $-02-8 c-5 1975
MOD-1
-1 :
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LOSS-OF -FLUID-TEST (LOFT) L1-2

This test employs modern (1976) testing and data recording procedures.
These procedures have been developed over several years of previous testing,
at Idaho, with the Semiscale series of tests.

This test includes a simulated reactor vessel and a system loop with a pump
and a steam generator. Hence, it is more representative of a PWR than the
CSE tests which are roughly the same scale as LOFT L1-2 but which have no
system loop.

One of the measurement locations in LOFT test L1-2 has two adjacent pressure
taps in order to indicate the range of measurement accuracies.

Future tests on the LOFT facility should be useful for confirming blowdown
loads predictions.

CONTAINMENT SYSTEMS EXPERIMENT (CSE) TESTS B-63 AND B-75

These tests were performed at Battelle, Northwest in 1970. The facility
has been inoperative for several yeirs and the original -taff has been
dispersed thus making it difficult to resolve questions.

The test facility consisted of a large scale vessel volume comparable to
LOFT. However, there was no system loop connected to the vessel. In this
sense, the LOFT test is more representative of a PWR.

Combustion Engineering completed an analytical-experimental comparison of
CSE test B-75 in 1972. The computer codes employed for the analyses were
WATERHAMMER and CEFLASH-4 (a predecessor of the present CEFLASH-4B). The
analytical models as wall as the results of the comparisons were documented
in Reference C-6 (Figures 3.2, 3.3, 3.4, and 3.5). For that analysis it
was shown that both WATERHAMMER and CEFLASH-4 predicted the general trend
of the results.




As the CSE and LOFT L1-2 vessel are roughly comparable in size, the advantages
of having an external loop and being a more modern test make LOFT L1-2
preferable for a blowdown loads analysis.

LOFT SEMISCALE MOD-1 TESTS S-02-6 AND S-02-8

These tests are small in scale and possess total liquid volumes of agout 7
3
= -

The 1iquid volume in the simulated vessel is only about 3.5 1t".
A close look at these experiments shows that the vessel annulus is so small
in diameter, relative to its height, that it is effectively a one-dimensional
geometry. Hence, pressure differences circumferentially, which are the
basis for the blowdown loads contribution to the vessel supports, will not

be significant for this test. This can be seen by comparing the dimensions
for LOFT, LOFT semiscale and a C-E PWR as shown in Table C-2.

It is seen from Table C-2 that the two-dimensional nature of a PWR downcomer
is approximated with the LOFT Li-2 dimensions. However, it is significantly
distorted with those of the MOD-1 semiscale. In fact, the MOD-1 semi-

scale core barrel is so long relative to its circumference that it is
effectively a one-dimensional geometry. That is, the decompression wave
will rapidly traverse the circumference (<1 msec) causing the pressure
distribution in this direction to rapidly equalize. The only significant

pressure distribution will be in the axial direction - effectively one-
dimension.

For a PWR, the blowdown loads contribution t> the forces on the vessel
supr *~ts results primarily from the circumferential distribution. Thus,
the MOD-1 semiscale tests are not appropriate to shed light on this effect.

Table C-2 identifies various features of these experiments and show compari-
sons to a C-E PWR.

C-3



Table C-2

FEATURES OF BLOWDOWN EXPERIMENTS

MOD-1
ITEM LOFT L1-2 SEMISCALE
SCALE 3 med ium small
vessel volume(ft”) 108. 3.5
TWO-D IMENSTONAL
ANNULUS Yes No
Core barrel height (ft) 16.96 17.0
Core barrel circum-
ference(ft) 8.64 1.76
Ratio: height/circum-
ference 1.95 9.66
REPRESENTATIVE
INITIAL Yes Yes
CONDITIONS
TEST DATE(State of Art) 1975 1974
STAFF AVAILABLE to
ANSWER QUESTIONS Yes Yes
WILL BE USED FOR
FUTURE TESTS Yes No
% LOFT L1-2 CEFLASH-4B ZEFQ TIME EDIT

CSE
medium
140.
Yes
10.
11.
0.91
Yes B-63
No B-75
1970

No

C-E PWR
full
5800 ft
Yes

31.53
42.72

This section presents the CEFLASH-4b ~ero time edit for the LOFT L1-2

"detailed" model described in section 3.3 of the text.
(nodal volumes, masses, pressures, internal energies, etc.) are presented

Nodal parameters

on pages C-6 thru C-9. Flowpath quantities (pressure drops, flow rates,
For a detailed description of the
node-flowpath network, the reader is referred to Figure 3-3 and Tables 3-2

etc.) are shown on pages C-10 thru C-19.

and 3-3 of the text.
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APPENDIX D
CEFLASH-4B LOFT SENSITIVITY STUDY

This appendix presents the results of an extensive CEFLASH-4B sensitivity
study performed on two cohputer model simulations of the LOFT L1-2 experiment.
The purpose of this investigation 1S to determine the best modeling
procedures to be applied to the CEFLASH-4B LOFT analysis.

D.1 DESCRIPTION OF CEFLASH-4B MODELS

The LOFT facility was simulated using two CEFLASH-4B computer models, The
models were identical in the treatment of all LOFT piping with the exception
of the piping downstream of the designated break planes. The CEFLASH-4B
LOFT "break plane" model Tumped all piping downstream of the break planes

as a single volume (NODE 63). This model tacitly assumes the LOFT designated
break planes to experience critical flow from the instant of blowdown.

In fact, by neglecting the presence of the high pressures in the piping
between the break planes and the Quick Opening Blowdown Valves (QOBV's), the
critical flow was imposed more quickly than was realistic. Therefore, this
model was used only for parametric sensitivities and to confirm modeling
assumptions., The node-flowpath diagram for this model is presented in
Figure D-1.

The second CEFLASH-4B model elaborated upon the "break plane" model by treating
the connecting piping between the hot and ccld leg break planes and pressure
suppression tank as discrete nodes. These nodes are designated as nodes 63

and 64 in the node-flowpath network in Figure D-2. This modeling initiates

the break opening at the outlet of the Quick Opening Blowdown Valves. Thus
leaving the flow at the break plane free to accelerate to its maximum value

in accordance with the conservation laws,

Descriptions of the node and flowpath arrangement for the "break plane" and
"detailed" downstream piping model are presented in Tables D-1 and D-2.
Additional details of path and nodal parameters for the "detailed" model can

be found in the zero time edit presented in Appendix C. ‘

D-1 "N



D.2 STUDIES WITH THE LOFT L1-2 “"DETAILED" MODEL

D.2.1 Loop Temperature Distribution

LOFT computer models employing a “best-estimate" nonisothermal loop
temperature distribution and a 540°F isothermal loop were compared. The
"best-estimate" temperature distribution is shown in Table D-3. This
distribution is based on experimental nre-rupture measureaents ¢t discrete
loop positions (Reference D-1).

Figure D-3 presents a typical comparison of predicted pressures
obtained with both models. [

(3]

]

D.2.2 Critical Flow Model and Discharge Coefficient at the QOBV

The sensitivity of blowdown pressure history to the critical flow mode)

formulation and the critical flow discharge coefficient at the Quick Opening

Blowdown Valve (QOBV) was investigated by varying characteristics of the

break flowpaths of the base LOFT model. The sensitivity of the critical flow

formulation was established by comparing the predictions of the C-E[ [3]
]correlation (a nonequilibrium procedure) with those of the homogeneous

equilibrium formulation. The discharge coefficient sensitivity was determined

using the base critical flow correlation[

] (3]

Typical comparisons from both studies are presented in Figures D-4 and D-5.
Changing break flow correlations results in[

(3]

'\’\‘\.} @
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D.2.3 Quick Opening Blowdown Valve Opening Time

The opening time for the QOBV's has been recorded to vary from 17 msec

(hot leg) to 28 msec (cold leg). Since the cold leg opening has the more
profound effect on the system, a 28 msec QOBV opening time was selected to
describe the break behavior of the LOFT Test L1-2. The sensitivity of this
assumption was investigated by comparing these results with an alternate
opening time derived from the average (22.5 msec) of the hot and co.d leg
break opening times.

J A typical comparison is presented in Figure D-6.

D.2.4 Calculational Time Step

A sensitivity study was conducted to confirm the calculational time step
used in the LOFT experimental comparison. Two time steps,f' ]seconds
and[ JSeconds were investigated. [

] Typical results from this study are shown in Figure D-7 and
D-8. Predictions obtained by reducing the time step by a factor of two
demonstrated excellent agreement with the [ ]second time step

computation. Thus, the[ )second time step was used for purposes
of this calculation.

D.3 S -48 "BR PLANE" MODE

D.3.1 Break r _.¢ Area Opening Time

The purpose of this study was to establish the influence of the assumed break
opening characteristics on the LOFT system decompression. Total break
opening times spanned the range from 3.6 milliseconds to twenty (20)
milliseconds. The lower number represents the estimated time necessary to
expose an area equivalent to the orifice area (.09 ftz) baied on LOFT QOBY

measured opening times. The upper limit was taken near the nominal QoBvV
opening time.

D-3

(3]

(3]
(3]

(3]
(3]
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Representative comparisons of absolute and differential pressure for the
above limits of opening times are presented in Figures D-9 thru D-11 and
D-12, respectively, The longer opening times demonstrate the slower and
smoother decompression. Snikes and bumps noted for the 3.6 msec opening
time case become slope changes for a 20 msec opening time. Similarly,
differential pressures predicted for the shorter opening time are of higher
frequency content and greater magnitude than those predicted for a 20
millisecond opening.

The selection of a break opening time has a substantial influence on the
predicted pressure fine structure, with the more slowly opening breaks
resulting in a smoother, slower initial decompression. This observation
supports the position presented in the text, that accounting for the early
break processes will smooth the predicted pressure decay, thereby further
improving the experimental-analytical comparison.

D.3.2 Reflood Assist Bypass Modeling

The LOFT facility has been designed with a Reflood Assist Bypass (RAB) system

(See Figure 44 of Reference D-2). The purpose of this system is to provide LOFT wit
a higher core reflood rate capability during the reflood phase of a LOCA

than does occur in a PWR. However, for the blowdown phase of the LOCA the

system is valved shut. Those portions of the system remaining in direct

contact with the blowdown loop behave as two "dead ends". In this analysis

these “dead ends" have been each represented by a single node and flowpath.

The RAB is atypical of standard C-E PWR plant designs. Therefore, the

sensitivity of LOFT predictions to RA3 modeling was of considerable interest.

In order to assess the importance of this region, to the overall CEFLASH-4B
prediction of LOFT, the associated RAB cold leg flowpath fluid inertia was
varied from 0.1 ft-1 to 108 ft-1, These values were selected as bounding cases.
The smaller inertia value assumes the RAB fluid is essentially lumped into the
adjacent volume. The larger value indicates a near infinite inertia, and
consequently results in poor communication between the RAB and the adjacent
node.




epresentative comparisons of pressures predicted with the two limiting RAB
els are presented in Figures D-13 and D-14. Figure D-13 displays the
wncomer pressures in node 48.[

]

D.4 COMPARISON OF "BREAK PLANE" AND "DETAILEU" MODEL PREDICTIONS

This section presents comparisons of predictions obtained using the "break
plane" model and the "detailed" LOFT model. For both cases critical flow at
the respective break positions were evaluated using the C-E[

Jeorrelation with a  Jouitipiier.

Representative comparisons are presented in Figures D-15 thru D-17. Differences
between the two predictive models can be seen. In all cases, the "detailed" model
results in smoother pressure predictions. This is a consequence of the increased
spacial detail used to represent the piping downstream of the LOFT break planes.
The more realistic, "detailed", model is presented in the text (Section 3) as

the base case for the LOFT data comparison.

D.5 REFERENCES FOR APPENDIX D

D-1 Robinson, H. C., "Experiment Data Report for LOFT Test L1-2",
TREE-NUREG-1026, July 1976.

D-2 Robinson, H. C., "LOFT Systems and Test Description (Loss-of-Coolant
Experiments Using a Core Simulator)", TREE-NUREG-1019, Nov. 1976,

(3]
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TABLE D-1

CEFLASH-48 LOFT L1-2 nobAL DESCRIPTION'1?*(2) FoR DETAILED AND BREAK PLANE MODELS

NODE NO. DESCRIPTION

r

D-6 /)



TABLE D-1 (Cont'd.)

CEFLASH-4B LOFT L1-2 NODAL DESCRIPTION FOR DETAILED AND BREAK PLANE MODELS

NODE_NO. DESCRIPTION

( )i

(3]
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TABLE D-1 (Cont'd.)

CEFLASH-4B8 LOFT L1-2 NODAL DESCRIPTION FOR DETAILED AND BREAK PLANE MODELS

NODE NO. DESCRIPTION

3 ‘[

|
\
|
|
|

() Piping section numbers refer to the identification in Tables VI and XIV
of Reference D-2

(2) Nodal Descriptions apply to both the break plane and detailed model unless
otherwise specified




TABLE D-2

CEFLASH-4B LOFT L1-2 FLOWPATH DESCRIPTION FOR DETAILED AND BREAK PLANE MODELS M

FLOWPATH NUMBER DESCRIPTION
” N\




TABLE D-2 (Cont'd)

CEFLASH-4B 'OFT L1-2 FLOWPATH DESCRIPTION FOR DETAILED AND BREAK PLANE MODELS

FLOWPATH NUMBER DESCRIPTION
-




TABLE D-2 (Cont'd.)

CEFLASH-4B LOFT L1-2 FLOWPATH DESCRIPTION FOR DETAILED AND BREAK PLANE MODELS

FLOWPATH NUMBER DESCRIPTION

’

(3]




TABLE D-2 (Cont'd.)

CEFLASH-4B LOFT L1-2 FLOWPATH DESCRIPTION FOR DETAILED AND BREAK PLANE MODELS

FLOWPATH NUMBER DESCRIPTION

(

(1) Flowpath Descriptions apply to both the detailed and break plane models unless
otherwise specified.
|



TABLE D-3

BEST-ESTIMATE LOFT TEMPERATURE DISTRIBUTION*

NODE TEMPERATURE
NO.(S) SF
1-10 538
11 £36
12 538
13 536
14-21 540
22 (pressurizer) 654
23 528
24 540
25-30 536
31-61 538
62 528
63 536
65 (suppression tank) : 70

* Distribution developed from data presented in Reference D-1.
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Figure D-3
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INFLUENCE OF CRITICAL FLOW CORRELATION
ON PREDICTED PRESSURE DECAY
DETAILED MODEL
(CORE SIMULATOR: NODE 7)
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Figure D-5

EFFECT OF VARYING THE DISCHARGE COEFFICIENT
AT THE QOBY ON THE CEFLASH-4B PREDICTED PRESSURE DECAY

DETAILED MODEL
(DOWNCOMER: NODE 47)
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Figure D-6

SENSITIVITY OF CEFLASH-48B
PREDICTED PRESSURES TO ASSUMED QOBV
OPENING TIME
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(CORE SIMULATOR: NODE 7)
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LOFT CALCULATICNAL TIME STEP STUDY
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(PRESSURE UPSTREAM OF COLD LEG BREAK

PLANE: NODE 24)
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Figure D-8

LOFT CALCULATIONAL TIME STEP STUDY
DETAILED MODEL
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Figure D-12

INFLUENCE OF BREAK OPENING TIME ON CEFLASH-4B
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Figure D-16
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0

Introduction

This supplement provides responses to the Reference 1.0-1 NRC questions.
This information is intended to supplement the text of the topical report.
In preparing the NRC approved version of this supplement, the presentation
has been ordered to be consistent with Reference 1.0-1 and as suggested

by the NRC in Reference 1.0-2 computer listings requested in questions 2.4
and 2.5 have been omitted.

References for Section 1.0

1.0-1 Lotter from K. Kniel to A. E. Scherer dated May 10, Subject:
Request for Additional Information on CENPD-252-P.

1.0-? Letter from R. L. Baer to A. E. Scherer dated Feb. 12, 1979,
Subject: Staff Evaluation Report of Topical Report CENPD-252-P.
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.0 RESPONSES TO NRC QUESTIONS

Nuestion 1.1

ne modeling of a PHR to obtain blowdown induced forces in & reactor vescel
quires that the downcomer annulus be modeled in at least two dimensions
allow for the analysis of the hydraulic loads. The CEFLAS!-4B computer
gram solves the one-dimensicnal form of the conservation equations. In

he framework of these equations, a method is applied to a PUR region ‘to

del the multi-dimensional geometry. Present ¢ detailed description of this

thod and describe how volume, length and flow area are treated in the model
evelopment,

mbustion Engineering, Inc., accounts for the presence of the blowdown loads through
detailed two dimensional segmentation of the PWR downcomer annulus. In
articular, the procedure subdivides the downcomer annulus intol: B

*« 3
Tume nodes[ ) . ' J?Qferenca
1-1). While at each elevation the nodes are equally spaced circumferentially, the

ial node sizes are determined based on physical PWR boundaries. (

.-

veral guidelines are followed for positioning flowpath junctions within
es. First of all, flowpath junctions are positioned at axial elevations
reespending to internal core barrel locations. This allows a meaningful
Iculation of core barrel radial pressure differences. All flowpaths within
e same circumferential row are positioned at the same elevation. In addition,
ﬂowpath Junction is specified at the core barrel upper and lower flanges,

1.1
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This defines the flowpath junctions within the upper and lowermost control volumes.,
At the nozzle elevation, the flowpath junction is located at the nozzle center-
line elevation. This procedure minimizes the flowpath length and resistance

that the entering decompression wave must traverse before its influence is felt
inside the annulus. Consequently, the depressurization of the downcomer node
adjacent to the break is enhanced apd the peak core barrel load is maximized.

The remainder of the flowpath junctions are positioned towards the center of

their respective nodes,

In developing fluid volumes for the above[ , ]nodes, detailed reactor
pressure vessel internal information is used to assure that only fluid mass is
considered. For zxample, the volumes of the hot leg penetrations and metallic
volume of snubber core stops, etc. are subtracted from the unobstructed downcomer
fluid volume. Unobstructed volumes are treated by simply including all the fluid
mass within the control volume node.

Flowpath parameters such as flow areas, momentum flux areas, and flowpath

inertias are determined based solely on geometric considerations. Flow areas

for circumferential flowpaths are determined by taking the flew area perpendicular
to the flowpath, Axial downcomer flowpath flow areas are treated in an analogous
manner. Flowpath inertias are then de: .ned as the flowpath length (length from
flowpath juncticn to flowpath junction) divided by the corresponding flowpath

flow area, Momentum flux flow areas represents th» local flow area at the particular
flowpath junction. In general, for circumferential paths momentum flow upstream
and downstream flow areas are the same, Momentum flux flow areas for axial paths
will differ when the paths trasverse elevations where the annulus downcomer width
changes.

The development of friction loss factors also are based on system geometry
through representative flowpath length-to-nydraulic diameter ratios. Friction
coefficients are caiculated on a flow varying basis. All resistance factors
used in these models are based on scale model flow test data or are derived from
standard handbooks.

- Reference .

1.1-1 Combustion Engineering Inc;. “Method for the Analysis of Blowdown Induced Forces
.2 in a Reactor Vessel", CENPD-252-P, Dec., 1977.
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Question 1.2
The modeling of a PHR includes a number of transition regions where the
geometry and multi-dimensional aspects may be important. Examples of
these regions are (1) from the inlet nozzle to the downcomer annulus, (2)
from the downcomer annulus to the vessel lower plenum, (3) from the lower
plenum to the core region, (4) from the core region to the upper plenum
(and upper head), and {5) from the upper plenum to the outlet nozzles.
Describe the procedures used to model these regions and address the important
geometric effects being considered. For example, in the lower plenum all
the downcome nodes connect to a single volume., It is therefore assumed,
by the model, that no radial pressure difference exist across the lower
core plate, when in fact such differences should exist for a cold leg break.
This effect is therefore not considered. Provide the justification for
ignoring this effect, Extend this to the upper plenum for a hot leg break.

Response

The procedure for modeling reactor transition regions is based upon the

following rules:

1. Node poundaries are located at the positions of abrupt area change.

2. Nodal volumes are determined from the free fluid volume within the
defined control region.

3. Node and flowpath elevation parameters are vased on engineering drawings
of the specific reactor system,

4, Flowpath inertia is determined from geometric lengths and areas obtained from

engineering dra.ings and associated parameter lists. The relationship for

evaluating the flowpath geometric inertia

i.| .2 Ly
FLOWPATH i=1 A

L is as follows:
(K.FLONPATH)

where N is the number of area transitic s
Aj is the area of a given region i
Lij is the length of region i

5. Friction and geometric pressure losses across the transition region are
input as compcnent pressure drops obtained,primarily from PWR scale model
experiments (for the RPV) or other standard design methods for primary
loop piping and fittings.

. L
H40 L6
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As can be s en from the above, it is sought to obtain a realistic description of
these tranc ‘tion regiuns. Modeling relies on careful definition

of system geometry and on the results of steady state hydraulic flow tests.

The usc of these rules as they apply to the various transition regions (and
non-transition regions as well) is generally straight forward. The following
paragraphs present a brief description of the key modeling features of the
transition regions.

(1) Inlet nozzle to the downconer annulus

As the fluid enters the RPV downcomer from an inlet nozzle the flow changes
direction and character from being predominantly one dimensional to two dimensicnal
To model this transition region, a nodal interface is selected at the intersection
of the inlet nozzle and downcomer annulus. The total inlet nozzle is modeled

as a single node. The connecting flowpath is along the nozzle centerline elevation
Geometric parameters such as lengths and flow areas are obtained from detailed
engineering drawings. The flowpath geometric losses are distributed between the
inlet flowpath and the flowpath connecting the annulus node at the nozzle elevation
with the lower annulus nodes.

(2) The downcomer annulus to the vessel lower plenum

In the Combustion Engineering, Inc. Blowdown Loads Model,the{ ] lowest down-
comer nodes are connected vial . Jcorresponding flowpaths to a single node
representing the upper portion of the Tower plenum (upper lower plenum). For
the C-E System 80 PUR design this node includes. all the fluid between the
instrumentation plate and the lower support structure bottom plate, The
natural interface between the downcomer annulus and the lo.er plenum is the
Core Support Barrel (CSB) flow skirt. In developing this system, momentum and
inertia contributions to the various flowpaths are based on an equal division
of the upper lower plenum node into[ 7]"pie-like" segments. Each of the
lower downcomer nodes is connected to the single inlet plenum node, assuming
each path is influenced by its adjacent[_ i]p]enum segment.
A1l flowpaths start in the annulus at the bottom of the QSB lower flangg elevation a
at the reactor vessel centerline, o

In selecting a single node representation for the lower plenum region, the detailed

‘-aﬁropagation characteristics of incoming pressure waves across the plate radius cann

be ascertained. However, the physical consequences of this assumption are minimal.
During a cold leg break decompression waves propagate from the broken nozzle around

{

-y § 7/ .".
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e downcomer annulus, As these waves progress through the downcomer the wave front
akens and becomes approximately symmetrical with respect to the coure support

rrel. (For example, for a System 80 full offset shear inlet break the peak

| fference between the absolute pressures at two annulus locations 180° apart at

e bottom of the CSB (flow skirt region) occurs at ~10 msec., after rupture and is

00 psi. The difference is to be compared with a greater than 600 psi pressure
fference at the nozzle centerline elevation. Seventy milliseconds after blowdown

is asymmetry reduces to under 20 psi.) Ultimately the symmetrical wave front passes
rough the flow skirt and into the lower plenum. The propagation of this wave along

e radius of the lower core support structure is computed using a single node plerum
del. This procedure hypothesizes the lower core support structure (LCSS) to have a
ngle flow hole at its center, That is, pressure wives must propagate to the center of
e inlet plenum hefore they may proceed through the remainder of the reactor vessel.
reality substantial plate perforations and flow areas exist across the extent of the

ate outboard regions (especially for the lower core support structure). These holes
low numerous pathways for pressure waves to travel. Since the plat thickness (-4") is

ch less than the radial flowpath length, local axial loads should in reality dissipate
less than 0.1 milliseconds. By using a single node lTower plenum the current C-E

ocedure does not account for this benefit in plate load reduction.

) Lower plenum to the core reyion

e transition from the lower plenum to the core region is accomplished using an inter-
ediate nude to represent the fluid contained within the lower core support structure
€SS), bet.:en the inlet plenum and lower inactive core region. MNode interfaces are
nveniently identified at the bottom of the lower plate of the lower core support
ructure and at the top of the upper plate of the LCSS for the lower plenum and lower
nactive core respectively. Flow is assumed to be one dimensional in this region.
ometric paramters such as Tengths and flow areas are obtained from detailed engineering
rawings and associated parameter lists.

4) Core region to upper plenum (and upper head)

he fuel alignment plate divides the core region from the upper plenum. This transition is
Ldeled using two nodes. The lower node represents the top inactive core and the upper node
imulates the RPV outle. nlenum. The top inactive core node extends to the lower face of
he fuel alignment plate. Pressure losses across the plate are based on flow test data.

he upper head region located above the UGS top plate is divided into three nodes.
. The lower portion of the upper guide structure plenum (this node extends
from the bottom of the UGS top plate to the midplane of the UGS assembly).

.
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b. The upper portion of the upper UGS plenum (this node extends from the
midpiane of the UGS assembly to the UGS flange elevation).

¢. Top head (includes the RPV fluid volume above the UGS flange elevation).

The transition in the upper head occurs between the RPV outlet plenum and the
lower portion of the upper guide structure plenum. These plena are separated

by the UGS top plate. During a bloudown the predominart flow would be from

the * 'S upper plenum into the RPV outlet plenum. Pre:sure losses across the

upper plate are based on flow test data. Geometrical factors necessary to describ
this region are based on parameter lists and engineering drawings.

(5) Upper plenum to outlet nozzle

In the model the total upper guide structure (UGS) between the UGS plate

and the fuel alignment plate (FAP) is modeled as a single node. It is in

this region that the flow exiting from the cere changes direction to flow out
through the hot leg nozzles. The transition to the hot leg nozzles is modeled

by having the plenum node boundaries terminate at its physical interface with

the hot leg nozzle. The modeling of the hot leg nozzle is dependent upon the
type of break under consideration. For hot leg break transients both hot leg
nozzles are treated as individual nodes with flowpath junctions ending at the
nozzle terminus. In modeling cold leg breaks, the hot leg nozzle volumes are Tump
into the hot leg piping nodes. In both cases, the pressure 3sses resulting

from the flow turning, CEA shroud crossflow and plenum-nozzle area cnange were
established from scale model flow test data.

It has been noted that the upper plenum adjacent to the hot leg nuzzles has

been modeied as a single node. In the CEFLASH-4B model during a hot leg break

any fluid traversing the plate must proceed in a radial direction from the RPV cen
line to the break location before any axial wave transmission across the plate
occurs, In actuality, outboard plate holes in both the upper guide structure
(UGS) and fuel alignment plates provide wave pathways distributed along the plate
radius through which an incoming rarefaction wave may dissipate. As was
demonstrated in part (2) of this response,by preventing axial wave transport until
the wave rcaches the node center, the net load on the plate will tend to be
.'hrtifically increased. An analogous argument holds true for FAP and UGS top plates
loads during a cold leg break.

1.2-4



b,

The basic modeling procedures and guidelines presented in this analysis are
general, In cer.ain instances where specific information is given, this data
is utilized. As a result of differences in geometry and/or design between
various PWR's, Llowdown loads modeling may have small variations in node

and flowpath definitions.

1.2-5



Question 1.3

The CEFLASH-4D computer code does not account for non-equilibrium affects,
except empiricaily at the break location. The affects of non-equilibrium would
be a reduction in the local pressure below saturation. This wouid result

in a larger pressure difference than is currently assumed. Accordingly, provide
Justification for not considering non-equilibrium affects in the primary

coolant system. This argument is to be extended beyond comparisons with
experimental data and should include discussions of break open time, fluid
conditions and nucleation, and any other system parameters which may affect

the blowdown analysis.

Response

Appendix B of the topical report presents a discussion based on experimenta’
observations that demonstrates non-equilibrium behavior (in particular, the
"pressure unZershoot" phenomenon) will not occur in a PWR, This was accompiished
by reviewing results of large and small scale blowdown tests. Test depressuriza-
tion rates were evaluated and related to their respective non-equilibrium
contribution to the blowdown pressure transient. Larger test facilities exhibited
decompression rates similar to those expected for PWRs, with no non-equilibrium
behavior (except in the immediate vicinity of the broken nozzle). Based on

these results it was concluded in Appendix B that the peak CEFLASH-4B oredicted
downcomer decompression rate (fur LOCA's including a double ended guillotine
break) will not be sufficient to cause non-equilibrium behavior.

In order to estéblish the above conclusion it was necessary to relate the

predicted CEFLASH-4B depressurization rates with experimental data. The fact that
the analytical-experimental results can be related in this manner may Le seen

from analytical comparisons for boti large and small scale blowdown experiments.
Typical CEFLASH-4B test comparisons with a large scale blowdown test (LOFT test

L1-2) are presented in Section 3.0 of the topical report. An analytical

comparison to the small scale “Edward's Pipe" experiment (NRC standard problem #1)

is presented in refarence 1.3-1. This later comparison was performed with CEFLASH-4,
a less extensive version of the CEFLASH-4B code. Both comparisons demonstrated

the CEFLASH-4 type codes can provide good predictions of the subcooled decompression
and depressurization rates,



Additional Considerations

To further illustrate that non-equililrium affects are negligible, it is
useful to compare analytical predictions of a hypothetical non-equilibrium
imparted impulse to the initial lateral (equilibrium) impulse imparted to

the Core Support Barrel (CSB) at the nozzle centerline elevation. The nozzle
elevation is selected for comparison, since non-equilibrium effects will be
oreatest at that location.

Based on a two dim¢>sional analytical study performed by Los Alamos (references
1.3-2, 1.3-3) and f. .ded by the NRC, it was demonstrated that, during a large
cold leg break, the non-equilibrium pressure pulse transmitted to the downcomer
annulus will be small. To estimate this effect, Los Alamos used the SOLA-DF
computer code modified to account for non-equilibrium bubble nucleation. (A
description of their non-equilibrium flashing model is presented in Reference 1.3-2)
The Los Alamos analysis employed a geometry similar to that of the NRC sample
blowdown problem 2.3 (reference 1.3-4), with a total double-ended break area

of 9 ft2. (This break area is -4 times greater than the maximum CE mechanistic
break leak aea). It was further assumed that the break occurs instantaneously.
Similarly sized breaks for CE plants would take 18 milliseconds to develop. The
System 80 mechanistic break of 350 inz (2.43 ftz) requires five (5) milliseconds
to fully open.

Using the above model, Los Alamos predicted the maximum peak non-equilibrium
pressure undershoot transmitted to the downcomer fluid in the vicinity of the
CSB to be -160 psi. The duration of the predicted undershoot was <1 msec.

To estimate the significance of the transmitted pressure pulse it is possible
to compare the total impulse associated with the non-equilibrium undershoot
to the total (equilibrium) impulse imparted to the CSB at the nozzle centerline
elevation. To maximize the predicted non-equilibrium impuise for the present
investigation (and simplify the analysis) it was assumed that the pulse is
triangular and the pulse duration is equal to 1 msec. The local projected
area of the C5B was taken to be the projected area of the CEFLASH-4B nozzle
elevation downcomer nodef ](see section 4.4.2 of Reference 1.3-5).

1.3-2






References for Question 1.3

1.3-1

1.3-3

1.3-4

1.3-5

CENPD-103, "Standard Problem Analysis:. Problem No. 1-Blowdown of a
Straight Pipe Filled with Pressurized Water", Combustion Engineering, Inc.,
May, 1973.

LA-NUREG-6842-PR, "Nuclear Reactor Safety Quarterly Progress Report:
January 1-March 31, 1977, J. F. Jackson, June 1977.

NRC Staff, "NRC MULTIFLEX Review", (Presentation made by the NRC Staff
to ACRS), May 25, 1977, Los Angeles.

K. Knie| (Chief Light Water Reactors Branch No. 2) letter to A. E. Scherer
(CE), Request for Additional Information on CENPD-252-P, May, 1978.

Coroustion Engineering, Inc., "Method for the Analysis of Blowdown
Induced Forces in a Reactor Vessel", CENPD-252-P, Dec., 1977.
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Question 1.4

Provide a qualitative assessment of the amount of conservativeness in the

PWR licensirg .alculation. Address the uncertainties of the input data and
assumptiors used to perform the analyses. Describe how uncertainties affect

the o erall assessment of the structural integrity of the various PWR components.

Response

There are several assumptions in the Combustion Engineering, Inc., methodology
which contribute to the overall conservative prediction of blowdown loads.
These assumptions are:

1. all PWR walls and plates are rigid

2. the break flow acceleration is instantaneous

3. the break flow area is developed following the instantaneous
formation of a through-wall crack (Reference 1.4-3).

The current procedurs is to assume all fluid boundaries are rigid and at rest.

Thus, fluid-structure interaction phenomena are not included in the CEFLASH-4B
analysis of the subcooled blowdown. This assumption results in a cubstantial
overestimate of the expected comporent pressure differences. Typical calcula-
tions of this effect have been documented (Reference 1.4-1, 1.4-2). Reference 1.4-1
demonstrated that by including the fluid-structure interaction of the core

support barrel (CSB) and annulus downcomer fluid the horizontal blowdown loads
across the CSB would reduce by -30%. Similar load reductions (-20%) were

obtained by KWU using the KRAFT code with a simple PWR structural representation
{Reference 1.4-2).

Another conservatism associated with the break model is that CEFLASH-4B assumes
that the discharge flow out through the breach is instantaneously at its critical
limit. 1In actuality, the fluid in the pipe possesses a finite inertia and must
accelerate from its initial (pre-rupture) fiow rate to the choke plane mass

efflux rate. This unrealistic treatment increases the early system mass outflow

- »=d decompression which, in turn, artifically increases the loadings across various
inter ol stru~tures. This effect is not expected to be large.
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The break flow area used in the blowdown loads analysis is determined as
outlined in Reference 1.4-3. In these studies CE conservatively postulates
the nozzle break to arise as a consequence of the instanteneous formation of

a through-wall crack around the pipe circumference. (For details regarding
these treatment the reader is referred to Reference 1.4-3.) In postulating
the nozzle to rupture in this manner, break areas in excess of that physically
possible are computed. The use of this larger break area results in 2
calculated brezk mass outflow of greater magnitude than could occur. As a
consequence of this increased system mass outflow the system pressure falls
more rapidly, resulting in an overestimate of varicus component loadings.

The input data used to perform a blowdown loads analysis includes system geometry
(flow areas, lengths, volumes, etc.). pressure loss factors, and initial operating
conditions. In blowdown loads analyses the above parameters are selected based

on their nominal values. For application to blowdown loads the parameters most
significantly affecting the calculated loads are the system's dimensions. These
parameters are well defined and are used to determine the system inertias, fluid
volumes, flowpath lengths and flow areas. Uncertainties associated with geometric
input arises primarily from specified tolerances which are typically small (for
example in manufacturing a CE core barrel the tolerance on the diameter is <.4%

of specification). Resistance factor uncertainties are greater than those
associated with geometric parameters. However, wave transport during the early
blowdown period is primarily influenced by the fluid inertia (strongly dependent

on system geometry) with the K factors providing a small contribution to the overall
decompression, The most significant initial condition input parameter is the
system pressure. The system pressure is closely controlled by the pressurizer and i
variation is distributed uniformly throughout the system. This variation has a neglig
effect on the evaluation of fluid properties.

The overall result of the Combustion Engineering, Inc., treatment is to predict

LOC? induced blowdown loads of greater magnitude than would be expected on a physica
basis. Therefore, the blowdown loads wethodology presented in the text of the
topical report is conservative for arplication to reactor structural analyses.
However, it should be noted that the conservatisms in the blowdown loads calcula-
tion do not necessarily translate into equivalent conservatism for the structural
response analyses which employ reactor vessel blowdown pressure differences as only
‘@ portion of their input.

1.4-2 ' bl



sed on the above discussion of the various assumptions and conservatisms,
t is our judgerment that the predicted pressure loads arc approximately 50%
igher than expected in reality. The overall assesswent of the structural
htegrity for the combined effect: of blowdown loads and other forcing func-
jons caused by the postulated pipi break is beyond the scope of topical
port CENPD-252-P which is under the subject rcview.

ferences
1.4-1 Stolz, J. F., Chiu? Light Water Reactors Branch No. 1, Division of

Project Management, Letter to C. Eicheldinger (W), "Evaluation of
Westinghouse Topical Reports" HCAP-£708(P) and WCAP 8709(kP),
June 17, 1977.

1.4-2 Watzinger, J., Gruber, P., Winkler, F., “Prediction of Forces on
Pressurizcd Water Reactor Vessel Internals Following a Loss of
Coolant Accident". presented at CREST Meeting, Munich, October,

1972.

1.4-3 CENPD-162-A, Design Basis Pipe Breaks for the Conbustion Engineering
Two Loop Coolant System", Plant Engineering, Septerber, 1976.




estion 2.1 (Problem No. 1)

two-dimensional sheet of water (see Figure 2.1-1), of unit thickness, is at
pressure of 2100 psia and a temperature of 544°F, The fluid is at rest
erywhere, A small region, of radius equal to 0.5 ft. is suddenly relieved
o a pressure of 1700 psia, at time equals zero, and held constant at 1700
sia. Provide plots of pressure and fluid velocity along the 0°, 45°, and 90°
eferences as a function of distance, for at least 5 feet from the center of
he relived region at times equal to 0.25, 0.50, 0.75, 1.00 and 1.25 milli-

above system geometry descrit2s a 10 ft. x 10 ft. quadrant of a pressurized
sheet of water (Figure 2.1-1) of unit thickness which is relieved to a lower
pressure through a small circular opening (diameter= 1.0 ft.) located at the
center of the region. A review of the problem has revealed that a subcooled
decompression wave (based on isentropic saturation conditions) would travel
less than 5.0 ft. in the desired 1.25 millisecond time frame. Hence,

it is not necessary to represent the entire region as shown on Figure 2.1-1
For the present analysis, a 7.0 ft region (measured from the origin) was modeled.

This provides an additional point for pressure prediction beyond the wave front
which confirms that the CEFLASH-4B computer code does not predict a decompression
beyond 5.0 ft. In order to obtain pressure and flow rate data along the 0° and
90° axes as stated in the problem, nodes must be located along these axes. For
this problem, it was deemed advantageous to use all nodes of equal size, if
possible. This requirement, coupled with node center to center flow path
connections results in those nodes along the axes having equal volumes on

§ either side of the 0° or 90° lines. This increased the total system volume

2.1-1



beyond that specified in the problem. This difficulty was resolved by representing
a full four quadrant system even though a symmetric solution is expected.

The region shown in Figure 2,1-1 was modeled as a flat sheet of water of unit

(1 ft.) thickness using a 7 x 7 nodal grid. The assumption of modeling the
region as a flate plate eliminates the consideration of elevation differences
between nodes. The CEFLASH-4B network diagram of this system is presented in
Figure 2.2-2. Each node (contrel volume) has dimensions of 2 ft. x 2 ft. x 1 ft.
thick. The flow paths connect node centers to node centers with lengths of 2 ft,
and an associated L/A of 1.0 ft.=] with the exception of flow paths 1, 4, 7 and
52. These paths connect the central "leak" node {node 1) to the rest of the
region, Paths 1, 4, 7 and 52 have a length of 1.5 ft. which reflects the transport
distance from the outer boundary of the relieved area to th connecting node
center. The paths have an associated L/A of 0.75 ft.=] “he central node is

connected to an arbitrarily large (20,000 ft.3) containment volume (node 50)
through a 0.7854 ft.2 (1 ft, diameter circle) flow area. Nodes 1 and 50 are assumed

to be at 1700 psia at time zero. MNodes 2-49 are initially at 2100 psia.

The yressure in node 1 cannot be maintained at 1700 psia over all time periods,
as requested, since there is more mass inflow into the node than outflow for a
short period of time. However, by assuming virtually instantaneous communica-
tion (L/A= 10-6 ft.=1) between the "leak node" (node 1) and the containment
node (node 50) the pressure in node 1 will increase to 1732 psia (0.25 msec)
and decline slowly (1727 psia at 1.25 msec) over the remaining duration of the
transient,

A listing of the CEFLASH-4B input as outlined above is provided in Table 2,1-1.

RESULTS

Results of pressure and flow rate versus distance at times of 0.25, 0.50, 0.75,
1.00 and 1.25 milliseconds are given on Figures 2.1-3 through 2.1-7. Each of
these figures illustrate the instantaneous pressure and flow fields along the
extent of the reference lines (0°, 45° and 90°). It is seen from these figures

that the disturbance propagates in a symmetric radial fashion from the decompressed
control node,  *

«
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FIGURE 2.1-3

RLSULTS OF SYMMETRIC PLANAR DECONPRESS!OH AT 0 25 HSEC
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75 MSEC,

FIGURE 2.1-5
RESUI T3 OF SYMU'ETRIC PLANAR DECOMPRESSION AT 0.
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FIGURE 2.1-7

RESIILTS OF SYMETRIC PLANAR DECOMPRES

SION AT 1,25 MSEC.

iy w
; A =~ M m -
e i b N
 Saa cerPures S o ot Q. g
B G MR A
. L i | S *
SR i e s ARt W T
R T SR T Mﬂ |
— N LAY S m . lﬂ S
! ; : i AR ]
” el r ol T
Ar. Hl‘ —— ~t llxiév.l.. .HM b
) I 4 |
- 4 - 1 ||,4i w : % _U N
b m ﬂ L L it
; . | | : ,
| Ll b L L IOG L.
| | | |
S e +4-] M
i ) e el o + oS
i ! | i ; i
| | | m ! m |
-1 ._ - o, o mans ———— — 4 —

/; 0o
T

: \ﬂ\\\w\vh -\nn‘fq S e e
Lot o b

P m

— ———

7

[+ // (L HE

w7

e B e e T

w bt | |
1 . 1T L. - o s
. N T N |
ot P e o o -u,w I A ANt b ni_
P R R O
N L R N N ) N
S A _oly 2 |
15 = LA —_— —— ,14 - ﬂl‘ .- ll]t.l e e a — e

7 R | | | | _ w » J
o8 | Bl M
SRR r 4 o172 4 . 1.4 -k s
" L4y | ﬁ ! , _ m _
P SN I BTN 10 A SN ) S e | e

~ * . ' ol $

¥ 18 | . 1 _ : _ _ m

W TIDNN 77

“
SN (USSR NI SR PRI
M

| !
il b2 g
=]

!
! e
| .

m

1rﬁ 1&%3.“\\\%% k\\\adw\ ey

L bt Lo bitoil ] _

|

3

'

3

Freor . Cenme o— Kezrtyen &.c:/

|
|
I

Ny
L Dismmmace

«lln!'rll‘.Jllllal,

M,...»;

-




TABLE 2.1-1

CEFLASH- ~ S LT PROBLEM
IN"T LISTI 3 FHD
7% TINT E0IT

" CUMBUSTYION ENGINEERING 77 7 CEFLASHGB VERSION 11 03 1976 — Te6308

et e e e =

JOR RUTRLALHYY TUTTTURING DAYETUOT/0T/TATTTTTRUN BEGUN T 18,186,157 T CPSTUSED T T T TT2,17200

———

A, GEmMERAL InFnR™MaTInx AND CPTION TNFORMATION . T Sy e -
ExD TIME  RUPTY TINE  LEAK DPENS  REF ELEV PSEUDD P F MAX STEPS  MaX EDITS
3.000E=03 T 1.00008ev0  140000E€00 0s T T T0e T TT 77T 80000° " 1000
AT ICNS TRFLECYED T T T o T T - i
1Fex § MOMENTUM TEAM USED TN FLUW PATHS SELECTED CARD SERISS 4NN
1FYAN T § YROM CORRELATION T T T T e AT
IF xS 2 FLU~ VviRYIsG FRICTYION FACTOR
—————{FCf Ty TCRITICAL FuOS CRiCK TYPE S PLUS PATWS SELZCTED CARD SERIES -INN
17 sl 0__ 02 NOT GALANCE SYSTEM
__U2TI0N Fue (Eax TABLES SELECTED BY VALUE OF /0 FOR FIRSY LEAK FLOw PATH
PATA L/D .77 YaBLES USED =
T 88 0, ___ WENRY=FAUSKE
T2 STEp vaoLE
~ STEPS
B alall. ot L PER
i USE UNTIL - PRINY
= 5.,0000E0S  3,0000E=0 Jmyuny 1|
E=y= 1
PN ) . L e b e - e
® o o "




|
|

2943:032° 20%3509 ,.7 Souuuoo n 20430000°1= 23432700°2 23008 65
00e30000° NI.S....G. 4 - T3 1 F b S T Lo L4 £l A O S
00e+30020°2 So#ui.mo .o $0 0043000077 ©O0a=UCU0*® @b
00+30000°2 —10=33309%Se *Q *0_.._0CG*3u000%t. 00%30000% _Ur
00+30000°2 10=32000%= *0 0 00+30002°71 Q0e3FuCLO*Y .9b
00e3L0L0%2 — 10=30000°%Sm *0 0 _00e200u0*T _00e2uCun®y _5°
V0+30000%2 1N=30300°Se ‘0 *0 oo..?_?:.; 00*3J090%SY an
00430CL0°2 - 10=30000%Ce *8 LT T o VT L L 2 SRRl B 4 S —
YU*30000%2 10-3u000°Se ‘0 *0 0ne30tut®t  00e3u0cI®n  2n
0Ce30000°2 - 10°300uUD*Se. ‘s *0_. uC+2u000°T _uf*3avdvl*e 12 P
QU#+39000%2 10+70%00°Ce *0 "0 QUe3U000*T QCe3VOUl*n On
e T L O T |1l r— . SN L D) UNedg00n*y __00e3v0uU0*y _ of.
00+4u0Q0°2 [0*300uN®Se ‘o S0 0Cel00y0*t QOeIvouUd*m &S
- V04200002 10+3.000%Sa ='*0. SH_ 0N« Juan ] S0e U000y "
00+#3u000%°2 10=32000%Se *0 0 0047¢ALOT  00+3L0U0*s 9
- = V0%33000°2 10432000°S-. ‘q 0 _ C0s30000°%) . gOsIUDLAE SE
G0e3u0cL0°®2 10«300u0*Ge 0 *0 0CeWOUO*T QJIeFv2ul°n 0t
-u0e30000°2  10-30023°Se oL °0. 0Cs3U0p0*], 0v0e3viul*y (X
004300002 $0=35000°S= *0 *d pANILHLNT  poeIunglts  IF
» U0+300u0°2 10-30000%Ge *0 L R 1L (Ll W s TTor R S |
00+30000"2 10=30000°S~ *d *0 0C0e30000%T QO0«40u0*n 0OF
" v0+3u000%°2 10=300L0°*S= .0 0 . 00%30000"% 00*340ul*n _ 62
00+30000°%°2 10=320N0CI°%Se *0 *0 CO0e30000°1 QOe3°Culd®y g2
00+30000%2 107000 0°G- 0 *0  ©0eIC0uN®T _ 00e3v000°r 12
00+30000°2 (C0=30000°Se *3 0 00430000t (O0+3vCul*n &2
E0e3u0u0°2 1023:000°Se *90 *0_GhequnoncT__ 0CeLO0C0*n _§2
0U+30000°2 10300U0"*Se *0 *0 0030000*T1 @O0e3v0Ud*n w2 L
00+30000°2 . 16=32000"Ce *0 *0 _ cO0+3000n*T _00e3v0Cn°n €2 ot
00430000%2 10=30003%Se "0 *0 L0e30000*] (OeFvILl®y 22 §

" —00+30000%2 10220000 Se 9 S0 . 00squNent __00e30Cu0n 12 £
00+30000%2 10-:0000°S~ *0 N ©De30CUR"T woe3vlun®e w2 ~
U0e3u0ul®2 . 10e30000"Se *0 *0__Che3L0u0t_ LOeL000°%n ot
00+30000°2 10e30000"Se 9 *0 yOssouud*l (0e3vduten @1t =
00+3u000%2 10-3u000°S= . ____*0 *G  Q0+30000°T _ 0O*3V0UL®m __ 4l _
v0e300LD®2 10-30L00°Ge ‘0 *0 00+00U0°L 00+Fu0ud*y 9F
00+30000%°2 10=3000N"Se _ ‘0 _%0 _0NeTufun*t _ eNe3v0udts ST emmend
00+30000%°2 10-350000°%%e *0 o0 T 00e30040T  Q0e3L2J0°r el A
00+30062°%2 10=30000%S- “0 S0 __0PeIe0uOT _ CNeI00%°w_ ¢
0e3u000°2 30230UD0"Se *0 ‘0 0233;;...3.??,9;!~—|~I|

-0Us3u000%2 10+30C00°Ke *0 A8 3.53): 00e3v0ulty || Swmmm
00+3000U0%2 10=350u0°Se ‘0 o0 0e300un®T ¢O0eI0uO*s 01
o U0e30000°2 _10~35000°Se __ ' ‘0 00+34000° I 0Ce3L0uI%Y o g
UO+30000°2 10-30000%Se 0 *0° 00+30000°1" 00e3vd0In g Tl
UO+3C000%2 _ 10=T0000°Se 9 S0 __00e30030°1__c0e3viunte 4 D
VO0+3usul®2 10-30000%%= =) *0 T y0eIUNU0t T one3ululty 9
P0+3u0u0®*2 10-30000°Ce 0 *0 _ 00e2099u%°1 _00+3u0ul*e §
V0+30Cu0*2 10=30000S= ‘0 *9 (O0+I0N0%°*T (QO0esstul®e mR
i s e s < i i s o DS TU000° 2 | [H4IN008" e e Tning D) e 0 00+32000°T o00e3vLU0ta
UG+3000C%2 10=30000"%e 0 &0 00¢70000°%°1 00w 0U2°er 2 .
- UV*300600°2 | 10=30000°S. 3 i *0__00430020°1 _0Cedulol®n 1
Vady w014 A3 AL10R ATTE L3I A373 4Ix3 ANy T AN 137 p
= R ] P L SawnTUA TuBIND_te
90E9L. . 9483 TO 31 NOISHIA aonSY1432 o __ONINY3N1ONTY NOTLSNRRDD .

(Panui3uod) |-1°2 w(7EL—




CUNBUSTIUN ERGINEERING CEFLASMGE" ~VERSION-T1 03197676308
N PROPERTIES o ——— S|
sof PRESSHRE ENTH SURC EvtL TPH
1 Be 700“{00! S 3997g+02 " e .
2 2.1( "‘!‘03- S.1997E02 0.
2T 2,1004L403  §,3997E+062  C e e e —— e ——— . . e . e
4 2.:0*1“"! S.3997€+#02 0.
$ " 2.100nE+83 " 8 3998002 G0 o f—————
6_2,1000te0Y _ S,39975+02 0.
T 2JinUnbe0l S5.35997cvg2 O e
8 _2,1000Le03 S.3997E€02 0.
9 2.,1000e+03 S,1997Ee02 0, = — . S o to— . ¥y ——— = S —
10 2410002408 S.3937L%02 0.
11 2.10005403 5.3997c+02 0 Yperse o ctunnct
12 _2,)r0~EeC3 _5,319978402 0, N
33 CelnlnNE syl Snﬁq"TL‘U? Us
14 (e3N0NESQY  5.3997L*02 O
1S5 2.:00nte03 §,3997€+02 0, i B
10 __2.100%E%03 _ 5,3997€¢02 0,
17 243000Ee53 S.3997E+02 0. o & -
18 _2.,10r072e03 __S5,3997E¢02 _ 0,
) 19 2.|'ar-w3 5393702 Qo e iy e —
- 2’ 1"\' ’03 SQSJ:’L.J? Qe
'.121 2 (ronEedd S.3%47ce02 O Al L et e e ———— —— - ——
;‘a_‘z_z.xnniocs 503997k 002 0o
2% R2.10u8Ee03  5,3397Eeu2 0. S R e ) e e e e ek g — B b e - e ——
24 2.,1n0nts03 5.!°°7£002_0.
‘%25 e.lnorwgwl S 39eTE*02 0o s e - i ———— . e
25 _2.100nLe03 S,.3997L 00? Geo
e? 201""\”‘{’03 SedNG7L c2 AO- . T - R T e ree b
8 2.100nZeud s.ﬁf-w—;oue O«
_%29 Ce 100 ﬁ('\as 503’;‘7L'02 00_ i - g s D LN el e sy S G
lﬂ Z.!ﬂﬂ"E01‘5 S SC).’E’O? 0-
's’n 2.1000E903 TS 3997E+02 7 04 —
3? Se1000E*03 S$,3997E¢02 O,
"2' "Z.xca*'-.ooi'5.5’97&002"0. ———
3s 2.!'01‘_03‘ S44997¢ 202 O
->-$s ) Z.U‘.}.*E'CS B435%6TE402 0o Lty T e —
- 3o 2,100rEe03 6.39978e02 0,
BT 2.1000E%3Y T EL399TE40270 -
3! zol“'.)ﬁf.o‘ 5.5°°7£‘02 0.
39 2.i000E003 T 5,3097LC2 T O —
40 2.103ne¢03 S.3997€%02 0.
5147 2.180nE+037 S.3997E4(02 " 0. — -
€2 2.1c0r2e03 S,3007Le02 O,
W3 Q.10 0nE¥03 TS, 3997270,
“s chﬁOFt’Ol §.3987E«02 O«
-“5.”2.“‘00600“ 5.5997L’°2—° pad ooy ke paniany
4b 2.100nE+0Y S,3997t¢02 0.
-2.‘0005.03 S.}QQ’EQO?‘ e e e i i SEE_—. - S Nt R~
48 2,10092¢03 §,3997Ee(2 0.
w3 ¢.1"~.a L’Ul S5.3987¢02™ el > . - - — .-

Tablz 2.1-1 (continued)

re s rL Y . )

F.




. Ve -
‘9 ‘0

- sat e
-0 ‘o
.0 — . e @ )
.0 .G
LD — G
‘e ‘0
.O\II'II.O
‘o ‘0
.° e e @
‘o *o
L e ]
‘0 ‘0

.G‘O-; ll’.l-.e...
‘0 *0
000'.0". .c
‘0 ‘0
00— = —- -0
*9 ‘0
L
‘0 ‘0

.0 i .C.
*0 ‘o
VE s o i weim
‘o '

0 0
‘o o
e v s s S o i s e W
‘9 okl
e T
.o .0

.O = .Gl
‘0 o
- .O .O
*0 "0
e P e e * O
‘¢ ‘0
i - - ey @
‘0 *'e
TR PO,
.o .U

. 001'!0.! o ...D‘
'U OO
FIEEENEIEL, . P ——
Oﬂ 00
St o - B e 5 '
‘0 ‘0

it vt B v 8 -

d Y1730 ¥0 4 v41%30 x0

— SAS WO30-—.ON4 “035 —2 NOILJldd— - MOTd.nCno

o —— - s -

FAEE B LB R
2i=3000C°¢
2u=3uCtiu’s
2ie30000u*g
27e30054°%
2ue30usL's
2J=30054°%
du=3008L'%
iveduunL'g
20e3008L° S
Qu=jlousyLty
2uesjouiiL’s
eU=jUulu't
2ueidisL*s
Ncouocou.n
2Ve300C0"E
Quejllovs
2vej0000%y
eve3lylu*g
2ueglluv's
2Ve30uld®g
20e30000"g
uellulu’g
2Ve3LusL g
Zvuejte0u’sg
2ueidluCu*s
~c-u,cm>.m
2ve3f000°%t
2ue30UCu*s
2ued0uie’s
dew3LUON*E
~couoc;c.n
Que3000u°S
Z2ue3lulv'g
2u=3%00u’s
20«3C0000°%%
2ues30UGL S
2La30000%s
2us30400°g
Sem=ilussL®s
2Ue330Qu'g
20=30000"¢
2u=400us2*¢
2ue30uno’t
cve30V
mu-uucpm.u
NCIAvor -M
20=30000°¢

2us30uG2%2

d vi130 ¥0

00435350

‘00e 40

vee
0uesloou*2
00e30000°%¢
00e 40000 %¢
Qe 3NLOU*R
Qus3uu0u*e
00+ 300002
00+ 30009%2
OusI0VOVe
G0e30uln"*2
OCOMO(O&

QUs 3000V
QuedCuuut®e
004300098

-Q0+3000vt2

00+ 30000°%¢

Uveidlnie -N
00e30000"%¢
00e4000U"2
00e+30000v°%¢
(Ct.-“
00e3000u"2
00+ 40000"¢
00+ 40C000"*¢
Quegbcovte
»towoocc-N
00s30000°%2
Uus 400002
00#+3000uU%2
Oue 30u0uT¢
Gueijbuoute
00e3000u*¢
goed0000®2
00s30000%2

~bue3louu®e

0Ges300 oc.m
Quesbudu®e
00s3C000%2
ncousgun.u
Cus20Q0u*e
pusdnlaue
Co+300u0%¢

_CDe+30000°%¢

Qusdouove

Ju*g .. C0e3000V%C

Gled0uuv®¢
00e30000%2
C0e30000%¢
goes30000°2
NMUd VaBY

—— - ———

'

D0430000%2 00435.23%2 O8+3.000%2  00¢320C00°% 0L __9 £l 6"
00430u0u*Z 0063N0003%2 00+435000°%2 00s30000°% *0 e §2 v e
Dus30U00%2 . DO*30005%2.. 00*3TCC0%2 .. 00220 B L i B ST ¢ iy
CJ+30000%2 00+30000%2 00Qe30u00°2 00+30000°8 % & v N g
DUed0000°2 CO0#30000%) 00430000°2. 00442000° e 0 __ 6% nf __ -8 st
00+30000%2 00+30009*t 00¢30000°2 oc.wagac.ﬂ *0 o £5 v e
004400U00%2 - 00430000%1. . 0uszl000%2 BB I0000% Y N0 EE 3 ie
0u*30000®*2 0047000Q°%1 00e300C00*2 00eiCuno*1l *0. o2 US v + 20
C0430000%2 - 00430009% 1. 00%20000°2 -~00%30000° e U CE 1K g 5 §-)
00+30u00®*2 00432009°1 OU+3nCR0%2 co+30000°% ‘0 1 ¢éf ] 09
00+30.00% - 00+37006%F . 00432000°%°2 Oue3Culo°l 40 i B8 8K o B - BE
00440000°%2 00440000°2 00430000°2 CU430un0°Y *9 ef 91 € 141
00+30000°%2 00430000°2 0CO0#30CLU*2 . 0LeJ000° ) e "0 __ S5 | - n.lllsn.llllllll
00+40u00%2 00430009%1 00e30000°2 Oueivgne*l - "9 e2 w? ®
. 09440000°2 - 0C+30000°2.. 00*40600°2 - QU+ I0000° } i 0 = 05 o 21 g mn
00+30000°2 GO+ 40UU0®2 00#30000°2 DOus30u00°] "0 if &1 5 g
Ouss000V®2 ©00430000%2 00+30000°2 OUASODT YL o T 0 s B F - ) £g
00+ 40000%2 OUs3IN0N0®2 00*30000°2 CO*300 % ‘0 G 91 1} 2%
00+4UU00%2 00+30000°%2 . 0V+30000°2 . OL#3INO00. e C—— Y ) ok e, Do L ERC S
00+ 36000%2 OQLe30J00"2 Ousdu0N0°2 00e+30000"1 *0 st ni ] of
0U+30000%2 Q00*3INE0L"2  00*30000°¢ 00430000° . | - El 62
Qu+3INUD0®2 00430000°%°2 00+3nG00*2 00+30000°1 ‘0 21 g ] T4
Qu+40u00°®2 00+30000%°2 00+30000°2 00+30009°%8 . "0__%§1 ot __9__ 2
Qu+40000°2 00+30008°0 00430¢00°2 00430u00°} 0 s &t ¥ e2
00+30000%2 00300002 CO430000U%¢ 00430400°% .. 9% 4L % g2
QuU* 0l 2 OCue300uG*2 OULs*30UN0"2 oc.uccuo." *9 £t S 3 r2
QU+50000%¢ 00430009 ) . 00%30000°2..00430009°%8 0__82__«2 ? §2 =2
QU*30u00°2 OULe32030%2 O0043000u*2 004370 ;c.“ ‘0 21 1t ] 22 f}
C0+30u0u®e ©00+30000%2 CL+300VN0°2 0Q0+30u0v*l o ___§1__% El 2 s
OUe30000®2 00+ 0C00%2 00+30000°2 0Q0+3NG00"L .o st » 8 02 o
ac.uacc..~ GO+3000u%2 00+ 30u0C*2 . Ouessvupe®l L AR Y 3 sl
Oue 30uU0u®e DOs3I0UH0*2 C0e3C000°2 CO+30¢CO0"L .o 1 s 8 et '
00+30000°2 . 00430 200%2 . 00*31000°2_. 00+20000°} ‘0S¢ 8 L1 g
00030000°2 00430000°¢ 07433000°2 00¢30600°} CP o't e & o)==
00+3000u®2 . C0+30000°2 00¢30000°2_.00+30000°% ‘o 1_% 8 51 -
00¢30000%2 00e3000L0°%2 00+30000%2 00e300O0"Y .o £ n ] el P
00+30000°2 004320000°1  CO#3uLno®2 _00e2000L1 Fn S __ v ___9i____ Q5
00430000%2 ©C0+33000%2 00430000%2 Ce+37000°8 .o €l ¥ 21 ——
00¢30¢00%2  00430000°2_ 00830000°2 004300001 *0 m ° 2 [T o i
00¢3LL00%2 00+30009°%1 00+300C0°¢ 00430000°%1 *0 2 §2 Fl 3 ﬂ
00+400G¢%2 00435000%2 . 0043000u%2 _00+30000%1 0110t ] &
00440000°2 00#32000%2 00e30CN0%¢ 00e30ud0*l ‘0 £ é e ]
0G*30000°%2 _ 0G+30000°2 _004320000%2_ _J0=-30005°¢ ! N S ] L [~
00+30000%2 O0u+30000%2 00430000%°2 00+430000°8 *0 & ¥l ¥ e ﬂ.
QU#30000%2 _00+2u000%2__00¢3C000%2__00430000°1 0 gl__9 ) (3
00430000°2 ©0+35200°2 ©00430000°2 10e30005°L o9 | M — -
00#30000%2 . J0+30200°C co.moeqo.mx,oo.u?oo.“ fo__ 92 ot § £ P
00+30000°%2 00-+30000°%2 00e30000°2 00e¢30000°1 ‘0 er 2 L] 2
_00¢30000%2 204300002 _00430000°2__10-300058°L g 2 1 8 1
af Vit #il3wviQ L ETL v/ wNS om Cl wOZBa 3gAl wive
MUYS wOw . 390N
- b e g act 47 e $Hivd #CI4 °2
_@PWSYY43 _ _ ANI®3I3NIANI NOTLSNAW0)

e BOSOL . 9461 €0 TI. NOISHIA ... -
(panuj3uod) |-1"2 ©LT




0 0 L] S
44303 — 24303 34300 - — - 34300 Y3INy - 021
304YMISIC  30uYNISIU  298YKWISIQ 3%4Y¥KISIA NS
*0 *0 20e30000°'¢g ~o.woooc I 00430000%p 0C+30000°% T10%30559%L 90+30000°% ‘0 oS 1 ) <9
8 0 e 9 ) 2 0@ J00G L * €=~ 008 40000°2 - 00430000%2..004320000°1._0043%000°2__00430000°1 *0 Ia__0% [ L)
o 0 20e35000°C 004300C0%2 00430000% 00+30000°%2 00420000°2 00430000°% 9 ga 02 ) €3 i
*o— "0~ 2us3INOCUYE--00+30000%°2 - 00+30000°%2 oo.u‘),o.m 00%30000°2 . 00%3C000°3 *0___g0__12 ] 28 iy
9 "0 20e3006L4°C 00430000%2 00#3000u®*2 OGO#3)C00°T 00+30000°2 00430000°% *0 L 8n g Tg a5
‘e S0 2Ue30UOV L. 00+3CuU0V®2 0Ce30L00°2 om.udf,u 2 004300002 00+30000°8 *0___ 9% _p2___®__ Gg_
s *0 20Ue30U00°S 0043000v%2 00430000°2 00+30000°2 00440000°C 00+35000°1 o Sy 2 - 64
0 i Y . 2UeFOVUCYE . 00430000°2 00#300C0°2 00U430000°2 Ouejluno®e (TR U St [ el SR SN - (OSSR
‘0 %0 2ueilusL®s ,oc.moccc.w 00+3000u®%2 00430UNG*T 0041300002 00+30000°%1 *0 in 22 . ¥ iL
0 — e ' ~c.u.(c_i..m D0e30UUS%e 0C4s0L0uU®2 0U+422009°1 0043CuP0°2 OQueiCo00°] 0o _2y_ sn___ 8 . J—
0 20 2vez0USL*S 0063000v°2 00429000%2 00s30L0¢°1 00¢3090.°2 O00e3R00V°Y ‘0 £p 0" ) S¢
8 e %D 20e30051°¢ 00e2000v%¢ O0US400CU*2 004300091 00430UC0°2 00430¢LO°%Y R BN ' S L DN DR A
0 'y 29sI0UGL®S 00+30LUV*2 OUS30L00*2Z 0U+30HC9°E 00420000°2 O0*3CO00L°T. T 9 Sn ‘g L
v e+ 1 0 e Y0 . 2USFOUGLYE CUCUOCNU%2 CUSZLUOL*2 00+30LO9*TL OUeIT0NL*2  00+2000V | (R N ] Y e N 2L
0 00 2uej0uUSL'E 00+30008°%¢ 00450u00°2 O0Ue3N009°L OLFCUL00*2 00430000%) ‘0 un el ] 14
e "0 e %) 2ua3000u"E OuUs30000°2 OuedVLO0®Z 00430000°2 00430000°C QuU+37000°1 ‘0 02 o1 __ 8 __ 04 =
‘e 8y 2Ue30uLU®E Dus3IUUOL®2 OU+4U000*2 0043000V0%2 004300002 OQus3OUGU*l ‘0 12 ¢ L] 69 _.
°0 %0 2Ue3JLSL*E 0U0U+3000v*2 0U3C00G*2 Ous3CL09*L 00+30CCU .m 00+3000u*E, ‘*0__wm 6" _ 8 __ 89 -
‘0 ®p 2ue3CUCC®y OV#+30000°%¢ 00+30u00°2 OusdbvuUu®e 00e30000 *2 0u+ituno*t ‘o n2 52 9 L9 o4
Sl 0 2ueduulu'g -o:.uOnoc.n U 3uu0u®e 0ue30eNg®2 00430000%2 _00¢30000°1 *0 £12_8 e %9
5 ‘9 ~c.wonuo.n 00+4000U%2 Oue30U00*Z O00e20000%2 0Q0+37000°2 00+30000°%) ‘0 ¢ @ e 9
‘0 g  2ves0UOU®S _ GOMICUOV*E _ 00#30000%2 ©04306000%2  00+3%000°2 00+30000°1 *0___0n_G2__ @ 59
‘0 -89 2ueilu0u’g oc..CCCg ¢ 00#30000%2 00s30000%2 00¢30000%2 00¢30000°1 o~ 02 12 e se
=8 0 mco:coo.n OueI0UOU®e 00¢30000°%2 00430000%2 00430000°2 00+30000°8 ‘0 12- 22 El 29
) 0 ZU=30UC0%E OuUs30uU0U®Z OULe30LO0*Z 00¢30050°2 0D0*30000°2 00+30000°1 TR T Ty w2 T 9T 1T
*0 00 _20=30000°%C _00e20000%2 _00+4000u%2 00430000°2 00+30000°2  00440000°1 0 n2_$2___ % 09 k
b "0 2ve300LU’Y 004300UV%Z 0043LUOU*Z 00+30000°2 00¢30000%2 OULe30C00°T 0 2T ¢2T % oma||m|
A ol *0 2ueiQUel®f 00430000%2 0ue30000%2 00e300N8%1 0UL430000%°2 00+32000°1 ‘0 of 8% ] €5
' 0p 2us30000°S OU+J000V"¢ 00930uCU*2 00030000°2 CO+30000°¢ 00ed0020°1 °0 &t .:rntonl-;.ln.
S *0 Q2ue3CUOU®E OUL#3UULY*Z Qu+e30U0U*2 00430000°2 004300002 00+30000°F _ L ) ¢ e e
‘g *) 2u=30UGL*E Oue3TL0U*2 0U+30000°2 ©00430009°1 00430000°2 0U#30000°1 T %0 em 92 g 5% |E.
% 0. 2ue3000U°E. 0Us3000vs¢ _0U+30000°2 00e30u00°2 L 0VINCNO0*2  0u~0000°8 0 s2_ut " o
L 00 20e40U0U'E 0CU440000%2 00930000°¢ 00436000%2 00+40000%2 00¢4v270°% 0T & 2 T % 58
% 0. 2ue3L08¢*¢ . 0U+200 00#30000°2 00430000°2 00420000°2  10=30008°L 0_ % _1 e G
‘0 S 2ue3CUOU'E OUs3I0LLL*E 00+30000°2 004300002 0C-30000°2 00+30000°1 3 of ol ) Is
— %0 %) 2ue3IU0R°C 00e40U0U"2 00+30000°¢ 00+30000%2 00430000°2 00430000°1 SUSISUL ISR | S T
d Y3938 20 4 :..ua EQ ¢ Y4140 20 NmUQ VINY o v3uy ¥313uvld Y INY v/% wNS 0m 0L woEd 3gAl .::.lR._.
.ux.a>¢,xouu:.u.oxs w039 ¥ NUlLDiEd . MUTS AUn MUTd WON —— o s I [ ¢ | I
- —— 4 - il o T ..lu._.:.l.:c._u!uGl
e Soes onmsaiiarE * 't i g059¢L 9L51 £0 1T NOISHIA grHsSvI43) . CONTEIINIONT NOTLSNRWDD

(penuijuod) |-1°2

alqel




00430200%2 00e30000°%2 1 " 15
-— —_— - . 094303002 004730000°2 i ” 0s
00e32000%2 00s30002°2 i n s
s g e R s o 00+30060*2 . 00+33000°%2 ). o o
00e300u0*2 00e30000°2 i n "
s sl i M R et & —— e e e DO4I0000*2Z 00300002 i ] N
‘ 00+30000%2 CO0+3u000°2 i - 1) [N
IEES—— S esiins e - 00e3U000%2 00430000°2 3 ) " s
00¢IuVUN*Z 00eFu000*2 i " £
00+33009%°2 _00e3u000°2 3 - FL)
00+23,000%2 00e30000°2 1 " i
00e3u000%*2 . 00300002 3 ~ en
00e3u0u2*2 00+3L000°2 } L] 31
e - — 00e30000%2 00+30000%2_ } n g€
00+30000%2 0C+30000°2 i 7 L5 o
.00+35000%2 .00e30000°2 ] - . 8¢
00«30000%2 00s30000°2 i ] 131
e s e e e s e i s i e - DR RVOGOR  00e30000°2 } ? n<
004300u0%2 00030000°2 1 n €
i % e e e e v i 00 @ 3C000%2 UDe30000°%2 i n 2¢
00¢30000°2 00+3p000°2 1 ) 151
o A S < S e e o s v, e i i 00e2U000%2 00ed0uyp0®2. § L 0¢
00+30000%2 Q0300 Q0°%2 i n (T4
AR, SO e - e e D e e DOB0000%8 9EI00VRTR . 1 " g2 _
C0*3IL000%2 00e30000°2 H ] L2
kel 8 P e e e DO0+3uM00%2 COe3ICO0%2. - n &2
Q04300002 00e¢30000°2 i " 62 —
G e e 5 i e v ———— it — 09400 0°2 (O0e30000°2 i - 22 '
00+32000%2 00300022 i " z e
S ey = = Ry .. D0e2¢0U0*2 ©O0+I0OOQ 1 L3 c< ~N
00#300u0°%2 00e3ufpl*2 i n 12
3 3 . 00330002 0GeT000°2 1 - ]
00+30000°2 00+30”00*2 5 " st
. . 00e¢35000%2 00s30000°2 1 " 8!
00+300020°%2 OLe3uBL0"2 1 ” i
—_— — . e R __Che000%%2 _ 0Ns 34000°2 1 5 91
004100002 00+3U022"2 i 13 14
— -t 00¢3u000%2 00+30000°%2 1 » sl
00430C00°%2 00e30000°2 1 n n—l"n
W0+30020%°2 _00e30000°%2 \ » 21—
= : 00430000%2 ©0+0092°2 i - e -
. 004350002 _ 00+30000°2 § " + g S
004300002 02e30000°2 t - s RI
ik bu o oo — 00430600°2 . 00e30000°2 i " v oy
00#30008"T 00e30000°2 i - L
QO&200u0%2_  0030000°%2 1 5 @
00+430000°2 00e3UD00%2 | - wRul
—— . 00+3000G*T _00+30000°2 1 " ”
D0430000°2 00e30000°2 1 ) (4
e 1 — _00+30000%2 _ 00430000°2 i - ¢
00+420008°T 0Ce30000°2 i -] : P
o L HION3T___¥074 AT¥82 014 xn14 Hivd
vigv NiR Iwalsiled wNAN IR0 nC4
—_— — o S et e i e Sxiva »014 A8 _$5011g0
anIx33anIond NOILSNER02

|

— 9089, — 9463 €0 IL HOISHAIA ——— — 8UWSYI4ID
(PaNULIUOD) |-1"2 <iEl




e e iaseplies - 808E9L 9467 S0 11 NOISH3A

(PoNUL3U03) |-1°2

00420000°2
00+20000°2
GC+30000°2
00*30000%°2
0oe3Z0000°2
0de0070%2
0de50Cun*2
00e30000%2
00 3du0un*2
00s30090°%2
00e3u0R0NY
02+32C00°%2
ehe33000%2
Qhe, Q002
00+30000%2
00+3,.0uc%2
00e+3000v0%¢
00sJu0u0*2
Qoe0000%2
00e30000°%2
004300002
0Ne30ud%2
00e30000%2
00+30000°%2
00¢230000°%2
ohs20000%2
00+32000°2

00+30000°2
vu0e303¢0°2
00+ 30000°2
004 30000°2
0043)200°%2
00e300uG"*e

wlionid

gbHSY1432

-00430000%3. 0043000021

00+30790°%2

.00s30000"

vde30000%2
Uoe3y000*2
C0e30000°%2
00+ 20000"°
co0s3000C
U0e30N00
00e30000
D0+30200
vosjo0e"
00+ 30000
00+ 30000°2
0DeaC0G0%2
00+30000°2
00e 30000°2
00e¢ 300002
00+ 300002
00e30000°2
00e30000°2
e0+30000°2
00e¢3000D°2
0%+300UC0"

00+30L00°2
00e30000°2
004300002
00+30000%2
uns30000°2
00eJUOL0*2

L3 W3
-

. -
NN

.
~N

00+20000°2_

00+ 3u000°2
004+ 30000°2
00+30000°2
¥4 1imd

viny NilwW

i

|
|

VY FIsTIAIPIIIIaIIITIIISINN

|
¢

i

]

I IIIIID

Ival

.SHivd v074 A8 _SNC11e0

P Ll i I e IR ol o o o ol el ol o ol

w04
1182

|

B

N4 _

RNANFnUW

onIE3INI0NI NOTLSNERTD



QUESTION 2.2 (Problem Ho. 2)

A two-dimensional sheet of water (see Fiaure 2.2-1), of unit thickness is at
a pressure of 2100 psia and a temperature of 544%F, The fluid is at rest
everywhere . An obstruction, 2 feet in diameter, is present. A 2 foot dia-
meter region is suddenly relieved to a pressure of 1700 psia, ~t time equals
zero, and held constant at 1700 psia. The problem is intended to be equi-
valent to a typical PHWR downcomer annulus in geometry (un-wrapped) and to
evaluate the effects of the hot leg nozzle extension which penetrates the
downcomer region,

Provide plots of pressure and fluid velocity along the x-axis at distances
of 5 feet above, 3 feet above, 3 feet below, G feet below, and 10 feet below
the center of the relieved region, and at the cen*erline of the relieved
region. Provide plots of pressure and fiuid velocity along the y-axis at
distance of 2 feet, 4 feet, 8 feet, and 10 feet from the center of the re-
lieved region, and at the centerline of the relieved region. The data is to
provided at 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 milliseconds.

RESPONSE

Analytical Model

This problem simulates a reactor vessel downcomer with the hot leg nuzzle
extension into the annulus taken into account. An 18 ft. long x 11 it. wide
flat sheet of water of unit (1 ft.) thickness as shown on Figure 2.2-1 was
modeled using the CEFLASH-4B computer code. A 58 node and 24 flow path

network arrangement was developed, which is oiven in the diagram on Figure 2.7-7.

The problem as stated above describes an unwrapped downcomer geometry which 1is
_symmetric about the y-axis. A node size of 2 ft. x 2 ft. x 1 ft. thick was used to
model this reaion. The axis of symmetry would divide full size (2 ft. 2 ft. x 1 ft,
nodes along the centerline of the sheet of water in half if the entire region were
to be modeled. Since symmetry is accounted for in this medel fornulaticn, these
nodes are represented as one-half the width (2 ft.x 1 ft.x 1ft.) of the remaining

nodes,

2.2-1




The region around the hot leg nozzle extension was modeled by four separate nodes
These four nodes each account for one quarter of the volume between a full
size node circumscribed about the nozzle extension and the volume occupied

by the nozzle itself. These four nodes are connected to the adjacent control

volumes (nodes) as shown on Figure 2.2-2.

The "leak" rode (node 1) is connected to an arbitrarily large (20,000 ft3)
containment volume(node 55) through a 1.571 ft.z(area of semicircle with
radius 1 ft) flow area. Further nodal descriptions are presented in Table

2.2-1,

Flow paths are used to connect node centers to node centers except when pre-
vented due to the problem formulation. The pressure and flow rate information
was requested at unequal intervals along the x-axis which prohibited the use
of flow paths with uniform lengths,

Flow paths 1, € and 28 connect the outer boundary of the "leak" node (node 1)
to their respective adjacent nodes in order to account for the transport
distance associated with the relieved region.

Flow paths 3, 4, © and 31 connect the nodes around the hot leg nozzle exten-
sion to the surrounding nodes. These paths end at the outer boundary of the
obstruction. ore flow patih definitions cen be found in Table 2.2-2. Hoces ]
and 55 are assumed to be at 1700 psia at time zerc. P11 remainino nodes are
initially at 2100 psia. s in prohblem 2.1, the pressure in node 1 cannot be
maintained at 1700 psia over all time periods, lHowever, by assuming in-

s tantancous cormunication (L/A = 10'6 ft']) between the “leak" node (node 1)
and the containment node (node 55) the pressure in node 1 approximates 1700

. psia over the 3.0 millisecond transient.

A complete listing of the CEFLASH-4B input is presented in Table 2.2-3.
RESULTS
The requested plots of pressure and flow rate at times of 0.5, 1.0, 1.5,

2.0, 2.5, and 3.0 milliseconds are provided on Figures 2.2-3 throunh 2.2-14.

2.2-2 iy 2 gl ’i



The data is presented as instantaneous "snapshots" of the pressure and flow
fields on the 18 ft. x 11 ft. grid established in the problem formulation
and shown on Figure 2.2-1, The pressure disturbance is seen on the figures
to propogate radially outward from the "leak" location during the first 1.5
milliseconds at which time the decompression has reached the hot leg nozzle
extension. At 2.0 milliseconds, the pressure disturbance has reflected off
the cbstruction and is traveling back toward the break as a decompression
wave, By 3.0 milliseconds, the disturbance has traveled virtually through-
out the sheet of water and has started to approach :r equilibrium position
(1700 psia) near the break location.

b
-4

~
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TABLE 2.2-1

CEFLASH-4B NODE DESCRIPTION FOR PROBLEM 2.2

NODE_NO. DESCRIPTICN
1 “Leak" node, half—sizé (2 £t3) node from 1 ft below to 1 ft
above x-axis
2, 3 Full size {4 ft3) nodes from 1 ft below to 1 ft above x-axis
4, 56-53 Nodes containing 1/4 tne-volume difference between a full size no
and a 2 ft dia. obstruction located from 1 ft below to 1 ft above
5, 6 Full size nodes from 1 ft below to 1 ft above x-axis
7 Half-size node from 1 ft above to 3 ft above x-axis
8-12 Full size nodes from 1 ft above to 3 ft above x-axis
13 Half-size node from 3 ft above to § ft above x-axis
14-18 Full size nodes from 3 ft above to 5 ft above x-axis
19 Half-size node from 1 ft below to 3 ft below x-axis
20-24 Full size nodes from 1 ft below to 3 ft below x-axis
25 Half-size node from 3 ft below to 5 ft below x-axis
26-?0 Full size nodes from 3 ft below to 5 ft below x-axis
31 Half-size node from 5 ft below to 7 ft below x-axis
32-36 Full size nodes from 5 ft below to 7 ft below x-axis
37 Half-size node from 7 ft below to 9 ft below x-axis

2.2-4 il
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TABLE 2.2-1 (CONT'D)

CEFLASH-4B NODE DESCRIPTION FOR PROBLEM 2.2

DESCRIPTINN

Full size nodes from 7 ft below to 9 ft below x-axis
Half-size node from 9 ft below to 11 ft below x-axis
Full size nodes from 9 ft below to 11 ft below x-axis
Half-size node from 11 fi below to 13 ft below x-axis
Full size nodes from 11 ft below to 13 ft below x-axis

Containment node

2.2-5



TABLE 2.2-2 T .
CEFLASH-4B FLOW PATH DESCRIPTION FOR PROBLEM 2-2

FLOW PATH NO. DESCRIPTION
1-5 Horizontal connections along x-axis
6-11 Vertical connections from x-axis to 3 ft above x-axis
12-16 Horizontal connections 3 f* above x-axis
17-22 Vertical connections from 3 ft above to 5 ft above x-axis
23-27 Horizontal connections S-ft above x-axis
28-33 Vertical connections from x-axis to 3 ft below x-axis
34-38 Horizontal connections 3 ft below x-axis
39-44 Vertical connections from 3 ft below to 4 ft below x-axis
45-49 Horizontal connections 4 ft below x-axis
50-55 Vertical connectinns from 4 ft below to 6 ft below X=axis
56-60 Horizontal connections 6 ft below x-axis
61-66 Vertical connections from 6 ft below to 8 ft below x-axis
6/-71 Horizontal connections & ft below x-axis
72-77 Veritcal connections from 8 ft below to 10 ft below X=axis
78-82 Horizontal connections 10 ft below x-axis
83-88 Vertical connections from 10 ft to 12 ft below x-axis
89-93 Horizontal connections 12 ft below x-axis
94 “Leak" path, cennection from "Leak" node (Node 1) to containment
node (node 55?

2.2-6 696 293
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Figure 2.2-1

PLANAR DECOMPRESSION WITH OGSTRUCTION
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Figure 2.2-2
CEFLASH-4B MODEL FOR PLANAR DECOMPRESSION 