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LEGAL NOTICE

THIS REPORT WAS PREPARED AS AN ACCOUNT OF WOP **, SPONSORED
BY COMBUSTION ENGINEERING, INC. NEITHER COMBUSTION ENGINEERING
N >R ANY PERSON ACTING ON ITS BEHALF:

A. MAKES ANY WARRANTY OR R E PR ESENTATION, EXPRESS OR
IMPLIED INCLUDING THE WARRANTIES OF FITNESS FOR A PARTICULAR
PURPOSE OR ME R CH AN TABI LITY, 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<fantify
prc3rietary information. The following list explains the criteria
associated with these code numbers.

Code Criteria

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

customers or suppliers.

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

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

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

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

6 The information contains ideas for which patent protection
is likely to be sought.
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b UNITED STATESg g

e' '& NUCLEAR REGULATORY COMMISSION

?_'l j W ASHINGTON, D. C. 20555
.

o.,'Q Glib ' !
%*%#g/ FEB 2 01979

sse

Mr. A. E. Scherer
Licensing Manager
Combustion Engineering, Inc.
1000 Prospect Hill Road
Windsor, Connecticut 06095

Dear Mr. Scherer:

SUBJECT: STAFF EVALUATIOil 0F TOPICAL REPORT CEf1PD-252-P

Our letter to you dated February 12, 1979 trans.nitted 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 CEflPD-252-P
was found acceptable for use during the early saturation portion of bicw-
down as well as the subcooled decompression; however, the evaluation of
CEllPD-252-P did not identify this as being acceptable.

We reviewed the evaluation and concluded that the summary and the covr
letter are in error in this regard. Although we did not explicitly stcte
it, we did find the use of CEFLASH-4B in the early saturation portion
of blowdowr as well as the subcooied decompression to be acceptable. ~. n

addition, ve note th2t the "CEFLASH-4A" in Item 4 of the summary should
be "CEFLASF-48."

We request that you include this lett; with the approved copy of CEllPD-
252-P. If you have any further questiuis or .his topical report, please
contact us.

Sincerely,

MI- [ #7

Robert L. Baer, Chief
Light Water Reactors

Branch flo. 2
Division of Project Management

006(ty :.
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3% . f' NUCLEAR REGULA1 PRY COMMisslON4

h sh@!;./g
h WAsWNGTON, D. C. 20555

Qd FEB 121979

s.*,***

Mr. A. E. Scherer
Licensing Manager
Combustion Engineering
1000 Prot,ect Hill Road
Windsor, Connecticut 06095

Dcar Mr. Scherer:

SUBJECT: STAFF EVALUATIO'l 0F TOPICAL REPORT CEtlPD-252-P

On December 15, 1977, Combustion Engineering submitted topical report
CEtiPD-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 coupleted our review of CEf4PD-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-4B 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 CEtiPD-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 cor putera

printouts provided in the responses need not be included in the approved
report.

Should flRC criteria or regulations change such that our conclusions con-
cerning CEliPD-252-P are invalidated, you will be notified and given an
opportunity to revise and resubmit your topical eport should you so
desire.

When CEllFD-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.

Since rely ,

bO2')7 . hoy
Robert L. Baer, Chief

Light Water Reactors Branch flo. 2
Division of Project Management

Enclosure:
Evaluation of CEtiPD-252-P

n n7
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TOPICAL REPORT EVALUATION

CENPD-252-P: " Blowdown Analysis fiethe<' - tiethod 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 Engineering in calculating hydrodynamic loadings on a reactor

coolant 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 conputer program.

A post-processing routine for the CEFLASH-4B program is used to calculate

the hydraulic forces acting on the reactor vessel internals as a result of

momentun changes in the coolant fluid.

At present, a rigid boundary assumption is made in the hydraulic

analyses. The fluid boundaries are assur.ed to be constant and at

rest during the CE-FLASH-4B analysis.

The CEFLASH-4B conputer progran (References 1, 2 and 3) solves the con-

servation equations for mass and energy, the one-dinensional continuity

equation, and the equation of state for water. The CEFLASH-4B grogram

permits the user to select the nodal representation that results in the

best finite differencing c' the fluid systen to be analyzed. The program

then solves the conservation equations for each node and the or.e-dinensional

momentum equation for each flow path between nodes. CEFLASH-4B 1ses

%
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explicit solution techniques. Various options as well as user input

parameters enable the program to nodel the reactor core, reactor

coolant pumps, steam generators, and connogting piping in any con-

figuration and operating model desired.

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

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

Steam Tables.

CEFLASH-4B is used to compute the pressure response of a systen during

a decompression transient. The transient pressure response can then be

used'to evaluate the system's overall dynamic structo 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

sc'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-4B analysis to account for the acoustic wave phenomena

induced in subcooled water is demonstrated,

nmo
.c ( ) i.
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B. Regulatory Evaluation

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

the CEFLASH-4B program was li ited to th'e~ 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 Developnent

2. Application and System Modeling

3. Code Verification

The application of the one-dimensional CEFLASH-4B program to the calcula-

tion of the mult:-dimensional downcomar pressure field represei. s the

major portion of this review.

1.0 Conservation Enuation_s

The basic assumption of equilibrium of the steam / water r ixture is

employed in the CEFLASH-4B 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, momentum 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 momentum equation. Included in the energy

596 DiiJ
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equation is heet transfer associat.ed 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 functional 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 good 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 ir. plied sound speed has been

demonstrated to be in good agreement with the ASME values over the

range of interest.

3.0 liethod 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 speed. 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 convergence.

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

when the time history results of the predicted pressures and momentum-

r,' ;,
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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 Ef fects

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,Drium effects no it be properly accounted for in the

development of the discharge flow model.

Combustion Engineering uses the CE critical flow model for computing

the subcooled 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 nodel 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 characteristics 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.

1 7
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The opening tine history of a breal in the USS primary piping syste.n

is plant specific, and it depends o.1 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 openirg schedules, for the Systt 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-equilibriu.o

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 cylinder structure if this pressure "undershoot" could be

transmitted to the downconer annulus.

The reactor coolant 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

ef fects 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
, , , -

-
~
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similar to the Combustion Engineering mechanistic break, were

studied. For these conditions non-equilibrium effects were not

obsers_s. Ar, assessment of the af fects of a pressure "under' hoot"

on the impulse loading of the core support-barrel was perforned

based on the analysis performed in reference 5. For this extreme

case, the impulse loading increased less than one percent.

5.0 Multi-Dimensional Region Modeling

The downcomer region of a PWR can be considered at least 2-dimensis.1

for analytical evaluations of subcooled decompression transients and,

as such, should be properly modeled. Since CEFLASH-43 solves the 1-

dimensional conservation equations, it was necessary 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 mathenatical 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 nodeling 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 bc ;roperly scaled to a PWR system,

in terms of the ratio of the downcomer length to circumferential

k}; ('; ) d
'
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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 an,alysis will predict the

expected transient behavior. The selected tests were instrumented to

obtain subcooled decompression data. The selected geometries were:

(1) LOFT Test L1-2.

This test was designed to represent a PWR during dec 1pression.

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

(2) Containment Systems Experiment (CSE) Test B-75.

This test was run ct an initial 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. Th3 results of these analyses were compared with

multi-dimensional computer code calcul6tions (Reference 6). The

geometries represented typical PWR regians, 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/M005 were performed for

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

The magnitude of the pressure wave penetra'. og into the downcomer

annulus is the forcing function which determines the resulting hydraulic

-

.
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loading on the vessel interna? s. The inertial factor used in the

CEFLASH-4B computer code to represent the flow path between -he inlet

nozzle and the downcomer is calculated as the sun of the inertial
..

fcctors within the nozzle and inertial factor within the downcomer.

One of the above simple problems was developed to study the effects of

modeling at this location.

Comparisons of the CEFLASH-4B analyses for the three sample problems to

the analvses performed by the NRC demonstrate the capability of the

CEFLASH-4B computer program to account for the acoustic wave transmission

and reflection phenomenon induced in subcooled water. The CEFLASH-4B nodal

representation for multi-dimensional regions is shown to be acceptable

within the conputer progras 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 arialyses of the selected

test geometries.

6.0 Fluid-Structure Coupling

Fluid-structure interaction is not included in the CEFLASH-4B analysis of
6

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

rest.

7.0 riRC Audit Calculations

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

In addition, calculations for the selected test geometries were performed.-

(, 4 /

i, ,i



- 10 -

The WHAM /M00-007 computer code was used to perform the NPC audit

calculations (Reference 8). The modeling techniques employed for these

calculations were based on the evaluations of the three simple problems

usedtostudythenetworkmodelingapproach'lReference9and10).

C. Regulatory Position

The CEFLASH-4B computer program is used by Combustiong Engineering to

f rodynamic loadings on the reactor coolant system followingevaluate the S d

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 conservation equations and the equation of state in

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

the vector monentum equation governing nearly incompressible low speed

flow for a multi-dimensional analyses. Therefore, the use of the CEFLASH-4B

code to evaluate subcooled decompression transients, for the multi-dimensional

nodal models, is acceptable.

5/m 017
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The potential effects of non-e,tilibrium have been addressed in an

acceptable manner, and changes to account explicitly for this phenomenon

are not required for licensing calculations.

..

The discharge flow model used for the analysis of subcooled decompres-

sion transients, the CE critical flow model, has been shown to yield con-

servative results for the calculation cf the hydrodynamic loads.

CEFLASH-4B is a generalized computer program for the analysis of thermal-

hydraulic systens, and the user has a number of options available for an ana-

lysis. During the course of this review a number of these options were ex-

plored and subsequently accepted for a licensing calculation. These options

are listed in the Summary section to this report and are also identified

in the audit analyses.

2.0 Break Characteristics

The break area models used in the CEFLASH-4B conputer progran 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 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 tines.

,
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3.0 Systen tiodeling and Code Verificatinn

The application of the CEFLASH-4B conputer program for the analyses of multi-

dimensional fluid transients can be shown to t;e equivalent to the vector

momentum equation for nearly incompressible, low speed flow. This is

demonstrated by comparisons of the simplied geometcy problems to multi-

dimensional conputer code results. Further verification is obtained by

comparing the CEFLASH-4B analyses to the selected exoerimental test geometry

data. The evaluation of the modeling techniques employed by Combustion

Engineering, for the representation of a PilR, is based on the results and

observations made from the comparative analyses perforned for the selected

test geometries, and for the simplied gecnetry problem calculations.

There are four fundamental areas associated with this evaluation. for

the nodal hydraulic representation of the systen:

1. The modeling of the prinary coolant loops,

,

2. The modeling of the nozzle to downconer interf ace,

3. The representation of the multi-dimensional downcomer regici

and,

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

upper plenum.

The representation of the prinary coolant loops as one-dimensional pipes

is acceptable. The piping system can be represented, for practical

purposes, as one-dimensional. bnen the proper engineering loss factors
,

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

n)6 019t
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T e nethod for modeling the nozzle to downcomer region is acceptable.

The inertial f actor used in the CEFLASH-4B computer program ? obtained

by summing the inertial factors for the nozzle with the inertial factors

for the downconer to nozzle =nterface. This method properly accounts

for the geometry of this region.

The procedures used by Combustion Engineering, to generate the nodal

representation of a PWi' for licensing calculations, result in a conser-

vative hydraulic nodel. This is, in part, a result of the hydraulic

nodal network employed to represent the downconer annulus region.

Independent audit calct :tions performed by the NRC show that the

nodal network developed by Conbustion Engineering for the LOCA analysis

is conservative.

Computer limitations restrict the amount of detail that can be specified

in the CEFLASH-43 model. This limits the user's ability to select a nodal

representation, or finite differencing of the fluid systen to be analyzed.

Combustion 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 hyJraulic loads on the core support barrel,

a design ao,lication model was selected. This model is acceptable for

licensing ,alculations.

-
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This model also includes the representations of the remainder of

the primary systen. 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-43 results to 2-dimensional conputer code

analyses of the three simplified geometry problem. These com-

parisons demonstrate the near equivalence of the CEFLASH-4B

solutions for incompressible, low speed flcw conditions. Further

verifications were made by conparisons cf the CEFLA M SB

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 JRC calculations. In

general, the differential pressures obtained from the CEFLASH-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 developmer.t 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 Engineering has performed an audit analysis with both

ahotlegnozzlebreakandapartialdoub[e-endedguillotine

rupture at the reactor inlet nozzle using the L.c 5anistic break data.

In addition, an analysis was performed for the inlet nozzle rupture

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

Comparisons of the Conbustion Engineer:ng analyses to the NRC inde-

pendent analyses shows that the CEFLASH-4B methodology predicts higher

hydraulic loads, for all cases evaluated.

The model developed by Combustion Engineering is based on the methoJology

reviewed for this evaluation. The CEFLASH-4B calculation of a posta-

lated LOCA in a PWR for the purpose of determining the resultant hydro-

dynamic loads on the systen, is acceptable for licensing calculations.

5.0 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 effects 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 rotions are lower

than.for an uncoupled analysis with the consequence of generally lower

induced stresses.,

R 022
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The ' rigid boundary assumption used " the CEFLASH-4B ana: sis is

acceptable for licensing calculations. However, the NRC will

contint- o monitor the on-goinq research in this area and will

require, if necessary, a re-evaluation of thg 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 progran is u:,cd 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 C U 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 for the annulus repre-
-

sentation is to be used for licensing calculations.

2E9 ;
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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 information, 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

licensing calculation.

Combustion Engineering has committed to perform a pre-test analysis

of the German HDR subcooled blowdown experic.ent when test conditions

becomes available.

-
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APPEfla!X A

The responses to the following NRC regoests 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 into the final version

of the report to describe and develop the Combustion Engineering modeling

methodology and 'o identify the assumption and acceptable input parameters

for a licensing calculation:

Questions 1.1 2.1 3.1

1.2 2.2 3.2

1.3 2.3
,

1.4 2.4
without listings

2.

2.6

.



ABSTRACT

This report presen'.s a description of the Ccmbustion Engineering methodology
for the prediction cf the reactor pressurc assel pressure

and flow distributions during the subcooled and early saturated
portion of the blowdown period of a loss-of-coolant-accident. The

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

nodes and flowpaths. The CEFLASH-4A Computer Program has been approved by the

NRC for use in Appendix K analyses.) The specific use of the CEFLASH-4B
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
systen 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 Scope

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.

In order to predict the snare - tima distribution of subcnolad and twn-
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-48 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.

5jo 039
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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. Ther,e 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 low compressibility of

the liquid and rasults in a large change in local pressures for a small
change in density (where the density change results from fluid outflow
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 o.f!+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 decompressioa following
the occurrence of the local saturation 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 expeririental - analytical
comparisons are given in Reference 1-1. NRC approval of these methods is

documentcd in Reference 1-2.

.

|
,

3_g

A L OIC



1.5 THE CEFLASH-4B COMPllTER 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 development of the CEFLASH-4A code (References

1-4,1-5, and 1-6) at Combustion 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 several features which do not influence the
course of the early term decompression, and the expansion of the amount of
spacial detail (volun,e 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 demcnstrated
excellent agreement. Section 2 also reviews the adherence of the CEFLASH-
4" formulation to the conscrvatica laws of mass, energy and T.cmentum for a

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 acct. racy.

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 reg 1

such as the core support barrel. Therefore, the exclusion of fluid-structure

interaction effects are conservative for determination of blowdown loads.

b 'f( :: ji a
urv
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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 a comparison is presented in

Section 3 for the LOFT blowdown test L1-2. The bases for selecting LOFT

L1-2 for comp 0 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 Appenoix D.

1.7 ANALYTICAL STUDIES

In addition to the direct experimental 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 steps as well as various spacial representations for key
regions of the reactor vessel model. These key regions are the reactor
vessei nozzle aajacent to the postulated cold leg break and the vessel
annulus.

As a result of these parametric studies the CEFLASH-4B model developed 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 agreement 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.
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1.9 HYORAULIC FORCES

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

are subsequently used to drive the s+ructural models of the reactor vessel
and its internals in order to determine the response of the system.

1.10 APPENDICIES

The Appendicies to this report include the following supporting material:

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

B- A discussion of decompression thermodynamics. The emphasis is on the

subject of nonecuilibrium decompression (rapid pressure drop below the

saturation value).
C- 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.

D- An extensive parametric study of LOFT L1-2 with CEFLASH-4B. Thesa

studies were proposed to the NRC in Reference 1-7.

1.11 REFERENCES FOR SECTION 1.0

.

1-1 Combustion Engineering, Inc., Section 3 (" Loss of Coolant Accident
Loads") of " Topical Report on Dynamic Analysis of Reactor Vessel
Ir.ternals Under Loss-of-Coolant Accident Ceaditions With Application

of Analysis to C-E 800 MWe Class Reactors", CENPD-42, August,1972

(proprie ta ry) .

1-2 Goller, K. R., Chief, Pressurized Water Reactors Branch No. 3,

Directorate of Licensing, (AEC) letter to F. M. Stern, Director, NSSS
projects, (C-E), December 5, 1973.
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Computer Program for Reactor Blowdowr. Analysis", CENPD-133P, August

1974 (proprietary).
,

1-5 Combustion Engineering, Inc., "CEFLASH-4A: A FORTRAN-IV Digital

Computer Program for Reactor Blowdown Analysis (Modifications)", CENPD-

133P, Supplement 2, February, 1975 (proprietary).

1-6 Scherer, A. E. , fianager of L icensing (C-E), letter to D. F. Ross,
Assistant Director of Reactor Safety, D' vision of Systems Safety, LD-
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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 NRC for
use by C-E in performing i.oss-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 blowdown
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 saturated decompression. Therefore, the blowdown

solutions generated by CEFLASH-4A and CEFLASH-4B are identical (see Section

2.2.1) during the early term.

The purpose of this section is to present the key features of the CEFLASH-
4B computer code as they apply to blowdown loads determinution. In this

process , some information presented in References 2-1, 2-2, and 2-3 is
rcpeated. 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-48 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.

,s'
' *
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2.1.1 CEFLASH-4B Equations and Their Solution

The CEFLASH-4B (or 4A) computer pr igram 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.

2.1.2 Node-Flowpath 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 ficwpaths 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-4B [5]

,j lk D
ctlU:

2-2 J



.

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 critical [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,theC-E( [ correlation,accountsforthenon- [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]

] critical 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 subcooled blowdown, fluid pressures, densities and enthalpies
are related to one another, at each instant, through property fits checked
against the ASME steam table data. All 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 importcnce to the evaluation of
dynamic loads.

Two phase densities, enthalpies and pressures are evaluated assuming the
vapor and liquid phases always exist in a state of thermodynamic equilibrium.

n
I
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Vapor 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.

_

[3

](Foranadditionaldiscussionofthis
matter the reader is referred to Appendix B.)

2.1.6 Self-Initialization

CEFLASH-4B uses a subroutine recently added to CEFLASH-4A (Reference 2-3)

for establishing pre-blowdown steady state conditions. The subroutine

allous the CEFLASH-4B node-flowpath network to generate a steady state
("Self-Initialization") through direct use of designer supplied quantities
(pressure drops, average reactor 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 required 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 VALIDAfl0N

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.

2-4
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2.2.2 Adherence to Conservation Laws

Conservation of mass 3 energy and nomentum was investigated by applying the

respective conservation principles to the CEFLASH-4B computer output of a
typical C-E PWR blowdown case. Conservation laws were evaluated at 20 msec

intervals for the duration of a 400 mscc blowdown.

2.2.2.1 Conservation of tiass

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 discrete 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,arepresentedinFigure2-3(a).[

[3,5]

_

2.2.2.2 Conservation of Energy

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 input. The

C-E PWR model contains a heat source (core) and two heat sinks (sterm
generators). CEFLASH-4B keeps track of the integrated energy input snd

removal from the respective heat sources and sinks. Using available CEFLASH-

4B infomation, a computed total initial energy, E(t) was established by
summing total nodal energies and subtracting the net integrated heat input.

< l'
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If the conservation law i; identically satisfied, this sum should be the
totalinitialsystemenergy,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 prim:ry coolant flow

loop (IAPLOOP). 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-48, 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, AP . The results of this analysis

H_

are presented in Figure 2-3(c).
,
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TABLE 2-1

MODIFICATION OF CEFLASH-4A

10

CREATE CEFLASH-4B

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

1. Vessel Wall Heat Conduction Model 1. Additional Volume Nodes

2. Two-Phase Bubble Rise Model 2. Additional Flowpaths

3. Safety injection Tank Model
4. Safcty Injection Pump Model

5. Clad Rupture Model

6. Reactor Kinetics Model
7. Check Valve Flowpath Model

8. Restart Option

9. Output Card Punch Option

( CILa',
,
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.

2-8



Figure 2-1
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Figure 2-2
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Figure 2-3
ADHERENCE OF CEFLASH-4B
TO CONSERVATION LAWS
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3.0 EXPERIMENTAL-AtlALYTICAL COMPARISOfl

This section presents the results of a comparison of CEFLASH-48
predicted pressures with data from the Loss of Fluid Test (LOFT)

L1-2. These comparisons verify the capability of the CEFLASH-4B

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 exoeriment and a zero time edit may be found

in Appendix C.

3.1 LOFT FACILITY DESCRIPTIO!1

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
leg 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.

v ken loopThe blowdown loop can be assembled to simulate tne e.m o

during either a cold leg or hot leg guillotine break. tigure 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 stor simulator and a pump simulator.

3-1
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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

2Valves (QOBV). Each valve is designed to linearly expose a 0.56 ft
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 olane uostream of the 00BV. For
2test L1-2 the orifice area at the break plane is .09 f t .

The suppression systcm 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% (double 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 Rate : 2.12 x 10 lbm/hr

3-2 ,._ g
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3.3 CEFLASH-4B COMPUTEP, SIMULATI0ft 0F LOFT TEST L1-2

Figure 3-3 shows the CEFLASH-4B network model, developed at Combustion

Engineering, for LOFT Test L1-2. The CEFLASH-4B 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.

tiodes 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

rupturewas 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
[3]

(see Section 5.0). In particular, the annulus node _

flowpath network germits both axial and circumferential transport of
pressure waves. [

.

_

Furthermore, the loop

noding arrangement has the same degree of deIail as that used for

describing a PWR.

The critical flow break nodel used in this analysis was the [3]
presented in Reference 3-4 in conj 2ction with

dischargecoeffi~cient. Prior to transient analysis a steady state [3]a

P.V)rn
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case was run to ensure a balanced and drift-free pre-rupture condition
(A zero time edit for the LOFT analysis c_an be found in Appendix C).

Computations were performed with a , , second calculational time
[3]

,

step.
, _

The acceptability of this time interval for use in LOFT
was justifiid through time step convergence studies (see Appendix D).

3.4 DISCUSSI0'1 0F 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 favorably 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 consequenco 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-like" 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 been programmed to linearly expose the
QOBV pipe area. CEFLASH-4B simulates this process by a linear treak 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 vt.nted
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

3-4
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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 28 millisecond break opening time, results
were compared with a similar transient in which both QOBV's opened in
the average hot and cold leg opening time (22.5 milliseconds). Results

of this study are shoua in Figure 3-8. Predictions from both models are
seen to be in close agreement.

3.5 REFERENCES FOR SECTION 3.0
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TABLE 3-2

CEFLASH-4B LOFT L1-2 NODAL DESCRIPTI0tl*

NODE NO. DESCRIPTION
\-

/
c;,% 0b2

s
.
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TABLE 3-2 (Cont'd.)

CEFLASH-4B LOFT L1-2 N0DAL DESCRIPTION *

N0DE fi0. DESCRIPTION
e s

[3]

\ s
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TABLE 3-2 (Cont'd.)

CEFLASH-4B LOFT L1-2 N0DAL DESCRIPTION *

N0DE NO. DESCRIPTION
%f

[3

.

<

/

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

c, :.j j U ; ',
,

3-8



TABLE 3-3

CEFLASH-4B LOFT L1-2 FLOWPATH DESCRIPTION

FLOWPATil NUMBER DESCRIPTION
' %

[3]

\ /
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TABLE 3-3 (Cont'd)

CEFLASH-4B LOFT L1-2 FLOWPATH DESCRIPTION

FLOWPATH NUMBER DESCRIPTION

/
~

!

A
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TABLE 3-3 (Cont'd.)

CEFLASH-4B LOFT L1-2 FLOWPATH DESCRIPTION

FLOWPATH NUMBER DESCRIPTION

/ \

[3]

'
\
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TABLE 3-3 (Cont'd.)

CEFLASH-4B LOFT L1-2 FLOWPATH DESCRIPTI0ft

iLOWPATH fiUMBER DESCRIPTION
., N

[3]
\ /
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4.0 CEFLASH-4B PARAMETER STUDIES

This sv. tion 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 bcse computer model used for these studies
2war the CEFLASH-4A* computer simulation of a System 80 350 in mechanistic

break at the reactor cold leg nozzle. The node-flowpath network fcr this

nodesand( [3]model is presented in Figure 4-1. The model consists of
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 PARAf1ETERS

Total Break Area: 2.43 ft2 (350 in ) (See Reference
2

4-1)
'

Break Opening Time: 5.0 millisecands
Break Opening Function:

Critical Flow Correlation: [3]
Nozzle Discharge Coefficient:

$ s

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

The 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-48 analyses

(See Section 2.2.1).
- /

n / ~/E9 (, UI
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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

wasrestrictedtothreecalc,ulationtimeintervals,{ [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 second computational time [3]

step was selected for use in blowocwn 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],

}criticalflowcorrelation(seeReference4-2)topredictthe
subcooled and saturated nozzle critical discharge flowrates. The C-E

[ ]formulationisanonequilibriumcorrelationwell [3]

suited to predict the subcooled phase of blowdown. The use of this correla-
tion was shown to result in good agreement with LOFT 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.

,.p
| U

(- j

_
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This is a consequence of the nonequilibrium nature of the C-E [3]

} model, 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 DYriA'iIC LOADS TO FLOUPATH MODELIflG

In modeling typical C-E PWR's with CEFLASH-4B, some internal vessel components,

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 momentum 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 employing limited node detail in the
vicinityofthestructure.(

~

[3]

This section presents an investigation of the sensitivity of CEFLASH-4B
predicted nodal pressure drops and associated plate dynamic loads (obtailed
by control volume type analyses) to the plate flowpath definition.

.

[3]

]

Two flowpath modeling procedures were compared. These were:

-

(1)
L

[3]

s

an*

(. i j [ - /

y9
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_
--

<

(2)
.

[3]

)
Diagrams describing these two methods are presented in Figures 4-9(a) and
4-9(b) respectively.>

Figure 4-10 presents results of nodal differential pressure predictions
between nodes across a representative internal plate (fuel alignn.ent
plate). Directly using the pressure drops obtained from the standard
modeling procedure results in a higher plate load (5 -10 psid) than that
obtained with the plate flowpath model. The lower pressure difference is

representativeoftheactualplateload.(
[3]

] Depending on
the model nodal scheme this can be substantially greater than the plate

pressure drop.

Using the base model one can calculate the pressure drop across the plate.
This is done in an approximate fashion for illustration only. For the

subcooled blowdown the CEFLASH-4 (A or B) momentum equation can be used to

derive the following approximate relationship ber, teen the plate pressure
drop and the node center to node center pressure drop:

s
/

(4-1) [3]

#
s

'' }Cy ';r
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where:

f s

[3,5]

\ /

Equation 4-1 is used as a vehicle to show the equivalence of the two CEFLASH-4B
formulations, regarding plate loads. This procedure is not otherwise used
in the CombustiJn Engineering blowdown loads methodology. In the derivation
of the above equation the contribution of all non-inertial components to the
upstream end downstream flowpath pressure drops of the plate have been
assumed small compared to their inertial components.

Figure 4-11 superimposes the t.Pplate(t) calculated from the equatioa 4-1,
using informatio, available from the base model, on the plate pressure
drop computed with the CEFLASH-4A plate model (Method 2). Agreement
between the two predicted plate pressure drops is excellent. Similar
agreement was found for other C-E reactor plates.

5% G81
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During the subcooled blowdown phase of a LOCA plate loads can be treated,

intheCEFLASH-4Bcomputercode,( [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 nodes 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 flowpath models selected to represent
a PWR for blowdown loads purposes.

4. 4.1 Spacial Representation Of The Dowr.. omer Annulus

Thi:, section presents the results of two annulus nodalization studies to

det' ermine the influence of the vessel annulus spacial representation on the
downcomer space-time pressure response during deco:rpression. 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 cic.umference, and a lower
plenum region at the vessel bottom. The annulus region was modeled with

n,

(- ( (
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arrangementsof(
[3]

)The
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
tl.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~ pidly than do the pressures in the arinulus region of a
full PWR modal for the same size breaks. Second, as a consequence of its
reduced size, the annulus model experiences more frequent and stronger
pressure reflections than are possible in a real PWR.

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

TABLE 4-6

Base Conditions For Annulus flodel Parametric Studies

region modeled annulus, cold legs and lower plenum

volumetric distribution see table 4-4
initial pressure s2~J00 psia

initial temperature 565 F

break location end of colJ leg nozzle
2break u ze 350 in

break opening time 5 millisecond ( [3]

c q, p' i; : '
J4-7



lhe 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 difference 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 differenc? between the pressure in the annulus node adjacent
to the broken 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 (wnich has the greateso magnitude). For the subsequent pulses predic-

tionsofthe[ models remain virtually identical, while some [3

differencos hre noted with the( )model.These dif %rences are generally [3

observable only at the pressure pulse peaks, with thc[ )model giving the [3

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

(see Figure 19 (b)). The larger liquid mass in a full PWR primary loop
model will J. tenuate 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 modr.ls with both( )(:ae Fig' ire 4-1) [3

and( ) annulus nodal arrangements were studied. The( joc<ie,PWR [3

network is presented and discussed in Chapter 5. Since the node and fi.,wpath

requirements of the later model would exceed the CEFLASH-4A, computer code

capability, both studies were performed using its expanded, CEFLASH-4B,
version.

,n[
b ~

'
~j

I.I
L g
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The cold leg break conditions were studied for both a mechanistic (2.43
2 2

ft ) and a full offset shear (9.817ft ) double ended cold leg guillotine

breaks. The latter break employed a representative 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).

Basedontheabovestudiesthe( )nodeannulusrepresentation [3,5]

has selected for design applications. (
[3,5]

)

4.4.2 Soacial Representation of the Reacte "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 adec,uate 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 of its greater
node and flowpath capacity.

'

k._ () #i
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Three methods of modeling the broken nozzle region were analyzed. These

were:

/ %

(1) [3]

This section describes the broken nozzle spacial
representation models used in the analysis.

(2)

(3)

|

Y\

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.

I {$ f;_ . , d4-10 t[] t,



.

Comparisons of the radial pressure differential across 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 9 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

thatthe( )nozzlecasegave0.11%higherimpulseandthe( ) 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)

( NODE 34 PriODE 12)

Integrated Impulse ( } Relative DifferenceN0 DES Il4 RPV
4INLET N0ZZLE (X10 lbf - sec) To BASE CASE (%)

~'(BASE CASE) - [3]
~ '

0.11

-0.56j ,

(1)ImpulseappliestoCoreBarrelprojectedAreasegmentof( )ft 2
[3]

The delta pressure across the core axially is virtually the same for all
three break 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 / AP.A.dt, where AP is the
pressuredifferenceacrossthestructure2ndAistheprojectedareaof
the structure on which the AP acts; t is time (see Reference 4-3).

4-11 ,, o j
c)r;,g yo



These comparisons show that increased nodal detail, over modeling the RPV

nozzleasa( )doesnotresultinsignificantchangesinpredicted
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 fiODAL DESCRIPTIO!l

fl0DE fl0. DESCRIDTI0t1
3-

[3]

f

.

b'b I
5 C ''10
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TABLE 4-1 (Cont'd.)

PARAMETER STUDY BASE MODEL N0DAL DESCRIPTION

N0DE NO. DESCRIPTION S

r

[3]

.

9

{ '.b') )
~ ' ,

Q)k;:
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TABLE 4-2

PARAMETER STUDY BASE MODEL FLOWPATH DESCRIPTION

FLOWPATH NUMBER DESCRIPTION
r %

[3]

.

r}(j{, [ ') ]
~
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TABLE 4-2 (Cont'd.)

PARAMETER STUDY BASE MODEL FLOWPATH DESCRIPTI0tl

FLOWPATH fiUMBER DESCRIPTION
,e ,

[3]

.

C Q (, N ~h u
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TABLE 4-2 (Cont'd.)

PARAMETER STUDY BASE MODEL FLOWPATH OESCRIPTION

FLOWPATH NUMBER DESCRIPTION
\

r

.

[3]

,

k!) {3 Lb
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TARLE t-4

NODE CFSCRIPTION FCR AN',JLL:5 SPICIAL REPRESENTATIO*4 STUCY

NCOE (s) N3. (s)
NCDE DESCRIPTION

/
N

1, 3, 4, 6

2, 5

7, 9, 10, 12

?
-

* 8, 11

13, 15, 15, 18

[3,5].

14, 17

19, 21, 22, 24

20, 23
. _n
w'?
Os

25

C'
.,c

A ^



N00E DESCRIPTION FOR ANNULUS SPACIAL PEDRESENTATION STUDY

N00E (s) No. (s) N00E DESCRIPTION

-

26

27

28

.

29
.

L 30

[3,5)
-

31

32
_n

sO
w 33

_ 34,,

-O
(,v,

35

.
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TABLE 4-4 (Cont'd.)

NODE DESCRIPTION FOR ANNULUS SP/.CIAL REPRESE.'4iATION STUDY

NOCE (s) NO. (s) _ NODE DESCRIPTION

s %'

43

.
44 [3,5]

45

46

\

? (1) Ocuncomer height is defir.ed in this context as the distance between the top of the FAP and the bottom of the flow skirt.
2

.

-
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TABLE 4-5

FLCWPATH CESCRIPTIONS FCR ANNULUS SPACIAL REPRESENTATIC'4 STUDY

FtCWPATH (s) NO. (s)
FLOWPATH CESCRIPTION

- %

1, 4

2, 5

36

7, 8, 9,
10, 11, 12

[3,5]a

k$ 13, 16

.

15, 18

14, 17

19, 20, 21,
22, 23, 24

f
C 25, 28
s#g

.

11,
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Figure 4-2
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Figure 4-3
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Figure 4-4
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Figure 4-5

EFFECT OF CRITICAL FLOW FORMULATION
ON PRESSURE DECAY

(TOP INACTIVE CORE REGION: N0DE 32)
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Figure 4-6
EFFECT OF CRITICAL FLOW FORMULATION

ON PREDICTED PRESSURE DECAY
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Figure 4-7
EFFECT OF CRITICAL FLOW FORMULATION
ON THE CORE SUPPORT BARREL RADIAL

PRESSURE DROP
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' Figure 4-8
EFFECT OF CRITICAL FLOW FORMULATION
ON THE CORE AXI AL PRESSURE DROP
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Figu re 4-9

COMP ARISON OF NODE /FLOWP ATH PLATE
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Fig u re 4-10
PRESSURE DIFFERENCE ACROSS FUEL ALIGNMENT PLATE
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Figu re 4-11

PRESSURE DIFFERENCE ACROSS FUEL ALIGNMENT PLATE
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FIGURE 4-17

DOWNCOMER ANNULUS MODEL
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Figure 4-13

DOWNCOMER ANNULUS MODEL
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' FIGURE 4-14

. DOWNCOMER ANNULUS MODEL
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S P ACI AL REPRESENTATION OF THE DOWNCOMER ANNULUS
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Fig u re 4-16
ANNULUS REPRESENTATION STUDY
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Fig u re 4-17
ANNULUS REPRESENTATION STUDY

PRESSURE OPPOSITE BROKEN N0ZZLE LOCATION
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Fig u re 4-18
ANNULUS REPRESENTATION STUDY
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Figure 4-19
ANNULUS REPRESENTATION STUDY

PRESSURE DIFFERENCE ACROSS THE CORE BARREL

N0ZZLE CENTERLINE ELEVATION
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Figure 4-20
EFFECT 0F PWR DOWNCCMER REPRESENTATION 0N THE RADIAL

CORE SUPPORT BARREL PRESSURE DIFFERENCE

N0ZZLE CENTERLINE ELEVATION
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Figure 4-21
EFFECT OF PWR DOWNCOMER REPRESENTATION ONTHE RADIAL

CORE SUPPORT BARREL PRESSURE DIFFERENCE
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Fig u re 4-22
BREAK NODE MODEL REPRESENTATIONS
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Figure 4-23

BREAK N0DE REPRESENTATION STUDY

COMPARISCN OF ABSOLUTE PRESSURES IN THE ANNULUS AT

UPPER GUIDE STRUCTURE FLANGE ELEVATION (NODE 6)
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Figure 4-24

BREAK NODE REPRESENTATION STUDY

COMPARISON OF ABSOLUTE PRESSURES IN THE ANNULUS

AT N0ZZLE CENTERl.INE 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 N0ZZLE ON THE

PRESSURE DIFFERENCE ACROSS THE CORE BARREL
2G50 IN INLET BREAK)
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Figure 4-27

EFFECT OF SPACIAL REPRESENTATION OF THE RPV N0ZZLE ON THE

PRESSURE DIFFERENCE ACROSS THE CORE BARREL

N0ZZLE CENTERLINE ELEVATION
2G50 IN INLET BREAK)
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Figu re 4-28

EFFECT OF NODALIZATION OF THE RPV N0ZZLE ON

-P32)THE CORE AXIAL PRESSURE DROP (P 28
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5.0 CEFLASH-4B ANALYSIS OF A PWR

This section presents the CEFLASH-43 computer model 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 analytical 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 contains 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
barr el, 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 leg.
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e -)d

(}w
5-1



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.
Thecoldlegmodeliscomprisedof()nodesand( flowpaths, whereas the [3,5

hotlegmodeliscomprisedof()nodesand flowpaths.

TheCEFLASH-4Bmodelutilizes()nodestodescribethedowncomerannulus[3,5

region. This is a result of the parameteric studies presented in Section
~

4.4.1. The model is arranged such that there ai [3,5-

] Figure 5-5depictstheangularorientationofthenodes
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 facters, dependent upon Reynolds number.

ThecalculationaltimestepusedinthePWRanslyseswas[ ) [3,5
This time step was shown to converge for the CEFLASH-4B model in Section 4.1.

5.2.2 CEFLASH-4B Break Model

CEFLASH-4B utilizes a ]withrespecttotime. [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.

%
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TABLE 5-3

BREAK PARAMETERS FOR SYSTEM 80 RV BLOWDOWil ANALYSIS

Break Type Break Size (sq. in.) Break Opening Time (sec)

Inlet Break:
Guillotine 350 0.005

Outlet Break:
Guillotine 100 0.003

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

TABLE 5-4

BREAK f10 DEL PARAMETERS

'/
Break openir.g model:

Critical flow model: [3]
Discharge coefficient:

\
.

5.3 PREDICTED LOCA IfiDUCED HYDP,0DYliAMIC 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

2 2specific volume (W v) are stored on magnetic computer tape. The W y

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.

\9,
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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.

5.3.2 350 Sq. Inch Mechanistic Inlet Break

The CEFLASH-4B model was used to analyze a postulated 350 sq. inch pipe

break. 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 the core axial delta pressure

2and Figure 5-12 provides the W v parameter for the two flowpaths in the

outlet nozzles (See Section 6.1).

5.3.3 100 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 5-4

shows the CEFLASH-4B network diagram used in this calculation. Figure 5-13

. ,1

\
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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 representative pressure differentials across the core barrel at

several elevations in the reactor vessel. Figure 5-15 gives the core axial
2

delta pressure and Figure 5-16 depicts the W v 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.
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TABLE 5-1

CEFLASH-4B NODES FOR A PWR ANALYSIS

NODE NO. DESCRIPTION

-
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TABLE 5-1 (Cont'd)

CEFLASH-4B N0 DES FOR A PWR ANALYSIS

N0DE NO. DESCRIPTION
* %

[3,5]
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TABLE 5-1 (Cont'd)

CEFLASH-48 NODES FOR A PWR ANALYSIS

NODE N0. DESCRIPTION

e %OUTLET BREAK MODIFICATIONS

[3,5)

\ -

^ IB= inlet break model only.
.

**0B= outlet break model only

N
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TABLE 5-2

CEFLASH-4B FLOWPATHS FOR A PWR ANALYSIS

FLOWPATH DESCRIPTION
s

[3,5)

\ /

1)S5
5-9 q jhc

-



.

TABLE 5-2 (Cont'd)

CEFLASil-4B FLOWPATHS FOR A PWR AllALYSIS

FLOWPATli DESCRIPTION
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TABLE 5-2 (Cont'd)

CEFLASH-4B FLOWPATHS FOR A PWR ANALYSIS

FLOWPATH DESCRIPTION g
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TABLE 5-2 (Cont'd)

CEFLASH-4B FLOWPATHS FOR PWR AllALYSIS

FLOWPATH DESCRIPTIO!1
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Figure 5-1
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Figure 5-5

CROSS SECTION OF REACTOR VESSEL AT N0ZZLE CENTERLINE ELEVATION
SHOWING ANNULUS NODE BOUNDARIES _

_

O

k

*

[3,5)

er
~5'

'-

''a-

.
.



Figure 5-6
GUILLOTINE BREAK MODEL
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Fig u re 5-7
STEADY STATE A BSOLUTE F RESSURES FOR SYSTEM 80

0RV ANNULUS AT 60
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Fig u re 5-8
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Figu . e 5-10
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Figu re 5-10 (Continued)
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Figu re 5-11
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Figiire 5-12
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Fig u re 5-14
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Figu re 5-15
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Figu re 5-16-
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6.0 CALCULATION OF BLOWDOWN INDUCED HYDRAULIC FORCES

In the unlikely event of a primary pipe 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 ul per guide structure for a C-E System 80 reactor is
sh~,tn in Figures 6 ! and 6 2. Among its many functions, the upper guide
structure assembly maintains the CEA spacing and protects the CEA's from

the adverse effects of coolant crossflow.

During steady state operation the coolant flows axially from the core up
into the upper guide structure. Within the upper guide structure the
coolant flow direction changes 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

following a double-ended break in a hot leg.

.

The drag ferces 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

u
''
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drag evaluation procedures. Prototype CEA loads were established by
dXially and azimuthally monitoring surface pressures on various scaled down
CEA shrouds, through pressure taps mounted on their interior. These
experimental pressures were then convcrted into equivalent shroud forces.
(An example of the resultant model shroud forces is presented in Figure
6-3 for a typical scaled C-E System 80 CEA shroud simulation.) These
measured shroud forces were then geometrically and dynamically scaled up to

be representative of the prototype PUR upper guide structure.

N
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As a consequence of similarity conditions, the force at the same relative
location on the same CEA shroud tube for the prototype PWR can be written
as: s

,.

. . .

.

[3,5]

/
\

In applying the experimental forces to LOCA conditions it has been assumed

that the ratio of the local model shroud drag ' force to its associated
dynamic head is a constant.

t} tj j, j [f 1,6-3

_ - _ _

- _ _ . .



Combining all known quantities in equation 6-3 into a proportionality
factor k , the following relationship for the drag force on an individual

j

CEA shroud tube results:
'

r

(6-4) [3,5]

1

L

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.

/ 5

This section provides additional details on C-E's
calculational methods for evaluating UGS CEA shroud
forces.

[3,5]

)

\
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e

[3,5]

'\

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]

)Thesepressuresaredifferenced
from the local interior barrel pressure at the same axial elevations to

r) 06, lbb'
' ''
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obtain the local barrel radial pressure differentials. The procedure for
evaluating lateral loads on the core support Darrel from predicted surface
pressure differentials is the same as that previously presented in Reference
6-1.

6.3 CALCULATI0fl 0F 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 CEFLASli-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 case the load on the struciares
are determined by summing the forces resulting from all shearing and normal
stresses acting on the control surface.

In the above onalyses, 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).

.
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Figure 6-1
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Figure 6-2

PLANAR VIEW 0F
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APPEfIDIX A

CEFLASH-4B If1PUT DESCRIPTIO1

This section presents the CEFLASH-4B input description.

Details of the CEFLASH-48 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-3.
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A.1 CEfLASif-48 INPUT

CEFLASil-4B has the capability of merging four permar.ent 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 remaining punched card input.

The last card of any card series number is the one kept and used.

tio regular data cards may appear after the last card ( in column 9).

CEFLAS!I-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 Environnental input cards

Columns 1-8 should be blank. Punching must begin in Column 9.

The cards are either Concent Cards or Data Cards.

Comment Cards

Column 9 * indicates a comment card

Columns 10-80 Any type of information (alphameric

characters). This comment card will

only appear in the listing of the input

data.

C.8_'

No
LA

Pfeifer, C. J., "CDC 6600 FORTRAN Programming-Bettis Environmentab

Report",ilAPD-TM-668, January, 1967.
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.

Data Cards The card number is punched beginning

in column 9 followed by a concia and

input data separated by commas.

No comma follows the last piece of

data on the card. In the description

of the Card Series:

F indicates floating peint numbers

(e.g.,924.0,9.24+2,.004).

The letter E cannot be used.

I indicates integer numbers (e.g. ,

86,5,101).

.

sl\, 1

_
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DATA CARDS (Bettis Environmental Input)

Time and C,eneral Infomation

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 openirig time (sec)

F4 REFELV Reference elevation for potential energy (f t)

F5 PSUDF Multiplier on pseudo-pressure term (if

equal to 0.0 term is not used)

I6 MAXSTP Maximum number of steps (for terminating problem)

17 MAXEDT Maximum number of edits (for terminating problem)

General Option Information

Card Series 1011-1020

1011, 11, 12, 13, 14, 15
'

Il IFMK Option of using mnmentum 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 model

=2 Martinelli-Nelson correlation

=3 Thom correlation (below 250 psia uses

Martinelli-Nelson)

.<T
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13 IFKC Isothermal friction factor option

=1 Constant friction factor
.

=2 Flow varying friction factor

14 IFCF Critical flow check option

=0 Critical flow check on surge line (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 IFBL =1 Reactor system is initially balanced by

the code

.

.

ime Step Information

ard Series 2001 - 2500

n (I .n5_20)., Fl , F2 , 132001, F1), F2), 13) , . f- n n.

F1 DELTN ' Time step (sec)

F2 E01 End of interval (sec)

13 NIPPO Number of steps per printout for

this interval

.

1

'

*

(J)O
;-
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Control Volomes (ngdes - maximum of C [3]

Card Series 3001 - 3200

3001, F1), F2), F3), F4), F5), F6) ...............,
8(lnd [3]F1 , F2 , F3 ' n, F5 ' i

n n n n n

2
F1 A Area (ft )

F2 ZTOT Height of volume (ft)

F3 ELEX Exit elevation (f t)

F4 ELIll Inlet elevation (ft)

F5 ELBOT Bottom elevation (ft)

F6 AGEE Flow area for kinetic energy calculation (ft )

One array of six parameters for each control volume. All core nodes must be

listed firs t.

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

(I "I- E333201,'ll) F2), F3) . F4), ..........,11 , F2 ' 3'
n n n n

.

Il J llode number

F2 P Initial pressure (psia) must be less than
~

3000 psia
.

F3 UH Initial enthalpy (BTU /lb) - if two-phase

set = 0.0

F4 ZM_ Initial level (f t) (reference to the bottca of

the control volume) - if subcooled set = 0.0

, llon-zero values of pressure and enthalpy or two phase level must be input*
. .

for certain nodes such as the containment node, secondary nodes, pressuri;er

node, and any 24 node. For nodes with all inlet flow paths having zero

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

^

input to signal the code to determine the pressure for this node. \l"

A-6 -
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Pressure Search Guide

Card Series 3601 - 3000

3601, 11 , 12).........ll , 12
Din.{ } [3]j n n

Il liFR014 tiode whose pressure is input or has been

already detennined - upstream node

12 14TO flode connected to flFR0!! node but whose

pressure is to be calculated - downstream

node

The set.rching routine goes from liFR011 to t!TO, then continues by

connecting flo'a paths until either a pump path, a node vihose pressure is

known, or a node specified by the next ilFRO:i is encountered.

Containment !! ode '

Card Series 3801

3801, Il

Il llLAG . Ilode number for containment. The code will

look for a maximum of 2 leak floa paths

. to this node.

.

*
g

~
i.,, cg yc

.

..
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Flow Paths

Card Series 4Liifl.

LilN begins with 001 and has a maximum value of [ ] LNil must be in ascending

(but not necessarily consecutive) order. Th'e 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 for type 7

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

Type Description

2 Pump path

5 Surge line

7 Leak path

8 Simple pipe

9 Flow area.vs. pres'sure

10 Flow area vs. time
12 Lateral flow paths

All axial flow paths in the core matrix must be listed first. Flow paths 4001 to[

and4201to[ ]musthavethesameconsecutivenumbering. Type 7 card must

be numbered af ter the 40N!! and 42HN. cards.-

, .

.

iq

k

(ik.
'v , \

s
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liomentum-Coverned Flow Paths _

Tyjgs 2, 5, 8-10,12 Flow Paths [3]

Card Series 4001{ ]
40fiti, il, 12, 13, F4, F5, F6, F7, F8, F9

Il NTYPE Type (2, 5, 8, 9, 10, 12) s

12 l10P From node

13 I!DOWil To node

F4 W Initial flow, Wg (1bs/sec)

F5 TLOA Sum L/A (ft~I)
2

F6 TA Area (ft )

F7 DIA Hydraulic diameter (ft)
2

F8 AKUP Momentum flux tern upstream area (ft )
2

F9 AKDOWil Momentum flux term downstream area (f t )

For every 40:lft or 411!il there must be a 42ffil or 43||ff card.

,

e

e

e

N\
:
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Card Series 4201-( ) [3]

41IW , F1, F2, F3.14,15, F6, F7

Friction K-factor (f t/D) (dimensionless)F1 TK

is input if initial flow = 0.0*

Pressure drop (psi) is input if initial flow

/ 0.0*

Geometric forward ficw K-factor (dinensionless)F2 XPOS

is input if initial flow = 0.0*

Pressure drop (psi) is input if initial

flow / 0.0*

Geometric reverse flow K-factor (dimensionless)F3 XflEG

is input if initial flow = 0.0*

Pressure drop (psi) is input if_ init'ial flow
~

/ 0.0*

*1f flow rate is initially 0.0 one must input a non-zero value for the friction
If friction is 0.0, L/D is set to 0.0 by the codeor the geometry K-factor.

and there will be no friction during the transient.

Frict.ional 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 comentu*n equation.

This calculated frictional pressure drop will be compared to the input frictional

drop and if they differ by more than 10' psi a message will be printed.

The calculated frictional pressure drop will then be used in the K-factor

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

- ! C.
U's i

'
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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. Momenttmi leaving

(steady state) flow path is based on the
'

nodal velocity.

=3 Use momentum #1ux term. Momentum entering

(steady state) flow path is based on the

nedal velocity.

=4 Use momentum flux term. All contributing

terms are based on the average flow in

path.

15 IFCFFP Critical flow check for subcooled regime

when IFCF on Card 1011 is 1

=0 No critical flow check

=1 Critical flow check

2F6 AMCFP Minimum area for critical flow check (ft )

F7: FTL Flow path length (ft). If Fl= 0.0, then

F7 must not be 0.0.

.

. f*

\k
i

Ls )
-
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Leak Flo'.v "at hs (Tvue 7)u

-
.

Card Series 4401-4600

These flow paths :aust follow the ac:nentum governed paths.
.

44NN , II, 12, 13, F4, FS , F6, F7, FS , F9

Il NTT.'E Tylle 7

I2 NUP Fmm node
,

13 ND3NN To node ~

F4 ZOD 4D = -1.0 lienry-Fauske/.''cody tables
used with F 44.0:

Z

0.0 lienry-Fauske tables used with=

F., = 45.4 L
L -f.
'

1.0 Mcady tables used with F 44.0;= =

2

2.0 llomogeneous tables used with=

F 42.77=

7

2F5 TA Area (ft )
F6 CCl Discharge ccefficient if h < h g,

F7 CC2 Discharge coefficient if h = h
f

F8 CC3 Discharge coefficient if h > hf and
-

i quality <1'.0

F9 CC4 Discharge ccefficient if h > hc and
quality = 1.0

'

There is a linear interpolation batueen CC2 and CC3 which is a fur.ctica
of the quality.

.

.

*
i-

.

\
*

.

(

, (,1 '

)
\ L

i'

Of.
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Dra(Coefficients (Cptional)

Card Series 4801-4900 -
.

4 8 01, Il , F2 , . . . . , F19 , . . . . , I 1 ' n,...., 19 (n 1 0)7 y n n
'

Il NDC flow pat , nt:nberi

F2 CF1'
F3 CF2
F4 CF3 constant , coefficicnts , and exponents
FS CF4 for calculating the drag ccafficienti if
F6 CF5 I W > 0.0
F7 CF6

~

F8 CF7
F9 CF8
F10 CF9
F11 CR1
F12 CR2
F13 CR3 constant, coefficients, and exponents
F14 CR4 for calculating the drag coefficiend
F15 CR5 if W < 0.0
F16 CR6
F17 CR7
F18 CR0
F'. 9 CP9,1

K = CF1 + CF2 ReCF3 + CF4 ReCF5 + CF6 RcCF7 + CF8 ReCF9drag (W > 0.0)

IC = CR1 + CR2 RcCR3 g ggCR5 + G6 ReCR7+ CRS Re (W < 0.0)drag.

.

\

* DRAG = k | WIN SPV
-

2gA

where: DRAG - drag force (1bf)
2A = flow area (ft )

3SFV = specific volt:rc (ft /lbm)
,

W = flow rate (1bm/sec)
2g u 32.171bm-ft/11if-sec

.

03,y.

_.

'\ -



Modification of Upstream and Dcwnsteam Elevation for Flow Path n (0PTIONAL

Card Series 4601 - 4800

4901. Il , F2), F3).... Il , F2 , F3j n n

'

11 J Flow path number (corresponds to a

consecutive nunterin9 of the flow

paths as edited)

F2 Z0UT Upsteam elevation (f t)

F3 ZIN Downstream elevation (f t)

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 - 4970

(2 pairs 150)F2), F1 , F2 ,...,F1 , F24941, F1), 52 2 n

2
F1 WFB Flow area (f t )

F2 WFB Pressure (psia)

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

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

Card Series 4971 - 5000

4971, F1) , F2) , F1 , F2 , . . . ,F1 , F2 (29aks150)2 2 n,

2
F1 WFT Flow area (ft )

F2 WFT Time (sec)
.

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

>

r)
.<
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Reactor Core Parameters

All 5000 and 6000 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, II, I2, 13, I4, 15. I6, 17, 18, 19, 110, Ill, 112, 113

Il NRZ Number of radial zones in the core

12 NAZ Number of axial zones in the core
.

13 ITCLHG =1 Ure table of T ( F) vs. kw/ft
E

=2 Use table of gap conductance (BTU /hr-ft - F)

vs. kw/ft.

14 N0P Geometry option for subregions for temperature

distribution

=1 Subregions have equal thickness

=2 Subregions have equal volume

IS NYZIR Zirc water reaction option

=0 No Zr-H O calculation
2

=1 ZR-H O calculation
2

16 NZRSL Steam limited option for Zr-H O reaction
2

=0 Not limited

=1 Limi ted

17 ITHOM Nucleate boiling heat transfer correlation option

=0 Jens-Lottes

=1 Thom

.f's
hg I '

. .

.
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18 MDELT T -TSAT > 300 F criterionsurface

=0 Criterion not activated

=1 Criterion is activated

19 NUCB Stay in pre-DNB regime except when in heat

transfer to steam

=0 No

=1 Yes

110 N0G0BAK Return to nucleate boiling

=1 No

Ill IFDRG Stable film boiling correlation option

=1 Duagall-Roshenow

=2 Groeneveld

=3 Modified Dougall-Roshenow

Il2 IFDBMC Heat transfer to steam correlation option

= 1 Dittus-Boelter

=2 McEligot

113 ILEVY Modified Levy correlation

=1 Use in DNB calculation

=2 Do not use in DNB calculation

n b.
'

, cgO
9
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ener11 Core Information

ard Series 5011 - 5020

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

F1 CAKWFT Core average kw/f t

'F2 liCIrl Core inlet enthalpy (BTV/lb)

F3 RIC Pelletradiusandgap(ft)

F4 ZL2 Clad thickness (f t)

F5 DEt1SM Density of fuel (1bn/f t )

F6 FZBJ Baker-Just multiplication factor for

Zr-H O reaction (fraction of Zr-H;0 energy2

used)

F7 ZXT0 Initial thickness of clad reacted in Zr-H 0
2

reaction (f t)

F8 SQUAL Minimum value of quality at which steam correla-

tion will be used

F9 BRX Minimum beat transfer coefficient for film

boiling

2(BTU /hr-ft _op)

F10 H3 Minimum heat transfer coefficient for post D::B

. regimes

(BTU /hr-ft - F)
2

Fil DflBQMil Minimum D:1B heat flux (BTU /f t -br)

F12 D|iBRMil DilB heat flux ratio (a value of 1.0 should be

assumed)

'?O-

c,C)b
_
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Radial f'enion Information (Core)

Card Series 5021 - 5030

5021, F1), F1 ,..,F1 . (Max. f 5 radial regions allowed)
2 5

F1 FR005 Number of fuel rods per radial region

i
'
i

,

Centerline Terperature or Gao Conductance vs. ky/ft Tables

Card Series 5031 - 5040

(2 n110)5031, F1), F2),...,Fi , F2 2
n n

F1 TCHGA Centerline temperature ( F) or gap conductanc

(BTV/hr-ft - F) for axial nodes below the pea'

power node

F2 TCHGA kw/ft

Card Series 5041 - f 050

(2 n110)5041, Fl , F2)...., Fin, F2 1j n

F1 TCllGil Centerline temperature ( F) or gap conductanc

(BTU /hr-f t - F) for axial nodes at and above

peak power node

F2 (CHGH kw/ft

\b
i

.
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Core flodal Parameters

Card Series 5101 - 5120

(1 n<20)15101, Fi , F2), F3), F4),...,j

Fi , F2 , F3 , F4
n n n n

F1 ZL5 Core length (ft)

F2 FLA Flow area (ft )

F3 RF Radial fission physics factor
.

Fa AF Axial fission physics factor

-

&%

4 .' s '
., ,

"
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Polynomial or Lyons' Fit for Calculating k for U02

=

Card Series 5211 - 5220

5211, F1, F2, F3, F4, FS, F6, F7-

F1 .CKUO22

F2 CKUO2A

F3 CKU020
.

F4 CKUO2C
'

F5 CKUO2D .

'

F6 CKUO2E

F7 CKUO2F

If CKUO2Z is input 0.0, Lyons' thermal conductivity function is used for

calculating kUO2 ere

+ CKUO2C (459.69 + T) 3C 02
ku02 ' Rq

Values for CKUO2D, CKUO2E, CKUO2F must be input as 0.0.

If CKUO2Z is not 0.0 a polynomial fit is used for calculating k J02

.

where

Coefficient of T for calculating kUO2
CKUO2Z

=

I
Coefficient of T for calculating k

UO2CKUO2A
=

2
Coef ficient of T for calculating k

UOT.CKUO2B
=

1
Coefficient of T for calculating k

UO2CKUO2C
=

4
Coef ficient of T for calculating k

UO2CKUO2D
=

5
Coefficient of T for calculating kUO2=

CKUO2E
6

Coefficient of T for calculating kUO2=
CKUO2F

calculation in units of BTU /hr-f t 'F
n
'o' *k >

UO2

egi,
J.
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Conductivity and Volumetric Heat Capacity

Card Series 5221 - 5230

(1 n1 )1 65221, 11 , F2), F3)....,Fi , F2 , F3j n n n

Il J llaterial number
'

F2 CKM Conductivity, k (BTU /hr-f t- F)

F3 RHOCP Volumetric heat capacity, pCp

3(BTU /ft _op)

CKM and RH0CP 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. U0
2

2. ZR

3. gap

.

Material Region Information

Card Series 5301 - 5320

(l n110)5301, 11), 12), F3), F4),...,11 , 12 , F3 , F4 i
n n n n

Il MT Material number of region

12 NSR Number of subregions in region

F3 FHG Fraction of naterial which

generates heat

F4 ROUT Outer radius of region (ft)"

. . .

- a b"5'
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1,ateral Flou Path K-Factor' Coefficients *

,

Card Series 5921 - 5930
5921, Il , F2 , F3 , F4 ,..., Il F2 ' (n i 16)y 7 1 1 n n' n

NLAT Flow path ntrr.ber of lateral path11 -

F2 BALAT Coefficient A
F3 BBLAT- Coefficient B
F4 BCLAT Coefficient C

Scram Parameters (Core) -

,

Onit if no core is specified.

Care Series 6091

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

F1 S(l) Level shutdown (ft) .

F2 S(2) Level time delay (sec)
F3 S(3) Pressure shutdown (psia)

F4 S(4) Pressure time delay (sec)
F5 S(5) Ti;r.e delay after rt;ptico (sec)
F6 S(6) Overpower shutdown (fraction)

F7 S(7) Overpower time delay (sec)

18 NS Level detector volum3
'

'

I9 NSP Pressure detector volume '
. ,.

Heat Ceneration vs. Time Table

Card Series 6011 - 6020
6011, Fl , F2 , . . . , F1 , F2 (2 1 pairs 1 50)y 7

F1 QDK Nomalized heat generation

F2 QDK Time (sec)
u. . , . , .

.O

'o- .,
, ,
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Steam Generators:

Steam Generator Shutdown Parameters _(General)

Card Series 7001 - 7010

7001, F1, F2, F3, F4, FS, F6, F7, 18, 19

F1 SG(1) Level shutdown (ft)

F2 SG(2) Level time delay (sec)
.

F3 SG(3) Pressure shutdown (psia)

F4 SG(4) Pressure time delay (sec)

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

F6 SG(6) Overpower shutdown (fraction)

F7 SG(7) Overpower time delay (sec)
'

18 NSGD Level detector volume (node number)

19 NSGDP Pressure detector volume (node number)

Normalized lieat Load vs. Time Table (General)

Card Series 7011 - 7020

7011, F1), F2), ....,Fi , F2 (21 pairs 120)
n n

F1 QSG Normalized heat load'

F2 QSG Time (sec)

Heat iransfer Multiplier (General) (OPTIO:ML ).

Card Series 7021 - 7030

7021, F1) F2)....,Fi , F2 (2 pairs 120)
n n

F1 IITMP _ Heat transfer multiplier, normalized
.

F2 itTMP [5]

rob'
-

O 3If not input multiplier is set equgo 1.0. ,
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Secondary ' cde Information

Card Series 7201 - 7210.

7201, Il , F2 ,..., 11 , 2, (1 < n < 2)y y n n
NQSGZ = # of steam generat

,

Il NSEC Secondary node
,

F2 IIFEED Feed enthalpy (BRJ/lb)

Privaly Node Informatien

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

7211, Il , F2 , F3 , . . . ,11 , F2 , F3 (1 # "# )y 7 7 n n

Il NSG Primary node -

F2 SML Multiplier en heat transfer coefficient when heat
transfer is frca secondary to primary

F3 X0LPS Fracticnal tube length (Icagth of node / active
tube length)

Steam G2nerator Boundary Ccnditicas
.

Card Series 7231 - 7240

7231, F1 , F2 , F3 , . . . , F1 , F2 , F3 (1 < n < 2)7 y

F1 TISG Steam genereter inlet temperature , F

F2 TOSG Steam generator outlet te:cperature, F

F3 PCSTSG Fraction of core 11 cat transfer rate distributed"

to the steam generator
.

NQSGZNote: -4
I PC.sTSG = 1.0 + 10

~

n=1
'

where NQSGZ = number of steam generators

1 -

\

' \
.t,

{ I)

,
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ain Coolant Pumps __

ated Pump Conditions

ard Series 8001 - 8005

he rated pump conditions should be the conditions associated with the

ump head end 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. .

8001, F1, F2, F3, F4, F5, F6, F7, F8, F9, F10.

F1 RLFR Rated loop flow rate (for a single loop). (lbs/sec)

F2 RPfiD Rated pump head (ft)
3

F3 RPD Rated pump density (1bs/f t )

F4 PSPED Rated pump speed (rad /sec)

F5 RPt1T Rated pump hydraulic torque (ft-lb)
2

F6 PINER Pump inertia (lb-ft )

F7 DARTRK Design torque for anti-reverse device (f t-lb)

F8 TWIFR Constant for friction and windage torque (ft lb)

F9 RPliDF Fractional tolerance of operating to rated pump

head

F10 PSPEDI Reference pump speed (rad /sec)
.

O

er e

0

h

, .
''O- j
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Pump Shutcomi Parameters

Card Series 8006 - 8010

8C06, F1, F2, F3, F4, "3, IS

F1 PC(l) 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)

I6 NPC Pressure detector volume (node nuTher)

Electrical Torque as a Function of Speed

_ Tim 3 :

Card Series 80.1 - 8020

8011, Fi , F2), F1 , F2 ,...,Fi , F2 ( $ irs 520)j 2 2 n n

F1 PSET Electrical torque (f t-lb)

FL PSET Pump speed (rad /sec)

.

Pump Honologous Corves (lorque) (OPTIONAL)

Card Series 8021 - 8030

Normal operation; positive flow, positive speed
2

Table of .8/a as a function of v/a* for v/a 5 1

8021, F1, F2,... F11 N

;

Fl BAN OU
,

cg
s

.

Fil BAN

*when v/a is positive, v/a has values of: 0.0, 0.1, 0.2, . . . .l .0 for all tables

when v/a is negative, v/n has values of: 0.0, -0.1, -0.2, . . . .-l .0 for all table

A-26



.

.

*
.

.

Card Series 8031 - 8040

Normal operation; positive flow, positive speed
2

Table of s/v as a function of a/v for v/a >l

8031, F1, F2,...,Fil

F1 BVN
*

.

Fil BVN

Card Series 8041 - 8050

Energy dissipation; negative flow, positive speed
2

Table of s/a as a function 01 la for[ v/al < 1

8041, F1, F2, ...,Fil

F1 BAD
*

.

Fil BAD

Card Series 8051 - 8060

Energy dissipation; negative flow, positive speed
.2

Table of s/v as a function of a/v for | v/a | > 1

8051, F1, F2, ..., Fil

F1 BVD

Fil 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 1

.c',

Chbg
-

-

%
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8061, F1, F2, . . . Fil

F1 BAT

Fil BAT

Card Series 8071 - 8080

Turbine operation; negative flow, negative speed
2

Table of 6/v as a function of a/v for| v/n | > 1

8071, F1, F2, ... Fil

Fl BVT

Fil BVT
.

Card Series 8141 - 8150 '

Abnormal Pump: positive flow, negative speed
2

Table of 6/a as a function of v/a for h/a | < 1

8141, F1, F2,...,F11

Fl BAR
.

Fil BAR

Card Series 8151 - 8160

Abnormal pump: positive flow, negative speed
2

Table of 6/v as a function of a/; for | v/ al > 1

8151, F1, F2, ..., Fil

F1 BVR
:

Fil BVR

A-28 c) p/ 0 I.s'l O
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umpHomologousCurves(Head 1 (0PTIONAL)

ard Series C081 - 8090

Normal operation; positive flow, positive speed
2

Table of h/a as a function of v/a for v!n 1 1

8081, F1, F2,...,F11

F1 H/,N
.

Fil HAN

ard Series 8091 - 8100

Normal operation; positive flow, positive speed ,

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

8091 F1, F2, ...,F11 ,

F1 HVN
'

.

Fil HVH

Card Series 8101 - 8110

Energy dissipation; negative flow, positive speed
?

Table of h/a as a function of v/a forjv/a |1 1

8101, F1, F2,...,F11

F1 HAD
.

Fil HAD

n
*
\ |
\

)
.

N
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Card Series 8111 - 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, .... Fil

F1 HVD
,

Fil HVD

Card Series 8121 - 8130

Turbine operation; regative flow, negative speed
2

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

8121, F1, F2,..., Fil

F1 HAT

:
Fil 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

8131, F1, F2, ..., Fil

F1 HVT

:
Fil HVT

.

2

Cy
.
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Card Series 8161 - 8170

Abnormal Pump: positive flow, negative speed
'

2

Table of h/u as a function of v/a for |v/a | 1 1

8161, F1, F2,..., Fil

F1 IIAR

:
Fil HAR

Card Series 8171 - 8180

Abnormal Pump: positive flow, negative speed
2Table of h/v as a function of a/v for (v/a j > 1

8171, F1, F2, ... Fil .

F1 HVR

.

Fil llVR

n
)%

bgi
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Pump Hea t_ Degrada tion Mul tiplier (0PTIO:lAL)
_

Card Series 8201 - 8210

8201, Fl , F2 , ..., Fl , F2 (21 n1 20)j n n

F1 HMUL Multiplier (head)

F2 HMUL Void fraction

Pump Hydraulic Torque Degradation Multiplier (OPTIOiAL)

Card Series 8211 - 8220

8211, F1), F2),..., F1 , F2 (21 ns 20)n

F1 TMUL Multiplier (torque)

F2 TliUL Void fraction

.-

e

O

% \l-

i
,' I.)

f

.
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D

Card Series 8301 - 8400

8301, F1, F2,..., F88

a) flormal operation; positive flow, positive speed

Table of (h/a )TP as a function of v/a for v/a 1 1
F1 - Fil HANAfiC

b) llornal operation; positive flow, positive speed

Table of (h/v )TP as a function of a/v for v/a >l
F12 - F22 HVNANC

c) Energy dissipation; negative flow, positive speed

Tabic of (h/a )TP as a function of v/a for|v/a |1 1.

F23 - F33 HADANC

d) Energy dissipation; negative flow, positive speed

Table of (h/v )TP as a function of a/v for | v/a | > 1
F34 - F44 'lVDANC

e) Turbine operation; negative flow, negative speed

Table of (h/a )TP safunctionofv/aforIv/a11 1
F45 - F55 HATANC

f) Turbi .c operation; negative flow, negative speed

Table of (h/v )TP as a function of a/v for | v/a | > 1
F56 - F66 HVTAric

g) Abnormal pump; positive flow, negative speed

Table of (h/a )TP as a function of v/a for|v/a li 1
F67 - F77 HARANC ,

q(\
v,

.

..-

,
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h) Abnormal pump; positive flow, negative speed

Tabic of (h/v )TP as a function of a/v for |v/a |> 1
F78 - F88 liVRAf1C

~

A.2 REFEREflCES FOR APPEflDIX A
~

A-1 Combustion Engineering, Inc., "CEFLASit-4A: A Fortran-IV Digital,

Computer Program for Reactor Blowdown Analysis" CEf1PD-133 P,

August 1974 (Proprietary).
.

A-2 Combustion Engineering, Inc., "CEFLASil-4A: A Fortran-IV Digital

Computer Program for Raactor Blowdown Analysis (Modifications)",

CEllPD-133-P, Supplement 2, February,1975 (Proprietary).,

A-3 Letter A. E. Scherer, Licensing Manager (C-E), to D. F. Ross,

Assistant Director of Reactor Safety Division of Systems Sc.ity,

LD-76-026, March,1976 (Proprietary).
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Appendix B

C0fe1ENTS ON DECOMPRESSION THEPJ10 DYNAMICS

The Combustion Engineering 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 assumptiu. based on results of large scale blowdown
experiments.

B.1 INTRODUCTION

In the decompression of a constant-volume syst::m 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 pronioited by the nucleation and growi.h of vapor bubbles which expand
to produce additional fluid volume within the system. This is the 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 retastable
states becomes nf 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.

,7

| 'J Ji

O
s
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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 DISCUSSION

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 O'Brien (Reference B-1) and later Banerjee et. al. (Reference
B-2) have observed a brief pressare "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 liquid, reasonable agreement with data was obtained.

' Ok/.,
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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
-I -I

.075 ft This is to be compared with m.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 recerit 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 Containn.ent-
Systems-Experiment (CSE) test B-75 (Reference B-6). The reactor pressure

3vessel volumes employed in the LOFT and CSE experiments are 108 ft and
3

140 ft respectively. Break areas for both experiments were selected to
provide representative break area to volume ratios. The break area to

-I -Ivolume ratio for LOFT is =.0016 f t and CSE is .001 f t In both situa-.

tions subcooled blowdown experiments were conducted successfully and no

nonequilibrium effects 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.
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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 it. ads methodology is presented. The

second section presents the CEFLASh 48 LOFT L1-2 zero time edit.

C.1 LOFT L1-2: BASIS FOR SELECi10N

Prior to selecting the LOFT L1-2 test for comparison to analytical 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 C-3 1970

Experiment (CSE)

LOFT Semiscale S-02-6 C-4 1975

M00-1

LOFT Semiscale S-02-8 C-5 1975

MOD-1

, j'
'
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LOSS-0F-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 yet.rs and the original staff 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-48). The

analytical models as well 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

Chof the results.
'v
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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 about 7

ft. The liquid volume in the simulated vessel is only about 3.5 f t .

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 L1 ~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 ta the forces on the vessel
supr ~ts results primarily f rom 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 PUR.
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Table C-2

FEATURES OF BLOWDOWN EXPERIMENTS

M00-1
ITEM LOFT L1-2 SEMISCALE CSE C-E PWR

SCALE medium small medium full
3 3

vessel volume (ft ) 108. 3.5 140. 5800 ft

TWO-DIMENSIONAL
ANNULUS Yes No Yes Yes

Core barrel height (ft) 16.96 17.0 10. 31.53
Core barrel circum-
ference(ft) 8.64 1.76 11. 42.72
Ratio: height / circum-
ference 1.95 9.66 0.91 0.74

REPRESENTATIVE
INITIAL Yes Yes Yes B-63 -

CONDITIONS No B-75

TEST DATE(State of Art) 1975 1974 1970 -

STAFF AVAILABLE to
ANSWER QUESTIONS Yes Yes No -

WILL BE USED FOR
FUTURE TESTS Yes No No -

C.2 LOFT L1-2 CEFLASH-4B ZEF.0 TIME EDIT

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 parameters

(nodal volumes, masses, pressures, internal energies, etc.) are presented
on pages C-6 thru C-9. Flowpath quantities (pressure drops, flow rates,
etc.) are shown on pages C-10 thru C-19. For a detailed description of the

node-flowpath network, the reader is referred to Figure 3-3 and Tables 3-2
and 3-3 of the text.
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C0FT L1-2 ZER0 TIME EDIT
. . .

.%

COMsuhTION ENGINEERING CEFLASHAB VERSION 11 03 1976 76308

PsGF 1 DF Cu1FUT 1 TIME STEP 0 TIME 0 SECONDS STEP SIZE 5.0000E.05 SECOCS

LOFT L1-2 EXPERIMENTAL COMPAWISUN

JCS NO NLS6FGO RUN DATE 08/25/77 RUN BEGUN 11.37.35 CPS USED 4.55a00

TOTAL
P0aE R - _ . . . . . _ . -. . _

0.

PUMP FLOd PATH SPEED LET TORG HYU TORG FR+WI TORG ELEC TURG HEAD VOID FRAC
_Rau/SFC .- F T LB --FT L B . -_ _ . - F T . L B --..FT LB -- P S I - - - - - - - - -

1 17 2.GPebE+02 -3.F.393E-03 2.3065E+02 8.o325E100 2.39C"E+02 4.610cE+01 0
___2. _ 18 _ . -2,4 2 e c L + c 2 3.b l9 3 L- 0 3. 2. 3 s t S E * 0 2- 8. 6 3 4 5 E + 0 0 - 2. 3 9 4 A E + 0 2 - 4. P 10 G E + 01 - 0 --

__ CCNTAIN.*ENT _ LEAK FLud. - . _ _ _ . - - _ - - - - . .-. . INT EGR AL- INTEGR AL - - - -

NOUE PATM ENTHALPY FLUa ENERGY FLOd ENERGY
__. . _ _ . _ . _ . _ _ _ _ _ _ _ _ _ . _ _ _. BTU /LH - L n S / S E C - - B T u/ S E C- - - L H S ~-- -- 3 7 U

65 99 5.3606E+02 0. O. O. O.
_ . _ _ _ _ . . . _ . o s . - ._ . -- 10 0- 5. 3 6 0 e E + 0 2 .0. O. ----O.-- 0. - - - - - -

65 09 100 C. O.

LEAA FLOW PATHS
FL0a DISCnARGt . J U N C T . . _ ..-._ T H R O A ( --- _ . M O M E N T U M -- J C T + MOS-_ T w 9 + MGM._ - - _ - - - - - - - - -

PATH COEFF TrRUST THRUST THRubT THRUST THRUST
.- .---.... ___- _LDS LSS -L85 LBS LBS- --

?", [3]
.- - -- - - - - ---- - - - - - - - - - - - - - - - - - - - - - - -__ cn 100 ,

.__ . . . _ _ . . . d____ __ _ . _ . . _ . _ _ _ _ ._ _ _ _ _ ..

C@ . _ . _ _ _ .-

c;3
-__._ __ __ . _ . . . _ . ...p ... -- . _

.. . . . . _ . _ _ _ _ _ . . _ _ . _ . . _ __._ .__ ._._ ._____ .. . _ _ . _ _ _ __ . .

ut..._ _ . . . _. _ _ _ .. _ __.;e.2. _ _ ._. . . .

. . . - - _ - - _ . . . . _ . _ _ _ .D _ _ . . - _ . . . . _- ..$

_ . . r' _ . . . . __.

m
_ _ _ . _ _ . _ . _ . _ _ _ . . . . _ _ _ _ _ _ . _ _ _ _ . . _ _ . . _



- - ~ - - - - - --

-_
- _ - _ ~ . . - - . . - - - . - . . . ~ - . . - - .- -

_ _ _ _ .

C O* nt'S T 10N ENGINEERING CLFLASH49 VEWSION 11 03 1976 76309

PAGE 2 CF 00TkUT 1 T!-E STEP O T!*E 0. SECONSS STEP Sf7E 5.0000E-05 SFCONDS
_

total L I I.V I D STEAM EcdsLE LIQUID STEAM Tw3 PHASE Ta0 PHASE AVESAGt

_I"E31E P4ES5URE .- MASS - MASS *A55- MASS ENTwALPY ENTwaLPY EN1dALPV -VOID FRAC FL0a AUDE - -

Q PSI LHS LHS LBS L6S BTU /LA RTU/LA 87U/L4 L 'a S / S M

- 2.2942E+03 6.9153E*61 6.9153E+01 0.- -0 -- -- 5.560AE+0? 5.3Acht+02 5 . 3 6 0 6 F + 0 2 - 0 . ---- - - 5.5000t+02 1
-

2.2*33E+c3 4.7 03 u t + 0i 9.7e3cE+01 0. O. 5.3606E+02 5.3mosE*02 5.3606t+0? 0. 5.5c nE+02 2

og%'k-4+7kE - 2 2 6 2 H + 0 % 4.3'55i+02 .593%E+02 0. O. 5.360et+02 5.3618&+07 5.3'c6E+02 ~C. - 5.' -;-?2 3- --

4 2.2?11E+t3 5.%4/at*c2 5 597eE+c2 0. O. 5.36066+0? 5.3doeE+02 5.36.36t+0? 0. 5.534":+02 4

2.i-:-i.e5 3.390tt+e2 1. 3 4 n e t + 0 2 - 0, -- C. 5.3n1*E+0? 5.3^0eE+02 5.360eE+0? -0.-- 5.59a*E+c? 5

2.27c% +L3 1.94tH.+02 1.4cooE+O2 0. O. 5.361*L+62 5.3AC$t+02 5.360eE+0? 0. 5.59det+02 6

sp*ma 2 2737t+c3 4,o99-.*02 6.04oht+u2 0 - 0.------ S.%08E+G2 5.3*r6F+0? 5. 5* 0 6F + 0 2 0.- --- 5.50erE+f2 7 --,,c

- 2.2720Eev3 2.0acuE+02 2.0c00t+02 0. O. 5. 5616 E + 0 2 5.3A0et+02 5.5eJ6E+02 0. C. 8

$ - 2.2721E+v3 2.525nt+02 2.5256E+02 0. O. 5.3m0mE+02 5. 56eH + 0? 5. 3 * S ai + C P - O . O. 9 --

EEh}3 2 2aa5F+o5 d.5215t+02 4.57456+02 0. O. 5.56v+t n2 5.36-*E+n? 5.3+r*E+02 0. 5.tA6]E*02 10

v. 0.------- 5.3*cM +0? 5.inacE+M S.4.N+02 0.- --Cs !!
--

# Lag c . 2 < 5 i + ., 3 4.5-72E+J2 4.597?t+C2

[]|32 2.!72ci+e3 1.7FO!+02 1 709..i*v2 0. c. 5.360*t+02 5 36"ai+e? 5.550st.c2 0. 5.tadCE+02 12

pmmed 2.273tt+v3 1.704tt+02 1.7*91t+0? O.----- - 0. - - - - - 5.360rL+0? 5.TsraE+0? 5.3606E+]? 0. Os 13 -

14 2.272tt+e3 3.10*7t+02 3.1047E*'2 Oc 0. 5.3mc6E+c2 5.3605E+t2 5.3%C6E+1? 0. 5.5599E+07 1;
J

15 -- 2.2574t*03 2.77o7t+02 2. 7 7 o 7 t + C 2 - 0. O. 5.3*o6t+02 5.36c6E+n2 5.4$0'E+02 -0. 5.aad*E+62 15 --

16 2 25 *t+.)3 1./J7tf+03 1.2 3 71 L + c 5 0. O. 5.3Ac6t+0? 5.3mc6E+C2 5.3*C6E+02 0. 5.652 E+02 le

___ 17 _ 2 2;c7E+v3 1. 2 0 7 3 t + C 3 1.237ct+u3 0.- ---0. --- 5.3nceE+n? 5 3 s 0 % F + rJ 5.3nce +c7 c. 5.68;1E+"2 1 7 --

18 2.237/t+03 5.7127E+c2 5./1?9t+u2 c. c. 5.36]et+DR 5.3tomF+0? 5.3006'+02 c. 5.5A "E*'? 15

19 2 2-Set *+3 2.739"E+c2 2.737-E+c2 0. _ - - - . . O. - -- 5 390*t+0? 5.3+a4 +02 5. 3 m e + C 2 0.-- ---- 2.4.4rE+;? :4

2G 2 2c5mt-L3 1.Q' ale +02 1 9041E+02 .0. O. 5.560eE+02 5.360$E+0P 5. 3 " M + 0 ? 0. 2.0. cE+0? 2?

. 21 2 2-3 ; 3 *.3017L*C2 4.3017t+G2 0.. -. 0. _ 5.5606t+C2 5.363AE+27 5.3 6 0 af + CP 0.- - 5.689:1+02 21 - - -

__.$ 2/ 2 27 J t*J3 c.7o7tl*v2 7.9374t+02 6 3163E+0! 8.3163E+01 7 05e*E+0? 1 115aE+0i 7.465*t+02 3.7c58t-01 C. ;?

_ '4 23 2.27 -E+v3 3.2415L+02 3.dr15L+C2 0. - C. --- - 5.3606E+C2 5.380AE+c2 5.5306f+e? 0. --- C. 23

2w 2.2"tSt+03 2.372'E+02 2.3721E+02 0. O. 5. 38 06t + 0 2 5.3% cme +e? 5.3s06f+0? 0. C. 22

25 2 273Gt*03 2.5'crE+c1 2 562eE+C1 C. - 0. -- -- --- 5.38.6E*a2 5.360tE*02 5.ioneE+02 C.-------- C. 25

io 2 27bcv+2 3 3 . 5 '; 1 i + G 1 3.5C51L+ut O. O. 5.36chE+0? 5.3A06E+c? 5.is0aE+c? c. C. 2%

27 2.2'3~:* 3 1.e477t+01 1.cu77L+ul .C. c. -- 5.36 vet +07 5.!ACH*n? 5.3*06E+C2 0.- u. 27.

2e k.27C5i+v3 5.17-9+v2 5.176tE+v2 c. c. 5.350*E+c? 5 3806t+0? 5.5&CeE+02 C. C. 24

23 2 2795t*03 5.1/-iE+02 5.17431+c2 0. --_ _ ____ 0. _ _ _ ~ 5.3eceL+?2 5.3806F+r2 5.3e06t+02 0.----- - 0. 23

30 i.2'3%t*L3 2.5dcli+t2 2.5601t+v2 0. 02 5.3mC-t+02 5.3-dH +02 5.3" Ort +02 0. O. 37

31 2.2'36L*03 3.7etW +01 3.7bdut+01 C. _ __ 0..- - 5.3a0$E+02 5.3eC6E+02 5.3ta-1+02 0 . -- - _ 9. 813 M + 01 11

32 2 2"3*L*e3 3.7*4ef+01 3.7ecct+0! 0. c. 5.3606t+62 5.3606E+o? 5.4600E+PP 0. G.St43E*]! 37

33 c.2"3M*t3 3.7 c F ;E * e 1 3.7 +4E*01 c. L._____._. 5.3006E+9? 5.3606t+r2 5.Itce;+0? C. - 9.6: 13E+C1 33 -

. _.

34 2.i: 2-t-03 3.7ec4t+al 3.7 beat +v1 0. O. 5.3'Ott*c2 5.36c6k+f? 5. 3,0 e f + c 2 0. 9.F13i;-71 Tu

35 i . /"3 :: - ;3 3.7"*'u-01 3.76eut*01 0. c.--__--- 5.350tt+32 5.3a9'E+C2 5. 3 - M i + C 2 c. -- -- 9.'13 + 1 35

_ ls_* 3: 2.5 32t+s3 3.7r*Nt+ci 3.7mtat+;1 0. c. 5.3nc%E+c2 s.5%cet+0p 5.33a6E+c2 0. 9 . A t 3 3 *- + 1 1 3a

sC 3 7 2 2524 *03 u.ch1H +01 c.tb6CL*01 e. C . - .-_ 5 360*E+0? 5. 3 6 0 M + o 2 5.350$E+02 0. - 6.5 : 3 3: + L: 37

cts 3e 2.2-t?t+03 o.te,4E+v1 e.00F4!+01 0. O. 5.360eE+02 5.36 cat +02 5.3%uel+02 0. 9. 3 ? 5 H + 31 30

_ _ _ 19 - .2 2-2/E+95 o.:ehe t * al e.?eb4t*?1. O. __0.______-. 5.36eet*c2 5.3A'eE+0? 5.3toeE+02 0. - - - _ 9.*:ltt u1 39 -

6 2. doc?E+s3 t. . s e- % + 91 o.se:Gi-o1 c. a. 5.ss 6E+97 5.3*:*5+r? 5. 3 t 0 M + 0 2 c. 9.et3:r*?! a?

s! 6.<trut+C1 C. _ _ _ _ _ 0. ___ 5.5*Cr: +CP 5.9 .et*n2 5.3-?*E+02 C. -- 9.'titi 't u!
31 i.r" <:*s3 c. oP 4 -

'42 2.i-J E*t3 c.cri' t+c1 e.e*A9:+Cl 0. O. 5.8."CoE+r2 5.%oet+47 5.!'0*r+0? 0 9.''. *c1 42'

'-\3 2./- 9 .,\ 6.1 4:at.;t 6.193m: .gl c. c. 5.eg-L+;2 5,5n1 +L+r2 5.5ncet+02 c, S . 3 t . (; a t u?

J7 % 6 2.i ;et*s3 6.193-t*31 8.193ot+ct c. J. 5.is;r,t+c? 5.3mcef+a/ 5.5%c8t+v2 c. 4.sg313 0t .a

. . _ _ 45 2 2-CaE+.3 6.1 48-L+;1. 8.1w3mi+C1 0. _ _ _ _ _ _ . 0.. _ _ _ _ . 5.3sant+r2 5.3r: *t+c? 5. /. .-t+c? c. __ ---- C.fti;i+0! 5 -

20 2 2 ;$E+C3 t.1 93 :+;1 c.145eL+v1 C. c. 5.3nG8L+02 5. 3 S H t + 0 ? 5. b?M +32 C. 4. ! 1 ) :i+31 *

c.2 .et.33, o.icpt,;l e.;935E+01 0._ 4
. 5.3 erne +0? 5.3n0e!+62 5 . 5 , S ' t + .. .{ 0. -- 9.-13' +0! 7

47
.

--
. i 3 .:



LOFT L1-2 ZERO TIME EDIT
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APPENDIX D

CEFLASH-4B LOFT SENSITIVITY STUDY

This appendix presents the results of an extensive CEFLASH-48 sensitivity
study performed on two computer model simulations of the LOFT L1-2 experiment.
The purpose of this investigation is 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 lumped all piping downstream of the break planes
as a single volune (N0DE 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 (Q0BV's), the
critical flow was imposed more quickly than was realistic. Therefore, this

model was used only for parametric sensitivities and to confirm modelir.g
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 cold 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" downstrean 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. <

,4D-1 ,

g



D.2 STUDIES WITH THE LOFT L1-2 " DETAILED" H0 DEL

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 pre-rupture measure.aents et discrete
loop positions (Reference D-1).

Figure D-3 presents a typical comparison of predicted pressures

obtainedwithbothmodels.{
[3]

.

.

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

The sensitivity of blowdown pressure history to the critical flow model
formulation and the critical flow discharge coefficient at the Quick Opening
Blowdown Valve (QOBV) was investigated by varying characteristics of the
break floupaths of the base LOFT model. The sensitivity of the critical flow

fonnulation 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]

,

ed

<'
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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 coid leg
break opening times.

]AtypicalcomparisonispresentedinFigureD-6. [3]

D.2.4 Calculational Time Step

A sensitivity study was conducted to confirm the calculational time step
used in the LOFT experimental comparison. Twotimesteps,[ ] seconds [3]
and[ ] seconds were investigated. [ [3]

} 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 ( )secondtimestep [3]
computation. Thus,the( };econdtimestepwasusedforpurposes [3]
of this calculation.

D.3 STUDIES WITH THE CEFLASH-4B " BREAK PLANE" MODEL

D.3.1 Break i ..e 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

2expose an area equivalcnt to the orifice area (.09 ft ) ba;ed on LOFT QOBV
measured opening times. The upper limit was taken near the nominal QOBV
opening time.

r
D-3 6
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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
0-12, respectively. The longer opening times demonstrate the slcwer and
smoother decompression. Soikes 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 with

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 RAB 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 f rom 0.1 f t-l to 108 ft-l. 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.

,rr-
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epresentative comparisons of pressures predicted with the two limiting RAB
.odels are presented in Figures D-13 and D-14. Figure D-13 displays the

owncomer pressures in node 48.
.

[3]

3

[3]

]

D.4 COMPARISON OF " BREAK PLANE" AND "DETAILE0" MODEL PREDICTI0flS

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[ [3]

] correlation with a[ ]nultiplier. [3]

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.
, t. T
L>,
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TABLE D-1

CEFLASH-4B LOFT L1-2 fl0DAL DESCRIPTI0Tl(I)'( ) FOR DETAILED AtlD BREAK PLAtlE MODELS

N0DE NO. DESCRIPTI0ft
e s

|

i

|

[3]

\ -

. . , .
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TABLE D-1 (Cont'd.)

CEFLASH-4B LOFT L1-2 N0DAL DESCRIPTION FOR DETAILED AND BREAK PLANE MODELS

NODE NO. DESCRIPTION
\

'

/

[3]

-

\ j j .'>
v
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TABLE D-1 (Cont'd.)

CEFLASH-4B LOFT L1-2 N0DAL DESCRIPTION FOR DETAILED AND BREAK PLANE MODELS

NODE NO. DESCRIPTION
s/

[3]

/s
,

U) 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

IcKk
l'i

c90s
_
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TABLE D-2

CEFLASH-48 LOFT L1-2 FLOWPATH DESCRIPTION FOR DETAILED AND BREAK PLANE MODELS U)

FLOWPATH NUMBER DESCRIPTION
/ s

I

, [3)

'
s

< ,' l , ~ J

l
O T_4

D-9



TABL'E D-2 (Cont'd)

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

FLOWPATH NUMBER DESCRIPTION
''

/

.

[3]

-

%

)# *
;

C|} \>
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TABLE D-2 (Cont'd.)

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

FLOWPATH NUMBER DESCRIPTION

e N

[3]

.

/
1

D ''
y)'O*
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TABLE D-2 (Cont'd.)

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

FLOWPATH NUMBER DESCRIPTION

r

% /

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

.

fO

u,.
q)G.

.
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TABLE D-3

BEST-ESTIMATE LOFT TEMPERATURE DISTRIBUTION *

N0DE TEMPERATURE

NO.(S) F

1-10 538

11 E36

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
,

.

' _1.'l

Cfji>

* Distribution developed from data presented in Reference D-1.
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Figure D-3

EFFECT OF ISOTHERMAL LOOP

ASSUMPTION ON CEFLASH-4B PREDICTED PRESSURES

DETAILED MODEL

(CORE SIMULATOR: NODE 7)
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Figure D-4

INFLUENCE OF CRITICAL FLOW CORRELATION

ON PREDICTED PRESSURE DECAY

DETAILED MODEL

(CORE SIMULATOR: NODE 7)
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Figu re D-5

EFFECT OF VARYING THE DISCHARGE COEFFICIENT

AT THE QOBV ON THE CEFLASH-4B PREDICTED PRESSURE DECAY

DETAILED MODEL

(DOWNCOMER: NODE 47)
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Figu re D-6

SENSITIVITY OF CEFLASH-4B

PREDICTED PRESSURES TO ASSUMED 00BV

OPENING TIME

DETAILED MODEL

(CORE SIMULATOR: NODE 7)
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Figure D-7

LOFT CALCULATIONAL TIME STEP STUDY

DETAILED MODEL

(PRESSURE UPSTREAM OF COLD LEG BREAK

PLANE: NODE 24)
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Figu re D-8

LOFT C ALCULATION AL TIME STEP STUDY
DETAILED MODEL

(PRESSURE AT INLET PLENUM: NO DE 10)
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Figu re D-9

INFLUENCE OF BREAK OPENING TIME ON CEFLASH-4B

LOFT MODEL PREDICTIONS -

BREAK PLANE MODEL

(PRIMARY LOOP PIPING: NODE 21)
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Figu re D-10

INFLUENCE OF BREAK OPENING TIME ON CEFLASH-4B

LOFT MODEL PREDICTIONS

BREAK PLANE MODEL

(DOWNCOMER DISTRIBUTOR ANNULUS: N0DE 53)
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Figure D-11

INFLUENCE OF BREAK OPENING TIME ON CEFLASH-4B

LOFT MODEL PREDICTIONS

BREAK PLANE MODEL

(CORE SIMULATOR: NODE 6)
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Figu re D-12

INFLUENCE OF BREAK OPENING TIME ON CEFLASH-4B

LOFT MODEL PREDICTIONS

BREAK PLANE MODEL

(PRESSURE DROP AROUND CORE BARREL: P -P50)53
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Figu re D-13

INFLUENCE OF REFLOOD ASSIST BYPASS INERTIA

ON PREDICTED LOFT PRESSURE DECAY

BREAK PLANE MODEL

(DOWNCOMER PRESSURE: NODE 48)
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Figu re D-14

INFLUENCE OF REFLOOD ASSIST BYPASS INERTIA

ON PREDICTED LOFT PRESSURE DECAY

BREAK PLANE MODEL

(DOWNCOMER PRESSURE: NODE 33)
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Figu re D-15

COMPARISON OF CEFLASH-4B " BREAK PLANE"

AND DETAILED MODELS

(PIPING UPSTREAM OF COLD LEG BREAK: NODE 24)

2400 - , , , ,

2100 -
-

1800 -
-

E
Ln

o DJ

$ 1500 -
-

!2
u
o.

'

1200 -
~

900
-

-

:

' ' ' '
600 _

6 80 160 240 320

TIME (MSEC)

'Dko,,

c ;o-

g

_ _ _ _ _ . . . . .



Figure D-16
,

COMPARISON OF PRESSURE PREDICTIONS

FOR " BREAK PLANE" AND " DETAILED" MODELS

(HOT LEG PIPING: NODE 30)
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Figu re D-17

COMPARISON OF PRESSURE PREDICTIONS

FOR " BREAK PLANE" AND " DETAILED" MODELS

(DOWNCOMER: NODE 35)
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0 Introduction

This supplement provides responses to the Reference 1.0-1 f1RC questions.
This information is intended to supplement the text of the topical report.
In preparing the f1RC approved version of this supplement, the presentation
has been ordered to be consistent with Reference 1.0-1 and as suggested

by the t1RC 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 Letter from K. Kniel to A E. Scherer dated May 10, Subject:

Request for Additional Information on CEf1PD-252-P.

1.0-2 Letter from R. L. Baer to A. E. Scherer dated Feb. 12, 1979,
Subject: Staff Evaluation Report of Topical Report CEt1PD-252-P.

rs,g (; 21.0-3



0 RESPONSES TO NRC QUESTIONS

Ouestion 1.1
he riodeling of a PilR to obtain blowdown induced forces in a reactor vessel
equires that the downcomer annulus be modeled in at least tuo dimensions

o allow for the analysis of the hydraulic loads. The CEFLAS'l-4D computer

rogram solves the one-dimensianal form of the conservation cquations. In

he framework of these equations, a method is applied to a PllR region 'to
odel the multi-dimensional geometry. Present a detailed description of this
ethod and describe how volume, length and flow area are treated in the model
evelopment,

e s po n s_e,

mbustion Engineering, Inc., accounts for the presence of the blowdown loads through
detailed two dimensional segmentation of the Plla downcomer annulus. In

:rticular, the proceduresubdividesthedowncomerannulusinto[ }.,

lumenodes[ heferenc;)

.1-1). Ilhile at cach elevation the nodes are equally spaced circumferentially, the

xial node sizes are determined based on physical PilR boundaries. (

-

..

tveral guidelines are followed for positioning floupath junctions within
'

des. First of all, flowpath junctions are positioned at axial elevations
reesponding to internal core barrel locations. This allous a meaningful
lculation of core barrel radial pressure differences. All flowpaths within
le same circumferential row are positioned at the same elevation. In addition,

ifl'oupath junction is specified at the core barrel upper and lower flanges.
,D,

/Ou
{ b '

1.1-1
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This defines the flowpath junctions within the upper and lowermost control volumes.
At the nozzle elevation, the flowpath junctior, 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,detailedreactor
pressure vessel internal information is used to assure that only fluid mass is
considered. For example, 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 def ined as the flowpath length (length from
flowpath junction to flowpath junction) divided by the corresponding flowpath
flow area. Momentum flux flow areas represents thu local flow area at the particular
flowpath junction. In general, for circumferential paths momentum flow upstream
and downstream flow areas are the same. Nomentum 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 calculated 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

,y in a Reactor Vessel", CENPD-252-P, Dec., 1977.
,

/h'

"t-(I"D1.1-2



Question 1.2
The modeling of a PWR 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 downcomt 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. flode boundaries are located at the positions of abrupt area change.
2. flodal volumes are determined from the free fluid volume within the

defined control region.
3. Ilode and flowpath elevation parameters are based 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 is as follows:

\ FLOWPATH/

h Li=

FLOWPATH i=1 Aj
'where it is the number of area transitio s

Aj is the area of a given region i
Lj is the length of region i

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

'

loop piping and fittings.
n

i
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As can be s en from the above, it is sought to obtain a realistic description of
these trane ition regicns. Modeling relies on careful definition
of system geometry and on the results of steady state hydraulic flow tests.

The use 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 dounccr.ier 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 dimensienal
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 floupath geometric losses are distributed between the
inlet floupath and the floupath connecting the annulus node at the nozzle elevation
with the louer annulus nodes.

(2) The downcomer annulus to the vessel lower plenum
In the Combustion Engineering, Inc. Blowdown Loads Model,the[ ] lowest down-

comernodesareconnectedvia[ ] corresponding floupaths to a single node
representing the upper portion of the lower plenum (upper lower plenum). For

the C-E System 80 PUrt design this node includes, all the fluid between the
instrunentation 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 floupaths are based on an equal division

of the upper lower plenum node into[ ]" 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 ]plenumsegment.

All floupaths start in the annul.us at the~ bottom of the CSB lower flange elevation

at the reactor vessel centerline.

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

1.2-2 }}6 /UJ



.e douncomer annulus. As these waves progress through the downcomer the wave front

akens and becomes approximately symmetrical with respect to the core support

rrel. (For example, for a System 80 full offset shear inlet break the peak
fference between the absolute pressures at two annules locations 180 apart at
ie bottom of the CSB (flow skirt region) occurs at ~10 msec. af ter rupture and is
00 psi. The dif ference is to be compared with a greater than 600 psi pressure
f ference at the nozzle centerline elevation. Seventy milliseconds after blowdown

iis asymmetry reduces to under 20 psi.) Ultimately the symmetrical wave front passes
irough the flow skirt and into the lower plenum. The propagation of this wave along
ie radius of the lower core support structure is computed using a single node pler.am
del. This procedure hypothesizes the lower core support structure (LCSS) to have a
'ngle flow hole at its center. That is, pressure waves must propagate to the center of
ie inlet plenum before they may proceed through the remainder of the reactor vessel.
1 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

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

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

) Lower plenum to the core region
e transition from the lower plenum to the core region is accomplished using an inter-

2diate nude to represent the fluid contained within the lower core support structure
CSS), bet..:en the inlet plenum and lower inactive core region. flode interfaces are
anveniently identified at the bottom of the lower plate of the lower core support

tructure 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,
cometric paramters such as lengths and flow areas are obtained from detailed engineering
rawings and associated parameter lists.

) Core region to upper plenum (and upper head)

he fuel alignment plate divides the core region from the upper plenum. This transition is
odeled using two node;. The lower node represents the top inactive core and the upper node
imulates the RPV outlet 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
midplane of the UGS assembly to the UGS flange elevation).

c. 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 predominant flow would be from
the GS upper plenum into the RPV outlet plenum. Pressure 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 nodel 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 ccre 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 lump
into the hot leg piping nodes. In both cases, the pressure losses 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 nozzles has
been modeled 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 reaches the node center, the net load on the plate will tend to be

,

'artifically increased. An analogous argument holds true for FAP and UGS top plates
loads during a cold leg break.

b '| [ |" b' "C1.2-4



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

and flowpath definitions.

.

.'
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Qaestion 1.3
The CEFLASil-4B coraputer 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 would 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 experimental
observations that demonstrates non-equilibrium behavior (in particular, the
" pressure un:'ershoot" phenomenon) will not occur in a PWR. This was accomplished
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 PURs, 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 (fv LOCA's including a double ended guillotine
break) will not be sufficient to cause non-equilibrium behavior.

In order to establish 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 be seen
from analytical comparisons for both 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 (ilRC standard problem #1)
is presented in reference 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.

I)3 b i



Additional Considerations
To further illustrate that non-equilitrium 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
createst at that location.

Based on a two dicx'sional analytical study performed by Los Alamos (references
1.3-2,1.3-3) and fu.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

2
of 9 ft . (This break area is -4 times greater than the maximum CE mechanistic

break leak acea). It was further assumed that the break occurs instantaneously.
Similarly sizeJ breaks for CE plants would take ~18 milliseconds to deselop. The
System 80 mechanistic break of 350 in2 (2.43 ft ) requires five (5) milliseconds2

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 (equilibritm) impulse imparted to the CSB at the nozzle centerline
elevation. To maximize the predicted non-equilibrium impulse 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 CSB was taken to be the projected area of the CEFLASH-4B nozzle

elevationdowncomernode( )(see section 4.4.2 of Reference 1.3- 5 ).

YH, tin
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The resulting non-equilibrium impulse becomes 326 lb -sec. The initial impulsef

imparted to the core barrel at the nozzle elevation for a typical mechanistic
break LOCA is, from Table 4-7 of the topical report (break node study),

4
4.0907x10 lbr-sec. Comparing these impulses on a local basis, the predicted
non-equilibrium impulse will contribute less than 0.8% of the initial CSB
impulse at the nozzle centerline elevation. This ratio will further reduce

if the comparison were to be made for the same break area transient. As

2pointed out earlier, the Los Alanos study assumes an instantaneous 9 ft
break while the reference PWR used in this study was exposed to a break of
only 2.43 ft2 occurring over 5 milliseconds. The above comparison has

been made on a local core barrel basis. Non-equilibrium effects are highly
localized and therefore will not significantly propagate through the downtomer,
Thus, their relative contribution to the total CSB load is expected to be
negligible.

..

Based on the preceding discussions presented here and additional information
presented in Appendix B of the topical report it is seen that non-equilibrium
behavior is ,0c expected to occur in the unlikely event of a PWR LOCA. There-

fore, it is concluded that in light of the inherent conservatisms in the CE
methodology (see Question 1.4), the neglect of non-equilibrium behavior will
not affect the ability of Combustion Engineering, Inc., to conservatively
calculate the loads impinging on various reactor component structures.

.
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May, 1973.
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January 1-March 31, 1977, J. F. Jackson, June 1977.
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Question 1.4
Provide a qualitative assessment of the amount of conservativeness in the
PWR licensing alculation. Address the uncertainties of the input data and
assumptioris used to perform the analyses. Describe how uncertainties affect
tha n,0rall 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 procedure 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 substantial
overestimate of the expected component 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. In actuality, the fluid in the pipe possesses a finite inertia and must
accelerate from its initial (pre-rupture) flow 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
inten. :1 str u-tures. This effect is not expected to be large.

I\
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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 instantanceus 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 a
calculated break 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 various 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

parar.eters 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, wa /e transport during the early
blowdown period is prinarily 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 systcm pressure is closely controlled by the pressurizer and i
variation is distributed uniformly throughout the system. This variation has a neglic
effect on the evaluation of fluid properties.

The overall result of the Combustion Engineering, Inc., treatment is to predict
LOCl induced blowdown loads of greater magnitude than would be expected on a physica
basis. Therefore, the blowdown loads uethodology 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

re,sponse analyses which employ reactor vessel blowdown pressure differences as only
a" portion of their input.

S ''| I | j ')
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sed on the above discussion of the various assunptions and conservatisms,
t is nur judgenent that the predicted pressure loads arr approxinately 507
igher than expected in reality. The overall assessment of the structural
ntegrity for the combined effect; of blowdov.n loads and other forcing func-
icas caused by the postulated pipe break is beyond the scope of topical

eport CEllPD-252-P which is under the subject review.

seferences

.4-1 Stolz, J. F., Chiti Light Water Reactors Branch flo.1, Division of
Project l'anagement, Letter to C. Eicheldinger (W), " Evaluation of
Westinghouse Topical Reports" || CAP-6703(P) and UCT,P 8709(l;P),

June 17, 1977.

1.4-2 Watzinger, J., Gruber, P., Winkler, F., " Prediction of Forces on

Pressurized Water fleactor Vessel Internals Following a Loss of
Coolant Accident", presented at CREST lieeting, !!unich, October,

1972.

1.4-3 CE!!PD-163-A, Design Casis Pipe Breaks for the Co:cbustion Engineering

Two Loop Coolant Systen", Plant Engineering, Septerrber, 1976.
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estion 2.1 (Problem No.1)
tuo-dimensional sheet of water (see Figure 2.1-1), of unit thickness, is at

The fluid is at restpressure of 2100 psia and a temperature of 544 F.
A small region, nf radius equal to 0.5 f t. is suddenly relievedverywhere.

o a pressure of 1700 psia, at time equals zero, and held constant at 1700
Provide plots of pressure and fluid velocity along the 0 , 45 , and 90sia.

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-

econds.

esponse_

NALYTICAL MODEL

he above system geometry describs 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

A review of the problem has revealed that a subcooledcenter of the region.
decompression wave (based on isentropic saturation conditions) would travel

less than 5.0 f t. 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
axes as stated in the problem, nodes must be located along these axes. For90

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

| ||5

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 systen is presented in
Figure 2.2-2. Each node (control 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 f t.-l 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 f t, which reflects the transport

distance from the outer boundary of the relieved area to the connecting node
center. The paths have an associated L/A of 0.75 ft.-l ihe central node is
connected to an arbitrarily large (20,000 ft.3) containment volume (node 50)
through a 0.7854 f t.2 (1 f t. diameter circle) flow area. flodes 1 and 50 are assumed
to be at 1700 psia at time zero. flodes 2-49 are initially at 2100 psia.

The pressure 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.-l) 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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FICURE 2.1-3

RESULTS OF SYMMETRIC PLANAR DECOMPRESSION AT 0.25 MSEC.. . _ _ __
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FIGURE 2.1-4
RESULTS OF SYll:1ETRIC PLANAR DEC0!1PRESSI0fl AT 0.50 riSEC.
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FIGURE 2.1-5
RERUIT5 0F SY!CETRIC PLANAR DECOMPRESSION AT 0.75 MSEC.
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FIGURE 2.1-6
RESULTS OF SYM:1ETRIC PLAllAR DEC0:tPRESS10ll AT 1.00 !1SEC
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FIGURE 2.1-7
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QUESTION 2.2 (Problen No. 2)

A two-dimensional sheet of water (see Figure 2.2-1), of unit thickness is at
a pressure of 2l00 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, rt time equals
zero, and held constant at 1700 psia. The problen is intended to be equi-
valent to a typical PWR 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, 6 feet below, and 10 feet below
the center of the relieved region, and at the cent erline of the relieved
region. Provide plots of pressure and fluid 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 downtomer with the hot leg nozzle
extension into the annulus taken into account. An la f t long x 11 f t. uide
flat sheet of water of unit (1 ft.) thickness as shown on Figure 2.2-1 was
modeled using the CEFLAS!'-4Il computer code. A 53 node and 04 flow path

network arrangement was developed, which is given in tit diagram on Figure 2.? < .

The problem as stated above describes an unwrapped downcomer geonetry which is

, symmetric about the y-axis. A node size of 2 f t. x 2 f t. x 1 f t. thick was used to
model this region. 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 synnetry is accounted for in this model forr.ulaticn, these
nodes are represented as one-half the width (2 f t.x 1 f t.x lf t.) of the remaining
nodes.

2.2-1
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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.

3
The " leak" node (node 1) is connected to an arbitrarily large (20,000 ft )
containment volume (node 55) through a 1.571 f t.2(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, 6 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, 9 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. Mre flow path definitions can be found in Table 2.2-2. floces 1

and 55 are assumed to be at 1700 psia at time zero. f.ll remaining nodes are

initially at 2100 psia. "s in problen 2.1, the pressure in node 1 cannot be,

mainteined at 1700 psia over all tiite periods. Pouever, by assuning in-
ft-l) between the " leak" node (node 1)s tantaneous communication (L/.T = 10-6

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 through 2.2-14.

2.2-2 K a ,- ,u1
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The data is presented as instantaneous " snapshots" of the pressure and flow
fields on the 18 f t. x 11 f t. 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 obstruction and is traveling back toward the break as a decompression

By 3.0 milliseconds, the disturbance has traveled virtually through- |wave.

out the sheet of water and has started to approach .:r equilibrium position

(1700 psia) near the break location. -

.
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TABLE 2.2-1

CEFLASil-4B NODE DESCP,IPTION FOR PROBLE!1 2.2

NODE NO. DESCRIPTION

3" Leak" node, half-size (2 f t ) node from 1 f t below to 1 ft1

above x-axis

32, 3 Full size (4 ft ) nodes from 1 ft below to 1 ft above x-axis

4, 56-53 Nodes containing 1/4 the volume difference between a full size n

and a 2 f t dia. obstruction located fron I f t below to 1 f t abov

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 5 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 f t below to 3 f t 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

26-30 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 f t below x-axis

37 Italf-size node from 7 f t below to 9 f t below x-axis

2.2-4
596 293
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TABl.E 2.2-1 (CONT'D)

CEFLASli-4B NODE DESCRIPTIO1 FOR PROBLEM 2.2

ODE NO. DESCRIPTI0tl

8-42 Full si7e nodes from 7 f t below to 9 f t below x-axis

43 Half-size node from 9 ft below to 11 ft below x-axis

44-48 Full size nodes from 9 ft below to 11 ft below x-axis
.

49 Half-size node from 11 f t below to 13 ft below x-axis

50-54 Full size nodes from 11 f t below to 13 ft below x-axis

55 Containment node

.

h

9 C) k2.2-5 ,

59b '



TABLE 2.2-2
~

-

CEFLASH-4B FLOW PATH DESCRIPTION FOR PROBLEM 2-2

FLOW PATH !!0. 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 ft above x-axis

17-22 Vertical connections from 3 ft above to 5 ft above x-axis
.

23-27 Horizontal connections 5 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 connections 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

C/-71 Horizontal connections C f t Lelou 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 f t to 12 f t below x-axis

89-93
Horizontal connections 12 ft below x-axis

94
" Leak" path, connection from " Leak" node (Node 1) to containment
node (node 55)

SI 6 2,J2.2-6 f



,,
-

-

.

.

.

_

.

.

_

_
_
.

0
1 0
I 3

D 7
I 1

5 -
2 -

-
_

- -6
7 .

S s'

m_
iI -

.

-
~~ t 0

2 3 32

L 0 E
-

- T' D r
0 E a1

-
~Y S w - N

L N U
.

I -
H

-
S P s* N - M __TW-
O -

~! S -
oA

- ~ -

C P N - E P * -

_.
- f c 1 - '

V ~ i 4 4 _

-
- -s

C s" - - ,

E _ C- ~ -7- 5 $ _ L
_ J' ~ ~- --- -x E _ F "I - -

2 0 a I -
9' _ ~.~ 5 ' " R K -

?-
!

^
~ -~ t. A A ~

_

-
M -

'

R '
S C L _ -

* - _ -
9 -

_ - L
_

*

-<t ~
. )

-
-

". F ]m'- ~
- 'i ~ R E T _ S. - -

_ - _
s
.

M
_

A S M - P - A T Sl

- C_ _
- - _
.-.

_
-

; R

-
a E

-
_

S s ' D~ D _. E' _ -

I
. t.N -_- F -_

H A u V E -

_ -S L G

SC_T .
S Rt

~ C OU F t_ VEF
F -t e .

M _ _F O - L .
T D -E s - E .

_-
. P L

- u S _ A _ /
-

-C_
-.

- q - "
- V - S _ - -

_ - ,

L. -
H S F

-
_

-t T U O- -
_ S __
_ A L _ " - _UL"_

- -
- __

P wP E- _
I

- _ -
_e T ; U

' -
_ d. *.

- - - _. T 5 L
',

. 7 A
-

/ " 2 J l A - _ _ _
. _

. .
5 ' L i E . - - ~ .

._ - .

-. _

'- - - # .
- __ - _' v - - - - -/ 5 "

. I
o

e _ -L 9 : '

I E' -- C I E + '

E._
I k T D - } _Nt_ r

e D T CS E -_ i
_ G L J'. c L CLY T C S 1

. I'. N I =c S =I " S C t P . 1

m.UTL C L3 LR g
_ C A T a c.t I 6 E LU T teO P

- E A r. C SS - - .

_

v t sPp

n e
cLI M T 'a C. m. -

ELs LD E - _'U
W -. I w

3o T E! F L SL

' -
, _ _

T W .
V _ .W Y A E cEuS A
* _- M R W tt LAU .

._
5 .It LUA s b E .J( - - _ _ -

,

_ C , - .

r

.
0"

( T o T CV ;T a
_ I : ' s ; J. . _

T ,;

-
. _ - _
- C T t : f tv * T ' -

._ _
- _- = L . s - _A ::

, wL : I. A Ly%.f . T F ;C E - S - _
.

.g3.

_
T2 _ ,-

-
_C w ,

i.0 _

Dm,_, _ %
r L' A uw

- L - - T- tF' ,
C G

G:_w,
D% [b

Y z._ W N 3 E1 321 0 E 5
- ; '' : S D; D ;

_
F . E- -h6 /, 0N -

-_ ,S ' T - . I

g%F" - _.*J e ,! N S C

_g wt t '" x c - -.

iL ! H5 E ;- A 'n ; S _ -
s' e *

_ T T9 a - , ;

_.
- 3 s, T T

. e [l.. P rS F r F P A I 3 .

.

.

g

_ -.

j cg3 - I I ,{ I DP T . 5
_

* _ _

_
- _ _ _- g _-

- - N- N e 'N

- -- n_ c ,, Ns(< ~. \O_r
'



.

.

Xb
O
en
D
P=

| |4
6

|1N
O. ||N* e

|

| ** | I
I*'? C , i

|La
(, C r C CCC C C CC C C C C CoC C CC C CCC C' oCC CC C C C CCC &CC C C CCC CL C DCi

e .s O t. C ''s O ''t t) '> o C. O o o -) c.O c' o m a.O c,c o O C c. CS c, f"2 7C c, 7 o es ooc o "2 n C. O OOO o o C._,j e

L6 + + + + + + + + + + + + + + + + 4 + + + + + + + 9 + +++++++ + + + + + + + + 4 + + + + + +- + +y
w .a ia m ..s a in w w w w La sa na w w usg tv w sa ao u ne io ia su w w us .. w w ea to w aa t. ia ne au w to : ia ta io ... m ,o a ..

,
C.3.,Q O, |'

(, C C. - C C C #-

, _,
C, C.,

c., C ,0,,g-. / <? C C ! C *
C', C, o r.; O

C._,
L c', C., C, C,.

4

,3 3 3 ,3,., u. c, .,C
c, e o n ,"a o o ,, o 3 C, C,, ;,
C C. (J C- 0 C **' C C f- C Cf .r.*

. ec 3 3 , o,o . , ,

-C_ C .
o,,,

r C : c #J c ccc c r C <2 C : CC rC C '^, c c' oi-

C- t . L" O J, L O 3 - :.,, ,i3* C C C e L F C C C C t' C c: cG c s, c ".,,C C C
!= 3 O C C' C '% JJ : r3

*' 7 G. r, " s(#' ts :s o o a c o CC I ,- e '7 O e's C O O 3o 7 C f. s> C C r. o
a-

e . e e o e o e o e e e e o
L )' C. e e e e e e e e e e e e e e e e e e e e e

e o e a e o e e o e . e e NN
N N N N N N N N N N N % fv N N N N N N et *% N N N % N N N N N N N rv at rv N ev N N N N N N % N N N %

L J
v i8 > . m

||
'

a f
I 8 i' i '

I
. ~ . - ---e. e. ~ -e. - - . - e .. -..e - - - . - - . . . - ..

|
( t-

O. O.
7

. a. o. s.s o. o.
c ~e e. .

.' s. 7 -
>0 > ;g ., m , p ,

N, Q _ 3 3 o. 7
0

C., G.
3 t., a. u. o. o. o. e.

0
o. L. O. O. 0., 7 a. a. ...44 o3 3 ) a n ,a |.. . .

s 6 . . . . .
.u .. .a a u. .a u;

. , a .a .. . o w w .a , .a .s a . .u .

r -,u c. ;ac c . O c, . c c c - . c,, ,. c eocaccc) cooC o (4 aw.w.aw a . . t-o .- c c _- r. eocv s, eu
- . t s ;. O _.7, a i ->m o .,t > s .)

y c s O s ; i 3 o > >2 .
r, ae oo , ;*oo.2 s 7 c, : :

-- r c- ee c .- c . , c' c e,. c'a e, c - er. as c>e ;, c
- p- c r. t c- o a c neru eoee ar > r. c - ,<>c t .;,g, oe >s on1
JC .- e - , c. .s a 3 .s.,3 3 > _,n ,o a o a 3 3 oos , s , ;. - - , .> s e, . o- .i

Q _I y e, e e e e e . e . e e e e e o e e e o e e e o e e e e e e e o e e o e . . e e e o e e e e e o e e e
e

'm-~ * . t. .n e. nn. A. Ln D.sn. .n nn. .n t.n .n to s.n sn .n. A. se' r.n sr. e.n .6 e. n p n :nLn en. s.n .n sn. A..n .n.i.n .r A. r. .n .n .r. D. .n. A. .n tn. .n in. i
.it

: . . . . . . . . . . . . . . . . . .. . . .a

-% in , e i,

> | l i 1 |
,

iJ 4
6J| {, 12 J g I

ILA I w _J ,

iu o w
U '

i |
| . | |6-

i I "i >

. . . . . . . . . . . . e . . . . . . . . . . . . . . . . . . . . . . .
, o , o o n a o => o ,. o => c e, , ,. ,,,,.. ao,.,no,,,,vau,... . .= . . . ... . = , = , , ;. ,

~ o =, er v o u c> , v-

| |,
! I

J

l
| |

f

| |
a

!
'

I

i , , i t>i I| | ! (
| | I'

*Lu
'C 3 1 i' r

Iw4 ! |
,

*

I ! | ) I Irie
, In t- I

8w | .I.u >< e e e e e o e e o e e e e o e e e . . . e o e e e e e . . e o e e e e o e e e e e o e e e e * * * #

e5 h
.hJ o > L) O LJ OO 34) U G E,J ') DoJ t^.* ') O .,J () CJ LJ J 6,. > ") ) *8 ) 3 ') :, ) D $ ",'r ") f, b i ) d " o s.) *) ,. 2 J )

| ! | | |

,

' '

! 5 | | I I | | |
' ' *

OOC J Ce O o Cs OO OC O OO 6O |
O r., " .. o 3

.
ooc r'' O C O 3 ooc o "; o o O C CC OC oCOOC C C C OC O C.,

3 3 O |J D .3 6 c, 3 a ,p
Lsj e ;o 33 ) -> 3".*T.,*,4 3<o O 3 ) O o > a .;> ,) ="? OO s r, , c. G a: r3 u :,,, = . ' , z.s +e e + ++ + + + + + + + + + + + + + 4 e + + + + + + + + + + + + + , e + + + + + , + + e +,+4 +

h) ,aj .es .s2 ai s.) s,,) s . a) s3 s, a J .s i ss .s3 s .sh 4 t an J at |wl sJ d
a sJ s.) .sJ Lab 1 m .se snj.u

o e o ., b sac.-o a o e c e). La . .J s.1 s s.s
ccC ocoec ; c o e .2 e oo e c. c := c < o o C : oosoo.4 .a,J aJ Lsb sotal sJ ish sa ta

o' *
* O D ' 'e in O J 3 3 -) 00 > 3 'e o Cs e*> o o G o .4 0 sp . , .e o O ss ) ,C.) is aO ) . .) oJ J 3 ;) .'> ^><D

'\ t
e- o o o o r c

. |

a- . t3 o C o o o c o o c c, C ee c, c o C ac o o o C. e c t.- c. o c : c oen aceoucC C, o o c., o o ce jH|

. o D.
3

O. i .s o
*)15 o > .2 n *)

- l)
3. tj a x.2

,.s

is.
*, p' , , ;e .') 12' t))

3 O. 3. ' ). 3. O. a
o

C.>"'.> o. a e 2 3.
.) J. C., e e . . . . e . e'>*) )sh e4 O . . . . . e e e .

e . . . ----..-e. -. . . e . e
- _ . - - - - - - - - - .. - - - - - - .. .. -

o,-

Ia m .
j t-- ---

i |
,c . ,

i j 1 -

a c, u, c . ,> o c o n - o c , o ^
,,

.
, > i <I i nnona,
i

o r-+ C oo<e, o o Co o o o o a c, c,> o c C. o o, o C a o, , c. ov, , ., > u ,s > - - ooo i ooo-eC
> . > >< ., .., . . > . ,

LJ + + 9 . + 9 4 + 4 4 4 4 4 9 + 4 + 4 4 9 4 4 4 4 4 9 + + + 4 4 + 4 4 + + 4 9 + 9 + 4 4 6 4 4 4 4 0 4
nn o o > s . > .> o a - > ~ -

3 J J .s l .* J ..J 4 0 ol 88 '63 O SI
* LaJ saJ .8 al O t JA ut MeaJ 3bl 6s sa 4 .aJ * aJ en, (4P et ul aj t. e kl .a J .42 se s a t.8 .a' 64 J t mJ a .e 8 as 4J .J J &..4) Ja 66

I -- c c c cr 4,. C. r C (' C 4. C ( e L r C C C. C f r t. o ( e e r C r r r. s r ( (. r r ( ( L r t t' s # * fa

> J r', 3 J f) ' Q 3aA C- ) D -) e ,) )e -) =s }c} (,,, O ;p a% , as s } =,, q s o _, - .,3 t.) O p c) Ls , L. > 'J 's Le * Ls 9

' L 8E C C C =J 4. C CP ed (e ( C% C C C ( f . M 7- ( C C (2 ( C #' CL f., 4. L. ( C (- ( %. f IT %, C. C E 4. $ C S- b $ I- 0- d}

-% cm (t (e ."t Otaf4 (> CA JD 4***4) "J i

",> a 3g
*

.o f n 4"8 .-e i . O O .3O '3.'> O J t , (% r, 3 3 ,a 73 ea (3 < 3 a * s r3 rs e i a > ", , O s .7
e o e efe o e e o e . e e o e .eo o e e o e o o e e o e e e e o e e ,.m :s : Ns

N .e .erv r,: N : is 1 mi , sa 2N a 's c v 2 N s, a: 2 N s -r() . 4 . e e e e . e a . e
i

1 i. 4 N -so N:s sN s* 7 rs
< . ' s .

-

i
! I

r, i '

.* nd Pn 2 Ln C P= f D C e. N Pn I F In J'l P'* t t O O - N en P en (> b 80 (* C e* N in ' I M n P- ''e l'P Lb
sc

# e't *n ** t 8 Z8 1 J 3 J f :t 3 is utb La4 ** N On 'F O P"* 40 & CJ
-e .o - e . e * * ** -* -* ++ N N N tu N N esa tu N N est e'n en an a'1 t 1 e") |8

I yO gIpC i i
ue

$3 h.o j Eg ; g .!L '

. ,



.

s

|

|

|
t
i

e

i

CJ
O
en
D I
P- |

i
. ,

I
i

| '
'

| | 14
P-
O

$. i-
s

| |
^N l
O 8 i

CC ocNCco
.* * 4 o c' O ooooo

[ h.a + + + + + + ++ |
*' ]g 7 e fu :a1 tas h) ta s tas tia taa uh

, _j O I *t ec C. <' O O c C- i

.e e OO O OO O O O |j g,
t/} & R C C LCC> OCOp 3y or ooe oooooo ,
ha J * * * ** * * *' )' '

) b* 'm . A NNNaNeNNN e

'

C- e 'i, a ,----N-- .

! ! lW | 1 WO 3 0 3Dooo|..J t B I B + 5 0 9 |'

H I un 4 wa uA o sk .41 al a.1 | g
,

e

3 -, ooaccoou' ;

g 1 3 '.s C' ra fL O OoI |
! | |k- C eO O () O OO I e

) * ,'J '

o. o. n. y o. c. n o.' ,'-g
e n . . , ,

i s t V: D D rn ** D D A |
.

s

! O '
T e e s e a e a e

[ ]n i

| >s i |~i -4
I7 J u f>

M w J'
f a a' |

7 |a
d i I p
k - I b ! [

u

o iiwi w.

. . P.
'

;og J
o . . .\ r . e

H o ".) QDOO o C3

i i. . .

i i O.
,

I;- , , ,
| \a . .J - on

| ji/ | ha f) a r
I .

H , ta '
.) >= kD e*

1 i
,

. <
. o. .' | | |

o . - .,

a i n . . . . .
!

'
,! Z WO OD G-OoD

I
i-

- .
|

'
i0 .

, Z ooc oNOoo ,

'd O OooO OOO I| + + .a .;u ..a.2 a|.+ 4 + + + +

{ E g > w oi
C. *, | I oooO o > o>

ooooooooI
_ l

I > e
'

a., o o o o r ' c c oo. o. o. , Io .
o a. o. o.

2
,.a . ,o

tL ee - -* 4

o . I, i
o o <. o N - . . , - i l Iu in 20o .> o > 3

i |
'

e o e ,w + + + +
e

I ta a .aa e 4J 23 4sJ a 1 tai saJ
i ; c cr cee eo |

| | || .J ooo 4.) ooo
|C. 4 C C C C C 'J LP :J i

'

'
3e 4 3 O O s1 ) o we ee we ' |'

' 4 2 * . * * * * * .' 8

0f f+8 4 ff -F tt 3 e4 N N N

i
- i,' i

I fnn-
-

l,dg
| ! ag | ,

i

w
r om.nin.nntam m- .n c, ,- . . ~ ~ .

7 .w t
' iA

~ 3% 5g | | |oo i
i(J z g

i.

{c1 e

2e2-9'

| R 9 /. , < p , ,. .



- . - . . _ _
-

- .

TA'L' P. 2 ? ( c ari' t )-.-
, . - - - _ . - . . . . - . . -

- - - . - -- - . - - - - . .- . . - - . _. ,

'-

COMPU37IC ENGI*E1. 1 - CEFLAS%3- - -- v E R $ 10 n 1 0 3 17 7 6 76303o

qcq p;;;;r=7 g5 - - - - - - - - - - -- -

r.CC E 7;E55"-E LNIH S tu t LESE. TPm
- 1 1. 7 0 0 r L + C 3 ' 5.3997E+C2 C. -~

-

% 2 2.10 tat +>3 5.3997E+v2 0.
-

3 2.lotmi+u3 5 3997L+02 C. ~--
*

6 2.10 t 3 E + 0 3 5. 3 ') a 7t+v2 0
%g 5 2.1001E+d3 5.3997E+D2 0. -
M7 6 2.1n06E+v3 5.3497t+o2 v.

-

7 ' 2.1 n 0 ^ E + 0 3 ' 5. 3 9 9 7 E + 0 2 0. - ---
8 2.1r00L+o3 5.3997t+o2 v._

baw 9 2.1000E+03 ~5.399'E+02 'O.
~

,% 10 2.InonF+u3 S.3947t+t2 v.
% !! 2.loJ6E+;3 5.3997E+02 C.

%@ 13
12 2.10 r, n t + 0 3 5.3997t+02 u.

2.100e+93 5.3997t+t.2 0.
14 2. l o c e. E + v 3 5.3997E*02 0.
15 2.Intat+03 5.3937L+0) C.--
16 2.ln(nE+03 5.3997t+02 ti .,_

17 2.1009E+v3 5 . 3 9 9 7 L + 0 2 '- C .3

le 2.16te +s3 3.3997E+u2 c.
19 2.17enF+v3 5.3997E+02 v.- -

20 2 1009L+c3 5.3997t+92 0.
21 2. I n c .3 t + c 3 5.3997L+c2 v.

N 22 2.10 tat +e3 5.3997t+v? v.^

2 3 - 2. I n c it + c 3 - 5. 3 917 L + 0 2 ---' . -m ;

s 2- 2.1nuq +e3 5.3997t+e2 L.
3 25 2.Incs?*.3 5 . 3 ' 9 7 t' + 's ? c. - - - - -

23 d.10 tat *t3 5.3'497t + .) 2 t.
27 2.Itc^t+c3 5.349'L*c2 t.
25 2.1";nE+03 5.3997t + 4) 2 0.
29- 2.In;9t+03 5.3997t*G2' 0
30 2.1 % n t + 9 3 5 5c77t.u2 e.
31 2. Int 1E*;3 ~ 5 . 3 9 'd ? E + 0 7 c. - ' -

- - - - - - - -

3? 2.lniaE*c3 5.3'97t+a2 c.
- 31 2.lcucL+c! 5.io97t+U2 ' ' . - - - - - ~ -- - - '--' - - - - - - - - - - - - - - - - - -.

3- 2.ictnt+v3 5.3997.+a? v.t
3 5 2. l a c a t + 0 3 - 5 . 3 4 9 7 t + :3 2 -- U . - - - - - ---

3e 2.Inint+03 5 3997L+v2 0, *

37 2 1 g( at + g 3 - 5. j9 9 7L+02 s.W
~ 33 2.Inont+v3 5.3997L+02 C.
J? 30 2 . l a ? - 5. . ; 3 5.3997L+c2 v. - -

-

CN eJ 2.le"9t+v3 5.3997E+s? e.
-

e t ' 2.1 o c n f e 3 -- 5. 3 * 9 7 t + e 2-- .

42 2.1 n t. n t + 0 3 5.a997L.+02 t.
N; r. 3 2.!ccet+c3- 5.3997t+t2 t, --

4- 2.In s?!+u3 5.3u97t+e? v.g~
45 2.!rtst+g3 5.3997t+v2 ;.

C'-
-o 2.10(St+v3 5.3997t+v2 0.
; 7 - 2.1 * : c t + : 3 - -5. 3 9 9 7 t + 0 2 - ,.-
-E 2.100 M+C3 5 3997t+v2 t,

9 2.I';"E*03 5.3997t+V2 C. '~ - - ~ ~ ~ - - ---- - '- - -

50 2 10enE+03 5.3997L+ c



9

I

.

|

|

41
t2
=6
D
6

.O
b
&
T' *
i

to,(
i

ird

P4

/
O
*-e

N. M
N fr

to
*

T- ,
Lu
_J |

e~ c?
+> C
- n' ;

C C.- g . .

O | | }fU C' e ; i- 1- c I 1' ,
.

Lt- co |

. C' ) J | |
\i s t , .*

~.3 v>
N.

.

n << |
\N .2 .s .

| 'u.~
;U

I.LJ,
,

C, , o '
_ n .

'cc.
< s I

H 1
|'

Va
< l

_J | |
'

LL
'

L
t

IUi
U a ; i

j r> s- I f g I
i

.i !
I i

1, ' o i | 1 J .l
.

..
i '

,

k .0 2 < v <>*) >r >|
.

t
'

j
-

t. 3 -
! \ia u. .

I i
. ,

, . - . '
i .-

I o n n as it N N N ne I i../| 3 < > O '3 | 3_.| 'sh J *> ~n r) 3.

+ . . + * + + +
| 2 J wal tal L L3 .a l 1.3 .a l 46 as < b.

q

['. et f - r- r- t - tw o65 4
, e . & cv aaoa e- -

s *

e >= L (* (1 C 0 ss LP W 7 | 2 j
O *- en et vi so r so M 9 a

- g
~'s

.4 ts e W # Ve M O O in ' VB

] '
e o e e e o e e U

i [12
.

|| O 'Lt I l ,- n
: o , t

en e616 to to,en M to,| u ,
> .>.,. >. v, n. i

i| 'l4 i. . . . . . .+ ..
.. . . . . . , , . . . . . . , < i i1 n, .
e c . < c .. ,o |

i

I al i. .
,

{ i |
k' .3 ()

De 47 % >a a ;s s, J , J .L I
I fe us (. . c - c. . < , < . o

I.r . . . . e; w E 5t i, . i . . .. .

Q,pf L| h.
eu i . . . . . . . . . c- 1j5 3 ,

n r. ne m m ne .. ns na ns . .;

'*
'h '3h k j,

'

t I I

| ,- ,. . . , . "
.
,; 4 ?. ! h () !

" l I'
'

I |#.s. i |
I.. . . . . ~ .,

I i
r . in is , i,, ,,i s. . .,s .. i i . e W .n

, . . t ., | t 1
'

.s t s f .s<-e / | jg
<>

!'O | L

l I
'

(j [, 3jO;'.2 11 C,
7

s

i o , e



. . . . ..._ _ _ _ _ _ .

T"
-in

) >*
n ..
t w
en ............,.....
o, ,,
t, . . . . . . .. . . . . . . . . . .. . .. . .. . . . . . . . . . ..

(fs (7 () Oi e Cn () O () Oi ,OCC C., O < OCC ( O4 (' 4' OC C (. Es (, L f., C * . (? <Q 0 C a 8 O d C. 4S C.<* O 8* o(*

I
yn
i
n
( t-

sn
i ..

S (3 ...........
f- ........................ C 4 C, e o , o 9 C, oav .. . . . .. . . . . . . . . .. c: c C, r. . C $ o s c. s

enoc 4 orc nc . , C, c C, copC CC co$cCo ogC
| | | !'I | !

' I I . I I | | l. | | | |

j
n ~ ~ ~ ~ ~ n. u m N ~ n, ~ ~ ~ .u m n, ~ n n, ~ n. n. ~ n, ~ ~ n. n. n. N n. m m m m e n, r , ~ n. ~ n, ~ ~ ~ ~ ~ o

C ( g C C C 8 C L' C C C C. r' 3 C ( L C C 4 e ( C C C C C C t *"' f~ C C C C C r C C C t cC C C C C C<

2 / .t
3 0 g 3 3 g 3 g g g g g g g g g g g g 3 3 g g 3 g 3 3 3 3 3 g 3 g g g g g 3 g g 3 3 3 0 g 9 $ 3 $.a . w . u t. wwa c .ue r

. w ,, a u w a ..> c . a. u. w w u
, e. c , co =C J : o rasco

c. . - w
. w . u w .a u. - ,a a wwww w+

.s e: c = ,vec a v = o c ., :. C C r> ; > ov r. - = = . c C. C C cc: CC Ccccos o e C,
c cC C C C CC c c C C cC C c o c. c c C C C s C C

-> o. C.4 C aoom: . o ,-

C, o o c ., e , C zen
,.f,

r .o .n r .> v ~ : s t
C. C. C. C. Lf. sf. f. tf. 1. sf. CĜ. C. C. (?.
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Figure 2.2-2
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QUESTION 2.3 (Problem flo. 3)

A one-dimensional pipe enters a two-dimensional reg |on 0.8 feet thick (see
Figure 2.3-1) and of semi-infinite length (no reflections from the boundary).
The fluid is water at a pressure of 2100 psia and a temperature of 544 F.
The fluid is a rest everywhere. The 2.4 foot diameter region at the top of
the pipe is relieved to 1700 psia at time equals zero, and he.d constant at
1700 psia. This problem is intended to model the nozzle to downcomer inter-
face, where the downcomer has been un-wrapped for simplicity. fleglect the
obstruction in the gap.

Provide plots of pressure and fluid velocity along the centerline of the pipe
f rom the relieved region to the lower boundary, and provide plots of pressure
and velocity as a function of distance from the centerline of the pipe along

U 0
the middle of the gap at the O , 45 , and 90 references. The data is to be

presented at 1.0,1.25, . . . , 2.25, 2.50, and 2.75 milliseconds.

PESPONSE

Analytical flodel
The intent of this problem is to simulate the interface between the reactor

vessel inlet nozzle and the downcomer annulus. A 2.4 ft, diameter circular

pipe, 4 f t. long, is connected to a flat sheet of water 0.8 f t. thick, as

shown on Figure 2.3-1. The CEFLASH-4B computer code was used to model this

geometry. The network configuration developed for this question consists of
54 nodes and 89 flow paths and is presented on Figure 2.3-2.

four riodes each,1 f t. in length, Wre used to model the PN inlet nozzle part
o f thi s pi o',l r ' Dase hoda have a cross-sectional area of 4.524 f t.

(circle of radius 1.2 ft.). The two dinensional region, which simulates the

gap between the inside of the reactor vessel and the outside of the core sup-
.-

port barrel, is nodeled by 49 nodes of coual size in a 7 x 7 node grid.
"Each node is 2.4 ft. x 2.4 ft. x 0.8 ft. thick. There are no obstructions
present in the gap region. The nodes representing the nozzle and gap have

volunes of 4.524 f t. and 4.633 ft. , respectively.

i! ode 1, located at the end of the nozzle, is connected to an arbitrarily

~: ) C,

590
'"

2.3-1



large (20,000 ft. ) containment volume (node 54) through the 2.4 ft.
diameter opening.

The flow paths in the gap region connect node centers to node centers with
lengths of 2.4 f t. and an associated L/A of 1.25 f t. I except for paths-

40, 46, 47 and 53. These paths connect the central node (node 2'9) in
the gap to .the adjacent nodes. Paths 40, 46, 47 and 53 have
a length of 1.2 ft. which reflect the transport distance from the outer

boundary of the nozzle to the adjacent node centers. , The L/A for these
flow paths is 0.625 f t. l-

.

.

Flow paths 1 - 4 connect the end of the inlet nozzle to the middle of the
gap region. Mode centers are joined along the centerline of the nozzle (pipe)
except for node 1, where flow path 1 terminates at the end of the nozzle.

Path 4 accounts for the sudden contraction loss associated with
the flow from the gap region into the pipe.

.

Hodes 1 and 54 are specified to be at 1700 psia at time zero. Nodes 2 - 53
are initially at 210C' psia. The pressure in node 1 cannot be maintained
at 1700 psia over all time periods, since there is more mass inflow into
the node than outflow for a short period of time. Assuming virtually

instantaneous comunicatiori (L/A = 10-10 ft. l) between the " leak" node
-

(node 1) and the containment node (node 54), the pressure increases to 1732
psia in node 1 at the start of the transient and remains constant at 1732
psia over the duration of the transient.

A complete listing of the CEFLASH-4B input is presented in Table 2.3-1.

RESULTS

Plots of pressure and flow rate alnng the centerline of the pipe are presented
on Figures 2.3-3 through 2.3-10. Pressure data as a function of distance along
the middle of the gap region at the 0 , 45 and 90 references are shown on
Figures 2.3-11 through 2.3-18. Flow rate data as a function of distance along
the middle of the gap region along the 0 and 90 references are shown on
Figures 2.3-11 through 2.3-18. Flow rate data are not presented along the 45
reference line since this inforaation cannot be explicitly provided by an
x-y grid arrangement. These figures provide " snapshots" of the system transient
at the requested times of 1.0, 1.25,. ., 2.25, 2.50 and 2.75 milliseconds.

2.3-2 b ') O 3 <! O
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The pressure disturbance has traveled to the center of the gap region

(node 29) at 1.25 milliseconds. A symmetric decc;npression is seen to

develop in the gap region. This can be seen on Figures 2.3-11 through

2.3-18. At 2.0 milliseconds, the pressure disturbance has reflected from
the nozzle-douncomer interface as a compression and has begun to travel
toward the break location. This reflection through the pipe is most
evident at 2.50 and 2.75 milliseconds (see Figures 2.3-9 and 2.3-10,

respectively). The decompression continues to traverse the gap region
in a symmetric radial manner during this time period.

.

q 3;T.

-

2.3-3



. _ . _ . .
. _ _ _ = - .. _ - .

-..

TABLE 2.3-1

___ . _ _ - CEFLASI'-4B INPUT FOR PROBLEM 2.3 _

-- - -- - -- -- C O M S US T ION ENGINEERI* CEFLASH4B - - --VERSION - 11-03 1976- - 76306

... __. _ , . _ . . . . _ . . . . . _ _ _ . . . . . . . . _ . ___ _

JCS N3 NLRCway RUN DATE 09/1' 'S RUN BEGU4 -09.11.29 -- CPS-USED- ----2,34900

- A. GENERAL INFoc=ATION AND OPTION INFT TION - - - - - - - - - - - -
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90 0

T!*E STEP TABLE
-- STEPS
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RV N0ZZLE TO DOWNCOMER INTERFACE SIMULATION

00 REF.

045 REF.''
.

0'

90 REF.

f
>G

~

l Q
3 '

h ' 4 FT. ')' - ' ,A'

3 <
'

O. O FT.' ' ' '

'
~, ,

-

R = 1. 2 FT:s,

x
\

s

>['N'

\x,b N,

'' ' ll.2 FT. OD

_

;.

596 331
-

2.3-13



,

.

O8 O
,o

O5 2 5 31
1 1 2 3 , 4 3

O O O @
O ,0

@OG -
R 0 7 4 1 5

-

1 1 2 3 3 4_

-E _

M
!

O O @ O O @ 9
O QG ; 8 ,r

,G
1

C _

N 6 3 _ ,0 4
9 1 2 _ .2 3 4 5W _

'

O 0 O @ @Gii, ] O l-

O
@ OD

< G1 |

O 5 2 c.. m 3 08 1 2 2 ,.. 4 5T M ,

I

O O
E

OO
T ,. G . ,__ @ 2, -

:.

E L
L2 B 3Z '- O ,>. ,93 Z 2 7

.. 1

"i| ~ s lf.r i:. __ ,

! ,

.,'

4 I

1R 20. [g! i;

2 PN i

O O @ @
G ,,

@ OiO On
E E O i, jR L je C - ,t Lr O 5 3 0 1A o 1 ..

F2 I i

4
j

. = .c J-uF 0F ; ; !g R R 0 G O O O @
Li

F E E P
D T 1 O O i-

NO 5 2 9 0 3 0
'

4
7

2 2- 4I 1 1

M
B
4

-

OH
S
/, ~

'

O O E
L

i

F
E ^ 1 2 3 a T

C N
4 I

5 A
T

'
N
O
C

oEg Wmar

,s
uu

'



FIGURE 2.3-3
: - i~

'

N0ZZLE TO DOWhCC"ER IllTERFACE PROBIEII i j i ~ T I

| PRESSURE AllD FLO'.J RATE ALONG CENTERLINE I ! | !;

!OF PIPE AT 1.0 ILEC -J-h! '
i -+

j i | I i !
'

, ! I L i
t. . . _: _ :.

_ _.. .. .-. ... .. .. . r...
;l'k.W/M.k2: I I |
_ . . . - - . . . , _ . . . _ _ _ . . . . _ . _

flf.xu2E' \h, i
.

, '

_ . _ .L....g/zaL_.7_..._ a_1_. 4_ ._ .

J

,

L..-_..J_.-_._'_._._.__f._...._.a
,

' '

i 1 ._ i 1 .|
.|

_ _! . _ _.[_ .m.. ._ ._ _ ._ .; _ ._ J. i L- ._ t _.10 ...._ -.... _ _|__. l
| 4 4o;og __ ._ . 4 ' i _i __.__. _ _ _

_._ _,_ L. f . _ qu. . ! !
.

i

ui-

| .[ O
__ . sT .__. | _ _. _ __.r_ J f _. . ._j. _ .L

' _;. _ _; _. _!! _ . ._ _
I4 . _ .. . i

.

,

_

.. h /Q M _._
{|. 4 ! . .i i | ..! LJ1M ! ._ .

_.__L.__'____ __ _i ' _7_ . ' ._ . _[ _ J _ _ '.____[_E '
! i

_ _ _ .; _
I I

_.

I I i
i.

.y. . , - ..

!i ! ii i i ! i i
i i e j

..

7
- .q' _

<

-

j . . .
, ,

1 .1
3<

. _1. ._ , . ,
1

/gt;b --- I-- L I - r J ~ -- O CEM* * /h3m -- I-4'

._p_
i :

.. I Gemwc ce As-
' '

i i
'

I L____l ! i -Q_ - __ ._. . _ _j _ __ . _ _.. ..J .

'

i ! i! ! (1 r... ! . .! ! |._. ! ' '

. . i_. )!.S/Jz)! :L _. h L_ .[.. E_._a
' '

I
_ . . ,

J ; .a e/. i /.O .; t i :
' .

-. . _. | - ._... D/3mtz2 R s( Ov)&? & q Tr~)- -_L -., |__
' '

.

! !
.

i
. .

,

' ._. Ew N me .&_.D.a mws__L _ . _ _|. A . . ,__ |L . - -. L _ /(4 0 !

I | : J '| .

!'

_ m _ M _.._ .__. ._ !_ _[_ d. i _ _ j_ _ L _. _ L _ _ j.._ _ .L _ _. l_ ! b. _ . ,i
. .

,

i i -

. > -

i I. .I
,, i

-

, , ,.

i

_._-..L- - . - -- .e- _ .,-

I

_ . . - - _. ._ . - _ . . - . ,-.

9I i ~ 'i
.

. ._ . . _._ k
'

;
i j

. . _ . _ i ._.._
,

_ . . .

| - -. . .. | ... | ..i . | 0 CCFUMil-48 / TLC /)G- -

' J con ; 1 _._._._ a-.ccmenux w rire __
i i

' '

's .d ,i- . .i i .'l| ,
g ,, , .

,

__ . _ - . . _ . . _. _ _ _ _ _ ... . _ _ . . _ . _ . _ . _ _ . _ _ . _ . . . _ . - . . _ _

i__Ld__ gcc . i___y { L. ._ . _ _ _ _._ | l__. q_.b._L q _ ! _. |
j. i y !

-

> i

| .{. l i
,

L_ __g__ _ _ . _ .__. _ g _ _ _ j- _._ _ .s . . _ _ . . _

>

- . ._L __q ; q
. .

_ ._ t _ _..J .

2 - . . [-
.a

_ . , . ., ,

, ,

3_.__ gotj ._t._.... q _ ._ _1__ -- _ . _ _ _ . .

| | . .! _. ._ . y | jI'
!

.. j. _ _ ._ _ _ . . _ . _ . . _ _ . - . _ . L_ . _ _ . . _ . _ . . . . _ .. ..q j..<

i ie .
- . , , ,

. _ _ f _ _. . |
' '..__.._.-,.__.! 8 q ; . .. _ .

, ,

G) ! U : / |
| 1 O | /

_.-)_..-l .. . . L.. DumAnc fiwf EkoEFAr(D)/
|

i i i

'
.. _ : . .i.., ! |

I i
| I| l. iI '

|
i

1 i L_1,
1 - __J l 1 _ t. -i >-

i

'

2.3-15



FIGURE 2.3-4

F~ ~T ~ J' ~ PRESSURE AilD FL0k! PATE AL0ilG CFilTERLI!!E~ | |
fl0ZZLE TO DOUllCOPER If1TERFACE PRnCLEM ||

'

| , i i

'

-- -i - -;, 0F PIPE AT 1.25 f tSEC - 1-,-
>

| :.

- i f ; I.'
' - '

t .t. ..!. |._ !. !. ' .i' ' .

I _. . . i' \ .' /4?lisu/% W, Di:11/Nc6 |
| ;

'

,

[. l . . ._ { .| . _ L._ _ . ; . _ |.._ ,p/z; )'' '

i i !
.. t.-.. . _ . _ . ;

I

| i i i

j i ;,,i |- |
1

- ; !
'

-

< '

O-
'

t
, ,

i , , -

I! | | | i
i

i ! i i i.
'

.

|
1 . .

7

_ __ . .G2j!) . | . _ _ . . _ ! . . _. L q . . . { _ . C. ..-__ |.___ b L._.7.__.
| |I | . .

I i(s i |
-, .

''

.!. _ _ _ .. ! _. _ ! [. - . i
'-

i.
.__ ..q

i i- t i : . !

. . _ _ _ _ _ __ /g _ _ . . ._ _....q ..._ ..... d ..____ L. . . . . . _ . . . . . _ _ . ._ __ j. _ . . . .
'

j .$ | : I ! !
'a

; i i 1 | i i < >! '; . - ._ . p,
.- - . _ . .i

--
,

-
,

y| s -

.,
.

i 1

.. .k.. ._ .j% . _.___ _ .1 - - | ._ _1 ___. . . . -. . . _ .

.

O efur:// '/D /7muG .C

O. Coca tuc & APEI: .

9. ,
- (.i i ,

_ _ _.._._ g _. _.__. . . _ . _ . . .

i i , .

i
. , ,

../763 ' i
,

'

i O - /. a D // '
i i

. .

p. . . .. .. .L.-..--. |.DisitUca rQ uf E LO O'^ $}/-t ' (D-)
Q ! . | i

' ''

i

(_. . _ _ jo6y . .. _I_ .__ --- ..fuv lbn C . V3..Diss>iye:.^

, .__.._._;..,
. u t - i i i 1 .i ,! i ! i

'

i i '

| ! ! i
- '

I
I !

'
!; %, .

} _.. . tH. ClFWii-Ne ALui5 ..

i-- - _. 7 - g g ! l i i

, , , , ,

U l ;
g; .

y ___7__.._r.._._;. -|- ; j
y _ _ ._ , . _ ,___

h '

. . . _ _ j. .

( ---- h - --# b ----f -- f --- - f-- --, ! !. -h
! I '

} ! ! ! .I i > >c.
[i ! . _ . 1. _ _ _ . _ICi S._ I ! ! i . _ . ' _ . _. .!_ _ !

g | | f_Ib - h I ! ! !
i

! I,

n __. //fo __..________I_.__l.__..]._a_.__, ._ ...i . ._ 4 ! . . _L _ . - . _!.t

,

i - i j ; I -l ! | | | |
i

___ . . _ ] . _._ . _. . _ _ . . _ ._._ p _ . _. . . _ _ ___._. _ . ..L.. __...__ _ _.

'

Q .d_. .l| _ .. _ ._ . _ j _ . . r . . [ _ . _ . _. _.. . . [ _ _ . .

!. |. . .
,

. ,

I
'

'
. _. .._._ . g3 z)

@ i ! ,, i i i !

;
> >

i-
. i , i i ,

I

f i !

. .. ..____.3 '

i l i
| |

'

i -

i ; ! l ! -

i
I i i i i

|.. g . j
, ,'

; ;. . : .___.!

h ! | 0
.,

- .a Dan ?cm Rm_ Sto &1]t'c [(fr)|
| / 0 i d / ! I i

'

i i -

'

i _ L. .. u._.. |-.
! I i i * -

I I I
;

.i
.

| -

,

i .
-

;
i !_ ! I i i_ ___ _ j . li .1 ! _j____ l. _.J-

2.3-16 cq( ~( .;,, /, /



FIGURE 2.3-5
.- r ----r---- ;

!
jj

| fl0ZZLE TO DOWIC0f1ER IrlTERFACE PP0BLEM I i j !
,

! ! ! PRESSURE AtlD FLOU RATE ALO!!G CE'!TERLINE i . '

! OF PIPE AT 1.50 11SEC .I l'
,

l . i. i

i__. ____..i
i ! ,

,_......__2_ _.._3._ a. . 4 . . _ . . i _ _ . . L. '.. . ; . .I _. .. _ . , . . _.

|. Old'~nt.lftE V3
. u _.h ._ _..- L - . ._ .. _ ._ _ . . . _ '. _ _ _ | . . . ._..._.__.-_|._..__.....1

,O/57/7/KJs'

|
,

.. _ .L_ b/bd : L {.

1 i :i >L i- -.

! J , i !i - -,, ,

| .I I
.| _ . | !i

.L .
..__.___._!._f_y..__ . L.._.'.___._.__a_ _q__ g _ h t__ i . _ _ .. .__t_ _ l I

1. | !q ii .

g.._4__. . _._. ! . . _ _ y__

-
,

. _L.q J_ g . ._ p _ L _ _. _ _ .,

1 _ __. . - .._ _. . . ...

-.- . - - . . --- -- --- } f0 _ .. - - - _.- _ _ - .- } g .. _ . _ . - . .. . - .

,

I

._ _ . _ . . _.1 a _ ...i_. =

d,
--

. . i i i
.. '

! ! | '.!
- -.

q- g ,,; , ; ;.
,

. .. .|
' 1.. . . . . . p.

_ _ . . . , . _/se: _. ._ _ _ L.. I y _ i_ __ _ _ i .
I

I . O Cc69w-4/s Aa.0_..| ._.! I '
u i

_'/'/06
_.

[- G
- -

_ _ -
~ - - ' ~

1'i
[ ]

I I : _.- _i_ l_ .I I
. . r.__.

ED:=wcc hL 50 Ar' BPc_(&)-.----b._ q[ . .._ __.. ._. _ .
) ./. Q M if ;

- .| .l .,_O.c.
. . _ L. -_: -.__ )

| ! i |
|

- 'I ! ! , ,

Y h. _rLLU.il 071E_ 3a 0G7HNM_ _.. __._ _.._.t_. - _. .- _

'
_.

__ __ _ _ _ _

___ . . p ._ Lq . - | _. 4 . i j-

.

;
_ _ . . _ ,

_ ,_ , _ . . ,

,
- | --1 l--} |._ _; n 800 .__ y| . ._ _ | .p__._.

|
.

._

0 CE FLh5 H- IB Aulis_m,,,mii,,,' g wt __

r

, ._

. 7, . . _ .;..J... .

|ii i i , .

,

| | l
. ..i

, ,

|i i , , i

_ _ . . . .! Sf~~~~~~- : i| j j |
-

_.,..'.;_...__, { . . ._ . i ._. . .. , , ,

, ,

g _..

p _g.___ _ ga .t__t__!_. , ; _._ :. _. ._ _ . . . u. - _ .i _1_ _. -g

'. W
__

.. [ g [. ._ f ..._ g j. g-J | .|j :-_.

,

m _ _. . ,__
' I

'

. .i j . L . >i
_ _ _ ._. .!._ __ ,_i__ 9_ j

i :

i O ,

4_4 goa _ ; _ . _ _

a . . _ . . q ._ j ! l ; ; :
-

' .

,g . _ _
.,{. . . . . .

_j_. _ . _ . __ L _ j. q__,'

_ q _.
.

,
. . . _ _

,

. ._ ; j }

__ ! . . _._;i_.__._ J 00_ _ . _, ___! _. _. -

,

, ,

__ J_. -. 7 j__..!
'

1_ . _ .'
'

j .|,.i .! I i
i

.

. ,
.

; i
.

: i ; __
,

. _. 7
i

. . _ _ _ ___.r..__.

| |i .-

|h j j
.

l I ! ' =.._._7._.,...._..._1. .j_.

O. | / ! 4 U '/ | |
'

!

_ -_ -. . _.._ ._.. f--_ 'Dwmkr Gwj Eso &: R&c (ft)--- -__ _..__ . _ . _ t . _ _i . .

1.
i i 1 ;1 I o,

.. , ,

m_t : m.u '.

./ [ L ] 3 [2.3-17



FIGURE 2.3-6
._. . _ _ . . . . . _ _ _ . -

fiOZZLE TO DouMC0ftFR IflTEPFACE PROCLEM '

; PRESSURE AND FLOW PATE ALONG CENTERLINE !,

' ' '

0F PIPE AT 1.75 MSEC -
'

I i j

O i
| . .._..;_..+.., I

'

,

|' A s vue# th.'On m e n i
'

_. | . . . J/M . _ . ' . . , .. . . . . _ . . .__.I.. J _. .I ' > ''

i i i ! i
i>

i i i ! iQ { ___ _. . . .i_.._.. ________7..
f | i 'l | | ! 1f

-_ _ . 4g) _ _ _ _ _ _ . _ . _ .._;._..._.._...__._ . . _ . . , _ _ . . . _ _ - . _ - - _ . _ _ ,

- _ . . _ . - . . . _ _ _._.__f.....___..._--.__..-_..-_.._.-..._-_..- . . . .

- . _ _ . . _. . )QQ) __. Y_ _ -. __7_. ..--. .. O _ . . - -. - . - . -. -.h.

.|i | ! ' .I'D ! 8'o
9 . _ . L _ _ ,i __L__.._.|___.__._. - _ _ _ . . . . - _ _ . . .. .._. h - . q .___.I| l.

.

i i t~
C b ___..l_ _ _

l

e .?' i I j
'

I i i
-

:

-|-- i ! I i

.' . L_ _ j_ _ _. G .
*

4 ; i j,

_ _ ,(g ___.4_.,_
.

i i ! |

|
| !

'

i l ! C i C Cc R/Lw //3 A.zexf
| ! I ChurELIM.* W APG! O i .i

l 1

_-. - . - . _ _ /79) : _ . . ._ _,._. -

O / d. i NS 4 ; i
'

. | ____|i -_. ._._ _._ . _ . . . . _ . DArnl/Jci.: k.y Ek:o.DF Apr (R) . . i ..._',

iQ ; ;' l ''

t i
'

' _- -. ._ . - /C M _- ' [ EinL&t 'h, Ocrie<uc. . . --___y .

i '
i ,

!
-

, ,. ! | :
. ; ,

I i l | | i !0 t i i .

'

|
,

i, _ . . _ _

, ,

tI , -

.- ; 1 t- t -

I .Q C DE:ER3 AI.0//G _'

,. (__ _ . . _._st) - _.[ - L _ -_ ' |_. t

-; ; }. ;. | \
| | 02filf).lNE &Ff:P!E? 'l ''

h ;
j>- i,

-
i

:: A
'

i , .i

$3 h !'__|
I ! I I | .I ! I |i

I[ _.__ . _ 6td __ _ . . .. l ___i. _. ___ _ . _ . . .- _.-_.!

_ i 4 I O
O i .

i2: S
, i j

,

.
-

4

l i |.O [ i I
.I | - i l

! ! ! I
''

n _ _ . . _ _ . < //43 _ _} _. .__ | _. _.a _ _ _.| _ .__ j._ _ _ _ . . ._ u . A .. _. ; . ,|b)
-

i : i

. ! . _ ___ ;[ ! ! j
' '

i 9 [ l !
'

___._ I _ _ _ _ _ _ _ .

i ! IIi.
. _ , _ . ._.. .. _._

,

i Ij- j j _ J _. . !_: I l -
-,

, ,

. _ L. _ -

D
. _ _ ._. ; 060 i

! | ! ! I
'

|i
. ._ . . .

. .i _ .. . ! .
. m .

' i ' '

I : i
|

i !

. . g .. _ . | d __. .. __.._ L_ _[ o ;|' ' ''

u. .

O I i 0 ; / ! o : e y |
''

.DISTibtrin fi!btf EkD Of' N/'f. Ph,

.1

'
| |

,! I
i i ;i ,.

-

[. L_ | t I i | _1
i

i .i a

'X 5'' 9 (' oJfn
2.3-18m



FIGURE 2.3-7
_ . . _ . . . _ _ .__

. .. _ _ . r -]|fl0ZZLE TO DOUMD0f1ER IllTET: FACE PROBLEf1
!' | |

I
'

. PRESSU.'tE At.D FLOW RATE ALONG CEllTERLINE t .

''

| | { ] 0F PIPE AT 2.0 f1SEC ; i

t
-

j i i
'

! !._._.. ___. !___j . L____.; . . _ L . L.J ! - I . 4. . ._ 8 _. . _L. .L . _ . _ . __..,.._tu.

! .!' | 0]EMNKE~ |\/bt. 1/ZG*
| |\ .

,
s

i 1. _ _ . ; _t_ _ps ,_. , _ , ; 'j ,

_.J... .1..t. ...l. ! .

'.
. .

!
.

_ _ _ . . . _ . - ___._ .. , .
I' ' '

,

.i _ . . . _ !
'

! |
_._ t

. | .
.,.. . .

| .eg) ...r__ __ r _ _..
,

. ._. | . ,._ _ ..q . m .

! !. . . _
._r.. .

l
..| .

..l
. ,

' :._
i ! i i

'

l i ! ! | || i _. ., 7.. T ^ j____
I ''

, , , .
, _.L. i ' | g

,

_ /94 6
~

'
_

I

'
5

' '
.2

la _ .- .,;i. . _ . . . .. _.
,

t '. .

|i . -

; ,

' I i . ] '| I
! '*

:

_.._!. .!.._ ._ __i.. .__.{._g , . ' .. ! . . |. . . O _ . ._ | ! _. | . . . .

g m 4 ,_ . . ,. .

. 3
i ! .l_. . O l

' '
i

I
| 0 . I i i _ GCe.How-ns /Pam .i'

. _ _ ,

I. ; Smccinc Oc Apc!
'

| .i '
-i ii

,
,

.h ;/.hd 'I

_ ..; I . O _. I_ . / . c i J 4
_ . . . . _ _ _ _ . . _ _ _

,

'
: ; ,

i

f-__Qwww MEx..De Am(Er): i _ . . L _L ]i \
' '

i !. !.|
' o ,

; u. .

? ._ _ . jl)h> ; ._FaxLHare W.Damaw _-- ';; ;_._-
, ,

| ' ; .!
'

, . . 1 __ ' . ...._L. '.

I t ...._...I i

. ,_._ _.u ___ _ _ _L. ' '

,

i
. . _ _ ,

'

E)CE fuSMB AloM I\ \ | |
' '

[.._h| __D ' " '
ddL) ! -

i. p.g _ . .._.' _ . _ q .. y . 4.--- [ q
_

----

,

q |,

_ p-- _ _ .g ;
.- , ,

,

3._ q . _ . . . _ ; j- ._ ; g. _.

_._. I.
,m _. ._ ..

,

, __ +_ | . . .. . _ i _ . _4. .__ ! _ 'w._ so
t _. . _ ._. _Q1 L .. g _ m._7..

_

I i ! ! !.i . ,._ ..

Q i i | |
'

' .. _ !'...+--...-4_ _.- . _.. - ;.___ _ g. _ _ . . _
'

_@__voo
.

i .a I . . _. _ __ 1_Wi ._ n !
'

,

| __t t : i ; j i|
' -

.

Ii | |
-

!.
!; *

. . .a . ..- ._m._,_=_ .__,.___ ._ 4 1
,

t .1 . . I
'

. . .}
' '

I |
' '

1 I : ;.. ._

_ _a _ _l | i

,

soo _ _ . w_ ; _ __,
i j -

. l.
j'

i
1 ,.

__u ! . j:
_ , _ . _1_. _ 1_.

| |

. .

i ! !

_ _ . _ , . _ . _

j |
. .

i
, ,

I i ! . ._i _ . _. I J ._ lI__ .j .z) ..
! : -

Demuci.% sbo awAM. f
::.! / ! o I J I | |

'

I. | | O '

'

' 8 i

. . . ...! L.i L r.

! |

.t _
; i 1 - | } |

'
~ '!' j

! t

.

._ J

2.3-!9 b1h



FIGURE 2.3-8
,. _. . . _ _ . . . . _ . _ . _ . . . , _ .

f!0ZZLE TO D0'.!!1CO|tER IllTERFACE PROCLEM f'

| PRESSURE A!!D FLO'.l PATE AL0flG CEilTERLINE i

.-
- -

r--- 0F PIPE AT 2.25 MSEC
' |

'

~[i
-

. i . . .

|
...._3 . . . ... . . . . . . . . . . _ . .

- .. _ .'E M E f? b a. _ . _.. j .. .. . ._

;0 Odf7?/XoC
_

'
i,

'gg).._ _. . . j...__...a.___.

i | | 1 L _i | |
. . . . . _ _ . ; . , _ _ . ,

:i
'e .

,
_

,
_

, , ,

,

,

' | I t I g t
|

' ' '
.

| j ; I

ggJ _ _ ; .. __ j . . . y , . ; . . . _ _ _ _ _ _ -
..! _ . _ . . . _ _ _ . ; _ . __ p

i

, , ! , , i.

.

. i I : . i., .

__h._.(_$__._ .___.___.._..__..__._.1_._..___.._____._______ __..______. __

- i y> : + y | j g 7- - - - - ,'

i

-- l-Mdb -i- !--
j : i

-
,

'

- - t
2 - - - - - --r

I l

[, -. I 4) . _ _ _ 1_-

,,o g .,

! O ',
'

i ! !G
'

i ,u- : ...-._.._,_.._n.-- ,

.

-
. , ... .. !

'

_ _ .. _C _ _ t_ . . .. ' _ _ _

' ''
t [___ . /g[{ ._i____,_: 7

;_ ! . ! ! O Cannw da Aung-

t

- . _. _ l. . - . . . - - _ . _ . _ .__._L__ _ .L._._9.. _. ._ ] _.- ; ._- I ._ .. . C/15 MLJAJaC JF ate .'
.

.I [ 3 ! _. ' i !
-

,

,

' ' '

, _. /7db

L ; . L -- .-
._ d ! J # |L. - i O

' DcmewFwc.wo or Ak-(fi-) .

'

/'
,

-_ p
iQ . .

, . .

p. -- ioco . _ . rwo nsomm_ . '

,i
,

i, ,.
+.;- ,

. - . ' . _ . . - ._ _ q -._' O C I' LASH '/8 /D.'G
'

f '
;

| '

; .T -

i : Cs/7M/,%Y (#'P!t?_i..
-

i| L so _' .

>

m_ _ . _.m. -

S | : | | ,O |b [
'' I

: ;.

__L. _I._ _.4. .._ _4 L ._ g. _L
.. L _ _k

_ _y i. ,

D _l i :; i i

} | _.44o0 pg [ .|_.q.,_. 7 ._ . ' | . |._ pi D

jn t ; e y : ;4 > a , . ,

+ . . .

,

. _ _ . , . . . . . . j _ . _ . _. _ . ,_.
,

j .

i. g '//(d
- - - - - . L L--

n 1
- ; i .

.

1 -r.'-- -- -- -- f - , - ! - !- ' - -Ftp (- -
'

-- , , i i l i I i
'

| | | ! | | Ii

_ . . ' _ . . . . ., .._ __p..
I

,

; , . j_ _ _ . _ _ . . . _ _ . _ . . _ . _ _ . . _

i j: i . ,,

t' i ! I '~l i ; ,

O
__ ._ _ _ . ._.. . j Od .J._.. j . _ _ ' _.. ; . .- f _- .

. - . . _ . . ,. . ,.!- '

' !I! i i j '
i, , .

,

: j I: -

, , ,

1

I I : ! !
|

f
i : i . i

. I ._ _ !
' ' ' '

i. g q' a
I '

,

@ ! : o / I J : c' V ! !
' '

! ! .
. ,

. .) ._ . .l \ %hwvw.Keoq Gm D%E (Fr~); i i i
' '

'
i

. i i
|

. >
,

| 1._ .__i_ i i . b _ L .._t : ! l i ... L ._
,

' ,

2.3-20 C, O [ 3 T, R



FIGURE 2.3-9
_ - . . , _ . _ . , _ _ . _ _ , , .,_ .,

! |j fiOZZLE TO DOWi1C011ER I!!TERFACE PRODLElii

| ! PRESSURE Af1D FLOW r; ATE ALO lG CEllTERLIf1E
. |!

'
,

| 0F PIPE AT 2.50 flSEC T I
'

! . |
I

!
,.
'

. t . _ __ .d . . .
'

: __L.__.,. _H ' ' ' i '
,

.
' '

'

Rtx?Ae2 V1 D/sintc | | |.|. |' i '''
:

.i _ _ h _.__J/63 __ I p__+ ___ ___ L ._.-..'___;_. 3 -
' '

.

!| ! I '. !__i |.
'

i. : i i, ,

|.
.t._ ,

i ! ! __ _L_. i!! i
i'

i i i --
,

i i ; - i i ,i
. N .}

- i . .

._. ! I I
,

!' : ,

_..Mg )/) . _ _ _ . . .d_ __ __ _h ._ _ _ _.[- __
; ;, ,, .;

' _J,
'

,

- - . . _ . _ . . .. . _ . _ ,. -
.

;
. . . _

, .

, , , , , __
..

'
. . ,_ _ . ._ .f.. .. ! - - . ~ -- f

; g. __ ! L_ _ ' d _ -i;______L _ 3' ___/pg;) ' ''__. i

I l | I

@.
,

i i
. . -

-. y . ; . . ~ r- -- ,
- |-

!--',~i i:

1- i ~~ F , i. _ . _ _ _ . . _ _ _ _ ' _ _i i
, ,,

i ' 'g g ._._.q.__.__ . ; __j

.Q _L . ._i...4._.,...__..._ .. ,
,

,

'

r-- . /86_'i - 9 '
! !. O Cc fu m / //d A m /6. ! _ _~ _I. .

| ! I _ 62.n aa/c 07. Nez . _ .

.

; : i '

l
'

; _- . I
' '

_. .i. . _ . _ . .p' I
, '

t- .

q. . .
'_ .' /7 fig y_ _g' .._.._______..__.a.

- .: . !_.O / .a G 4/ !i

l
. ' DanxcEeufRv1h&c(fr) . _ . _ . ._i_ _ _ | . _ 7 _ _ |'
'

r-
| . _bkLAti15 .\hS/02).1!JC'-^|0 )g -

-.. ._. . }-.. . | . .' -; q c't f g ,y- y ; p :5'
:

,

i ' '
_ .CEliTERut/E-Cf fife_ . _ _ _ _ - . _ . _ _ _. - . _ . . . | _L_

.I

- - - - '..;-..-..

!
_. . m.q . ; . . _ . ,1 i,

'
. , .

'

__.__ _ ( @ _ ; __;. - . g - .._..p. _ _ _ _ _

,

_ ; 4 ! _ _ j. j. I i i ! |
'g !

i I

I. . . i- - . . - I .- . . . '._ .b . _ _ L' ! . - _ _
. i i '! !

'

ii<
.

; y
- -

-t , , ; ; ,

_ _ . _ _ g . . g, g _ _4_ g ; -
--- -- , , i

i
,

__._t. _ _ _ ; _- - . .. . = . . _ . _ . - . . . _ , .

._..-} _ ._|_...... ! i -j. - .

__( -{
. _ . . . . . _ . . _ |

-_....m_.

!
_. a ._. t. i i.

=
4

. _ . }J _ _ _ _
_ _[ ___ ; __j _[_]_.j_,i ._ _ .._

_ _

.

| |'

- i i | | t i.

i
-

! ; -'
, , .

2____.i.__.___._..._.#_....r__.....__ _ _ . i . . . _. i
i

s
-

-

i i ,

.
-

d I | | | ! l i

|, ii

N_ ;_ - . Q (ja - . . . _ . . - - ___\ -- . _J - . . . _ - _ . _ - - _ - _ . . _ - - - . '
!I I ; i | i i

'

|
i ,

i
.. _ . ._ - [ lI f_ . . _ __ [ . ..._._ . . . _i_ _ . _ }l )_.._____.___.-.._-...E_.

,-.4._

I i i i j |
i i '

,

i
' -

i1 i

--._ . L.-..
, . ,

i
- 1 i i

'
'

.O_
M ,'

! | } i !
.

! O / G 'J i
r. ,

- . . _ -.|- .- . D/3Rit.kC. N2of( E/JD lM bfC. (&~) - _ L- . . . - .'
'

'
,.

| : i. i i i. ,
i , i i

I
,

| i . || | _L_i_ | .___.1_._
- ' '
i ! i i i__1_._2

2.3-21 ., ;z.
14i, I.) /



FIGURE 2.3-10

fiOZZLE TO DOW.*1CONFR INTERFACE PPOP>LEMr=-qi
i

! PRESSURE Af1D FLOW RATE ALONG CENT [PLINEi i
,

; , ,
i

: '

0F PIPE AT 2.75 M5EC -' ;
, i ii

!
- .I I i-

;. >

h/g . .

--f~~':
i,5 r- ,

Mi !
;_ fxsss uxe , s. Jh.wwce .; \

. L. . . . . _ . I, _. _... | _ .. -- [ - - .h.
'

. . - - M h:I
,_ _ :

. i i ! : I ( . : :
',

@ _ _ ' . . . . _ b/f4: . . _ _ _ . - f, . _ I-. 7 - - p- p
.

.: i-

-- -- -

s i i,

I -

|
,s i

._._..__ 4 % + _ ; . .- . |. - . ' - . . - . - |

it -

i a a I
---

, g - - - -t---- 1.mt .|
i

_ _ . l__.a, g _ pm
J._. i | { _ U --- ---7jL h. ; . h ; .-f

, , . - .g

i i i o a c-! ,

. -_) -4. _. -. . | -. . [ | | ----f
'

,,

5 _... b ._.5p~ua L$.b ! -- - E CE/2*" '/B Ouu$ -.-- -
-i.

.

m, i . | ;ca-e t /*ce
i,,

; ,

I

__,_l..__... . - - .- -- -- . ! - r- '~

} ; ,

I !

,

0 ' q .- - |
i..g i. ..,

,

' Hrm,t___,' _ .___/7ao
~

:
,

t O. i. / o d l/ ~

i i

_J . ' Dimwce rei Da& Bn (fr~)[ j -i--- ' - - u

'

,
-

,

; | ;
{

'

I ' _ . _
- . - I ,- :: .i.

t' .4,
,

(
_ _ _ .[._. _ _.a, _.

Y$. O'D/%CC '

'
!

' '.
,,

'

. .i. i filw) N Nyt
i

lo w. , ._ ; .

.

_ . _ , ' _ _ . _ . _ _ _ _ . - .- -I -

.

; c9cz pu,gg.go aivi3 .. - -

,

;
--

; CitamLy!E (f'PifE _j*
,

-.t- ---t

| I, ,

' -
, I i i, i

i _ J. J .>
| |

|. .. L_._2- 6 00 - ! - -| - b -~ ~ ~~ ~
'

[ ..
| ;k 1 i -. p-g | |-b

3--L-j|!.

h i-4_ t i . >
_

i

.g ! ' __ g .__t_. aq
x@

fc i !

._!. : I -

| Jti .j.. '

| i
4,v: 4

| i I-

|- u . _ .. ; --- 3 (g )b - -- -- r---- l - - ----
; ^ ] ' ~ -" T

it

D ! i$
- - | - - y q - - | - - g |!

i
. .._ . _ 9. . ..-

--- 7 -
-

.
I| Li i

;
to -! - | ]1_ - ;! --- - -r L- -

7 p--

-",

i i I
.

. . . _ .g doo
-

| ; - -- d - u - -- ! -- *---- 1-

,

! --

[ ! k !
. . ! . -- --- - I -.-- 'i- --- e._ . y _ _ . i. Q . .__

! h ! j !-
O |_

,__.u_.g . J_ __ --

b. ! I

i
,----r-

| it :p j 4 ._.- ... !-- - - - --t--- - 7-] - ]_.__t . -; -.-_p -

: ! : 1 i ,i .,
i

{;

@
!g

,

; .._._.7.._ . . . . , . .,

O i / : 0 ! J ! 4 | l |
i -

i,

..' l
. _ . _ . _ . . .-.r__ L, kirixc /7:at so av Arcfr).| \. .i :,-, ,

,

_ _L_ _ .n. ._ 2_. _- JI
.

1 |
I

I L - - " - - -- l -
'

'

c G (, blb
2.3-22 ' ' '



FIGURE 2.3-11
-- N0ZZLE TO DOWNC0!iER INTERFACE Pn0BLEM -

! .!. PRESSURE AND FLOW RATE ALONG CENTER l |
;'

I I C__ 0F THE GAP P.EGION AT 1.0 MSEC j.._. ....! ._.._ f _ . _J _ .D
-

i ii . . ,
,

. , . ,-. .. -j . . . _ .

, ,

.' f
R, cr, uccL VsaDm, rwcc \ L,-__.,_-_!' ; !

; ..{
- ! # 1t i ,, '

g/bb p- 1 eqG e 7- E p q , j GF L-j !- l; . .]._ .;. .

T
'

_ . .
,

,

! .|..__,.j- |
. .i... i... . . . . . . a._.;

i I_ i i;__[] _ .i ..__! _._ ,1_ . _ . ' ! |._7 ! 'i1i '
!

| - | !

.

+ . .i. i. , .|: 1 :, J'! i j ! i !-
.

. i 4._.. a .. . . .

_ h _ _ _ . . . _ . _ . - . . . _ . _ . _ . . _ _ . _ _ . _ _ _ _ _ _ _ _ _ -' _._
'

.! 1 i '. ! ._J'

!. [.- | .{.. . ,..
,

y%. . _ _ j __ _ _.+ ._ , _. a_4_ . y'

I I ! . _. J j. . . ' .j _'
'

13900 L___;_o.L. L._' _. ! ! _.L _.O. Cr Emu //a//r Canw_wc_.i _]!
'

! i 1.. ._

L
O CE RAW-yB /7wuc y 90' hueai ! ; '1. -

l! L-. ., _.' _] _ .- . _ _ _ L ___. | _. .O CE fiam-ABlhaNCr _ N?UNCL_- -,

. . _ .-
' '

:

$ _

R-} . q. _ p._ .i . j. .{
' '

,

._ n . vs _..-' i;/gm , ;_._._..
. _q

I J_d . . _ - . .._ _ _ _ -

__ _

--.7
-. _ . - .q_ .

i__ . _ ... a . _ .. _ . _ . _ .. - L_. .. .y _ co'

I-p !_. j- 4.' _!._.i_! .i _ , _ _ . _ . _ ! -

. . __ _ L. . ___J
,

i7;p
Ip iO _.J. .! # _ O.! d -. . ._ /o . ! i

L_| '

RawnL Dmnur L&u-iLCwnnwt_CE_BSc.[. . .- .)._) . . . . _ . _!
-

B
'

I i ! .
.

7 , _ . _ g- . 4

,

.-- h _- . _ . _ -,_ | .. * ._. }$[/ l - _ . _ . . _ .

| ! ! ..'. : |. >
I ! ' ,

r i .- . _p . . 3
i i 1|

-

. ' <

i 1
1

t,
,,

,

i
.

. . ,i - . -,, ,
. . . ,

W go _ .-._.L.-.-._..___ O.aEE.6 2.Au/a!. L_ ._i J
'

.

: _. !_ j ! dr :?s mgi. . .-p .

e
, 3

_

,
_ ._-.._._;-._.._._._

!P- - - - . . - ! |
.. . . _ . . ,

| | i i i _

!
;

!
'

pq,. _ . . ; 7-_,... ,

y.
, ,

-- 'I --- -- - -d - ---I---
.

- 7--

er -

--- ' t - ~ 7 - -- - - r i ; 1-1
-

1 - -- + - | :

. _ _ _ . _ . _ }
,

g_;__ ; _q__.__ __ ._ . _ _ |i
_ . - . .

I II I .L: - i i
y__.Mdd ._. j lii t' ! :

> - - - ,

..._.-!..

. . . _ . _ . _ _ _J _iu' - - j | .__.._..._.L......_..
i !

1 ' '
.

Q: . . _ _ - y . - - . . q _. , [ | ! { .f |, _ . ,_ |
,

I
-

- ' t ''

* ,t - i i ;
-

m.. t. ._.__i: ' _._...s
j.]r 1 ,

gI . . _ . _ . _ [ _. p.. p.. H. .
; , i

t !._ .. ; ._ ; .

_.L.o _;_go _ _: !_ i :_. _ _.. . _ t_.__ . _. ? _. y ..-
! . - i ti i -

i !
. ,a.._ ..i.. 'l, :j i

_ - _ .
_ - -_ - - _i--_

- . . _ . . * _ , . . . -- . . . . .

-.I
._ 4 .

!
'

4

e ' '' '
.

.__ a _J ._
'

O_ . i & l e/ - & : 6 ..i /o
g

i LX31DI/?L.IDavruxLi%t(LCen7md,vc_0E.B+tc.(j . |
-.

'

PN.i _.- - . .- |
. .

t .

| |
- ,! i |: i i i i ,

i .
1 4

i ! i |- ! i | I ! ,|i i | | l=
. ,

|i- | r
, 1,

i

,
I. , .

"
2.3-23 i' l L



FIGURE 2.3-12

.

' . fl0ZZLE TO DOWNCOMER INTERFACE PROBLEf1 - --

'! y.. PRESSURE AND FLOW RATE ALONG CENTER . [.. . , .

I 0F THE GAP REGION AT 1.25 MSEC f I
'

j i i L i-
_.9.. .9 . .9.-.. .9

. . - .

.

. . . . . . . . !

O~
, . ,

' '

,

.__.!__ O'E3:W/'6Me.3Ah7WAEC _._. L._ I
._ : . ! .. . _ _..h

-

.___.__m
L ! ; ! .i ._. . ! .

! '

|i , . ,
., ,

(j- O~~~~D . T~f [ _!
~@ |

-~

_] f~! i

o I t_ i r:i , i t,

-

t
! | | | !

. ..i _ . . . _.

~j ' !

{
i t

. _ .y . ,._-

i._._ . i__7_ _ .i _.i . > . __ .r_.
, !_M3 f ,' __

!
i i j

. ! l !
.

[ ! ___
i ' '

..-.t- - . __.y..
,

! ! | . ! . i ' '

|

! I . | i | { i . .L .. I .. i i | i i!'

;__m.

k D~f5034-YB. }]T. G7JRMLHK I'
- )96.S _ _L. __._ _

l. . _ . _L [ . L. . . ' . i _ . L. L .O'CE}iM/-@ RwJG C 90')INGS .

#

? )3
o

' ' I

.

'd m

_ :_.-_V. i i i- 2kfuncUaJkMq_!/3!.RNC__ -

!__.__.._... ;_m _ ,. ' ig

W u . | _ _-._.__ ,[_.._ p | | |
-

*#' '
.

; 9'

__1 ,_1. q.
i : ! ; ! i i ! l- 1 I ! ,/_ . _

-

'

,

, )

, , i - , - ; i i i
.

i.
'

- , _ _ L_ _.F |/7zw
'

A . . _ - [ _ _ _ _ h. -_ L _.. c& . /D-.1 . _ , !
'

L' O-. _ _ ..

2mmL_0i3Dinct_Ewj CinuzurJEk_2PE(&h;_a -

>

L I i

g .i _ ! _ . _ . _ . ~. . l . . _. . , ; c. _._ J .L
'

i'

soo nukapanua-w : -_a __

j _.._ j_O ! .[_., . ._ ..._ l
, _ . j _ .. . . . . , _

! l
. . ? | . .

''
!

'

.._f_..q _ . . _ . _f
'

|'4

i _ _ _ . . _ .

! _ _. _1 __ .7. . _ . - . - . _ , ., 7 .._. ,, p._

' ' ,!@Wog ' ' '
i t

c.
- , , , _Lg y mg.g-j 13 -- 4. - . . .-..].--- _a-_.-.__a_ .. 9

g 4 _ .-. -. .a_.-.._. +. .
-

. ._: _ ;y
3

- i , ;i
- - - arrwes, .

.

! ! I

h. _ -_LJAG f .
.

I i ! __ _ . _ _} _ L_. |. .
.

.__ _. g
i

,

.__ .i q -- y . _ . _ . . ._ q .. . 7_ _ : .._ ;.. ,
.p ...[_.- ._...y_.__.. _ . . -

_7 .
. , _ . _ .

- Z ~ ' ~ ~ - - -

- i ..1 _ i _ ._. ._._ . ; _. _.J _ _.|. L .
i

.

-

tg . 1
- ; _.

| . _ . J __ .
- -

.
| Ity . 4 40 | ^

ij i ' i,

..l_ _- I I'
'

,

I %_L . j i ! _u.. L . H _ l ' ! _._ . | J _, .j ! |'
u

| | 1 | l
.

! l ! | | '

Ii ! |
. :n l. 7_._.

j ! l i: - > > ;
,

g . . .. m . _ p._. ; _ . F . p .. . ,

. _ . . _ . . . ._

' '

g p 7._/f.. ; ~T TR
_.. _. l .

. u _. _ . + . _ . . 1_. ' _ _ .1.. _... 1' .!
'-

| !-

.-. O. .

i..a.._ ; ;

i. i ! i. . , i !
, . i ! |

- > .
i .i
,

t_a

l I I .
| f! ! ! !| I I '

j . i.

| h p | . f

O " o|
I '

e ! 1 - . .-.i. %_ . 1 - a. ! to i ..

2nana Dwnycempcahun.mc u=ik(fr).!. :!| .

'
m.

_ i >

.

y p . . . . . ., .,_

..!...
.- . - - , . . .

! 1'_L > I | | | ! i.! i
7 ..I

. _['-

i t t

', p . m,
2.3-24



FIGURE 2.3-13

p ;i Fi N0ZZLE TO DOUNCOMER INTERFACE PROBLEM
!

'
i | , ,

r- PRESSURE AND FLOW RATE ALONG CENTER ' i "i !*

'

0F THE GAP REGION AT 1.50 MSEC 4- -,- - - + - -
:,

- t

_ _{|_. -
,

. _l ;

__

I i t_ t._j . ._ p__ t_ .. . . i . _ __. 4_q. __i ' .. _ L.'
'

. || i
.. ._.|

L . Q q_. -._ _.__ r ; _ t _-

i ;_fAsw2C, W DUMUCZ |
. .; .{

i''jpy ___

'
.

.h --..._t_.,. ._. .. . _. ..u. . p
! !

._ . . .s . . . e . .
i* | IQ i ! i --- I i!

i , r-- ; ii
, i

i i ,

- - , . 1. . : ._ . . _ | __ ._[. . j . . .. . , . _-.
'

,

I
. ...2.__ __. ._L -_.-.!__ @gf _

'

-. 7
lQ; i |

| - - , i : . . _. r . . , . ._ ji

s
-

'

|!
, .i b !'-O , ;

.

, . . _ 1 -. -w. t- .t
- -

.,

__.OCClirLW&/d /71' OMD'L/UC |I | ^ \ \ I-jgf()
'

OCch?:n-Yo /?wn d' 90'DNs3 .-

' '~i. i_y 1_ . .__ 1
N \ | ! ' CC:JimH48AtCKilA3! NNC--'

- - . . _ ,

d i i i
4.' . .1 -

,,

!,y .i._-_.. ,

| S c.
i '

I i<> |
,

,

.h.! _ j .. . i. _ _.. ,_ U _
_i_h| . g, __j

,

_ __ f,_! { 1__ | ._J_.i ii '

||, i . , , ;,
j .g

. 9 _ _ . _ . ._ - .q _ . , . . _ _

,
_n,

,

4 ' | -. . - 1
'L _ - u?J6 _ .__

./- & j_ 6 . 10 L I !|- L - .o _ .O i < '

k.Li -- - 210/HLDsimict Ro/L Ct1W?duraC_W 0/G (5Y I I I

'

i ! i.
- , .-

i . ' '

|._-.gf6.' _ _ | ;__._| __ Ela)/'llX U. 2 :?iAiG -.. .- ; ... _ I -..

. . . . ._ _.

'

.{ j.. _j.[ 4 _; _ p .. [_. _ y ,.

i
, , . ,, ,

! ! ! .'
-

_. ,
-. - - | .. ..

.-4'$) --- .m . .

' I I .f. I d ', W NMES . ).Q ' .- . ~_ . . p . . _. |
:,.

! t !
..

,

L |

t t i! ! I i..._._4.b
i_ $(i u . _ . _ [ _ _ f...

.
,

l . L. _ _.
L . ', |- ! J I'

. , . . ._

f .._h Mdd _. L ! L__ i_L . f _._

1 | _. :
i ' I '

$! ' .L_. i_._L._!. 4_ -.
'

i

''- i i i :a{ . j i ! ,
,

! ' I ! ! f
''

I ,' t. .
_ , _ . _ ! i :

- |
' '

t. .

E.1._ i . ___ . . _. . -
_ . .: !1_ col) ! ; __ _ _._ J

p. .!. ,i _...L_._ i._.
.

& | _ | I < :
3

.L I
. .g ,_ ___ ,

.M i I_Q_ I '
__.

'

L_.__.' i i ii

. # . ,! . .
. _ . _.

'
!

.

I i i ! ~
!

l .

,

~ -

'

. ! iI i ! I ! IIk.._1/4b _ __

i i ! i

' '

i !
. . .i __ g_ . ;. ; _i_. . ,

,,, ,
! !I !>

----t---
. .

'
,

|g. . {| j i .,! . .r.-

. . , _ . _ ,

I .___I _ . ._ . . . _ .'f_ ',
,

@ .

_ _ - ,
'

1 . 0. 1 A' L .# i_- /e d a !. /0 -

8? DIAL _.Dm?/.KLfiY/f. 0 WOW /L.ChbPEL f&
;

i
''

.

! ! i. 1 .1 I ''
;, .

i i !
! L i i i i j i l 1 |..

.-

2.3-25 z f, 7
C, C; (, 3 , _]



a- m _ __ .

FIGURE 2.3-14

: i ! - fl0ZZLE TO 00WitCOMER IflTERFACE PROBLEM ~I '|''

-
'

PRESSURE AfiD FLOW RATE ALO!!G CEllTER
0F THE GAP REGI0f1 AT 1.75 MSEC -9

- -- t--- -~ ~

__.|.. . .

_ 4 __4.. . . _4 ' t . . _ p _ _ L__ 4 a- . _1. -..-+-; t. t'

'
. "Me . . . NN/ b. ...!-- --

.! mog .
i '

.

.

.O _. j!._:. je'e: -- j_.. e1- c : H--m
i I ._L. -

.i . - _ !. -. .p.1-
! l ! 1! i i' .

p.J i
i

-

, ,.

_. . L.. ;. .. _; - . ! 3 L_;.s . _ . . J. g. .!._ '. ._ . ._. j. .
.!_ ~?.._ 4 -

{ -. . ]!_-- -

7

--i_N._$/yj _L _!!
'

' : ,_J
| ,

. . _ . . . . _ _ . . _ ._ j _ . - . . _ __._. ._ - . .' _.. . [_. _ _ _ . . --

__[
1

1 _____.m.

!- II !j | | q | i : I
'

-'
i

'.
i I__C L ._J__gj] l I i ! I i i

G1 i ! ! ! -!
._. _ . . __ | ._ a__

E} CEFuis '/a nr Cann).juc i, -.i | f.n '
,o #'

: i ! l i.- O CcruLw l/d #toA 0' 94 hN_@.___. _

| _I ; . _!_ . _

. O.(c./In. g //a Amu M5#bM _ .
__

G f( _ _ . . _ _ ____i _ . . _ - _ _ . _ . . _ . . ._p_u.
'

g
, ,,

y 1
. .

'

' i
i i,

lg ' - ,'

j-

1 i . j ~ ~'"
T-'~ l | t ~ f~ F T

~~!! L i ! | | t I P'

'/
|

i -[ ..i i.
i

; j .,

i i j ! l-
_

r ' 'i-
--*~ ~ ~ ~ F ' ~ "I- ~ ~ - | - ~ ' -|C ' ~ - ]i~~ |! ~ '~ [-! I |

-

i
. _ _..- _ q __ _ , _ _. _. . j .__. , , . _.1 i i.,

* >; i i t . , - i - , .
_

.- I . O. ' ! d. ! . _ // .. _ . _. . //_._ .[_d d . '.._J __ _ /d ! L

g !._.
. NAD/RL. Dm17HCC $Uf $Um MOA.lNN 0RE f. l)- . ' --.'

7
.

! . _ L ; _ L - .p l .! -- [ |j . ! _ L -_ i _ _ . . _ . . J. .! !

'g | m LucNa.. Dzmu:E_ a_g : :_
'

! g
l i ! - . ! l

-{. .L ..L_...|. . _ ! - _. . I J .i

[ - i . , , i
I -

.

--

:
' +

- | I ; _ _i _E _;.;' | ____;i_ _ _
, ,

_ :._J_ u|_. j .+ _;_ _.,_L 4 _n '
'

| [ |{ [ t i
'I ~ i i

'; : .

__r

N. %-NBd I |
'

'! | OCEft65M-48 Alcs&-
'

''

d I? ._ j. . ._y__ _ LJ_ I ,__ -_ . . . . . _ . !._ _.i . . . . _h. JO y 74 * ZME . }_ + _. 7.( i i : I
-

,
-

i ,u , ,

_: _ _. _ _ _ . _ . _ . . . _ - j .- - - . _ . I ' ' _ _ _ _ h. ' . ~ } .- - . ---

I
$3 !

'
* -- e

'

N -N dd
.

,i !
p N. ;

._ . g _.. e _ i7 -. . _ _ _ _. _ _ q- - _t_ .t ._a_..'

D I I
O j ; . . ii | i i ! I ia, N

. , i
--

y Q_ . _ _ j ._.. h, ._ a_j.- - . . . _ ._ _ j _.._i_ - __ L _ . . -_ .j .- _ . . - j . .: -
'

! ' '

g--.V(;d
.

-- L - i ''w m--- - ,

> - - -

' - i ._i. ! I j _ _. . . .. L .[.._. ! Ii A
'

u _.l __.J i
! -i| I I iQ ! i I '

) _ h. ._ _ _ k ..[ .J _. .! .. ._b_. ._ 7
=l_..b -.l - |-

'

_ . + _

| |I ! - , J. l-.'
_ __!.//;d I ' i ' i

O _ _ _ _ . __. .. . . .. I .. _ .l . .. r l
.

,

. : i i i
. , ,

. _ r. 2 y 7 ;,
'

. ! t i : i
-.

,_G . . . ..j l | : }. _i. i

| i' '
1 .

y_. , .

,

a - _ _;_ _ _._q
* ' '

g_ ' 1

Y 1 . k ' h ' d ' . ! ' _/0 ~h ._. . ] . . . O . _ . . IC. .I .

!
- - - -

hdM 15$U (blM'NC 0E |T ' i - - - _ .; 2?D//?y0) /

.+. l . ! !

.L_._}i. ! I I I i i i 1
'

t i
.i. ._ p .+. t

,

lIi i| j *

2.3-26 c r..,
r . < d /-if

-

~
_ _ _ _ _ _ _ _ _ _ _ . . . . . . . . . . . . .



FIGURE 2.3-15
- ~ - r-

r '' -- l- -
-

N0ZZLE TO DOWitCOMER IflTERFACE PROBLEM i ' ! ' -[- - -]3 ''

' !I PRESSURE AflD FLOW RATE AL0ilG CEtlTER .

-"- i 1-- 0F THE GAP REGI0il AT 2.0 MSEC
~- ' - ^ - - -

~~~~h l-
! i j' >

|- i .

b| | |iL _. . _ I _ . _. ! . _ __. .L_t ._ . ! .. j _ ._ . 4 . ' . [ __ _. .L-_1_ j _ _ .._ . __._ . , _ . _ _ _ . . . . . . _

| | ft'CrWZE V7,i . DAN /7A!& | i.| |
Q _J -_. - _! __._ . g '| _ __l. ._. _. _/b/.) - - - _ . _ - _ . ____. __. J -

i i o i _j
~

i
- - - , - ,

, ,
,

,^

f !- .1 j ..
!

.

--Jdd0 _ -_.L .. __ __ _ __ m ._ .

|

'
__

..I.._ s 1..j !, .j ., 1 ' .m.|.,- .x . i. .

q-- - . --I |_-
. ____ .-

. -

i
'

1
-p; - ,- -- g,-

,

L \ : |
'o cc niw-u am o<' 90 oa+s\< ,

! ' I ! O W fit?s/ 4 6 fk U/G_ E 3?L/A/C_-.-..
' '

; k+. -

i ,
i.

f ~-_ " _ ' . _ i ;
i -i ,o,,j , ,.

i ;- .,,__;_ ;_ __L ' |ggy _

~ ~~

'| _ _ . [|/ /
~

: |- --| . _ . _ _ _ _ , _ _ .

, _ . p .._ . . ;g ;. . , ;.

; , '

j'|f)b . . . _ . _ _ . - - _ . ..

|
.- d i. V 6> I d . /d . iC. '

t..

-.--- ..___E/)D//)L_bc7/? tim._ F/9| CN. GLIAL 3 Of.0F6 fS)
,

i
''

.

*
i 1 .

|._
g '

. .-[ _ . . . '> ,-

|

_ 4M ' _ _._ ', ;n""".0sLl)tn c s . uc7n/JCL _ __ < ..___._ ..
3 r - %/ %8

'
.

< < ,
---.i. _ - . - . . ._ .

,

'
'

a-- O;C.EfuSH 43-ecA's- ,
. i , .

,
i - i . |

, i ,

' - _L I S j 1b ' ;' u .m; |F !
3 -- 'j '

:

h-V/9 i
,'

i

j( j _]..j._;
. , - _ .

.q -. ;,I
'

,

,
,

_ g_. _
,

4,

_ @do . l._ _ q________ !.._ _ H.
__f. |.__ . . ' . . . 4. . .

___..l..._._ !
_ _ _ . _ { _.

'

I..|. _.

ii'
+N -{ i

! !.
'

! 'i '! b._. .

!N ! ! I
,1 | i

Lh._. pod __ _p_.jr i--+-- "- -- - --+- ' b -- - l - - | - -- - - - -

- - - - . i 4 i i: ,

- --'| - !N, L
i .

,

____i.__., .j_..,i

.'!- 1.. j. : |
33 ____.4._-..... ._q. , __7 . _

{
.

t- __L '
_. } j' i

k. .i3 ;

! [,.j/) ! ' I i ' '

' '
_ _ . . _ _ _ _ . . _ _ _____p __ ' '.

:
i

- e| -|- | !'. i I
l -

j.
i ,;

, ,

._____.....I . j _. _ .a . _ . . _ _ !. i
_ _ . . _ . . _ __2___...

i I |
..._

l | |i

. . _ - . _ . . _ _ _ . . - [ . . . ' _ _ .! .0 A ''

I O ! O | 4/ 6 i c3 /d i |

. ..
._._ $/7Dil?6 .0/57 /MC . fi:;6' [LWTi. LU/JC. $E h/M f/9) _ , .

_1_._ a__[_j_.|. _.l.I : ._L , i _J . ___ _1 I' _i.! i

2.3-27 b9h )db



FIGURE 2.3-16
_ . . . _ . . _ . _ _ .

N0ZZLE TO DOUlCOMER IrlTERFACE PROP,LE!t ] |
i I

i

j i ! PRESSURE Afl0 FLOW RATE ALO:lG CEflTER | |

OF THE GAP REGI0il AT 2.25 fiSEC i fp ,

b .
!_._ ,._. ._.__l_...__ t t ii l. ! 4_ . ._ 4 ..l. '1 . . _ . .. Y'

..
'

$.rc,r ued & D n771N r |' i !'

\.
_ ._ v' /t b . . _ _. _ _ .. __ _4_.]. g!O' ! |O ' - { ~ ~ '~~~~ ~~~~

,

'
-~ ~ ~ ~ - ~ ~ ~ J

| ;

: i I T | G' f i I@
'

,

! ! |0.
.l . _ i

. 4 i
!

'

j
|i i : i IN hdsb, >. ,y- .

,

'--c -

,
.

;

J.. i i l. l:.. - .

. .____ | O L_ __ d_ _ _ . ._ ! ._ __. 4..__j'

.L. .4 .

I.
.c_.

| I
y{ ._.lg

. | | ! El cc nc>t i/a nrcoxrame
I I

L.. i i i
1 .

! ', r

'

4 |.
c,

| |_ ! ! : i lo cmmm nwi ono'wa s._ .

m

3,
. _ . .I - ! I '

i ; Ccp nnsHkJ /7wn th' lins' '
,

_ . . , .. p . ..t,
,

_ '/jpg |
'

q
'

q! .._. - , .
! | . | ..

i | : N '

, .

, -.r ,g .,

I[_.' ___t___ -
- '.' '

_ . _ , _ . .

I I

,,/'
3

. _ . . . _ . . . . . | |.. i

;
! | ! i ;

i' ' '

f , ,. , . .

t j7 t) ' '
___3___,. _ . _ _ . _

L .O. .Q // t's ! D ! /0 I.
'

.,

$MaE Dm7i/ME nuf 0''.9:U?.E_lk|R*.(f&) |'

'
'

! !Q l. __ 1

'
J. _;

.

,

| 4 ai) _.

| __._BatdA.TK '.!:. D:TN N C C _ L .._.. ._ _ . L --. .

q ._ ' ! | i I ;
'

p -

....g
,

_ . , . _.=_._q_. _. ._ q ,.__j_.._.., _|.__._ _. _..J.
,

.,. .; . | 1 .i _ _ ; . . _j .. ! ._ .!. .; .| 4' '"

||L)O
- | -y.- . . ._ __ L - . . OCEfMS'l 5 A!.|Q .''

e.

h |I..i ;O
- hhfi

D; ( y ,!
. , _ _

| k/ ##f- I

- -

! : i i --( |

'
:

| H .__, _ . . . . .. _'.l.________.._. . _ . . lj ;
-

-:u

y Q.__ J6d)
, , ,

. . _ _ _ , _ _ _ ._.

P{ |{ __ _ t. _ . . _ u_[__ _. ' _ .. ' ,

-! j- i -

, .
,

. ___ _____ .__ _ . . - _ . . . . . . _ . .

, ; . .

. .
.

| i !
-

i ..; j | _...__;_',.. ....;._..._...._1.. -

, ,

[,y . k._. g ) _l i

|J. -M|
|

| ! ! | | !i !

!
- - !

. .
'

'

. L _ L._ j__ _ !. - . _ ~ . _ _ _ . J.
i

1 j'

q !I I i
>

k _. /dd ----------l-----------q----- - - - h -- - - - - --- --- - - - - - - - - - -

0 '

i __. ...._.L___..._.___..__ _ . !
i

, .
'L.__---._.-.._;.

- i - I
~ i

- i ; i
'

'

I
,

._._4_h- .i

O 0 J | // ! 4 : 6 |

..___ ._ }-. E'HO//iL_ DA71 nth (Euf (hv7bA'U/K.D: OPE [fr)|
'

i /0 | |
'

'

i | | I !
'

,

I 8 ! . _.i l.i _ _ __.t . _ .n L ._J.
'

L_ _L_ i

e

2.3-28 ';'i, s ,,. ,.



FIGURE 2.3-17
_.-.___.y_...

,. ._ _I. fl0ZZLE TO D0WtlC0f1ER litTERFACE PROBLEM !
__,- a -[ r --- -

|ii .!i :1
|

| | PRESSURE AND FLOU RATE ALO!!G CENTER !
'

; j

f- [~ -~ , OF THE GAP REGION AT 2.5011SEC
'

I i ;

| t ' i
|' i' !. ._ L. _ 1._.. p 1 ___ t . i '

: . .i.. _ .

! L .' h a va.,vemec'- ! ! I i _!.
.

._ gog-.___{ L .__ !.,_ L q_ _ gp_ __ . _ _ . _ __1
,

,
.

, ._ . . . .._

g , ..| _.i _'!__ _j q ._ . ;g : _ _ _ . . . _ .L
i i

. . . .i i i - i ,i j! <

; ;
.

; i-

I
,

I .l ' %.q._ @/) _. -. g ' '____1____..__. . . - - -

[ | . ..

,

..R . i i i,

._ q . '

_. _ ..} ,'__ _ _ _{
1.. .

,. ,. ,s , .

_1_
'

'__' '
,

_ . _ _. _ g _ . _ _ _ _,.
._ L3 ...a. ..t_..__ _ . ._ p . _ .t_ . ..!

M __.jg ! ! i | ._. ! i I
' '

l .

jhn i i . ! O Cc 1561 '/e' Mr Cerxo'Lus )t . .

R' | ~ l~ ~ ~ ' ~ ~ 1 ! i i |O Ce R wi-4e fiuuri 019a*Dira l

~ :9CE/~ na- Vo /kone 43'LwcN .| | ! |
. .! .i. ._ . , . . . . , .

iu,

,

- -po | ! - '' -

,
i i u.

.r +| > .

y - - -)- ,i_ ..g.
u' __ii

,

_ L _. . ;_ ._ _ . . <_.i : !

._ i ..
, , , ,

. 4 _.. . . - _ _ . . . _ , _- .; _ ..}. 'I j | ,-,' ;' '
.

3
.

r__no _: :
4.

..A .4 . _ & _1 cs /o : _.i. !

a __|L _ o . .'
,

Mway.Dc77mm f~bMloJru'utJc b=Am Ok!-| _.L. '
.

'

'

.|. .' t i ._ i :
'.

. _ . ,

_ggy . . _ _ _ CL&.:t.) (X7: V3a. KHlidCC x __
' ' '

,
. - , - .

;. . g ... .._ ; r; ; ; . . ..

r_ _p_ ____-___.,_.4 i

}..--_ - . _ | . ._ _ , _. | . | | . C2fLASit 'IB A!..: .'.i..
' ! i w 90 w ts.iL -.go -

iD . __ O ' ! i i i i i1

g_ , 1 - ~ ! _- 1_- ' i

~ . . . . _ . _ J _ l _2_ _ _
. _ m _4 _ _ . .i . . _

. -

;u .,

I__.& a . _ _ _ . . _ i. ._.__4 i- : . { . . . . .J _ . _ . _ .

- '

Q. .y_ _| | ! } . .. _ ; |i , p. y _.
. , ,

l_ }_. .{
"

. - , . , , , ,.-_ . . yh .__;M !. I !

I i !
. . _ . . I. __ . [ . ._ _a _ _ ! . .I_. !..

i
-

i .
i i . .

i .i , . 3 . . _ . ,

!
'

I I ;
'

| i i *.

4 |
.

$ _... . i
- G' . , ' . .. t- -|.-

' -- -''-" --

!_._ . . _ . _ . . . . . _ . .a..._ . . . _

_.q._ g ._ _ . _ _ . . _ . _ _J .__ . _ l _ __ . . . _ _ ! . _ _ _ . ; . _ . qp . __.,. /J S .__m

. l. j. !, .i !

- _1'-. .a! j
! ! i

i : i. l. i ;
. i . i.

.

_g .

| |!. d ; I | O ! I I
'

'

1
,

-

i. i ,
i

. ..

!g O O !

.g.. _ . . . . .,

+/
,'

4 ! 6 ./o ! l
' 'i

simmc Derri;mrfan .Qwwwx2.Qtfor.89) >[ . . . ._ | _ . . )
;

]i i -

: -

: ! l ! i i

l_' ! ! | i ii ! _ L_i-_1._1. i . i _ . ._ J
,.

.

-

-

, , ,
_ .

2.3-29 *



. . . . . . . . _ . _ _ _ _ _
_

FIGURE 2.3-18

[ ~ ~~I~ ! l fl0ZZLE TO D0WitCOMER IflTERFACE PROBLEM i,t
: PRESSURE AtlD FLOW RATE AL0tiG CEtlTER i |! !

'

F OF THE GAP REGI0t1 AT 2.75 f1SEC ~i .

,

., ,

O ! ;.- . i i i i _.t-._! . i : i : . l. . ! . ! .
' ' '

,

'

' emuac|th.I..emsix
| | | |;D

| .; .

_ _ ._ __ . g 1 . .. _ j _ ._ | ._ . ,p_... p/ai) i i ; _ L _._ ..L_ r., _ _

!!
| J l _. .00. '

|.
1_:

g .

i ; i i i
;__ _ _ _ _ _ .

,. i i

} ! | .'Q! . f.- i. I

. r -, ;

! .. p | ..

-

i.__L_.v.__j.__t._.-m, .cygg). L_ . _ _ . . . _ . . .
,ao : . i .. : t

. i
, >

:.

5.-_ ____ .10 ! ' ' i _.t _ _!_.j _ _; I '

% .'. j. . . _ p . .I.. _g .L .1_ ! ! I
'

i : i t i i | t - ' 't _jg
o .

j ! l | Gcr Fuuy-W /7r C&:rowvE1 i

3 |y ! i i I 0 CG flMH- 4'b Alan} O *, 90 * huCG.

G,, ), , I - _ ,! .i .O dc /MMM3 4'4NG '/S'Z/AE- ,

q ; ;,

f---/f06 ! ' '

+--
.

-.
.

I i ; i i 1 es-

,

; , j , ; -|-i a. ; !
-

,g o,
. - * i _ _ _ _ . . _ . _ _ _ . _ _ _ , .

0 !g ) j 4

._. _; .. .. .|. ; . _ _ _ _ _ _ . _ p. . .|.. 4 .i.--.. ,,

. .

.-. . .[7h
. , i _ _.y'

._#..&_.6 . _ J. 1
! o /d.

w _.i gad:RL_D.cwrc_EWf Coxeuir Cf Hm(n-) __. w . .-

g [ ;- ' 'i
.i .-_ . . .

gg _ _2 /_n J /&w= A D.c,an'cc . p_.- . _
''

.

8
' l I

{; |-- y'-- t,
g g ,

. - _ _ . . _ _ - _ _ _ . . - _ *- - . _ . . - --- . - ...-._a . _--

'

| \
| O CE11.GH !ia Aw:3p ,

[ _.|4f6 - . 'O _ - .' _L -...-__-.L_ | . _| _ ._ 0", fo * /Jh'LS p_ -.e.

i. -.i_ .
i

i ,n. |, . .

;

..r
;- h . , _ _ . . . _.d. _ ._ . _ _ . . _

' ' '

e !I
'

i i | _ . . . . .

: i
'

y _

[ L ,__3./D !
_ ..

I
__. _ __ . _ ] ___j . ..__ - _. . - _ ! . . r - - - -- -- -

'

c !% . _. .. : .J : in h i ! ! '
!

b % ! -! ''
-

!,

i i _. _ + . _ _. . _ __ p ._.!;Sq_em _

! _ . l.. Gl
- --n

.I I ! : !i -
i

Q _. . _ .___ | _i_ _ . _ p_ __. . _ ' y._._ L._Q _ _ H ._ 7, _ _, ._,.
i, ,... y. ., ; ,

,.y , . ,

i i ! !

_ ..1_ __q_ _ . g m _. 4 _.;
.

,fM _.. L _J ..L ' .r
@ I i , i

'
,

1i

_f._ __
-

: ;. >
i

. .

_ . . . . . _ . . . _ . . . . . _ _ . .._ w ____ _ . . _ ._,____.u p. . . . . _ . .

f
-

> : i | ! . ! ;

. |

___ 0 '

@ O d ! // 6 | 6 /d ! ; ! i
'

_y.hwa D.eminAmp, Canunc. onAn (rr L ;n

; i : i i
, , ,-

| I ! ! - | | h ! d, ..sp _ ._ _ |_t 4. 04
. .

2.3-30
.

_ _ _ . . .



]uestion 2.4

.4 Three annulus models have been analyzed in CENPD-252-P. The following
additional information is to be provided for each model:

(a) Complete CEFLASH-4B listing of the input data through time
step zero.

(b) A plot of the spacially integrated total hydraulic load,
summation of dp*A, on the core support barral. The positive

force is defined as towards the broken nozzle.

With reference to the integrated loads, provide justification for the
annulus model to be used for licensing calculations.

Response

(a) CEFLASH-4B INPUT

The complete CEFLASH-4B input listings and zero time code edits

are presented in Tables 2.4-1 through 2.4-3 for the[

,.)Forconvenience,thenode-flowpathmodels
corresponding to these listings are shown in Figures 2.4-1 to 2.4-3.
These figures differ slightly (by the addition of an extra break
path) frcm the annelus models presented in figures 4-12, 4-13 and
4-14 of the topical report and should replace them.

(b) SPACIALLY INTEGRATED TOTAI. HYDRAULIC LOAD.

A plot of the spacially integrated total hydraulic load on the core
support barrel (CSB) for the three annulus mJdels is presented in Figure
2.4-4. The spacial integration has been performed using standard
structural design procedures described in reference 2.4-1. In these
analyses the positive force has been defined (as required) towards
the broken nozzle. As can be seen from the figure all models are
in clase agreenent. The initial peak loads calculated by the three models
are found to be within -3% (the highest load being predicted with
the ]downcomer annulus model).The percentage difference increases

a m
- ., -

2.4-1



..__________.._________._ _ _ _

at later times, with the{ )model generally predicting the higher loads.
All models predict CSB loads to dissipate approximately 70 millisec;nds
af ter blovdown. It may also be noted that the load:ng frequency
characteristics on t. e core barrel are similar for all models, particular
at the early period following blowdown.

Based on the above comparison and comparisons presented in
Section 4 of the topical report it can be seen that all annulus

models presented provide good agreement with one another in the
prediction of transient pressure and the consequent core support barrel
loading. However, for purposes of blowdown loads design applications,

CE has selected to use the[ ] node [, ]annulusrepresentation.
The added detail of the[ } node model will provide slightly

,

more accurate lcads predictions, than either of the simpler representatio

Reference

2.4-1. Combustion Engineering, Inc., " Dynamic #.alysis of Reactor

Vessel Internals Under Loss-of-Coolant-Accident Conditions
with Application of Analysis to C-2 800 MWe Class Reactors",
CEUPD-42, August 1972 (proprietary).
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Figure 2.4-4
ANNULUS STUDY
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AS REQUESTED BY THE NRC (SEE SECTION 1.0 0F THIS SUPPLEMENT), ASSOCIATED

PROPRIETARY COMPUTER LISTINGS DESCRIBING THE CEFLASH-48 COMPUTER MODEL

(TABLES 2.4-1 THROUGH 2.4-3) HAVE BEEN OMITTED.

2.4-7 y.L
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Question 2.5

2.5 Three nozzle models have been analyzed in CENPD-252-P. The following
additional information is to be provided for each model:
(a) A description of the volume and junction data associated with

the nozzle from the break to the downcomer interface.

(b) A plot of the spacially integrated total hydraulic data, summation
of dp*A on the core support barrel. The positive force is defined
as towards the broken nozzle. With respect to the integrated
loads, provide justification for the nozzle model to be used

* for licensing calculations.

Response
.

(a) Model Description
This section provides supplemental information for the topical
report break nodalization study. For completeness an input
listing and zero time edit for the one, two and three node
break nozzle models are presented in Tables 2.5-1, 2.5-2 and
2.5-3 respectively. A summary of the break volume and junction
data for the three models are shown in Tables 2.5-4 to 2.5-6.
A node flowpath diagram for the base break node case is presented
in Figure 2.5-1.

(b) Core Support Barrel Hydraulic Load

Figure 2.5-2 presents the predicted total integrated hydraulic
load on the core support barrel for all three break node models.
The positive force is defined towards the broken nozzle. All
predicticas agree very closely indicating that the single node
RPV nozzle model is adequate for an accurate prediction
of the net core support barrel hydraulic load. This conclusion,
has been made previously, (in section 4 of the topical report)
based on similarly close agreement found among the three mcdels
in the prediction of absolute pressures and pressure differences.

M

,: c.

C () h )J
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AS REQUESTED BY THE fiRC (SEE SECTION 1.0 0F THIS SUPPLEMEllT) ASSOCIATED

PROPRIETARY COMPUTER LISTIt'GS (TASLES 2.5-1 THROUGH 2.5-3, PAGES 2.5-4

TO 2.5-89) DESCRIBIfiG THE CEFLASH-4B COMPUTER N0 DEL HAVE BEEll OMITTED.
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TABLF. 2.5-4'

BREAK NODE STUDY*
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FLOWPATH
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. ,

~

N0DE DESCRIPTION

ro 36 N0DE NUMBER DESCRIPTION VOLUME (ft )
,; ..

o

/
- s

JUNCTION DATA

2
FLOWPATH FLOW FLOWPATH HYDRAULIC MOMENTUM FLilX AP.EAS(ft ) P LOSS (psi) FLOWPATH

NUMBER AREA (ft2) INERTIA (1/ft) DIAMETER (ft) urdintnA uu.t o i r<t sa FORWARD REVERSE LENGTH (ft)
~
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BREAK NODE STUDY
-

..,

OnooE

FLOWPATH

trl ~

* t'0DE DESCRIPTION
_

3
N0DE NUMBER DESCRIPTION VOLUME (ft ) .
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N O
T' -

S

/
s

JUNCTION DATA
2

FLOWPATH FLOW FLOW HYDRAULIC P0"ENTUM FLUX AREAS (ft ) LP LOSS (asi) FLOUPATH

NUMBER AREA (ft ) INERTIA (1/#tl DIAMETER (ft) UPSTREAM DOWNSTREAM F0ETARD REVERSE LEf;GTH (ft)2
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TABLE 2.5-5
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QUESTION 2.6

2.6 The following plotted data is to be provided for the audit PllR
anilysis for a 350 square inch guillotine failure of the cold leg
piping near the reactor pressure vessel inlet nozzle. A 5 milli-

second break opening time is assumed. A 100 millisecond analyrii

is required. A complete listing of the CEFLASH-4B input data
through time step zero is also to be provided.

(a) At each axial location in the downcomer region, provide
plots of differential pressure from a location 180

from the nozzle centerline to the nozzle centerline.
Identify each node.

(b) Pressure plots at the following locations. Identify each
nodr.

1 Vessel side break

c. Pump side break

3. Nozzle to downcomer interface, broken loop
4. Vessel lower plenum
5. Core region
6. Vessel upper plenum
7. 180 from broken nozzle, at nozzle centerline in downcomer

8., Stean generator outlet plenum, bro''en loop
9. Pump discharge pressure, braken loop
10 lui fr- - ' ' -n.'zle, at lowest axial elevation.

(c) Differential pressure plot at the following locations. Identify
each node.

.

1. Across reactor assembly
2. Across broken loop pump

3. Across broken loop stean generator
4. Across intact loop steam generator
5. From broken loop inlet nozzle to broken loop outlet nozzle

(across the reactor pressure vessel).

tid'>
2.6-1
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(d) lla s flow rate plots at the following locations. Identify

each junction.

1. Vessel side break
2. Pump side break

3. Core inlet

(e) Integrated load on core suppo-t barrel in the plane of the
break (x-direction) and perpendicular to the creak plane
(y-direction).

_

a
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Response

For purposes of blowJoun loads methods analysis verification, the C-E
audit PUR has been selected to be the C-E System 80 plant. A complete

listing of the CEFLASH-4B blowdown loads input data has been previously for-
warded to the NRC (P,ef.2.6-1).The nodal diagram corresponding to the irput
listing and zero time edit is shown in Figure 5-3 of reference 2.6-3.
The following paragraphs and attached figures (2.6-1 to 2.6-30) presents
the requested blowdown information for a sample CEFLASH-4B System 80
350 in2 cold leg break.

.

(a) DIFFEREllTIAl. PRESSURE PLOTS FR0!1 A LOCATION 180 FR0ti THE N0ZZLE

CENTERLIt E 10 THE N0ZZLE CENTERLINE.

The differential pressure around the System 80 core
,

barrel
(CSB) is presented in Figures 2.6-1 through 2.6-6. The figures

are arranged according to axial location with the downcomer node at
the upper UGS elevation first (Figure 2.6-1) and the downcomer nodi
just upstrean of the lower plenum (CSb lower flange elevation) last
(Figure 2.6-6). The asycmetric pressure differences around the core

support barrel are located as follows:

Downcomer elevation Nodes Figure #

Bottom of UGS upper flange 14-17 ?.6-1

UGS (4.66 f t. above nozzle 20-23 2.6-2
centerline)

'!ozzie centerline 26-29 2.6-3
Core region (8.3t ft. below 32-35 2.6-4
nozzle centerline)

Core region (14.61 ft. below 38-41 2.6-5
nozzle centerline)

;- Flow skirt (19.5 f t. below 44-47 2.6-6
riozzle centerline)

It is seen from the figures that the peak asynietric pressure differences

occur at the nozzle centerline elevation (Figure 2.6-3). Loading

histories are given to 200 milliseconds.

-

-

2.6-3 "
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(b) , ,URE PLOTS

1. Vessel Side Break

The absolute pressure time history at the ruptured reactor vessel

inlet nozzle (node 65) (vessel side break) i shown in Figure 2.6-7.

2. Pump Side Break

The absolute pressure time history at the pump side of the break
(node 64) is presented in Figure 2.6-8.

3. tiozzle to Downcomer Interface
To represent the pressure at the nozzle-downcomer interface, the
downcomer node adjacent to the broken nozzle (node 29)is used.
The absolute pressure time history of downcomer node 29 is
presented in Figure 2.6-9.

4. Vessel Lower Plenum

The vessel lower plenum pressure transient is presented in Figure
2.6-10. In the C-E model the lower plenum is divided into two
nodes an " upper-lower plenum" (node 10) and a " lower-
lauer plenum" (node 9). The plot shows the transient pressure
decay at node 10.

5. Core Region

The absolute pressure tine histories for the core region nodes are
presented in Figures 2.6-11 to 2.6-15. All pressure traces are

similar. The 1m.er 1ctive r orn /- ,1 transient is
~

s h o', . n in Fijure 2.u-li. _ mare decay in the three active

core nodes (nodes 1, 2 and 3) are displayed in Figures 2.6-12 thru
2.6-14. The upper inactive core (node 4) pressure history is shown

_
in Figure 2.6-15.

6. Vessel Upper Plenun

The pressure decay in the reactor pressure vessel outlet plenum
(node 5)is presented in Figure 2.6-16.

h0h2'6-4
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7. Downcomer: flozzle Centerline Elevation (180 from Broken fbzzle)
The pressure in the dowacomer 180 from the broken nozzle at

the centerline elevation (node 26) is presented in Figure 2.6-17.

8. Steam Generator Outlet Plenum, Broken Loop

The pressure time history at the broken loop steam generator
outlet plenum (node 60) is showc in figure 2.6-18.

2. Pump Discharge Pressure, Broken Loop

The pump discharge pressure in the broken loop (node 63) is
presented in Figure 2.6-19.

10. Down:omer: Lowest Axial Elevation (180 from Broken Nozzle)
The downcomer pressure at the CSB flange elevation (node 44) 180 away
from the broken nozzle circumferential location is presented in
Figure 2.6-20.

(c) 11IFFERENTI AL , RESSURE PLOTS

1. Across Reactor Assembly

The core axial pressure drop (from bottom of inactive core (node 12)
to top of inactive core (node 4))is presented in Figure 2.6-21. f.

positive pressure drop is defined to indicate the pressure at the
core bottom (node 12) exceeds the pressure at the top inactive
core (node 4).

_

2. Across Broken ' 000 Puno

The pressure dif ference across the p ;np in t.';e ruptured loop is
defined by the pressure difference between nodes 62 and 63.

This pressure difference is presented in Figure 2.6-22.

_

3. Across Broken Loop Steam Generator

The pressure drop across the broken loop steam generator (inlet
steam generatcr plenun (node b3) to outlet stean generator
plenum (node 60)) is presented in Figure 2.6-23.

.

_ . ,
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4. Across Intact Loop Stea L eneratorG

The pressure drop across the stean generator (inlet steam
generator plenum (nede 52) to outlet steam generator plenum
(node 54)) for the intact lcop is presented in Figure 2.6-24

5. Across Reactor Pressure Vessel
The transient pressure drop across the reactor pressure
vessel (pressure at the broken cold leg nozzle (node 65)
less the pressure at the hot leg nozzle (node 57)) is presented
in Figure 2.6-25.

(d) MASS FLOW

l. Vessel Side Break,
The transient mass flow out of the vessel side of the ruptured
nozzle (as given by the flow through floupath 107) is presented
in Figure 2.6-26.

2. Punp Side Breal

Mass flow through flowpath 105 (punp side of the broken nozzle)
is presented in Figu.'e 2.6-27.

. 3. Core Inlet
Mass flow at the entrance to the activt core (floupath 1) is
presented in Figure 2.6-28.

(e) I tearated Load on Core Support Earrel

The load on !a core support carrel (CSL) is calco'i,1ed using
procedures of refer ence 2.6-2. The integrated CSB load resolved in
the direction of che i>reak(x-direction) is presented in Figure 2.6-29.
The integrated CSB load resolved perpendicular to the break direction
(y-direction) is presented in Figure 2.6-30.

-

c. < , . ,b ' f
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QUESTION 3.1

3.1 The LOFT L1-2 experiment has been analyzed in CENPD-252-P. For

the uodel described in Section 3 of the topical report provide

plots of the data listed in Table 3-1. Identify the nodes used.
For those cases where the model does not compute data at the specified

instrument location, provide the data at the nearest node and identify

all nodes. Provide a complete CEFLASH-4B listing of the input data

through time step zero for this case.

TABLE 3-1

LOFT L1-2 Data References

Differential Pressure Absolute Pressure

PdE-bL-5 PE-BL-1

PdE-BL-7 PE-BL-2

PdE-PC-1 PE-BL-3

PdE-PC-2 PE-BL-4

PdE-CS-1 PE-BL-6

PE-CS-lFF

PE-PC-1

PE-PC-2

PE-PC-3A

PE-lST-lFF

PE-IST-3FF

PE-2ST-lFF

PE-2ST-3FF

R>sponse

This section provides the supplemental CEFLASH-4B LOFT L1-2 input

information and- CEFLASH-4B data as reouested above.

'

CEFLASH-4B LISTING OF INPUT DATA AND ZERO TIliE EDIT

A listing of the basic CEFLASH-4B input parameters is presented in

Table 3.1-1. The corresponding Line zero edit has already been

'.Su
3.1-1 yji '
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presented in Appendix C of the topical report. To aid in the
interpretatioh of the input parameters and data predictions to
follow, a nodal diagram (identical to Figure 3-3 of the topical
(report) is included as Figure 3.1-1 of this response.

SUPPLEf1ENTARY PLOTS

The plots of the requested CEFLASH-4B absolute and differential

pressure predictions are provided in Figures 3.1-3 thru 3.1-16. The
nodes selected for the pressure sensor comparisons are summarized in

Tables 3.1-2 and 3.1-3. Seasor locations are shown in Figure 3.1-2. In
all instances, the node nearest the desired instrument location was se-
lected for presentation. Node 24 (see Figure 3.1-1) has been selected
to be representative of seno r measurements PE-BL-1 and PE-BL a.

Actually Mode 2d closely sirauates the cold leg DTT* flange location
and therefore should be representative of transducer PE-BL-1. PE-BL-4

is located in a small diameter pipe somewhat downstream of PE-BL-1(in the
choked flow region upstream of the break orifice). As a consequence of stabi
considerations and to keep the basic C-E modeling practice of simulating
the broken nozzle with a single CEFLASH-4B node, it was necessary
that the small diameter adjacent piping be lumped into Node 24

.

" Drag Disc Tu bine Transducerr

RI)I $1 Al

-
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TABLE 3.1-1

LOFT L -2 CEFLASH-48 MODEL

INPUT DESCRIPTIC?l

-_ _- _ . - C01:DU5 TION Et4GlkCERING CEFLA0Hi,3 UCASICW 81 03 1976 76238

-- LCFT Li-2 EXP;Ritt:tiTAL CC:tP'lRISO.4

_____. JOB H3 !>LSSSCS . EUN IdTE 07.'13/77 EW CEGJ.'d 04.G4.34 CPS USED 4.0783G,

_n _ A. GEGRAL INFCPJiRTIC:4 FJ40 OPTICtl It!.~0minTIC'4
s; E8:3 !!tdE 4UPT l it1E LEAK CP:.tG KF ELEU P5EUDO P P NAX STE?S HAX EDsTS

--

~a __ l.500DE-01 C. _ 2.C300E-02 C. O. AC"CC3 5503

_ _ CPT!aNS SCLECTCC
IFMK I ti ^ :' L'; T Uti TEC1 UCED IN FLC:4 PATHS ',ELCCTED CARD SERICS 4 f NN

C _ _ IFTAX 3 H:< ..i CPJ- ~LA T ION -

.g- IFKC 2 Fle 4 ( .:s'Y!NG F,?! C T I CN FAC TO'i
F s '; - - IFCF _ .I C;'I T ' i .'.L T LC '1 CI P '" TY.'" i PLUS PATH; SCLECT'.D CA:13 SCRICS 4 3W -

~

7 IFSL 0 03 be i CAli.':w 5Y.a.~LN
w _ . . _ _ _ _ _

CPT!Cri FOR LEAK 7: 'LES r' LECTCD DY UP.LUE CF L/0 FOR FIPST LEAK FLOW PATH
g-_ FA UD

_ _ (Taut r_5
t'

3)C'3 _ _ _ _ _ ' _ _ . .
Q Tit 42 STEP TABLE

.__ _. _____. _ . _ _ __ .

=y _________ _ _ _ . . . T ~.P S . _ _ .. _ _ _ _ _ . - _ . - _ . - _ _ . .. _ _ . . _ _ . _ . . . _ . _ _g
_ _ _ USE _ UNTIL . PRINT ._ _ . .

Q 5.0000E-05 2. 0 :' O .:E -0 2 10.

S.00]D~ _ 10 __. ___ _ ._ . _ -S. COL 0s ,'i_ t.5] 02-31._

i 3.0000E-01 25
g LO C G 02-D L_5_9 0 C CE- 01. _- . 2 5 _ .-- _ ._ . _ . _ _ _ . _ ._ . . . --

-- __ .

-;- .-____-.__ ___ _. . ._

> _____________ _ . .
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TABLE 3.1-2

CEFLASil-4B LOFT L1-2 INSTRUttENT-N0DE CORRESPONDENCES

(ABSOLUTE PRESSURE)

ureraent CEFLASH-4B Figure
or Description Node flo. No.

.L-1 Broken locp cold leg at drag disc 24 3.1 - 3
turbine transducer (DTT) flange

:L 2 Broken loop hot leg at DDT flange 30 3.1-4

iL-3 Broken loop hot leg piping 29 3.1 - 5

:L-4 Broken loop cold leg in 5" diameter (24)* 3.1-3
piping (break plane throat)

;L-6 Broken loop at steam generator 27 3.1-6
simulator inlet

:S-lFF Core simulator instrument stalk 7 3-6 of topical

'C-1 Intact loop cold leg at DTT flange 21 3.1-7

'C-2 Intact toop hot leg at DTT flange 14 3.1-8

JC-3A Intact loop cold leg at steam 18 3.1-9
generator outlet DTT flange

IST-lFF RPV downcomer inst ument stalk 35 3-5 of topical

21.6" above RV bottom (25 from
broken cold leg nozzle)

IST-3FF RFV downtomer instrument stalk 53 3-4 of topical
212" above RV bottom (25 from
broken cold leg nozzle)

'2ST-lFF RPV downcomer instrument stalk 32 3.1-10
21.6" above RV bottam (25 from
intact cold leg nozzle)

2ST-3FF RPV douncomer instrur:ent stalk 50 3.1-!!

212" above RV bottom (25" from
intact cold leg nozzle)

.

Iriat area not modeled discretely. Next nearest neighbor is node c,.

_

3.1-15
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TABLE 3.1-3 -

~

CEFLASH-4B LOFT L1-2 l'1STP'2if flT-!!0DE CORRESPt'!!DE|lCES
--

(01FFFRE!111AL PRESSURE)
-

CEFLASH-4B Figure
t tea s u re:':en t

flodes flo .
Sensor Dg sci pti on __

*I-I
PdE-BL-5 Pressure drop across pump 26, 27 _

simulator

PdE-BL-7 Pressure drop withir. stean 27, 29 3.1-13 -

generator siuulator
--

PdE-PC-1 Pressure drop across intact 18, 21 3.1-14
-

ioop pumps

PdE-PC-2 Pressure drop across intact 15, 17 3.1-15
_

loop stean generator

PdE-CS-1 Pressure drop from core 7, 32 3.1-16
sic:ulator instrument stalk _

to reactor vessel douncomer
-

stalk 2
_

L
_

"
-

M

"
-

-

:-

r
-
-

_

r

_

E

:
_

_

f

,
-

6-
, _

b

_

E
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Figure 3.1-3

CEFLASH-4B PREDICTION OF LOFT L1-2 PRESSURE

SENSOR LOCATION PE-BL-1

(BROKEN LOOP COLD LEG AT DTT FLANGE)
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Figure 3.1-4

CEFLASH-4B PREDICTION OF LOFT L1-2 PRESSURE

SENSOR LOCATION PE-BL-2

(BROKEN LOOP HOT LEG AT DTT FLANGE)

2400 i i i i

.

2100 - -

1800 - NODE 30 -

:$
0
g 1500 - -

5
0
EE

1200 - -

900 - -

_

600 1 I I I

0 0. 8 0.16 0.24 0.32 0.40

TIME, SECONDS

E97 O Y/
3.1-20

___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ . _ . . .



. . _ _ _

_

.

.

Figure 3.1-5

vIF' MH-4B PREDICTIONS OF l.0FT L1-2 PRESSURE

SENSOR LOCATION PE-BL-3

(BROKEN LOOP HOT LEG PIPING)
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Figure 3.1-6

CEFLA S H-4B PREDICTION OF LOFT L1-2 PRES S URE
SENSOR LOCATION PE-BL-6

(BROKEN LOOP AT STEAM GENER ATOR SIMULATOR INLET
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Figure 3.1-7

CEFLASH-4B PREDICTION OF LOFT L1-2 PRESSURE

SENSOR LOCATION PE-PC-1

(INTACT LOOP COLD LEG AT DTT FLANGE)
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Figure 3.1-8

CEFLASH-4B PREDICTION OF LOFT L1-2 FRESSURE

SENSOR LOCATION PE-PC-2

(INTACT LOOP HOT LEG AT DTT FLANGE)
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Figure 3.1-9

CEFLASH-4B PREDICTION 0F LOFT L1-2 PRESSURE

SENSOR LOCATION PE-PC-3A

(INTACT LOOP COLD LEG AT STEAM GENER ATOR OUTLET

DIT FLANGE)
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Figure 3.1-10

CEFLASH-4B PREDICTION OF LOFT L1-2 PRESSURE

SENSOR LOCATION PE-2ST-lFF

(RPV DOWNCOVER INSTRUMENT STALK)
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Figure 3.1-11

CEFLASH-4B PREDICTION 0F LOFT L1-2 PRESSURE

SENSOR LOCATION PE-2ST-3FF

(RPV DOWNCOMER INSTRUNENT STALK)
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Figure 3.1-12
~

CEFLASH-4B PREDICTED LOFT L1-2 PRESSURE DROP

PUMP SIMULATOR AP (P -P26) (PdE-BL-5)27
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Figu re 3.1-13

CEFLASH-4B PREDICTED LOFT L1-2 PRESSURE DROP

WITHIN STEAM GENERATOR SIMULATOR (PdE-BL-7)
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Figure 3.1-14

CEFLASH-4B LOFT L1-2

PREDICTED PRESSURE DROP

ACROSS PUMPS IN THE INTACT LOOP

(PDE - PC - 1)
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Figure 3.1-15

CEFLASH-4B LOFT L1-2

PREDICTED PRESSURE DROP

ACROSS INTACT LOOP STEAM GENERATOR

(PDE - PC - 2)
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Figu re 3.1-16

CEFLASH-4B PREDICTED PRESSURE DROP

FROM CORE SIMULATOR INSTRUMENT STALK

TO REACTOR VESSEL DOWNCOMER STALK NO. 2
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OUESTION 3.2

3.2 The following four systems cover the scale and geometric ranges mentioned
above. At least one additional experimental verification analysis is to
be performed at this time from the following list. An analysis of the

German HDR experiment will be identified at a later date. If Combustion
Engineering believes that another system would be of more value to study
than one of the below mentioned tests, the I!RC will consider that test
as a suitable replacement. For the test analyzed, ' aply nodino diagrams
of the model and a complete CEFLASH-4B listing of the input data through
time step zero.

3.2(a) Containment System Experiments Test B-63 or Test B-75. (See letter
from K. Kniel, NRC, to A. E. Scherer, CE, dated October 6, 1976
for required data comparisons).

3.2(b) Semiscale "od-l test S-02-6 or Test S-02-8. (See letter from
K. Kniel, NRC, to A. E. Scherer, CE, dated October 6, 1976 for
required data comparison).

3.2(c) Semiscale Test 711 (Reference: G. H. Hanson, "Subcooled Blowtown
Forces on Reactor-System Comoonents: Calculational Pethod and Ex-
perimental Confirmation," IN-1354, Idaho Muclear Corporation, June
1970).

3.2(d) Semiscale Test 825 (Reference: D. J. Olson, et. al., "Semiscale
Blowdown and Emergency Core Cooling (ECC) Project Test Report --

Tests 324 and 825," IN-1481, Idaho Nuclear Corporation, June
1971).

RESPONSE TO QUESTION 3.2

In response to the above mentioned concern of the NRC , Combustion

Engineering has performed an analysis of the Containment Systems Ex-
periment (CSE) Test B-75(3.2(a)). The input data for the CSE CEFLASH-4B model has

t;een taken from Reference 3.2-1, Results of the analysis demonstrat? reasonable

agreement with experimental data.

con p'

3.2-1
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CEFLASH-40 flodel

The CEFLASH-4B nodal structure of CSE test B-75 used for this study was similar
to that employed in Coeustion Engineering's earlier CSE study (see Reference
3.2-2). The current node-flowpath network is presented in Figure 3.2-1. This
model differs from its predecessor in that a path connecting node 25 to node 5
has been eliminated. The original path was intended to represent a small
amount of flow through the central tube of the core plate. flore recent informatior
(Ref. 3.2-4) suggests this path has been sealed. Comparisons of nodal pressure
predictions obtained with both above mentioned modeling procedures shows the

influence of this change to be negliuible (See Figure 3.2-26).

A simple nodal structure consisting of [
] was chosen to represent the CSE downcomer. flozzles

attached to the pressure vessel were modeled as discrete nodes. All nodes
were considered isothermal at 500 F.

Flowratesoutoftherupturednozzlewerecalculatedusingthe( Jcriti
- 1

flow correlation with a( jdischarge coefficient. The break opening process was
a ssumed to be linear with a 0.5 millisecond opening time. The total break
opening area was given in reference 3.2-1 to be 0.146 ft ,2

Details of the CSE CEFLASH-4B model are presented in the CEFLASH-4B input

description (Table 3.2-1) and the CFFLASH-4B zero time edit (Table 3.2-2).

Presentation of Results

Results of the CEFLASH-4B study are presented in Figures 3.2-3 to 3.2-25. A

CSE instrumentation layout is shown in Figure 3.2-2. A sunmary of all the
plotted output is presented in Table 3.2-3. As requested by the f1RC above and in
Reference 3.2-3 the following CEFLASH-4B predictions are presented:

a) All fast response transducer locations listed in Table B-1 of Reference
3.2-1. These plots are contained in Figures 3.2-3 through 3.2-14.
When possible, data is superimposed on the CEFLASH-4B prediction. An
extra figure, pressure difference at nozzle elevation (flDP), has also
been included in this category (Fiqure 3.2-15).

CG~' %iz
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b) Defined calculated differential pressures 1 through 4 of Reference 3.2-3. These
plots are presented in figures 3.2-16 to 3.2-18.

c) Pressures calculated for each set of poirts used to obtain the differ-
ential pressures reouested in a and b above. This information is contained
in Figures 3.2-3 to 3.2-8 and 3.2-19 to 3.2-24.

d) Calculated break flow and pressure at the break location. The [ 3 cal-
culated break flow is presented in Figure 3.2-25. The pressure . the
break location is given by the pressure in ' lode 10 (Figure 3.2-3).

DISCUSSI0fl 0F RESULTS

The CSE tests were perforned at Battelle, florthwest in 1970. The facility

employed then state-of-the-art fast response pressure instrumentation. The
facility has been inoperative for several years and the original staff has been
dispersed. This has resulted in difficulties in developing the CSE nodel and in-
terpreting the data, tionetheless, the CEFLASH-4B analysis predicts the general
trend of the CSE pressure transient. A discussion of the data comparisons is
presented in the following paragraphs.

.

The CEFLASH-4B absolute pressure predictions within the vessel generally
indicate a more rapid depressurization in the later portion of the blowdown

- (>.015 seconds) than is experimentally observed (see Figures 3.2-7 to 3.2-10). This

may be a consequence of two salient features of the CEFLASli-4B analysis and/or the
CSE experimental procedure. For the analysis these features are the use of a[ ] dis-
chargecoefficientinconjunctionwiththe[ ] critical flow model to predict
the CSE fluid outflow, and the neglect of fluid structure interaction phenomena.
Both of these assumptions have similar consequences on predicted pressures.

Use of the standard CE critical flow nodel to calculate the CSE vessel fluid dis-
charge overpredicts the fluid discharge, and hence produces an excessive pressure
decay causing saturation pressures to be predicted ~ 10 nsec earlier than measured.
Another recent analysis of CSE test B-75, used a 0.40 discharge coefficient (see
Reference 3.2-5). ,p;, I 4,

9 ') j u

3.2-3
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CEFLASH-4B inherently assumes (see Reference 3.2-6) that the CSE vessel walls are

rigid. As a consequence, any physical relief from the depressurization, occurrin
as a result of flexure of the CSE core support barrel, cannot be predicted. This
is particularly true in the very early blowdown period when large pressure differ
ences are induced across the 0.75 inch thick * CSE core support barrel walls. Thi

problem has been previously noted by BNWL in their early subcooled blowdown analy

(reference 3.2-1). Consequently, CEFLASH-4B predictions would again be observed
to indicate a more rapid decay than the experiment.

These factors, as well as instrument and recording errors associated with these
early (1970) fast response pressure measurenents accounts for discrepancies betwe-
CSE pressure data and corresponding CEFLASH-4B predictions. In general, the CEFL.
nodel predictions are seen to be in reasonable agreement with the CSE data.

CSE pressure vessel pressure drop comparisons are presented in Figures 3.2-11 to
3.2-15. It can be seen fron these conparisons that the more rapid fall in pressu
results in correspondingly higher predicted component pressure drops. For exampl

at the break location the peak radial pressure drop across the core barrel is
predicted to be ~405 greater than measured. Similar effects are noted across the
core support plate (see Figure 3.2-11).

In order to calculate the required break nozzle pressures (P-04 and P-10), the
CSE blowdown line was segmented into 4 nodes (Nodes 1, 4,10 and 17). Figure 3.2
shows that, at the node innediately adjacent to the discharge orifice (Node 10),
a disagreenent exists between the pressure sensor P-10 neasurement and its CEFLAS:
4B prediction, Sinilar differences have been noted by BNUL and were attributed t-

calibration errors associated with the P-10 sensor (see Reference 3.2-1).

After the fluid reaches saturation (approxinately 20-25 msec after rupture),
sone numerical difficulties arise in snall break node segnents. This appears
most dranatically as a series of spikes in the predicted node 4 pressure (see
Figure 3.2-4). The spikes are transmitted to adjacent nodes with nuch reduced ma-

tude. For example, in the downconer annulus node attached to the blowdown leg the
spikes are diminished to -25 psi pressure bumps (see Figure 3.2-21). These

spikes have not been noted in any previous CEFLASH-4B analyses and are considered

to be a consequence of instantr.neous "overpacking" of node 4. Since the problen

*This is to be compared with the LOFT core support barrel which has a 1.5 inch wall

thickness (for roughly the sane barrel dianeter) and which is further strengthenec
internal filler ceramics - flow skirt ausembly. This systen was analyzed by CE
in Reference 3.2- 6 and did not exhibit significant fluid structure interaction.

3.2-4 c ij , O/j
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occurs late in the transient (af ter the subcooled blowdown has subsided) it is
not considered important in establishing the ability of CEFLASH-4B to predict Pl!R
blowdown loads. Furthermore, the use of small nodes within the broken nozzle is not
a standard CE procedure. This methodology has been applied only to CSE, specifically
to predict the requested pressures P-04 and P-10 which are located within the dis-
charge nozzle.

Conclusion

A CEFLASH-4B model has been used to predict pressures and flow rates occuring
during a CSE vessel decompression. The results show the CEFLASH-4P nodel
to be in reasonable agreement with data. General trends indicate that,
when compared to CSE B-75 measurements, CEFLASH-4B pressure predictions are

f ound to f all faster and produce higher component pressure drops.
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TABLE 3.2-1
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TABLE 3.2-1

CSE TEST B-75 CEFLASH-4B MODEL

I"''UT "SC" P'I ~
.-

~ ~ ~ ' ' ' ~ - ~ ~
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~-
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~ ~ ~ - ~ ~
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CSE TEST B-75

SEtiSOR DESCRIPTION / SE|iS0R CEFLA5H-48 FIGURE COMPARED

LOCATION IDENTIFICATI0:1 i0DE/liODES_ NUMBER WITH DATA

1. Exit Orifice P-10 10 3.2-3 Yes

2. Exit Pipe P-04 04 3.2-4 Yes

3. Nozzle R P-01 07 3 . 2- 5 Yes

4. Core Near Nozzle A P-20 11 3.2-6 NA*

5. Core Oppasite Nozzle A P-21 16 3.2-7 Yes

6. Center of Core P-22 25 3 . 2-8 Yes

7. Radial urobe Outer P-13 13 3.2-9 Yes

8. Radial Probe Inner P-14 14 3.2-10 Yes

9. Dif ferential Pressure Across CPDP- 2 25/19 3 .2-11 Yesw
L Core Plate
b 10. Differential Pressure Across CPDP-4 25/19 3.2-11 Yes

Core i' late

11. Diftereatial Pressure Across CBDP-1 11/25 3.2-12 Yes

Core B2 rrel (lower core near
break)

12 Differential Pressure Across CBDP-2 07/03 3.2-13 Yes

Core Barrel (break elevation:
900 from break)

13. Differential Pressure Across CBDP-3 08/03 3.2-14 Yes

Core Barrel (break elevation:
1800 froa break)

s' 14. Differential Pressure Across NDP 02/03 3.2-15 Yes

Core Barrel (break location)x

15. Differential Pressure Around - 02/08 3.2-16 NA

c Core Barrel at the Break Nozzle
1C Elevation (between break
O location and 18Co from break)

*NA-:fot Applicable (No Data Available)

-- - _ - - _ - - _ _ _ . - . - _ _ . . .-
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TTBLE 3.2-3 (CONT'D)

CEFLASH-4B PLOT SU:O'ARY

SENSOR DESCRIPTION / SENSOR CEFLASH-4E FIGURE COMPARED

LOCATION IDENTIFICATION NODE / NODES NUMBER WITH DATn,

16. Differential Pressure Across - 11/16 3.2-17 ?!A

Core Barrel at H Nozzle
Elevation (location directly

below the break and 1800
from the break)

17. Di fferential Pressure Across - 11/16 3.2-17 NA

Core Barrel at the Core Plate
Elevation (location directly

below the break nozzle and
1800 from the break)

18. Differential Pressure Across - 14/23 3.2-18 NA

1- the Core Structure (lower
plenum at nozzle S elevation
and instrunentation ring)

19. Pressure in the Instrument - 23 3.2 19 NA

ring

20. Pressure Below Core Plate - 19 3.2-20 ?!A

02 3 .2-21 ?.' A

21. Pressure in Downcomer Annulus -

(near break nozzle)
22. Pressure in Downcomer Annulus - 08 3.2-22 NA

7,

Ci at Broken Nozzle Elevation
J' 1800 From Break

23. Pressure in Core Region - 26 3.2-23 *:A

C7 '' 24. Pressure in Upper Guide - 03 3.2-24 E4

27 Structure Region
.

Path 38 3.2-25 NA
25. Break Flow Rate -

16 3.2-26 NA
26. Conparison of CEFLASH-4B

CSE Models

__
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Figure 3.2-1
CEFLASH-4BMODEL FOR CSE TEST S-75 N
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FIGURE 3.2-3

CUPARIS0W 0F CEFt1GHB PREDICTI0ilS
111 111

DATA FIU1 CSE lEST 11-75
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- CEFLASlHB (KCE 10)
--- IMTA

1200.0

'

1000.0

tiODE10
(

800.0 "

,

,v,a \ 'r
-

600.0

'
ct
CL '

I

'400.0
I

' SEiEOR P-10

'' / ,',s .
^#| n

''u 'i
, ,\

,
,,,,

200.0 ;,,, , f 'i,
'

i

si

8 8 h 8 8
"

8 a s 8 3
. . . . .

TIME (SEC) ~ ' ' ' L"-

3.2-21



. . . . _ _ _ _ _ _ _ . - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

FIGUPE 3.2-4

COIPNtIS0il 0F CEFLIGHB FEDICTI0ils
WITil
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FIGUTE 3.2-5

C0iPAR!S0il UF CEFLASlH1B PREDICTI0fS
WITll

IATA FR0il CSE TEST B-75

PRESSUfE lil N0ZZif R (SDSOR P-01)
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FIGUPE 3.2-6

CEFlASMB PPEDICT10t1

CSE lEST Pr75

PRESSURE IN ID41CUER AT COPE ELEVATION TEAR f0Z71E A

(SENSURP-20)
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- CEFlASMB (IDDE H)

1200.0

|
'1000.0 -

I! ODE 11-

5 800.0 /

Lil _ - a ___

D

] 600.0
L1J

&
Q_

400.0

200.0

|

0.0 o a o o o

S S Sa
R R R R R
o

TIME SEC

3.2-24 c, q 7 i,3 .) ;;

_ _ _ _ _ _ _ _ _ _ _ _ . . . . .



FIGUPE 3.2-7

C0fl'ARISUil 0F CD LIGF4B PfEICTIO:S
Willi

DTTA FIU1 CSE TEST D-75
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FIGUE 3,2-8

C0iPARISal 0F CEFlKlHB PREDICTIONS
WIE

D1TA FP0:1 CSE TEST B-75

PRESSUfE AT CORE CBilER (SDEUR P-22)
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FIGUPE 3,2-9

01 PARIS 0il 0F CEFLAS!MB PPEDICTIOiS

WIBl
.

InTA FnDil CSE TEST B-75
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FIGUIE 3.2-10
,

COTARIS0!10F CEFLASlHB PPEICTIONS

111 111 -

IRTA Fful CSE lEST B-75
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Figu re 3.2-11

COMPARISON OF CP LASil-4B PREDICTIONS WITH DATA
FROM CSE TEST B-75

CORE PLATE PRESSURE DROP

(SENSORS CPDP-2/CPDP-4)
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FIGU!E 3.2-12

CUPARISul 0F CEFLASlHlB PREDICTI0i!S
1/1111
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FIGUIE 5.2-13
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FIGUPE 3.2-1ti
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FIGUPE 3.2-17
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FIGuit 3,2-18
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FIElPE 3.2-19
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FIGUPE 3 ?-20
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FIGUIE 3.2-21
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FIGU E 3.2-22
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Fig u re 3. 2-25
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FIGURE 3.2-26
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