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1 Introduction

1.1  Background -
Current U.S. Nuclear Regulatory Commission (NRC) pohcy provrdes gurdance to nuclear reactor
licensees about what types of calculations need to be performed and what calculational methods
can be used to demonstrate the adequacy of their containment systems designs. A number of
computer codes were developed in the time period 1960-1980 that embodied the NRC guidelines
for Desrgn Basis Accrdents (DBAsS). These codes, such as CONTEMPT-LT/028 (NUREG/CR-
0255) and COMPARE (LA-NUREG 6488-MS) have been the pnncrpal calculauonal tools used
by the NRC in revrewmg license applications related to contarnment systems -Because licensing
of néw plants came t0 a standstill after that perlod ‘these codes, as well as NRC guidelines, have
not been modified or updated significantly since “then.

In the meantrme however the NRC’s research program following the TMI-2 accrdent has
produced an abundance of technical information and screntlﬁc understandmg ‘about reactor ’
accidents, applicable both to severe accrdents and DBAs. Computer srmulatlon codes are an
important product of this research program, and in the containment area, the CONTAIN code [1]
has been developed by Sandia National Laboratories for the NRC for studying c¢onditions inside
the containment building during and after postulated reactor accidents. It incorporates the best
current understanding of all relevant phenomena, and has the most extensxve val1dat10n basrs of
any code in its class

CONTAIN can be used to model all types of domestic contajnments:

. the various pressurized water reactor (PWR) containments, including large dry, ice
condenser and sub-atmospheric designs;

. the standard borhng water reactor (BWR) pressure suppression systems  including Mark
: I 11, and III configurations;

. . t B " >¥
. the annular region of dual containment systems; and,

) R -~

. advanced reactor designs (CONTAIN was used in NRC’s re(rié’\iv of the AP600).

The purpose of this document isto prov1de gurdance on ‘the use of CONTAIN to model the '
varioiis PWR containments for performing DBA audit calculations. Specrﬁcally, CONTAIN can
be used for pressure and temperature analysxs of short-term transients to evaluate a) conservatrve

.....

transients can be analyzed to determine a) depressurlzatlon time,'b) safety equlpment
environments and c) the performance of engineering safety features (sprays and fan coolers) and
other pressure control systems like ice condensers.
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Included in this report are targeted comparisons with sample plant analysis cases and other
analysis procedures to demonstrate the adequacy of the CONTAIN code to achieve its intended
objectives. This qualification component is to demonstrate and establish a degree of
“equivalency” with the existing licensing framework, e.g., as specified in the NRC Standard
Review Plan. Thus, the calculated results tend to be bounding in nature or biased in a
conservative manner.

It should be noted that, to the extent practrcable CONTAIN is a comprehenswe containment
analysis code which has been developed using a physics- based modellng approach consistent -
within a lumped parameter framework. Accordingly, user-defined parameters play a lesser role
than with the older codes. However, the code does permit the user to perform sensitivity studies
of containment response predictions using appropriate input parameters.

The CONTAIN code has been extenswely assessed against a broad range of experimental
programs. Therefore, CONTAIN can ‘be used to pursue “best estimate” containment response
predictions. However, that aspect is beyond the scope of this report. A report entitled “User
Guidance on the CONTAIN Code for Advanced Light Water Reactors,” SAND96-0947, isa
good illustration of a “best-estimate plus uncertainty” containment analysis applied to the AP600
design.

Besrdes the underlying regulatory related gurdelmes which dictate the licensing based
assumptions, the CONTAIN 2.0 Code Manual (NUREG/CR-6533) is the key reference
document that is used and extensively cited in this effort. Another document that provides
additional insight to form the basis of selected recommended parameters is entitled, “An
Assessment of CONTAIN, 2.0: A Focus on Containment Thermal-Hydraulics (Including
Hydrogen Distributions).”

Chapters 2, 3, and 4 of this report will cover, respectively, the large dry, sub-atmospheric, and ice
condenser PWR containments. And Chapter 5 will address aspects related to secondary
containment functional analysis. Each chapter will review the relevant phenomenology for DBA
analysis and provide guidance on using CONTAIN. This guidance is intended to show how to
prepare input decks that will produce CONTAIN calculations with an equivalent degree of
conservatism to traditional approaches to DBA audit calculations. However, the experienced
analyst will notice some differences between the CONTAIN treatments and traditional
approaches. These differences derive primarily from the more consistent and more complete
treatment of the apphcable physics in CONTAIN, e.g., in the determination of condensation heat
transfer to containment walls.

The appendlces of this report provrde a basic supporting foundation for Chapters 2, 3,4 and 5.
The specific support provided by the appendices is as follows:

! This CONTAIN assessment report will be referred to in the following text with the
short-hand notation, CAR.

| w—
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. Detailed comparisons of the CONTAIN and traditional PWR analytical approaches are
provided in Appendices A and B. '

. Detailed input-deck examples of the applications of CONTAIN for short-term analysis of
a large dry containment is provided in Appendix C.

e Adetailed 1nput “deck example of a long-term analysis for a sub -atmospheric containment
is provrded in Appendix D.

. Detailed 1nput examples of the application of ¢ CONTAIN for ice ‘condenser PWR short
and long-term analyses are provided in Appendlx E. This Appendlx also includes a
demonstration secondary containment analysrs usmg a generic 1ce condenser desrgn

. ) Formulas for comparlng heat transfer coefﬁments for codes CONTEMPT and CONTAIN

' are presented in Appendix F.

. Methods for determining rate dependent values for CONTAIN output usmg ‘the post- ~
processmg code POSTCON are discussed in Appendix G. h

. Finally, Appendix H presents detailed results of CONTAIN calculations for DBA type ice
condenser tests performed by Westinghouse during the early and mid 1970's. However,
this Appendix has been removed from this report because it contamed vendor proprietary
information.

CONTAIN can be used for all containment types and for several different 'scenarios (e.g., both

) short term and long-term events), without the need to perform supplemental calculations that

" were found to be requrred in previous approaches The result is a more consistent and defensible
calculational method, with increased confidence in the results because of the thoroughness of the
vahdatlon base of CONTAH\I On the other hand, this dependence on CONTAIN means that itis
1mportant that the analyst understand how the various elements of the’ 1nput deck corntrol the
calculational assumptions. Thus one important purpose of the discussions i in Chapters 2-5 is to
provide clear and understandable instructions on how to use CONTAIN for conservative DBA
analysis. It should be noted that broader studies’ involving “best- -estimate plus uncertamty ’
approaches would requrre the analyst to depend ‘much more heavily on the CONTA]N 2. 0 Code
Manual.

12 Key Results and Accident Phases

Generally, a containment functional design evaluation includes calculations of the key
containment loads, i.e., pressure and temperature effects, associated with a postulated large
rupture of the primary or secondary coolant system prpmg “The focus ‘of this report is to provxde
adequate gurdance in performmg contamment pressure and temperature transient response
calculatlons in order to obtain hmmng conditions for auditing the licensing basis of the various
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PWR containment systerns. Other key values obtained from these types of analysis are peak
pressure differentials, such as occurring between the lower and upper compartments in an ice
condenser plant.

The qualitative nature of event sequence progression in PWR large dry and sub-atmospheric
DBAs is similar for each of the containment types. A number of short-term events may be
pamtloned into phases, dependent on the blowdown characteristics and the actuation of various
engineering safety features (sprays and fan coolers). Shown in Table 1-1 is the sequence of
events for two accident types in a large dry PWR. For loss-of-coolant accidents (LOCAs), a two-
phase steam/water injection in the lower containment region raprdly pressurizes the containment
within 20-30 seconds. Following this initial pressurization a less severe injection of nearly pure
steam continues the pressurization event while the engineering safety features are activated.
These safety features retard the rate of pressurization somewhat until the steam injection rate is
reduced to a level where a short-term pressure maximum is reached usually within five minutes.
In the case of secondary coolant system ruptures, such as main steam line breaks (MSLBs), steam
is injected into the containment in a continuous, but declining rates. As with the LOCAs, safety
features are activated durmg the m]ectlon which typically last less than aminute. The
containment phases for the short-term analyses may be divided into a rapid and slow
pressurization phase.. The maximum containment loads occur during the slow pressurization
phase.

In addition to a licensing requirement to establish maximum containment loads, there are other
limiting conditions that involve a) the calculation of time to depressurize, as in the case of sub-
atmospheric containments or b) minimum back pressure calculations to assess the limiting
condition for ECCS operatron In the case of a sub-atmospheric containment, the licensee must
show that a sub- atmosphenc condition is reached within one hour after the accident. A sequence
of events for a sub-atmospheric containment analysis is described in Table 1-2. Minimum back
pressure analysis is a special case of the LOCA scenario (presented in Table 1-1) where
assumptions are made to maximize containment atmospheric energy removal (passive and active)
in order to calculate the minimum containment pressure that could occur during core reflood.

For the PWR pressure- suppressron containments, a LOCA sequence of events may be described
as shown in Table 1-3., This table shows the accident phases for both the short and long-term’
scenarios. Each scenario is characterized by a period of rapid pressurization. In the short-term
scenario the pressurization is due to the blowdown injection; whereas, in the long-term scenario
the pressurization is the result of the loss of pressure control when ice melt-out occurs.

1.3  Key Phenomena

Listed in Table 1-4 are key phenomena to be modeled to predict pressure and temperature
responses in PWR containments. The phenomena are differentiated accordmg to the
containment accident phase ‘Both short and long-term accident scenarios are considered,
covering a broad range of accident types. Accident phases where key results are to be determined
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have been noted. The selection of phenomena is based mainly on Phenomena Identification and
Ranking Tables (PlRTs) developed for DBAs and presented in the CAR for large dry
containments, and in Appendrx H for ice condenser contalnments Key phenomena include those
phenomena ranked either medium to high, or high. Fora complete’ descnptlon of phenomenon
definitions and ranking the reader is referred to these two reference documents

14  Code Qualification

This report addresses qualification of the CONTAIN code for DBA application in two ways: 1)

by equrvalency to traditional analysis and 2) by confirmed conservatism derived from validated

code exercises. First, the code is shown to provide “equrvalency” to traditional codes, such as
CONTEMPT or to other vendor codes that have been reviewed by the NRC in prevrous hcensmg
applrcatrons (Westinghouse’ s TMD and LOTIC code, for example) as documented in‘various
Final Safety Analy51s Reports (FSARS). Establrshment of a criterion for' equrvalency is based
on the agreement ‘between CONTAIN and these traditional analyses where bottom 11ne
comparisons are stressed, i.e., for pressures and temperatures A quantltatwe measure of
equivalency has been set for key result comparisons; an “equrvalent band” for results is within
+/- 5% variation, e.g., calculated differences in pressure gauge. This 5% value represents a
relatively negligible deviation for calculated comparisons. For example, in the case of maximum
pressure increases for a short-term LOCA analysis, where CONTEMPT calculations represent
the traditional results, the equivalent band is shown in Figure 1-1. Therefore, when we say that

‘the CONTAIN results are “equrvalent” to some other code result, it means that the CONTAIN

results are wrthm 5% of those results. In'the followmg chapters, such an equivalency in terms of

_key results is mvestrgated noting what typés of mput are required to obtam this equlvalency

]

In Chapter 2, large dry containment pressure and temperature results for the short-term scenarios
are presented for a CONTAIN analysis, and compared to similar CONTEMPT calculations.
Appendix A mrght be consulted for detailed model comparrsons “for these codes. Addrtronally,
the appendix presents some relevant comparlsons of each code to expenmental data for both -
mtegral (CVTR non-spray and spray tests) and separate effects tests (JAERI spray tests and
Phebus FPTO steam condensation test). Chapter 3 presents a sub atmospherlc ana]ysrs fora -
long-term scenario where a return to sub-atmospheric pressure 1s calculated “For this example
application, the CONTAIN code results are compared to results grven in the North Anna FSAR.
Chapter 4 addresses both short and long—term contamment pressure response followrng aLOCA
in the Watts Bar i ice condenser plant. Comparisons for the accident scenarros are between
CONTAIN and TMD codes (short-term), and CONTAIN and LOTIC codes (long -term).’
Addrtronally, for the i 1ce condenser application Appendlx B is included, grvmg ice condenser '
modehng compansons for the CONTAIN, COMPARE, and TMD codes.

Secondly, the qualification process addresses whether key phenomena lrsted in Table 1-4, are
appropnately modeled in the CONTAIN code to provrde reasonably conservatrve results,
independent o of any other code comparrsons To demonstrate 'this aspect of the qualification, '
CONTAIN comparrsons 10 an experimental database are ‘cited and drscussed in each chapter for
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key phenomena modeling. In this regard, extensive reference i is made to CONTAIN code
assessments documented in “An Assessment of CONTAIN 2. 0: A Focus on Containment
Thermal- Hydrauhcs (Includmg Hydrogen Distributions),” and for ice condenser plants, in
Appendix H, “CONTAIN Code Validation for Ice Condenser Plants: Waltz Mill Full-Scale,
Short and Long-term Tests.”

1.5 Code Guidance

Each of the following chapters presents a demonstration calculation for a specific containment
type and accident scenario(s). The preparation of the input decks is discussed in the chapters and
the commented input hstmgs are included as appendlces Recommendations are made in each
chapter to guide the user in selecting parameters that ‘enable * equlvalency and/or conservative
predictions of key results. Furthermore, by using any of these modehng or parametric
recommendations, user dxrected code sensitivities can be pursued in an efficient manner. [The
discussion of the demonstratlon calculations (including some sensmvrty results) is mainly for
guidance in input preparatlon and are not intended to be used as an analysis of specific
containment acmdent events.]-

1.6 Limitations

Because this report rehes heavily on comparisons with traditional methods of analyses, there are

some inherent limitations that such an approach imposes on the scope of the CONTAIN analyses.

The main limitations imposed concerns nodalization and the effects of atmospheric stratification
on both pressure and temperature results. In traditional DBA llcensmg applications that involves
maximum or minimum pressure analyses single compartment analyses are performed. Asa
result, the geometric descnptlons of most containments found in FSARs are for single
compartment analyses. And results are presented using single compartment codes like
CONTEMPT, used for large dry containment analysis. In the case of pressure suppression
containments (BWR or PWR i ice condensers), multiple node analyses are performed but the
nodalization i$ quite coarse, where a smgle compartment represents an entire region (wetwell or
drywell for a BWR; lower compartment, ice condenser, or upper compartment for a PWR ice
condenser). In many cases, the smgle compartment analyses, where it is assumed that the
containment is characterized by a uniformly mixed volume, has been shown to be conservative
for maximum pressure estimates based on comparisons of multrple and single compartment
CONTA]N analyses of various scaled and configured containment experiments. For LOCAs
where the break location i is atalow elevation and the containment is relatively open, the degree
of stratification is minimal and a single compartment analysis is appropriate even for long -term
scenarios, as in the case of sub-atmospheric containments. Additionally, most containments are
designed with spray pressure suppression systems that create a high level of turbulence when
actlvated shortly after a pipe rupture. These sprays systems induce mixing currents within large
open regions of the containment so that an assumption of a uniform atmosphere in the
containment is reasonably accurate.” Yet, in some cases we can anticipate transitory degrees of
stratification, as in the case of an elevated secondary system break. However, within the context
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of DBAs, these stratifications are also rapidly diminished by spray induced turbulence. In this
report we limit our discussion of secondary system breaks to short-term scenarios where we are
interested in pressure maximums; in these cases we believe the single cell results are
conservative, based on numerous assessment studies.

Comparisons for maximum temperature profiles must be understood to represent the average
maximum temperature inside containment. During short-term applications we have noted in our
comparison studies of containment experiments that short-term average maximums are typically
good approximations to locaJ maximum temperatures.

Therefore, single compartment analyses are appropnate for limiting studies during DBAs where
global results such as pressure maximums or minimums are concerned. Such analyses are less
appropriate when assessments of local temperatures are requrred although in the short-term,
average maximum temperature calculated with single cell models typically bound local
maximums. For a more complete discussion of the types of analyses and validations performed
for containments where nodalization is important, the reader is referred to References 2 and 3.
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Table 1-1 Short-term accident phases for a large dry PWR containment
Time Reactor Accident Containment Source Safety Comment
period . Phase Accident Phase Features :
(approx.) ' =
LOCA: )
0-25 sec. RCS Rapid pressurization | High pressure two- | None* Flashing two-phase water
depressurization phase RCS water expansion, emphasis on
atmospheric thermodynamic
processes
25-300 sec. | Corereflood/ post- | Slow pressurization | ECCS/RCS water | Sprays and | Heat an& mass transfers at spray
reflood or depressurizatioin | and/or steam Fancoolers | drop and surface boundarys
¥
MSLB:
0-15 sec. Secondary system Rapid pressurization | High pressure None Single phase gas expansion,
depressurization steam emphasis on atmospheric
thermodynamic processes
15-60 sec. Slow pressurization Sprays and | Heat and mass transfers at spray
** Fancoolers | drop and surface boundarys

* Large variability in the safety feature initiation, but activation is usually begun after the RCS depressurization period.

** Maximum containment loads (pressure and temperature) or minimum back pressure occurs during this phase.
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Table'1-2 Long-term accident phases for a sub-atmospheric PWR containment

Time Reactor Accident "Containment Source Safety Comment
period Phase Accident Phase Features y
(approx.)
LOCA:
0-25sec. | RCS Rapid pressurization - | High pressure None Flashing two-phase water
depressurization ' two-phase RCS expansion, emphasis on
‘ c ‘ water atmospheric thermodynamic
. . 0 processes ‘
25-60 sec. | Core reflood / Slow pressurization | ECCS/RCS Heat and mass transfers surface
post-reflood or depressurization | water and/or boundarys
- : | steam
1-3min. Depressurization * Quench Heat and mass transfer at spray
b sprays drop and surface boundarys
3- 3600 E Recirculation
min Sprays

* Period when sub-atmospheric pressure is re-established.
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Table 1-3 Accident phases for a PWR ice condenser containments.

Time Reactor Accident Containment Source Safety Comment
period Phase Accident Phase Features
(approx.)
Short-term: -
0-3 sec. RCS Rapid pressurization { High pressure Ice condenser | Flashing two-phase water
Depressurization in lower two-phase RCS expansion, emphasis on
compartment * «| water atmospheric thermodynamic
- : - ; processes and steam condensation
3-10 sec. Upper compartment
pressurization **
Long-Term: ‘
30-600 Core reflood / Depressurization ECCS/RCS Ice condenser | Heat and mass transfer in
sec. post-reflood water and/or condenser and on other
steam containment surfaces
600 - 4000 Pressure control Ice condenser | Circulation of containment
sec. and fans air/steam through ice condenser,
condensation of steam in ice
condenser
4000 - Rapid pressurization Ice melt-out | Loss of pressure-suppression
4500 sec. bk ) : control - - -
4500 sec. - Slow Sprays Heat and mass transfer at spray
depressurization drop and surface boundarys
* Maximum short-term pressure and pressure differential

bk Maximum short-term upper compartment pressure
***  Maximum long-term containment pressure
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Table 1-4 Key phenomena for determining pressure and temperature response in PWR containments

Containment type

Containment Accident Phase

Phenomena

Large dry
(short-term scenario)

Rapid pressurization

Multi-component gas compression; two-phase liquid expansion
(LOCA), single-phase steam expansion (MSLB)

Slow pressurization *

Free convective condensation on surfaces; structure heat conduction;
spray droplet heat and mass transfer

Sub-atmospheric
(long-term scenario)

Rapid pressurization

Multi-component gas compression; two-phase liquid expansion

Slow pressurization

Free convective condensation on surfaces; structure heat conduction

Depressurization *

Free convective condensation on surfaces; structure heat conduction;
spray droplet heat and mass transfer; fancooler heat and mass transfer

Ice Condenser Rapid pressurization * Multi-component gas compression; two-phase liquid expansion;
(short-term) entrainment/de-entrainment of blowdown water; liquid water carry
over; forced convective condensation on ice film; ice film heat transfer
Ice Condenser Depressurization Forced convective condensation on ice film; ice film heat transfer
(long-term)
Pressure control

Rapid pressurization *

ice melt-out; multi-component gas compression; spray droplet heat and
mass transfer

Slow depressurization

free convective condensation on surfaces; spray droplet heat and mass
transfer

* Accident phase where key results are determined




2 Large Dry Containment Analysis

In this section we 'discuss quahﬁcatlon and methods that can be used to model the DBA'response
of PWR large dry containments with CONTAIN [1]. Frgure 2-1 deprcts a typrcal large dry
containment, showmg the large and relatively open containment space within the reactor
burldmg The open space above the operation deck, surroundmg the steam generators represents
approxrmately 80% of the free volume within® the bulldmg Because of the relative openness of
the containment design, DBA audit reviews have’ ‘usually been performed using a single
compartment model for the contalnment building. More detailed nodalizations of containments
have been réserved for sub- -compartment analyses, Wthh are addressed in a separate report.
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Figure 2-1 Typical large dry containment showing the openness of
the large free volume above the lower compartments.
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For the large dry containments, two types of short-term accidént types are discussed and
calculated in this section: (1) The LOCA scenario for demonstrating an evaluation of pressure
and temperature durmg a two-phase water blowdown from the reactor prlmary cooling system,
and (2) The MSLB scenario for demonstratmg a similar evaluation for a single-phase water
blowdown from the reactor secondary cooling system. These two types of accidents, discussed in
Sections 2.1 and 2. 2 mclude the actuation of engmeermg safety features, sprays and fan coolers,
to mitigate the pressure and temperature increases during the slow pressurization phase of the
accident. In the demonstratlon calculatlons for each accident type, the free volume and passive
heat sinks are identical.! The' analyses performed for these scenario$ represent two types of
assessments: (1) maximum containment loads analysis for each accident type; and, (2) a
minimum back pressure analysis for a LOCA scenario. The discussion is structured according to
the accident type. :

2.1  LOCA Short-term Accident Analysis

In Section 2.1.1, we describe a LOCA short-term scenario, and in Section 2.1.2 we discuss the
qualification of CONTAIN for predicting maximum containment loads, and in Section 2.1.3 we
discuss qualification for performing minimum back pressure evaluations. Within the discussion
section on maximum and minimum loads analysis, we present the recommended modeling and
input preparations needed to ensure that CONTAIN will predict conservative results, and that
predictions will be equlvalent to traditional containment analyses using the NRC’s containment
analysis code, CONTEMPT. Detailed model comparisons between CONTAIN and
CONTEMPT are given in Appendix A. CONTAIN and CONTEMPT inputs for demonstration
calculations are listed in Appendix C.

2.1.1 LOCA Short-term Scenario

The LOCA scenario, summanzed in, Table 1-1, is initiated with a large break (typically, double-
ended) rupture in either the cold or hot leg primary system coolant pipe attached to the reactor
pressure vessel. A break in the prlmary coolant pipe is attended by a rapid depressurization of
the reactor pressure vessel. The blowdown of the pressure vessel will release two-phase water at
high pressure into the comamment "High pressure liquid water will flash and subsequently
condense in the atmosphere as liquid droplets that qurckly deposrt on the containment building
floor. Hot, expanding steam will rapidly pressurize the containment building, and a portion of
the hot steam will condénse on colder containment structures. The rapid pressurization phase of
the accident, which usually lasts 20-30 seconds, is responsible for most of the pressure and
temperature rises that occur in the containment during a LOCA event. Because the process is so
rapid, the pressurization is nearly adiabatic with the pressure and temperature increases limited
through the accommodation of the blowdown steam in the large containment free volume.

! For demonstration purposes we used geometric modeling data based on the San Onofre
large dry containment, as documented in a CONTEMPT input deck (see Appendix C).
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Shortly after the rapid pressurrzanon phase, a reflooding of tlie reactor vessel occurs as the
emergency coo]rng system is activated. Accumulator water is injected and the coolant water is
heated and steamrng occurs: steam at a reduced rate (compared to the blowdown) is injected into
the contamment _The addition of the reﬂood steam source to the containment continues the
pressurization process.

A signal to activate the engineering safety features, containment sprays and fan coolers, is
initiated by the  pressure increase in the containment. Tlmes for initiation may range from a few
seconds to ‘tens of seconds. The safety features actively remove energy from the containment
atmosphere by condensmg out steam on spray droplets and on the condensing coils of the fan
coolers. Additionally, during this extended slow pressurlzatron period, large amounts of steam
are condensing on relatively cold structures throughout the containment burldmg 'The removal
of steam by condensation is a major contributing process, controllmg the pressure and
temperature maximums (or minimums in the case of a minimum pressure ana]ysrs) reached
durmg the acc1dent event. Shown in Table 1-4 are'the key ‘containment phenomena that occur in
a LOCA type event. We focus our attentron in these areas where modeling recommendatrons and
input preparauon guidelines are developed i

212 Maxirnum Contairment Loads Analysis
2.1.2.1 Qualification

Shown in Figures 2-2 and 2-3 are the pressure and temperature responses calculated with :
CONTAIN and compared to results using the CONTEMPT code. “Tabulated pressure and
temperature maxrmums during the accident phases are given in Table 2- 1 These results show
that when the recommendations for short-term LOCA modeling and 1nput preparatron as
drscussed below are followed. The results will not only be consistent with tradrtlonal analysis
methods, but even slightly more conservative with respect to a srmrlar CONTEMPT code
calculatlon ie., near the upper equrvalency band. The sensrtrvrty calculatrons shown in Figures
2-4 and 2-5 demonstrate that the key phenomena assocrated with a maximum pressure and
temperature analysis is, for the slow pressurization phase heat and mass transfer to passive 'heat
sinks and the spray system pressure and temperature suppresswn Qualrﬁcatron of the
CONTAIN code specrﬁcally for these phenomena are lrsted in Table 2 2, which grves a-
summary ‘of key pomts concerning the qualrﬁcatron of CONTAIN for maximum contamment
load analyses

Equrvalency with respect to heat transfer during the rapid pressunzatron phase i$ an area that
needs further discussion. In tradrtronal contarnment analysis methods [4-7], it is common to -
specrfy an empirical correlation, i.e., the Tagamr correlation to estimate steam ‘condensation on
structures during the rapid pressurization period when forced convective condensation is
occurring. However, in a LOCA event, the rapid pressurization is of such short duration, forced
convective condensatron durmg this phase of the accident is relatively msrgmﬁcant toa

) predrctron ‘of contarnment pressure and temperature shown in Figures 2-4 and 2-5." As noted in
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Appendix A, the Tagarm correlation is a non-scalable correlation, that must be regarded as a
“best-estimate” model restricted to forced convectrve condensation in small-scale test facilities.
Because the forced convective condensatron phenomenon is relatively” ummportant during the
rapid pressurization phase, we quahﬁed the CONTAIN code with a free convective condensation
model.

We extend the use of free convective condensation modeling into the slow pressurization phase,
realizing that this phase of an accident is characterlzed by natural circulation convection
processes, and the free convective model is equrvalent to the Uchida correlation used in the
CONTEMPT calculation during this phase of the accident. Some added conservatism is
interjected into the CONTAIN heat and mass transfer modeling, compared to the CONTEMPT
model, by accountmg for 11qu1d film thermal resistance on the surface of passive heat sinks.

In the CONTAIN code, condensation phenomena, whether occurrmg on structure surfaces, spray
droplet surfaces or fan cooler coils is determined using a heat and mass transfer analogy (HMT)
methodology where steam diffuses through an air/steam boundary layer next to the condensing
interface. This method for treating steam condensation in the presence of a noncondensible gas
has been well documented and validated in the open literature [8, 9] and through CONTAIN
code assessment [CAR], and other CONTAIN validations [10, 11].” For the prediction of short-
term maximum pressure and temperature occurring during both the rapid and slow pressurization
periods, the conservative nature of the calculation is assured though the use of a free convective
algorithm that establishes the analogy between heat and mass transfer at a structure surface, and
by assuming immediate and uniform mixing of steam and gases throughout the containment
volume. With a smgle compartment model, the highest average air concentration and the largest
resistance affectmg steam transported to a liquid film interface is approx1mated The
conservatism of the CONTAIN code, as applied here for DBA type scenarios, has been verified
through integral testmg in the HDR and CVTR test facxhtres [CAR] where measured pressure
and temperature during DBA two-phase injections have been compared to code results. The
assessment of the HMT analogy method itself has been established in separate effects test
analyses, and in large scale containment tests [CAR].

During the slow pressurrzatlon phase in addition to the large removal of steam from
condensation on structures, spray pressure suppression can also be 1mportant as shown in
Figures 2-4 and 2-5. In fact, one of main conservative aspects of the maximum containment
loads analysis involves the assumption that only one train of spray systems is operable during the
accident. For the spray processes, the CONTAIN code has been validated through separate
effects (JAERI spray tests) and’ mtegral effects tests (CVTR spray tests) [CAR]. The test
comparisons show that the code’s spray modeling accurately predicts pressure suppression by
spray sources in a containment atmosphere.

In the case of the fan coolers, which represent a less important phenomenon for maximum load
analysis, there have been no valrdatron tests of fan cooler modeling for pressure suppression. ‘In
this modeling area, it has been sufficient to indicate by model comparison that the CONTAIN fan
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cooler model results are equivalent to the energy removal rates calculated by the CONTEMPT
code.

All of the results shown in Figures 2-2 and 2 3 came from a smgle CONTAIN calculation. The
input deck for this calculation is provided in Appendix C along with the'set up inputs used for
the CONTAIN fan cooler calibration (discussed in Section 2.1.2.3).

2.1.2.2 Modeling Recommendations for Maximum Containment Loads Analyses

As discussed in Chapter 1, there are only a few phenomena that affect key results for the large
dry short-term scenarios. Shown in Table 2.3 are modelmg recommendations for those
phenomena, consistent with the code’ quahﬁcatron criteria established here. In the following
section on input preparatron these recommendatlons are drscussed in terms of specific
CONTAIN input.

We note that in the case of the fan cooler modeling, a user has the option in CONTAIN for
choosmg one of two models, the MARCH fan cooler or the mechanistic fan cooler model. We
have chosen the mechanistic fan cooler option, because the model uses a method for treating
energy and mass balances that is similar to the one implemented in the CONTEMPT model
where condensed vapor mass is removed from the containment atmosphere.” The MARCH fan
cooler option on the other hand, while reproducing the energy removal rate with very good
accuracy, does not remove condensed vapor mass from the atmosphere and therefore is not
considered an equivalent model. ' ‘ '

i -

Phenomena that have a very small effect on pressure and temperature maximums are condensate
film'heat transfer and atmosphere to pool heat and iass transfer.” For instance, a reduction of
film thickness from the default (0.0005 meter) by a factor of 100 decreases the maximum over-
pressure by less than ~ 1%, and the maximum temperature is decreased by less than ~ 1 degree.
The presence or absence of atmosphere to pool heat and mass transfer has an even less effect on
pressure and temperature. In modeling these phenomena, we chose to recommend the
parameters affecting energy transfers that produce the more conservative pressure and
temperature estimates, and these are reflected in the demonstration calculation.

In the case of spray modeling, we chose to use a spray droplet size that is consistent with
measured distribution of droplets released from containment spray nozzles. Over—pressure
maximums are relatively insensitive to spray drop]et size; that is, a small increase in droplet size
from 0.0005 meter in diameter to 0.0007 meter makes less than a 1% dlfference (mcrease) in the
predicted over-pressure. Temperature maximums are slightly affected by small changes in spray
modeling; for instance, an increase in spray droplet size, as noted, results ina ~ 3 degree increase
in the maximum temperature. For consistency with the CONTEMPT spray modeling however,
which assumes 100% spray efficiency, we chose the smaller spray droplet size (0.0005 meter) for
the demonstration calculation that is still representative of a measured spray droplet distribution.



2.1.2.3 Input Preparation for Maximum Containment Loads Analyses

In this section we discuss the preparation of CONTAIN input for a large dry containment LOCA
scenario for the demonstranon plant. > Input preparatxon for this short-term scenario follows the
general modeling recommendations discussed above to obtain a qualified CONTAIN calculation.
These recommendations are linked to specific input parameters in Table 2-4. The LOCA
demonstration problem in Appendix C may be consulted for detailed examples of
implementation of the recommended modeling approach and input preparation. Some additional
information regarding structural modeling and fan cooler input preparation are given below.

Structures. Shown in Table 2-5 are the structure data, and formatted in a form derived from the
CONTEMPT input deck. The table shows the various thicknesses of the composite layers that
comprise each structure type. Some structures are painted, and the thickness of the paint layer is
also shown. Adapting this data to the CONTAIN structural input requires some pre-processing.
First, paint thlcknesses must be converted to paint resistance for input to CONTAIN using the
“hpaint” parameter.’ Secondly, the structure node thickness for the substrate material must be
estimated for the structure nodahzatlon scheme. We determine the node sizing for the structure
by selecting a surface node thickness and adding additional nodes by following the general rule
that adjacent nodes be kept to a thickness that is not more than a factor of two greater than the
preceding node.

For determining the surface node thickness adjacent to the atmosphere we use a conservative
criterion, where the surface node thickness is a fraction of the thermal diffusion length, 5. Table
2-6 lists some of the diffusion lengths for various time scales of interest. In the demonstration
calculation we chose a time scale of intérest of ~ 0.1 sécond, where the surface temperature
changes by less than one degree. A reasonable surface node thicknesses for containment
structures, based on this time scale of interest is:

. Ax, < 0.001 meters, for steel;
N Ax, < 0.001 meters, for stainless steel; and,
. Ax, < 0.0002 meters, for concrete.

Since the coupling of structure heat conduction and atmospheric energy transfers to structures is
explicit in the CONTAIN code, care must be taken to prevent surface node oscillations as a result
of global time steps that are too large. For short-term calculations where the time steps are
usually fractions of a second, temperature oscillations are generally not a concern, as shown in
Table 2-7 .

’ 2 The specification for the demonstration plant is based on CONTEMPT input for San
Onofre 2/3. Note that this plant was arbitrarily selected and is used for demonstration purposes
only; actual plant related details may not be adequately reflected.

3 hpaint = k/x, where k is thermal conductivity and x is paint thickness.
2-6
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Fan cooler. Shown in Figure 2-6 are comparisons of the CONTEMPT fan cooler input
specification compared to CONTAIN fan cooler energy removal rates based on the MARCH and
mechanistic fan cooler modeling options used in CONTAIN. We have generated the CONTAIN
curves using separate calculations for steady state fan cooler operation as a funcuon of saturation
temperature. These set up calculations are also listed in Appendix C. We note that the fan cooler
temperature range during operation is between ~ 405 and 415 K. This range is best represented,
in the case of the mechamstlc fan coo]er by the CONTAIN default fan cooler settings.

Table 2-1 Maximum pressure and temperatures for a short- term LOCA scenario in a large dry
containment. ’
Accident Phase ) Maximum Pressure, bar | Maxinmium Temperature, K
CONTEMPT CONTAIN ~ |- CONTEMPT ‘| . CONTAIN
Rapid - 4.12 . 423 405 . 1406
Pressurization
Slow 5.07 . 517 415 ? - 417
Pressurization
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Table 2-2 Summary of the CONTAIN qualification for short-term LOCA application

Accident Modeling Area | CONTEMPT CONTAIN Comments Reference
Phase -
Rapid geometric Single cell Single cell - For short-term piessurization phases, single cell [CAR®, p. 4-52, 4-
pressurization | nodalization nodalizations are shown to give conservative 80,4-109]
) estimates of containment loads
free volume fixed free volume | free volume Displacement of free volume air by pool water isa | N/A
reduce by water physical reality. Including displacement -
pool volume. represents a slight conservatism with respect to the
' CONTEMPT model, !
two-phase water temperature flash | temperature flash | Thermal equilibrium, homogencous mixing of [CAR, p. 4-52, 4-
injection modeling, with modeling, with injection mass with containment atmosphere is 53)
dropout of dropout of cquivalent to the CONTEMPT temperature flash
condensed liquid | condensed liquid | model. The thermal equilibrium assumption is
water water conservative, Dropout of condensed water during a
two-phase injection is conservative, based on
integral test comparisons.
heat and mass Tagami correlation | free convective Tagami correlation is a non-scalable attempt to See Appendix A
transfer to passive condensation by | account for forced convective condensation during | for discussion on’
heat sinks HMT analogy rapid steam injections. Free convective Tagami ~
' condensation by the HMT analogy has been shown | correlation;
to be a conservative method for estimating energy | conservatism of -
transfers during blowdown periods. free convective
’ condensation
t [CAR, p. 4-51, p.
4-73, p. 4-109}
heat and mass not modeled not modeled Excluding heat and mass transfer to the pool is an See Appendix A
transfer to pool equivalent choice, and conservative
surface

* CAR is the CONTAIN Assessment Report which is a short-hand designation for a NRC informal rcpon ~“An Assessment of CONTAIN 2.0: A Focus on

Containment Thermal Hydraulics (Including Hydrogen Distributions),” March 1999,
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Table 2-2 Summary of the CONTAIN qualification for short-term LOCA application (continued)

atmosphere

Accident Modeling Area | CONTEMPT CONTAIN Comments Reference
Phase
Slow ™ heat afid mass Uchida correlation | free convective Both Uchida and the HMT analogy model are | See Appendix A
pressurization transfer to passive condensation by | methods for treating free convective
heat sinks HMT analogy condensation. The two methods are nearly
o : ' . - T i equivalent for single cell models.
heat and mass not modeled not modeled Excluding heat and mass transfer to the pool is
transfer to pool i '| equivalent to the CONTEMPT model input
surface 3 and conservative, . - .
. spray pressure 100% spray_ - condensationon | Both models give similar results as verified
suppression efficiency model spray droplet through separate effects test comparisons
. using HMT
o analogy method
fan cooler pressure | tabular input: mechanistic fan Both models are equivalent (within 10%) in
suppression temperature verses | cooler model terms of total energy and vapor mass removal
total energy using the HMT rates within the operating range of fan coolers
removed; analogy method during accidents
- condensed vapor - .
removed from
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Table 2.3 General modeling recommendations for a CONTAIN qualified short-term LOCA calculation in a large dry containment.

Phenomena

; ‘ M(;deling Recommendation

Multi’»component gas compression

Nodalize the containment as a single compartment

Two-phase liquid expansion -

*| Use a temperature flash method for liquid expansion, dropout unflashed liquid from

atmosphere

Convective condensation

Usea ﬁéé'convecﬁvc heat transfer correlation for the HMT modeling

Structure heat transfer

Account for liquid film and paint resistance for surfaces; include any steel-liner-to-
concrete air gaps at constant, full width

Spray droplet heat and mass transfer

Use a mass mean spray droplet size for the injected spray droplet diameter

Fan cooler heat and mass transfer

i

Use mechanistic fan cooler model, calibrated to the operation environment during
accident '
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Table 2-4 Input guidance for modeling a short-term LOCA calculation in a large dry containment. .

Input Section/Block Parameter(s) Comment -

Global: , ! ‘

Nodalization neells=1 Single cell nodalization for cqui\}alency and conécfvzl\tism

Material pfohenies - user defined praperties density, thermal conductivity, and specific heat capaclty for air, stainless steel, steel, and

; concrete are set for equivalency

Timesteps ~0.01 seconds set to give accurate results for the time scale of interest (fractions of second)

Flow DROPOUT dropout condensed liquid water in atmosphere for equivalency and conservatism

Upper Cell: -

Geometry - gasvol - free volume“equivalency _

Atmosphere initial condmons ‘| ATMOS block; SOURCE pressure, and temperature equivalencyk(sammted conditions for conservatism);

and sources . block external source for temperature flash equivalency

ESF (sprays) SPRAY block input spray droplet diameter set to mass mean diameter of spray nozzle distribution, mlcaséd at
full height: spdiam = 0.0005 meters; sphite = 50 meters

ESF (fan coolers) FANCOOL block input Use keyword CONDENSE for mechanistic fan cooler model; set time to activate using

' SOURCE option with coolant mass = 123.1 kg/s and temperature = 300 K.

Structures STRUC block input fully implicit algorithm (default); free convection (default); maximum liquid film
thickness (default); paint resistence set for equivalency; no thermal radiation; air gaps of
constant thickness; initial condition for cqulvalency, surfacc node thlckness as fractlon of

| diffusion length (sec text )

Lower Cell: ‘ , :

Low-cell . HT-TRAN onononoffoff | All condensed water drc;pped from atmospheré, spray removal, and condensate overflow

from structures are diverted to pool (equivalency); pool-to-atmosphere heat and mass
transfer set to ~ zero (equivalency); free volume displacement by pool water mass.
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Table 2-5 Passive heat sinks used for the large dry PWR containment demonstration calculation (see CONTEMPT input deck,

Appendix C).
Struc# description area, m2 material* compound rt. boundary, m thickness,m bpaint(W/m2-K)
1 dome&cylinder 7399.48 1 - ’ 229¢-04 2.29¢-04 743.6
2’ fe2 6.58¢-03° 6.35¢-03
5 air 7.11¢-03 5.30¢-04 )
) 3 conc2 1.60c-01 1.52¢-01
k] conc2 1.29¢+00 1.13¢+00
2 basmats 1341.88 1 - 238e-04 2.38¢-04 7150
- 3 conc2 1.53¢-01 1.52¢-01
3 conc2 3.26e+00 3.13e+00
3 rc wall below 158t 147.71 1 — 585¢-04 5.85¢-04 290.5
3 conc2 1.53¢-01 . 1.52¢-01
3 conc2 1.22¢+00 1.07¢+00
4 misc rc walls 432.92 1 — 5.85¢-04 5.85¢-04 2905
3 conc2 1.53¢-01 1.52¢-01
3 conc2 1.22¢+00 1.07¢+00
5 lined refucling canal §54.70 4 ss2 4.76e-0~3 4.76¢-03
5 air 4.77¢-03 1.07¢-05
3 conc2 1.52¢-01 1.48¢-01
6 interior cone. 3899.67 1 - 5.85¢-04 5.85¢-04 2905
3 conc2 1.53¢-01 1.52¢-01
3 conc2 5 24¢-01 3.71e-01




[

€1-T

[~ [ { [ [ I [ ) [
i
. N S : :
Table 2.5 Passive heat sinks used for the large dry PWR contaiﬁment demonstraiion ca]culaiion'. (éon't.)‘.
Struc # description t | area,m2 material® compound rt;bou'.ndary,m thickness, - hpaint(W/m2-K)
7 gfloor slabs 2159 05 1 - 427¢-05 4.27¢-05 39838
2 fe2 1.63¢-03 159603 .
5 air 2.16¢-03 | 5.30¢04
3 conc2 1.55¢-01 1.52¢-01
3 conc2 4.59¢-01 30501
8 lifting devices 5322.00 1 - 3.81¢-04 | 3.81e04 4462
2 fe2 1.31c-02 1.27¢-02
9 misc. steel, t>2.5in 4794’ 1 - 1.52¢-04 “| 1.52¢-04 11s5; -
' 2 . fe2 9.47¢-02 9.46¢-02 -
10 misc. stee] 1<1<2.5 809.92 ! — 1.92¢-04 * |+ 1.92¢-04 8853
2 fe2 5 30¢-02 5.29¢-02
1 misc steel 0.5<t<1 601013 1 — 205¢-04 2.05¢-04 827.5
2 fe2 1.18¢-02 1.16e-02
12 misc. steel t<0 5 9189.24 1 - 1.85¢-04 1.85¢-04 9204
2 fe2 391e-03 | 3me03 (
13 clectrical equip 349721 2 . fe2 1.65¢-03 1.65¢-03
14 misc. s 2234.11 4 ss2 5.32¢:03 5.32¢-03
15 wall stiffeners 147.81 1 - 229¢-04 2.29¢-04 7436
2 fe2 2,03¢-01 . | 20301
s 5 air 5.30e-04

204601

.. R

¢ CONTEMPT material designation, material #1 represents paint




Table 2-6. Material dif%usibn Iéngths for various time constants.
Material time sf:ale, At
0.001 - [0.01 0.1 11 10 100
paint 227¢-05 |7.18¢-05 |2.27e-04 [7.18¢-04 |227e:03 |[7.18¢-03
steel 2.196-04 | 6.91e-04 2.19¢-03 | 6.91e-03 2.19e-02 6.91e-02
stainless 1.38¢-04’ 4.37¢-04 1.38e-03 4.37¢-03 1.38e-02 4.37e-02
steel o , ,
concrete | 5.25¢-05 [ 1.66e-04 |5.25¢-04 |1.66e-03 |5.25¢-03 | 1.66e-02
Table 2-7. Maximum cell time-step to prevent surface temperature oscillations.
‘ | : Atoscitianon

Material ‘| Compound

. h=1500 W/m*-K | h=800 h=400
paint - 0.10 0.36 1.45
steel .| fe2 69.64 244 .81 979.26
stainless steel . [’ss2 27.85 97.92 391.69
concrete conc2 1.24 4.35 17.41
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61 Maximum Pressure Analysis

Pressure, bar

«=-sse=  OONTAIN Dero

0 100 200 300
Time, seconds -

Figure 2-2 CONTAIN pressure calculation for a demonstration of a maximum
pressure analysis for a short-term LOCA scenario in a large dry .
containment. Equivalency bands of +/- 5% are based on a CONTEMPT
demonstration calculation.
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Figure 2-3

CONTAIN atmospheric temperature calculation for a demonstration of a
maximum temperature analysis for a short-term LOCA scenario in a large
dry containment. Equivalency bands of +/- 5% are based on a CONTEMPT
demonstration calculation.
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Figure 2-4 CONTAIN sensitivity_éalculétions for the maximum pressure during a
short-term LOCA scenario in a large dry containment.
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Figure 2-5 CONTAIN sensitivity calculations for the maximum atmospheric

temperature during a short-term LOCA scenario in a large dry containment.
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50.0

40.0 ®  CONTBVPT Fancooler 74
. — CONTAIN March Fancooler ',’/'
= | " fancooler (default) g '7‘/
S g0F | CC fancooler, fcw in=20 7
s — — fancooler, fctcli=313 R4
g .
o
g 20.0
@
c
uJ -
10.0-
0.0 operating range ——=>
320 340 360 380 400 420
Temperature, K
Figure 2-6 _ Calibration of the CONTAIN MARCH and mechanistic fan cooler models

to the CONTEMPT fan cooler performance data. Parameters fcwin and
fctcli relate to the volumetric air/steam flow through the cooler and the
coolant water inlet temperature respectively. The MARCH fan coole{r
input parameters are given in the input set up for the CONTAIN fan
cooler calibration decks, listed in Appendix C.
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2.1.3 Minimum Containment Pressure Analysis

Following a LOCA in a PWR plant, the emergency core cooling system (ECCS) will supply
water to the reactor vessel to reflood the vessel and cool the reactor core. For PWR plants,
reflooding is dependent on the containment pressure. Core reflood increases as the containment
pressure increases. Therefore, a minimum containment pressure analysis is warranted in order to
assess the minimum ECCS performance for reactor core cooling.

Performing the minimum containment pressure analysis is a direct counterpart to the maximum
containment loads analy51s discussed in the previous sub- section. In this case, however,
assumptions are made that would result in a minimum pressure prediction. A number of these
assumptions are discussed in  the SRP for “Minimum Containment Pressure Analysis for
Emergency Core Cooling System Performance Capability Studies.” The assumptions of
significant importance are:

1) Initial conditions for pressure, temperature, and humidity are selected to provide
minimum pressure under operating conditions; additionally, initial temperatures of
passive heat sinks are assumed to be at the low point of the range for containment
temperatures.

2) All engineered safety features (sprays and fan coolers) are assumed to be in operation,
and functioning at maximum allowed capacity.

3) Heat and mass transfers to passive heat sinks are maximized to account for forced
~ convection during the rapxd pressurization phase of the short-term scenario.

The first two requirements are readily met through simple modifications to a code’s input for
initial conditions and operatlon parameters for the engineered safety features. The last
requirement however needs further discussion.

For the rapid and slow pressurization/depressurization phase in a containment accident,
traditional minimum pressure analysis recommends that:

1) during the vessel depressurization phase, i.e., blowdown period, we should assume a
linear increase in the condensing transfer coefficient from h,,,, = 45 Watts/m*-K to a peak
value four times the Tagami correlation at the end of the reactor depressurization period;

2) during the slow pressurization/depressurization phase in a containment accident,
characterized by low turbulence in the containment atmosphere, we should assume a
condensing transfer coefficient that is 20% greater than what would be predicted using
the Uchida heat transfer coefficient data; and,

4 Standard Review Plan, NUREG-0800, Rev. 2, July 1981 — Branch Technical Position
CSB 6-1, “Minimum Containment Pressure Model for PWR ECCS Performance Evaluation.”
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3) during the transition phase between the end of the vessel depressurization phase and
reflood and long-term post-blowdown period, a reasonably conservative exponential
transition in the condensing transfer coefficient should be assumed.

Another assumption often used for minimum pressure analysis involves the elimination of any

resistance to energy transfer between adjoining materials in passive heat smks i.e., no air gaps or

interface re51stance should be modeled.

In the following sub-sections, we have adopted the intent of these assumptions into a CONTAIN
calculation for minimum pressure analysis, and show that the CONTAIN results are equivalent to
traditional methods by comparing to CONTEMPT code results.

2.1.3.1 Qualiﬁéation

Shown in Flgure 2-7 is the CONTAIN results for a minimum contamment pressure predlctlon in
relation to an equivalency band calculated with the CONTEMPT code. The CONTEMPT
calculation demonstrates the effect of the key assumptions recommended above for minimum
pressure analy51s.

We note that the validation of CONTAIN for performing minimum pressure analysis rests )
mainly on the realization that the conservative assumptions regarding ESFs can be incorporated
into the calculation through appropriate input, i.e., through spray and fan cooler input parameters
that allow these components to operate a maximum capacity. The most 1mportant ESF . ’
component for this analysis is the containment spray system, as shown in Figure 2- 8. In the case
of the spray system, we have validated spray modeling in both separate effects and mtegral test
studies. In Appendix A, we have compared CONTAIN and CONTEMPT spray pressure .
suppression calculations with data. In those comparisons, we have concluded that while the

- CONTAIN results are in very good agreement with measured pressure responses the
CONTEMPT model tends to reduce pressure more rapldly than the data 1nd1cates HoWever our
interest in the conservative modeling of sprays, as noted in the SRP, is in relation o assumptlons
regarding maximum allowed capacity, as opposed to conservative modeling of spray phenomena.
Therefore, a validated model for spray pressure suppression is acceptable for minimum pressure

‘ analyses. :

The re]atlve 1mportance - of heat transfer to passwe heat sinks is also shown in Flgure 2-8. We
used the forced convective modeling in CONTAIN to bound the heat transfer coefﬁcxent as |
implemented in CONTEMPT for our qualification analysis. For the CONTAIN demonstratlon
calculation, we assumed a forced velocity profile as shown in Flgure 2-9 for each heat smk The
bounding aspect of this calculation is indicated in a comparison plot of coefficients, Fxgure 2-10,
where CONTAIN coefficients are compared with the coefficients calculated in CONTEMPT
usmg the Tagaml correlation with a multxple factor of four, as suggested in the SRP for minimum
pressure ‘analyses. To present a common basis for comparisons, we have derived for each code
the heat transfer coefficients from a total energy transfer equation,
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h=———— 2-1
l A(Tgas - 7;)

where @ is the total energy transfer to a structure surface having an area A, Ty 18 the
atmosphere gas temperature, and 7, is the surface temperature\és would be measured

experimentally.® In the heat transfer coefficient plot, the depression of the CONTEMPT
coefficients (based on a 4 X Tagami correlation) is an outcome of the high degree of
superheating that occurs for this calculation during the early rapid pressurization, Figure 2-11,
and the method by which condensation heat transfer is modeled in CONTEMPT under /
superheated conditions, i.e., when Ty > Ty, Toas = Tsar » where T, is the saturation temperature

of the atmosphere. Figure 2-10 shows that the CONTAIN coefficients provide a substantial
margin of conservatism compared to the CONTEMPT coefficients during the rapid
pressurization phase of the containment accident. However, from the pressure plot, we see that
this degree of conservatism translates into a very small pressure effect. In fact, even if a free
convective correlation is used in CONTAIN (neglecting the forced convective effects during the
rapid pressurization phase), the increase in pressure is well within the equivalency band
established for this scenario type, as shown in Figure 2-12.

Because the injection process is of key importance to the estimation of peak pressure at the end
of the RCS depressurization phase, the minimum pressure analysis implicitly includes
assumptions regarding ghe‘ injection source and method of modeling the partitioning of that
source injection.® Shown in Figure 2-13 is the injection source used for the minimum pressure
LOCA analysis. This source differs from the previous injection source used in the maximum
containment load analysis mainly in that the reflood water source is a lower quality two-phase
fluid, which is conservative for the migimum pressure analysis during the reflood phase. What is
important to a conservative estimate for minimum pressure analysis is therefore the method used
to model low quality injections during both the rapid and slow depressurization accident phases.

Shown in Figure 2-14 are the pressurization profiles for two common treatments of two-phase
injections into containments. These treatments, referred to as temperature and pressure flash, are
discussed in Appendix A in some detail. We simply note here that the pressure flash model
which expands a two-phase fluid to a constant containment pressure, putting unflashed liquid
into the containment sump directly, is the most conservative modeling option for a minimum
pre'ssu'r’e analysis. The pressure prediction in Figure 2-7 for CONTAIN includes the
CONTEMPT equivalency band that has been determined using a pressure flash model.

S T, is the temperature at the surface of the painte,d‘substrate. It is not the temperature
of the paint surface.

¢ See Appendix K of the CONTEMPT-LT/028 code manual [6].
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Presented in Table 2-8 is a summary of some of the main ites that address how the CONTAIN
code is qualified for minimum pressure analysis application.

2.1.3.2 Modeling Recommendations for Minimum Pressufe Anaiysis

Shown in Table 2-9 are the modeling recommendations for performing minimum pressure
analyses.

2.1.3.3 Input Preparation for Minimum Pressure Analysis
Table 2-10 gives a summary of the input preparation for a minimum pressure analysis. We inject

the two-phase steam into the containment using the SRVSOR input block to implement a
pressure flash expansion method. Input preparation for the ESFs is according to what input

* reproduces spray and fan cooler maximum cooling capacity. The passive heat transfer input is

prepared to meet or exceed the conservatism represented by the recommendations (short and long
term) for heat transfer coefficients described in the SRP for minimum pressure analysis. Some
guidance regardmg ESF and passive heat sink input are discussed below.

ESF. In the case of the spray system, the maximum capacuy is specified through the max1mum
spray water injection rate with the lowest spray water temperature allowed by design
specification. For the fan coolers, the user must adjust the mechanistic fan cooler effective area
across one row of tubes, fcefar, to provide a reasonable match to the maximum capacity coohng
rate.” Some iteration may be required to meet these specifications. We have noted that the fan
cooler capacity during the short-term scenario is relatively constant at ~ 250 MW removed by
vapor'‘condensation. In the CONTAIN plot file, we output the fan cooler capacity as “qfan”

usmg the POSTCON mput

340 && timestep . ‘

type=stepsize vector=dt endcurve

engname=~fan type=envmssor vector=fenv endcurve

mix

vector gfan = fenv/dt

We adjust the “fcefar” parameter to converge on the maximum cooling capacity specification,
noting that the containment temperature range during fan cooler operation is approximately 10 to

15 degrees. The fan cooler capacity is set to agree with the cooler specifications within this
range.
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Passive Heat Transfer. In the demonstration calculation, we assumed a forced velocity profile to
bound the heat transfer coefficients calculated with the CONTEMPT code, by applying the
following methods:

1) During the rapid pressurization phase, we apply a forced convective profile as shown in
Figure 2-9. Depending on the time to depressurize the reactor vessel, the length of the
velocity plateau will be extended or shorten, accordingly. We use a maximum velocity of
5 m/s.

2) During the slow pressurization/depressurization phase, we allow the forced convective
velocity to go to zero (over a 5 second period) so that free convective condensation
dominates the late time passive heat removal process. A heat and mass transfer
coefficient multiplier of 1.2 is applied using the “hmxmul” input parameter to satisfy,the
SRP recommendation for an increased natural convection condensation of 20% for
periods after the rapid pressurization phase.

Alternatively, we may select a forced velocity profile that simply bounds a multiple of the

Tagami coefficient during the rapid pressurization phase, as suggested in the SRP. In this case,

we apply a forced convective profile as shown in Figure 2-15, where the ramp up occurs during

the rapid pressurization phase, and the ramp down is over a 5 second span following this phase.

Depending on the time to depressurize the reactor vessel, the length of the ramp up period will be

extended or shorten, accordingly. We use a maximum velocity of 15 m/s and check that the

calculated coefficients bound, for example, four times the Tagami coefficient (assumed
saturation conditions). Shown in Figure 2-16 are comparisons of heat transfer coefficients for
the demonstration case with a 5 m/s plateau profile and the ramp profile along with the

recommended four times the Tagami coefficient, corrected for a paint layering. (See Appendix F

for the formulas that convert empirical correlations to coefficients defined on the basis of Eq. 2-

1.) The CONTAIN pressure profile using this alternative guideline for structure heat and mass

transfer input preparation is plotted in Figure 2-17. We note that the CONTAIN results using the

ramped velocity profile, as with simpler velocity plateau, remains within the equivalency band
based on the CONTEMPT demonstration calculation.
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Table 2-8 Summary of the CONTAIN qualification for short-term LOCA application for minimum pressure analysis.

Accident Modeling Area | CONTEMPT CONTAIN Comments Reference
Phase - -
Rapid , geometric single cell single cell equivalent to other traditional analyses. N/A
pressurization nodalization
free volume fixed free volume free volume displacement of free volume air by pool is N/A
! ' reduced by water | reality. '
pool volume ‘
two-phase water pressure flash pressure flash conservative model for two-phase water [Appendix K of
injection modeling modeling injections o CONTEMPT/LT
; } Manual, Ref. 6]
heat and mass 4 X Tagami forced convective | CONTAIN forced convective model used to See Appendix A
transfer to passive | correlation for rapid | condensation by | bound 4 X Tagami correlation for discussion on
heat sinks *| pressurization phase | HMT analogy ‘ : Tagami
' t during rapid ~ ' correlation;
pressurization conservatism of
phase free convective
condensation
[CAR, p. 4-51,p.
4-73, p. 4-109]
heat and mass not modeled not modeled Not modeling heat and mass transfer to pool is | See Appendix A
transfer to pool L e equivalent and conservative - v
surface . - - . . .

* CAR is the CONTAIN Assessment Report which is a short-hand designation for a NRC

1

CONTAIN 2.0: A Focus on Containment Thermal Hydraulics (Including Hydrogen Distributions),” March 1999,

informal report — “An Assessment of
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Table 2-8 Summary of the CONTAIN qualification for short-term LOCA application for minimum pressure analysis (continued)

Accident Modeling Area | CONTEMPT CONTAIN Comments Reference
Phase ; v .
Slow heat and mass Uchida correlation | free convective Both Uchida and the HMT analogy modeling | See Appendix A
pressurization transfer to passive condensation by | method for treating free convective
heat sinks HMT analogy condensation. The two methods are nearly
equivalent for single cell models.
heat and mass not modeled not modeled Not modeling heat and mass transfer to pool is
transfer to pool equivalent to CONTEMPT input
surface oo
spray pressure 100% spray condensation on " | Both models give similar trends as verified
suppression efficiency model spray droplet through separate effects test comparisons,
using HMT however, the CONTEMPT results tend to
analogy method show a greater pressure suppression effect than
measured ‘
fan cooler pressure | tabular input: mechanistic fan Both models are shown to be near equivalent
suppression temperature verses ' | cooler model (within 10%) in terms of total energy and
total cnergy using the HMT vapor mass removal rates within the operating
removed; , analogy method range of fan coolers during accidents
condensed vapor '
removed from
atmosphere

T
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Table 2.9 General modelmg recommendations for a qualified CONTAIN short-term LOCA calculatxon used for minimum pressure

analysns

f
o

Phenomena

{

Modeling Recommendation

Multi-component gas compression

Nodalize the containment as a single corﬁbartment

Two-phase liquid expansion

Use a pressure flash method for liquid expans1on dropout unflashed liquid from
atmosphere

Convective condensation Use a forced convective heat transfer correlation for the HMT modeliné dhiing the
rapid pressunzatxon phase, free convective modeling during the slow pressurization
phasé
Minimize liquid film thickness on structure; eliminate air gaps between liner and

‘Structure heat transfer

concrete walls; assume all walls are available for atmosphere-to-structure heat transfer

Spray droplet heat and mass transfer

Usea spray droplet diameter that is less than the spray mass mean diameter, 0.0001 m

Fan cooler heat and mass transfer

Use mechanistic fan cooler model

[
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Table 2-10 Input guidance for modeling a short-term LOCA calculation in a large dry containment for minimum pressure analysis.

Input Section/Block Parameter(s) Comment

Global:

Nodalization ncells = 1 single cell nodalization for equivalency

Material properties user defined properties density, thermal conductivity, and specific heat capacity for air, stainless steel, steel, and
concrete are set for equivalency

Timesteps ~0.01 seconds set to give accurate rcsﬁlts for the time scale of interest &ractions of second)

Flow dropout option dropout coxidt;;scd liq-ui:i \:rater in aﬁ;xt;sp}lere for equivalency

U,phperﬂCell‘: ‘ o T T T

Geometry o gasvol free volume equ‘ivalcncy

Atmosphere initial conditions | ATMOS block; SRV block | pressure and temperature, and humidity equivalency;

and sources pressure flash modeling using SRV source input block

ESF (sprays) SPRAY block input spray ciroplet diameter set to maximize spray:éitrnospheie heat and mas“s“transfer, released
at full height: spdiam = 0.0001 meters; sphite = 50 meters

ESF (fan coolers) FANCOOL block input Use keyword CONDENSE for mechanistic fan cooler model; set time to activate using
SOURCE option with coolant mass = 380 kg/s and temperature = 283 K; fcepar to set for

3 3 ) B equivalent fan cooler vapor energy extraction.

Structures STRUC block input fully implicit algorithm (default); forced convection during rapid pressurization phase
using ramp velocity, relax to free convection within 5 seconds; hmxmul=1.2; minimum
liquid film thickness (0.000005m); paint resistance set for equivalency; no thermal
radiation; 1o air gaps; | initial ‘condition for equivalency; surface node thlckness as fraction
of diffusion length; characteristic length of structures set to 1 m.

Lower Cell:

Low-cell HT-TRAN on onon off off | All condensed water dropped from atmosphere, spray removal, and condensate overflow

from structures are diverted to pool; pool-to-atmosphere heat and mass transfer set to ~
none (equivalency); free volume displacement by pool water.




5 Equivalencyband = +/- 5%
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Figure 2-7 CONTAIN pressure pré-divct;on for a minimum preééure analysis, showing
the equivalency with a CONTEMPT code calculation.
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Figure 2-10 Cor;lparison of CCSNTA]N and CONTEMPT: heat transfer coefficients for the
minimum pressure analysis, showing the bounding aspect of the CONTAIN
results obtained by using a forced velocity profile.
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Figure 2-11  Prediction of superheating in the demonstration calculation for minimum
pressure analysis. ‘
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Figure 2-12  Pressure sensitivity to forced and free convective condensation for the
minimum pressure analysis.
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Figure 2-14  Comparison of pressure and temperature flash methods for treating the

expansion of two-phase water injections in the CONTAIN code. The
pressure flash method is activated by using the CONTAIN safety relief
valve source input (SRVSOR), while the temperature flash method is
implemented by using the external atmospheric source input tables
(SOURCE).
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Figure 2-16 Compﬁrikoﬁ of heat transfer coefficients d‘erii@:d from the CONTAIN
code where the forced velocity profiles are used during the rapid
pressurization phase of a containment accident.
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of 1.2 (hmxmul = 1.2) to approximate the SRP recommended
“4 X Tagami” coefficient during the rapid pressurization phase
of a containment accident:
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2.2  MSLB Short-term Accident Analysis

In Section 2.2.1, we describe a MSLB short-term scenario, and in Section 2.2.2, we discuss the
qualification of CONTAIN for predicting maximum containment loads. In Sections 2.2.3 and
2.2.4 are recommended modeling and input preparation needed to ensure that CONTAIN will
predict conservative results equivalent to traditional containment analyses using the NRC’s
containment analysis code, CONTEMPT. Detailed model comparisons between CONTAIN and
CONTEMPT are given in Appendix A. CONTAIN and CONTEMPT input for the MSLB
demonstration calculations presented in this section are listed in Appendix C.

2.2.1 MSLB Short-term Scenario

The MSLB scenario, summarized in Table 1-1, is initiated with a break in the secondary cooling
system, i.e., the main steam line connected to the steam generator. A break in the secondary
cooling system can occur in a region above the operation deck, and therefore is typically at an
elevated location compared to a break associated with the primary system. The blowdown of the
secondary system is limited by the inventory of steam contained within the system. High
pressure steam is released from the break and will rapidly pressurize the containment. The
injection is characterized as single phase superheated steam, with an injection duration of
approximately a minute. As the hot steam expands to pressurlze the containment atmosphere,
some of the steam will condense on colder containment structures. Because the early blowdown
process is so rapid, the pressurization during this phase is nearly adiabatic with the pressure and
temperature rises limited through the accommodation of the blowdown steam in the large
containment free volume.

Following an initial rapid pressure rise, the pressurization process is controlled or suppressed by
energy removed through active and passive methods. The active measures are the engineered
system features; containment sprays and fan coolers that activate upon signals generated during
the rapid pressurization phase. Maximum containment loads are determined, in part, by
assuming a single failure criterion for ESF availability, e.g., one spray train and one fan cooler
pair are available. Passive energy removal is realized by condensation of steam on the
containment walls and miscellaneous steel structures.

2.2.2 Qualification

Shown in Figures 2-18 and 2-19 are the pressure and temperature responses calculated with
CONTAIN and compared to results using the CONTEMPT code. These results show that when
the recommendations for short-term MSLB modeling and input preparation as discussed below
are followed the CONTAIN results will be slightly less conservative than a traditional calculation
approach, just below the equivalency band for temperature. In Figure 2-18, the pressurization is
divided into a rapid and slow pressurization/depressurization phase. Unlike the LOCA
pressurization where the injection discontinuity clearly divides each phase, the MSLB injection is
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continuous and there is no obvious division of phases. We Lave divided the pressurization curve
for the MSLB based on the time at which an adiabatic pressure calculation departs from the
CONTAIN pressurization by more than 5%. In this way we may contrast periods where passive

-and active energy removal models are significant to predicted maximum pressures. -

Unlrke the LOCA demonstration case, the equivalency of the MSLB calculation is margmal The

reasons for this seemly inconsistency between the CONTAIN modeling and traditional methods
are the result of a twofold disparity between code modeling during conditions of high superheat:
3) . The CONTEMPT code uses an empirical correlation (Uchida) based on experiments in
- saturated air/steam atmospheres for determining passive energy removal by heat sinks
* under atmospheric superheated conditions for the demonstration calculation. -In an.
. attempt to adjust the modeling approach to a superheated atmosphere, an ad hoc method
- of using the saturated temperature instead of the gas temperature in the structure energy

transfer equation, Q= hycugaA(T;e - T;) » is implemented. In contrast, the CONTAIN

code uses a physically-based modeling methodology that treats both saturated and
superheated atmospheric conditions'within the mechanistic framework of the modeling

4) The 'CONTEMPT code uses the Uchida empirical correlation for determining the total
B passrve energy removal by heat sinks. This modeling approach must be adjusted by"

" parametric input to parse the ‘total energy transfer between condensation or latent energy

. transfer and sensible heat transfer to structure surfaces. Ina hrghly superheated

‘ atmosphere the ratio of sensible to condensation’ energy transfer can srgmﬁcantly affect

‘ atmospherlc temperatures while having a relatively minor affect on pressures. CONTAIN

on the other hand explicitly models condensation and sensible energy transfers to
.structures using a physically-based modelmg methodology that has been validated in
separate effects testing.

In the CONTAIN code assessment report [CAR], the code is applied and assessed for a separate
effects test, Phebus FPTO, where free convection condensation occurs in a superheated air/steam
atmospheric environment. The assessment has shown the validity of the CONTAIN
condensation modelmg approach during superheated conditions. In’ Appendrx A, the CONTAIN
and CONTEMPT codes are compared for this same separate effects test.” The comparisons,
obtained using CONTEMPT in modeling approach similar to that used in the MSLB scenario
show that the CONTEMPT code predicts higher gas temperatures than measured or calculated by
the CONTAIN code -- consistent with the trend observed here for the MSLB scenario. We can
demonstrate for the MSLB scenario the rationale that explains the lower pressure and
temperature results predlcted by CONTAIN, as compared to a similar CONTEMPT calculation
in an 1dent_10a1 manner as described in Appendix A for the Phebus test.
The explanatlon begms with a realization in this scenario that the differences between these
codes occur in the degree of superheatmg, Figure 2-20. Durmg this time, the dominant
atmospherrc energy removal process is energy transfer to passive heat sinks, as shown in Frgure
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2-21. Shown in Figure 2-22 is a comparison of each code’s derived heat transfer coefficient for
the containment shell.” From this figure we see that there is a divergency in the coefficients
during the period of significant superheating, and a convergence during the time when saturation
conditions are approached. The convergency effect is expected since the Uchida correlation and
CONTAIN free convective condensation modeling method are shown to give similar results for
saturated air/steam mixtures when the initial air pressure is ~ 1bar (see Appendix A). Shown in
Figure 2-23 is the total energy transfer to the containment shell predicted by each code. In this
comparison, the CONTAIN total energy removal rate during the pressurization phases, when
superheating is increasing, is greater than that predicted by CONTEMPT using the ad hoc
method of substituting saturation temperature for gas temperature in the equation for total energy
transfer. This discrepancy in total energy rates explains most of the variation in temperature and
pressure between the codes. The parametric assumption in CONTEMPT regarding the ratio of
sensible to total energy transfer is another potential aspect to the dissimilarity in containment
loads, specifically gas temperature.

Shown in Figure 2-24 is the comparison of sensible to total energy removal rates for the
combined passive heat sinks in the demonstration calculation as determined by CONTAIN and
parametrically set in the CONTEMPT calculatlon . We see that there is a significant variation
during the rapid pressurlzauon period as superheated steam is first m_]ected into the containment;
the CONTAIN results show a much higher initial ratio of sensible to total energy transfer.
However, by the time the rapid pressurrzatlon phase is ‘finished there is convergence between the
ratio assumed in CONTEMPT and that calculated in the CONTAIN code. There is a sensitivity
_to various assumptions for treatmg sensible heat transfer in superheated air/steam environments,
as indicated in Table 2-11 at the time of ~ maximum degree of superheatmg However, because
the difference in the actual ratios occurs only early in the pressurlzatlon when energy removal is
minor compared to the injection energy, the modeling variation between CONTAIN and
CONTEMPT for this phenomenon is not considered an important issue. Therefore, we associate
the major variation between the CONTEMPT and CONTAIN results due to the ad hoc method
used in the former for approxrmatmg convective condensation during superheated conditions.

In light of the above drscusswn that explains why CONTAIN calculations for the maximum
containment loads during a MSLB may be somewhat lower than a traditional calculation due to

T h= A where the atmospheric temperature T, is the gas temperature, and
A(Tgas - 7;')

the surface temperature T, is the surface temperature of the structure substrate (steel).

8 The selectlon ofa revaporlzatlon of 8% in the CONTEMPT code input here is specmed
by regulatory guidelines for performing MSLB containment analyses, and whose justification is
apparently based on studies involving best estimate fitting of CONTEMPT code results to the
CVTR test #3 pressure and temperature results subsequent to a steam injection.
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the contrasting modeling approaches for treating condensatioh in superheated conditions, we
establish the qualification of the CONTAIN code based on the following statements:

. The CONTAIN modeling approach is a mechanistic method that explicitly accounts for
key phenomena involved in the energy removal processes that determine maximum
:containment loads. . .

. The CONTAIN passive energy modeling methods have been validated for t‘hé'type of
superheated conditions that are anticipated in MSLB scenarios. |

Presentéd in Table 2-12 is a summary of the key points concerning the qualification of the ,

CONTAIN code for performing MSLB maximum containment loads analysis.

2.2.3 Modeling Recommendation for Maximum Containment Loads Analyses

As discussed in the above section on qualification and mentioned in Table 1.71, the maximum
containment loads analysis for a MSLB is dependent on a few phenomena. Presented in Table 2-
13 are modeling recommendations for those phenomena, consistent with the code qualification
discussion presented. :

i

As with the LOCA maximum containment loads modeling recommendations, we chose a single
cell nodalization scheme. Although we have noted in our assessment work on the CONTAIN

:code that multiple nodalizations may be required to predict loads for situations where steam
injections are elevated, as may be the case for a MSLB when compared to the lower elevated .
LOCA scenario, we also note here that those assessment conclusions were based on relatively
long-term periods after which stratification of the containment atmosphere had time to develop.
In the case for maximum containment loads prediction in the short-term, our assessment of near
prototypical containment tests, e.g., CVTR and HDR testing programs, indicate that a single cell
nodalization represents a conservative modeling approach providing that free convective
condensation models are implemented.

We have recognized that the maximum temperature predictions during MSLBs are sensitive to
the assumptions regarding sensible heat transfer modeling. We regard convective sensible heat
transfer, as modeled in CONTAIN, to be an integral component of the overall validated HMT
analogy modeling approach used in the code. Therefore, we recommend applying the convective
models in the default mode where sensible heat transfer by convection is modeled. In the case of
sensible heat transfer by radiation, this model as with the convective model, can affect predicted
temperatures. However, the implicit validation that we have realized in the case of convection
through the use of the HMT analogy methodology is not present for the thermal radiation
modeling and input preparation required in the model. Therefore, it is recommended that thermal
radiation modeling be omitted in the input preparation. As noted in Table 2-11, excluding
radiation modeling has a very small effect on containment pressure.- Other phenomena that have
a very small effect on pressure and temperature maximums are condensate film heat transfer and
LYl ! B
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atmosphere to pool heat and mass transfer. For instance, a reduction of film thickness from the
default (0.0005 meters) by a factor of 100 decreases the maximum over-pressure by less than ~
1%, and the maximum temiperature is decreased by less than ~ 1 degree. The presence or
absence of atmosphere to pool heat and mass transfer has an even less effect on pressure and
temperature. In modeling these phenomena, we chose to recommend the parameters that produce
the more conservative pressure and temperature estimates.

For the MSLB scenario, maximum pressure and temperatures occur prior to spray actuation.
Therefore, small variations in the spray modeling, such as in the spray droplet size, have a
negligible affect on maximum containment loads.

2.2.4 Input Preparation for Maximum Containment Loads Analyses

In this section we discuss the preparation of CONTAIN input for a large dry containment MSLB
scenario for a demonstration plant.” Input preparation for this short-term scenario follows the
general modeling recommendations discussed above to obtain a qualified CONTAIN calculation
for a MSLB scenario. These recommendations are translated into specific input parameters in
Table 2-14. The CONTAIN MSLB demonstration problem in Appendix C may be consulted for
detailed examples of implementation of the recommended modeling approach and input
preparation.

For specific input preparation pertaining to the passive heat sinks and the mechanistic fan cooler
modeling, the user is referred to the discussions in Section 2.1.2.3.

® The specification for the demonstration plant is based on CONTEMPT input for San
Onofre 2/3. Note that this plant was arbitrarily selected and is used for demonstration purposes
only; actual plant related details may not be adequately reflected.
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Table 2-11 Temperature and pressure sensitivity for a MSLB scenario to various modelmg
options for sensible heat transfer (time = 30 seconds).

Case

. ~ Comment’

Temperature, K

. Pressure, bar

1

‘CONTEMPT, sensible factor = 0.08*

3.96 [3.81 —4.11]**

.| 480 [472 — 488)**

radiation:.

° l463

2 'CONTAIN Demo, convection only 470 | 3.88
3 |'CONTAIN, no sensible heat 480 3.95
4 CONTAIN, convection and thermal 3.84

* CONTEMPT input parameter, FAC (0. 92)
** Equivalency band +/- 5%
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Table 2-12 Summary of the CONTAIN qualification for short-term MSLB application
Accident Modeling Area | CONTEMPT CONTAIN Comments Reference
Phase
Rapid geometric Single cell Single cell For short-term pressurization phas1cs, single cell [CAR®, p. 4-105,
pressurization | nodalization nodalizations are shown to give conservative o 1 4-109] -
estimates of containment pressure loads i
free volume fixed free volume | free volume Displacement of free volume air by pool water isa | N/A
reduce by water physical reality. Including displacement
pool volume represents a slight conservatism with respect to the
CONTEMPT model.
single-phase stcam | thermal temperature flash | Thermal equilibrium, homogencoﬁs__mixing of [CAR, p. 3-63, 4-
injection equilibrium modeling, with injection mass with containment atmosphere is 105, 4-109])
o modeling, with dropout of equivalent to the CONTEMPT temperature flash
A dropout of condensed liquid | model. The thermal equilibrium assumption is
o condensed liquid water conservative. Dropout of condensed water during a
water two-phase injection is conservative, based on
integral test comparisons.
heat and mass Uchida correlation | free convective The CONTAIN HMT analogy modeling for free See Appendix A
transfer to passive condensation by | convective condensation is a similar method for for discussion on
heat sinks HMT analogy determining total energy transfers in processes Uchida correlation;
dominated by condensation. Free convective conservatism of
condensation by the HMT analogy has been shown | free convective
to be a conservative method for estimating energy | condensation
transfers during blowdown periods. 'L [CAR, p. 4-109]
heat and mass not modeled not modeled Excluding heat and mass transfer to the pool is an See Appendix A
transfer to pool equivalent choice, and conservative
surface
* CAR is the CONTAIN Assessment Report which is a short-hand designation for a NRC informal report —“An Assessment of CONTAIN 2.0: A Focus on
Containment Thermal Hydraulics (Including Hydrogen Distributions),” March 1999.
e e [ L L L g { L | { | [ | [ L (




LT

Table 2-12 Summary of the CONTAIN qualification for short-term MSLB application (continued)

Accident Modeling Area | CONTEMPT CONTAIN Comments Reference
Phase
Slow-, . heat and mass Uchida correlation | free convective .| Both Uchida and the HMT analogy model are | See Appendix A
pressurization transfer to passive — condensation by | methods for treating free convective
C heat sinks* HMT analogy condensation. The two methods are nearly
. . - equivalent for single cell models.
heat and mass not modeled not modeled. * Excluding heat and mass transfer to the pool is
transfer to pool equivalent to the CONTEMPT model input
surface 0 INRTEI and conservative. AT 0
spray pressure 100% spréy . condensationon | Both models give similar results as verified
suppression efficiency model spray droplet through separate effects test comparisons
: ' using HMT ’
. analogy method ;
fan cooler pressure | tabular input: mechanistic fan Both models are equivalent (within 10%) in
suppression temperature versus | cooler model ~ | terms of total energy and vapor mass removal
total energy : ‘| using the HMT - { rates within the operating range of fan coolers
removed;. analogy method during accidents
condensed vapor
removed from

atmosphere
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Table 2.13 General modeling recommendations for a quallﬁed CONTAIN short-term MSLB calculation in a large dry containment.

Phenomena \'

Modeling Recommendatxon

Multi-component gas compression

Nodalize the containment as a single compartment

Single-phase steam expansion

Use a thermal equilibrium method for steam expansxon, dropout condensed liquid from
atmosphere .

Convective condensation

Use a free convective heat transfer correlation for the HMT modeling

Structure heat transfer

Account for liquid film and paint resistance for surfaces; include any steel-liner-to-
concrete air gaps at constant, full width

Spray droplet heat and mass transfer

Use a mass mean spray droplet size for the injected spray droplet diameter

Fax; coolér heat and mass transfer

Use mechanistic fan cooler model, calibrated to the operqtior; environment during
accident
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Table 2-14 Input guidance for modeling a short-term MSLB calculation in a large dry containment.

Input Section/Block Parameter(s) | Comment
Global:
Nodalization ncells=1 Single cell nodalization for equivalency and conservatism
Material properties user defined prope\:ties density, thermal conductivity, and specific heat capacity for air, stainless steel, steel, and
. concrete are set for equivalency s '
Timesteps ~0.01 seconds’ set to give accurate results for the time scale of interest (fractions of second)
Flow DROPOUT dropout condensed liquid water in atmosphere for equivalency and conservatism
Upper Cell:
Geometry gasvol . | free volume equivalency ,

Atmosphere initial conditions
and sources

ATMOS block; SOURCE
block

t

pressure, and tcfripcramre equivalency (saturated conditions for conservatism);
external source for temperature flash equivalency . !

ESF (sprays) SPRAY block fnpt;t + | spray droplet diameter set to mass mean diameter of sprgy nozzle distribution, released at
“ | full height: spdiam = 0.0005-0.0007 meters; sphite = 50 meters
ESF (fan coolers) FANCOOL block input Use keyword CONDENSE for mechanistic fan cooler model; set time to activate using
. 'SOURCE option with coolant mass kg/s and temperature set to default values; adjust
energy removal rate using parameter “fcefar.”

Structures STRUC block input fully implicit algorithm (default); free convection (default); maximum liqt;id film
thickness (default); paint resistance set for equivalency; no thermal radiation; air gaps of
constant thickness; initial temperature condition for equivalency; surface node thickness as
fraction of diffusion length (see Section 2.1.2.3 ) ; :

Lower Cell: !

Low-cell HT-TRAN on on on offoff | All condensed water dropped from atmosphere, spray removal, and condensate overflow

from structures are diverted to pool (equivalency); pool-to-atmosphere heat and mass
transfer set to zero (equivalency); free volume displacement by pool water mass.
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Figure 2-18 :CONTAIN pressure calculation for a demonstration of a maximum

pressure analysis for a short-term MSLB scenario in a large dry
containment. Equivalency bands of +/- 5% are based on a
CONTEMPT demonstration calculation.
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Equivalency band = +/- 5%
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Figure 2-19 CONTAIN atmospheric femperature calcﬁlation for a demonstration

of a maximum temperature analysis for a short-term MSLB scenario
in a large dry containment. Equivalency bands of +/- 5% are based
on a CONTEMPT demonstration calculation.
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Figure 2-20 Comparison of superheating during a MSLB demonstration

calculation in a large dry containment.
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demonstration calculation for a large dry containment.
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Figure 2-22 Comparison of heat transfer coefficients for the containment shell

during a MSLB demonstration calculation in a large dry containment.
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MSLB demonstration calculation in a large dry containment.
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Figure 2-24 Compaﬁson of sensible heat ratio for passive heat sinks during a

MSLB demonstration calculation for a large dry containment. The
sensible heat ratio is the ratio of energy transferred by sensible heat
transfer processes to the total energy transfers to structures. In this
figure, the sensible heat calculated in the CONTAIN calculation is from
convective heat transfer; whereas, the CONTEMPT value is a set via
input using the parameter, FAC (1-FAC is often referred to as the
revapcrization factor).
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3 Subatmospheric Containment Analysis
In this section we discuss qualification and methods that can be used to model the DBA response
of a PWR subatmospheric containment with CONTAIN [1]. Figure 3-1 depicts a typical
subatmospheric containment. Subatmospheric containments are variations on the large dry
containments; they differ in that the normal operating conditions are at subatmospheric pressure.
The reduced operating pressure permits these containments to be constructed with a free volume
that is 20-30% less than the large dry containments.

200 TON CRANE

N

] b'N! RECIRC. SPRAY . .

A . .
- g b ’ 1 5

. M :I :

o x - i

N . T - MANIPULATOR 9
s - g STEAM CRANE . . TP

g L :‘ . GENERATOR . ————————— . PRESSURIZER [

.
r]
ZALL

DS
T
Ll PPN ]

at s o ¢
. .. v TR o et

" .?

[}

N HPAA
RSN ‘.'oﬂ
ey

N T e .

\

. 1l

ML

HX)

13

z
-y
gty

]
s

0
A

O
~ve®, °°

8o

.
-]
20
2¢
LAY

MO
48 . sa Lt

.

[ X%

B SO

Figure 3-1  Typical subatmospheric containment showing the
approximate locations of the quench and
recirculation sprays used to depressurize the
containment after a LOCA. ‘ :
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Additionally, these containments are equipped with a containment depressurization system. The
integrity of the containment is maintained by the depressurization system which includes a:

. quench spray (QS) subsystem, and a
. recirculation spray (RS) subsystem.

These engineering safety systems (ESFs) are capable of cooling and depressurizing the
containment to subatmospheric pressure within an hour following a loss-of-coolant accident
(LOCA), as specified in the SRP. The recirculation spray system can maintain the
subatmospheric pressure inside the containment for periods exceeding one hour. Shown in
Figures 3-2 and 3-3 are examples of the circuit schematics for quench and recirculation spray
subsystems [12].

As in the case of the large dry containments, the location of the primary system pipe rupture is at
a low elevation within the containment, and therefore most of the containment free volume will
be, to a good approximation, uniformly mixed soon after the pipe break occurs. The uniform
mixture is also maintained through turbulent currents set up by the quench and recirculation
sprays. As a result of the uniform mixing, DBA containment analyses are performed using a
single compartment model for the containment building.

In Section 3.1, we describe a LOCA long-term (times > one hour) scenario, and in Section 3.2 we
discuss the qualification of CONTAIN for predicting the time to return to subatmospheric
conditions following'a LOCA. Sections 3.3 and 3.4 present recommendations for modeling and
input preparations for performing a long-term subatmospheric analysis that may be used for DBA
audit reviews. The CONTAIN input for the demonstration calculations presented in this chapter
is listed in Appendix D.

3.1 LOCA Long-term Scenario
The LOCA scenario, summa:ri‘zed in Table 1-1, is initiated with a doul?le-ended rupture (DER) in
a reactor coolant pipe on the pump suction side of the coolant pipe — such a LOCA is referred to

as a pump-suction double-ended rupture (PSDER). Minimum ESF5 that are activated to limit the
consequences of this LOCA in the containment are the following:

. one out of two trains of the containment QS subsystem; and,

. one out of two trains of the containment RS subsystem (i.e.; one inside recirculation spray
pump, and one casing cooling pump).

For the demonstration calculation, minimum service water temperature conditions for the

containment are assumed as shown in Table 3-1. Shown in Table 3-2 is the accident chronology
for a PSDER, which is the limiting case for containment depressurization [12].
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A LOCA such as the PSDER proceeds initially like the LOCA event in the large dry containment
reviewed in Chapter 2. The rapid pressurization phase of the accident progresses in a manner
essentiallj identical to the short-term LOCA in the large dry containment; the phase begins with
the pipe rupture and extends to the time when the reactor vessel depressurizes (~ 20 seconds).
Because the blowdown or depressurization injection represents such a significant energy source
to the contamment over a short time period, this portion of the accident is characterized as a
pseudo ad1abat1c pressurization phase where max1mum pressures and temperatures in the -

‘containment are > feached.

[

Shortly after the reactor vessel depressurization, the emergency core cooling system and the spray
subsystems activate. During this slow depressurization phase, the containment pressure declines
from its maximum pressure to subatmospheric pressure. The QS and RS subsystems are required
to affect this decline within regulatory guidelines, and the RS subsystem must continue to operate
in order to maintain the containment at subatmospheric conditions. "~ :© .- -

In the demonstratlon calculation we emphasize the modeling aspects of the slow depressurization
phase of the contamment accident, showing how the CONTAIN code is utilized to predict a

Teturn to subatmospherrc conditions followmg a PSDER accident.. For a comparison to the

traditional calculation approach, we make use of pressure calculations presented in the North .
Anna FSAI} for a PSDER accident, following the accident chronology listed in Table 3-2.

3.2 Qualification

Shown in Figure 3-4 is the containment pressure response calculated with CONTAIN and
compared to results obtained using the LOCTIC computer code.! These results show that the
pressure results calculated with CONTAIN and reported in the North Anna FSAR are very
similar, with both results indicating a return’to subatmospheric beginning at 3000 to 3200
seconds The predrcted approach to subatmosphenc pressure is shown in Figure 3-5.

We show in Figure 3-6 the sensmvrty of the containment pressure profile to various assumptions

‘regardmg energy removal process (QS, RS, and passive heat transfer) in the containment: These

¥

sensrtrvrty cases indicate, for this scenarro the ‘following:

E
b

. Among the spray systems, the recrrculatmg spray system is the more 1mportant
depressurrzatlon system (due the hlgher spray flow rate capacity). )

. Passive heat transfer is 1mportant for determmmg maximum pressure, but is relatrvely

‘ummportant for predlctmg the time at which pressure returns to subatmospheric -
"condmons (rapid depressurlzatron w1thout the moderatmg effect of heat structures)

e

Sy .

1 The LOCTIC computer code was used to obtam the results reported in the North Anna
FSAR. ' : .
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These conclusions regarding relative importance of energy removal mechanisms means that
special attention should be directed at spray modeling qualification. As noted in the previous
chapter, the CONTAIN. spray model has been validated through both integral and separate effects
testing. For long-term pressure suppression by sprays, the separate effects tests conducted by
JAERI are especially pertinent to the subatmospheric qualification. Shown in Figure 3-7 is an
example of the type of agreement that has been demonstrated with the CONTAIN spray model
for long-term pressure suppression. Additional details on the assessment of the CONTAIN spray
modeling via experimental comparisons can be found in the CAR.

Presented in Table 5-3 are the summary points for the qualification of CONTAIN for
subatmospheric containment analysis.

3.3  Modeling Recomrﬁendations

The model recommendations for the subatmospheric containment analysis, where the return to
subatmospheric pressure following a LOCA is a focus of the analysis, are devc;lb'ped in a manner
that ensures conservative estimates of the containment pressure profile, and therefore the longest
time to return to subatmospheric conditions. As in the previous chapter c‘lealing‘\i/ith maximum
containment loads during a LOCA, we adopt here those same model recommendations for the’
rapid pressurization phase of the subatmospheric LOCA; the most important recommendation
here being the use of free convective condensation.

During the core reflood or slow pressurization/depressurization containment accident phase, we
note especially that the injection of water into the containment is characterized as water entering
from each side of the pipe rupture.. For one injection path, path no. 1 which is on the steam
generator side of the break, the blowdown water enters as high pressure two-phase water and the
reflood water enters the containment as single-phase steam, as shown in Figure 3-8. Whereas, on
the other side of the break, which is on the pump-side, the blowdown water also enters as high
pressure two-phase water but the reflood water enters through path no. 2 as colder liquid water,
Figure 3-9. We model the vessel water injection sources in the CONTAIN code by using an’
external atmospheric source option to treat the blowdown or depressurization injections for both
path no. 1 and 2 and the reflood injection for path no. 1. The reflood source for path no. 2
injection source is modeled using the safety relief valve model activated through the SRVSOR
keyword. The SRV source options do not allow the injected water to come into thermal
equilibrium with the containment atmosphere as modeled with the external atmospheric source
option. In the SRV-modeled source, the water expands during a time step against a constant
pressure in the containment. Whatever water does not flash in the process is diverted directly to
the containment sump, i.e., it is not mixed with the containment atmosphere. Asa result, the
containment atmosphere is not fictitiously cooled by assumed mixing of injected cold water.
Shown in Figures 3-10 and 3-11 are comparisons of the containment pressure profiles predicted
using various assumptions regarding the treatment of reflood water from path no. 2. The thermal
equilibrium mixing of path no. 2 reflood water with the atmosphere, in the case where the
external atmospheric source (Source) is used, results in a more rapid reduction of the
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containment pressure in corhparison to a case where the SRVSOR option is chosen. It is
therefore recommended that the SRVSOR option be utilized to model reflood water from the
pump-side break to prevent too rapid depressurization of the subatmospheric containment and a
non-conservative estimate of a return to subatmospheric conditions.

The conservative aspects of the quench and recirculation spray subsystems are determined in this
demonstration calculations through the conservative boundary conditions specification for those
systems, i.e.,' one of two subsystems activated.

'
¢

‘A summary of the modeling recommendations for thc subatmospheric contamment analysns is
presented in Table 3-4. .

34 Input Preparatlon
In thxs section we discuss the preparation of CONTA]N mput fora subatmosphenc contamment
long-term analysis where the focus is on the estimate of the time to return to subatmospheric
conditions subsequent to a LOCA event. Input preparation for this long-term scenario follows
the general modeling recommendations discussed in the previous section that assures a qualified
CONTAIN calculation.  These recommendations are linked to specific input parameters in Table
3-5.- The subatmospheric demonstration problem in Appendlx D may be consulted for detailed

-examples of the implementation of the recommended modeling approach and input preparation.

Some additional information regarding the quench and recirculation spray. and accumulator gas
input preparation is provided in this section. C

Quench Spray Input Preparation.

As mdlcated in Fl gure 3-2; the quench spray system draws water directly from the reactor water
storage tank (RWST).- A quench spray flow rate versus pressure curve is used to estimate the
variation of flow rates as the containment pressure varies. We note that the QS vs. pressure _-,
curve is a linear function of pressure — at the high pressure (QS start) the spray rate is 113 kg/s
and it increases to 132 kg/s at a low pressure (~ 1.3 bar).- The CONTAIN code is limited to spray
water input tables where the flow rate is given as a function of time. Since the pressure . profile
curve, Figure 3- 12 is nearly linear with time, and slightly concave, we assume a linear variation
in spray flow rates also with time, beginning at the high pressure flow rate and increasing to the
flow for low pressure conditions. Because the assumed pressure profile is above the calculated
profile; selecting flow rates that vary linearly with time in'this manner (from start to stop) results

*in QS flow rates that are slightly lower than what may actually be the case, and therefore slightly

conservative. The flow rate variation due to pressure variation, admittedly, is rather small,

- 'showing a 17% increase from high to low pressure. As a consequence, the effect of QS ﬂow

variation on the depressurlzatlon rate is also small as shown in Figure 3-13 where the .
depressurization using two boundmg cases — “constant QS flow rates at the high and low pressure
values (113 and 132 kg/s) — ‘are compared.” The choice to model the QS flow variation in the
approximate manner as described is a recommendation that gives near equwalency with other .
DBA code modeling.

3-5



Recirculation Spray Input Preparation.

The one recirculation spray subsystem that is operational during the subatmospheric long-term
scenario consists of a system where one inside (sump pump) and one outside (casing pump)
pumping circuits are available: Table 3-6 shows the operation characteristics of this system._ In
the following discussion, beginning with the inside containment system, we show how to initiate
the start of the spray system through the use of tank and pump input, where the tank input is used
to effectively delay the starting time of the recirculation pump. Heat exchanger input is
described for both subsystems. For the outside containment system that includes the addition of
external chill water into the pumping circuit, we show how a “dummy” cell may be used as a
mixing cell for sump and chill water that is pumped to the spray nozzles.

The CONTAIN recirculation input is made up of a number of engineered safety components:
tank (TANK), pump (PUMP), and heat exchanger (HEX). Pumping of sump water begins only
after tank water is exhausted. -The tank would typically refer to the RWST that feeds the quench
spray system, for example. Because the QS is modeled in the demonstration calculation with a
variable flow rate, the TANK input is not used for this subsystem; rather, the quench spray is
modeled as a separate spray subsystem with an external water source table. However, the
recirculation spray subsystems are separately modeled using TANK, PUMP, and HEX input. In
the case of both the inside and outside spray systems, the tank component input is used to set the
time that the recirculation pumping of sump water begins. A very small amount of tank water
with an even smaller flow rate is set to exhaust the tank inventory at the time when the
recirculation pumps are to start.

Heat exchanger input for the RS subsystems are determined simply by using the exchanger
specification and the shell type exchanger input provided in the CONTAIN ESF component
input. In the demonstration problem, the exchanger effective heat transfer area and overall heat
transfer coefficient are combined as the cooler thermal conductance (coefficient x area), so that
the inputted heat transfer coefficient is the overall thermal conductance for the total heat
exchanger surface area and the surface area inputted is unity.

The addition of chill water to the recirculation circuit for the outside pumps poses a special
problem of mixing two streams of water prior entering the exchanger and spray nozzles. To mix
thése two streams, a “dummy” CONTAIN cell is created with a sump. Into the mixing sump,
water from the containment sump is flowing at a rate equal to the total pumping rate minus the
chill water addition rate. The method for flowing the sump water into the mixing cell is through
the use of an engineering vent (pool type) that links the containment cell to the mixing cell.. The
engineering vent is opened when the recirculation sprays start. - Chill water is added to the mixing
cell using a LOW-CELL external source table, at a rate and temperature specified for the chill
water subsystem. Finally, the outside pump component is directed through input in the
enginéered safety feature ENGINEER block to use the mixing cell sump water as the source
water for the spray system.
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. One additional note regarding Sump water transfers: safety injection pumps are modeled by

transferring sump water to a “holding” cell using, again, an engineering vent (pool type) input

_between the containment and “holding” cell. This method of input allows for excess water to be

removed from the containment sump when the safety injection pumps are turned on. ... .

. ¥
Nitrogen Accumulators.

. The accumulators in the subatmospheric plant are drlven by mtrogen gas To account for this gas

mass in the containment atmosphere inventory of gases, an additional atmospheric external

_source input is included in the CONTAIN deck. The mtrogen gas inventory is determined from

the accumulator gas volume, pressure, and temperature prior to release into'the containment. A

-release rate is then calculated based on the gas inventory and the spec1ﬁed time to empty the

accumulators.



Table 3-1 Reactor containm’en't(initial conditions for the demonstration calculation —
minimum service water temperature conditions [Ref. 12].

Component Initial Condition
Service water temperature (K) 274.8
Refueling water storage tank (RWST) temperature (K) 283.2
Atmosphere temperature (K) . 322
Water vapor partial pressure (kPa) 11.6
Air partial pressure (kPa) 82.7

Table 3-2 Accident chronology for a pump suction double-ended rupture (PSDER) LOCA

[Ref. 12].

Time, second

Event

0.0 Accident occurs

2.2 Containment depressurization actuation signal

18.4 First containment peak pressure occurs

20.8 End of reactor depressurization; core reflooding begins; safety injection
pumps become effective

42.0 Accumulators empty

62.5 Quench spray subsystem and casing cooling become effective

2534 Core reflooding ends; post-reflood frothing begins

304.0 Recirculation spray system becomes effective

1595.8 Post-reflood frothing ends

3370.0 Containment pressure becomes subatmospheric




Table 3-3 Summary of the CONTAIN qualification for long-term LOCA calculations in a subatmosphenc containment.

AT S

energy transfers during blowdown periods.

Accident Modeling Area CONTAIN Comments ! i Reference
Phase . "
Rapid geometric” Single cell ~ | For short-term pressurization phases, single cell - [CAR*, pp. 4-52, 4-80,
pressurization nodalization nodalizations are shown to give conservatwe estimates of 4-109]
\ containment loads. N L
free volume free vohime reduce | Reduction of free volume by water pool represents a NA
=0 by water pool realistic modeling approach that is also conservative with '
volume~ = -~ respect to maximum containment loads.
two~phése water temperature flash The thermal equilibrium (temperature flash) assumption is [CAR, pp. 4-52, 4-53)
injection e modeling, with conservative. Dropout of condensed water during a two- -
‘ (dropout of phase’ mjectnon is conservative, based on integral test
‘condensed liquid comparisons. '
water
heat and mass transfer | free convective Free convective condensation by the HMT analogy has conservatism of free
to passive heat sinks | condensation by been shown to be a conservative method for estimating convective
HMT analogy condensation [CAR,

pp. 4-51,4-73,4-109] ,

*CAR isthe QONTAIN Assessment Report which is a short-hand desngnatlon fora NRC mformal report —“An Assessment of CONTAIN 2.0: A Focus on

Contammcnt Thermal Hydraulics (lncludmg Hydrogen Distributions),” March 1999.

.
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Table 3-3 Summary of the CONTAIN qualification for long-term LOCA calculations in a subatmospheric containment (cont.).

Accident Phase Modeling Area CONTAIN Comments Reference
geometric nodalization | single cell ‘ Low elevation of injection and presence of sprays CAR [pp. 3-34,3-60,3-
Slow pressurization/ produce a well mixed containment atmosphere thatcan | 67,4-15]
depressurization - be adequately approximated with a single compartment.
free volume free volume reduce Reduction of free volume by water pool represents a N/A
by water pool volume | realistic modeling approach that is also conservative .
' with respect to maximum containment loads. . -
two-phase liquid water | pressure flash Pressure flash method for injecting rciatively cool N/A
expansion ,method for pump- liquid water is conservative; method compares
side water injection favorably with FSAR. ’ :
nitrogen gas injection | single-phase gas Addition equivalent to the method used in the FSAR. N/A
from accumulators injection - - -
heat and mass transfer | free convective The HMT analogy model has been validated in the CAR [pp. 3-55,3-60]
to passive heat sinks condensation by large-scale HDR and AP600 containment testing Ref (11]
HMT analogy programs where long-term pressure depressurization by -
passive heat transfer was a dominant process for
atmospheric energy removal. T
heat and mass transfer | modeled Addition of pool with heat and mass transfer represents | CAR [p. 4-22]
to pool surface a conservative model approach since evaporation of the
hot sump water will slightly retard the depressurization
rate. ’ )
spray pressure condensation on Spray model has been validated using the separate CAR [pp. 3-33,3-64,4-
suppression spray droplet using effects and integral tests. 15]
HMT analogy

method
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containment.

| Table 3-4 General modelmg recommendations for a CONTAIN quallﬁed long-term LOCA calculatlon ina subatmosphenc

« 7" Phenomena -7

" Modeling Recomméndation ¢

Multi-component gas coix{f)'ression

Nodalize the containment as a single compartment

Two-phase hquxd expansmn (reactor
vessel depressurization). - C e

Use a temperature flash method for liquid expansxon (atmospheric SOURCE table),

dropout unflashed liquid from atmosphere

Two-phase liquid expansion  (reflood and
post-reflood) e

Use a pressure flash method for liquid expansnon fnom the pump-side break having a
low specific enthalpy (SRVSOR)

-| Single-phase gas mjectlon from mtrogen

driven accumulators

- o

User external atmosphere source table for a nitrogen compound _

Convective condensation

Use a free convective heat transfer correlation for the HMT modeling

Structure heat transfer, - Account for liquid film and paint resistance for surfaces; include any steel-liner-to- -
b - X concrete air gaps at constant, full width .
Sump T Include sump atmosphere/pool surface heat and mass transfer” -

.| Spray droplet heat and mass transfer

Use a'mass mean spray droplet size for the injected spray droplet diameter (~ 0.0005 m)

‘Quench spray (QS) Use tank dépletion to déterminé start of QS; soirce table for mass flow rate using a .
- - e variable rate to model pressure dependence of spray rate; heat exchanger modeled
Recirculation spray (RS)" Use tank depletion to determine start of RS; add mixing cell to provide proper water

temperature for outside pump subsystem, heat exchanger modeled
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Table 3-5 Input guidance for modeling a long-term LOCA calculation in a subatmospheric containment.

.Input Section/Block Parameter(s) Comment
Global: s
Nod‘alizitic;n . ncells=3 ' containment modeled as single cell for conservatism during the rapld pressurization phase,
' andasa good approximation for slow depressurization phase, mixing cell for outside RS -
pump subsystem; “dummy” cell for safety injection pumping of excess sump water
Material properties user defined properties density, thermal conductivity, and speclﬁc heat capacity for air, stainless steel, steel, and
concrete are set for equivalency "
Timesteps ~ 0.0 - 0.05 seconds during variable set to give accurate results for the time scale of interest during each accident
| rapid pressurization; 0.1- 2 phase
seconds during slow
depressurization
Flow DROPOUT; engineering dropout condensed liquid water in atmosphere for equivalency and conservatism; vents
vents (P°°l type) for are opened to start flow; use “vmflow” to specify pump rate
pumping containment sump
water to mixing cell and
“dummy™ holding cell
Upper Cell: (containment' cell)
Gcometri' ‘ gas;ol " giveﬁ free volume -
Atmosphere initial conditions | ATMOS block; SOURCE pressure, and temperature equivalency (saturated conditions for conservatism);
and sources block external sources for temperature flash during two-phase blowdown phase and for steam
' during the reflood phase; nitrogen gas injection during accumulator injection period
Safety relief valve source SRVSOR block external source for pressure flash of low enthalpy water injectz;d from the pump-side of

pipe rupture during the reflood phase

o | S
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Table 3-5 Input guidance for modeling a long-term LOCA calculation in a subatmospheric containment (cont.).

Quench spray (QS)

SPRAY block input

spray droplet diameter set to mass mean diameter of spray nozzle distribution, released at
full height: spdiam = 0.0005 meters; sphite = 30-40 meters; external source table (based on
QS flow rate vs. pressure curve); hex input based on exchanger thermal conductance,
shell water flow rate, and inlet temperature.

"Recirculation spray (inside)

SPRAY block input

spray droplet diameter set to mass mean diameter of spray nozzle distribution, released at
full height: spdiam = 0.0005 meters; sphite = 25-30 meters; tank input with dummy small
inventory and rate to set time to start recirculation pump; pump input at specified flow rate
from sump; hex input based on exchanger thermal conductance, shell water flow rate, and
inlet temperature.

‘Recirculat‘ioh‘spray (outside) __

SPRAY block input

spray droplet diameter set to mass mean diameter of spray nozzle distribution, released at
full height: spdiam = 0.0005 meters; sphite = 25-30 meters; tank input with dummy small
inventory and rate to set time to start recirculation pump; pump from mixing cell sump at
the specified flow rate; hex input based on exchanger thermal conductance, shell water
flow rate, and inlet temperature,- |

Structures

STRUC block input

fully implicit algorithm (default); free convection (default); maximum liquid film
thickness (default); paint resistence set for equivalency; no thermal radiation; air gaps of
constant thickness (if specified); initial condition for equivalency; surface node thickness

Lower cell: (containment cell)

as fraction of diffusion length (see Section 2,1.2.3 )

Low-cell

surface area: geometry =
basemat surface area

All condensed water dropped from atmosphere, spray removal, and condensate overflow
from structures are diverted to pool; free volume displacement by pool water mass
(default); pool/atmosphere heat and mass transfer; basemat/pool heat transfer.

I
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Table 3-5 Input guidanée for modeling a long-term LOCA calculation in a subatmospheric containment (cont.).

Upper cell: (mixing cell)

Geometry gasvol set to large value — 1.0 x 10° m*

Atmosphere/pool interaction ht-tran off off off off off no interaction between atmosphere and pool

Lower cell: (mixing cell)

Low-cell Pool SOURCE chill water addition to outside RS subsystem at specified rate and temperature
Upper cell: (holding cell)

Geometry gasvol set to large value — 1.0 x 10° m’

Lower cell: (holding cell)

Low-cell “dummy pool input” (see Appendix D)

geometry




Table 3-6 Recirculation spray subsystem conditions used for the subatmospheric demonstration

(UA) Watts/K

1.9239 x 10°

calculation.

Description -Outside Inside

containment containment

Recirculation spray pump (shell side) flow rate 230.4**(’ ’ 209
(kgfs)
Service water (tube side) flow rate (kg/s) : - 285 o 1285
Service water (tube side) inlet (temperature K)*. | 275 275
Recirculation spray cooler thermal conductance D 1.8712 x 10°

* minimum service water temperature

** includes 48.1 kg/s of chilled water addition at 283.1 K
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Figure 3-4 Pressure comparisons for a subatmospheric containment analysis for a PSDER
scenario, showing that subatmospheric conditions are recovered in less than
3600 seconds.
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conditions for the PSDER scenario.
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Figure 3-6 ' CONTAIN pressure profile for the PSDER Scenqﬁo showing the

effects of various energy removal processes on the pressure
predictions.
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Figure 3-7 Comparison of measured and calculated pressure suppression for
JAERI test PHS-6 (single nozzle spray) [CAR, p. 3-50].
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Figure 3-8 Water injection into containment for a PSDER scenario; path no. 1 is on
the steam generator side of the double-ended pipe rupture.
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Figure 3-9 ~ Water injection into containment for a PSDER scenario; path no. 2 is on
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Figure 3-10 CONTAIN and FSAR pressure profile comparisons for a PSDER scenario,
showing the effect of different modeling methods for treating the pump-side
reflood water injection into the containment.
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CONTAIN and FSAR pressure proﬁles in the time reglon where the pressure
returns to subatmospheric conditions. The CONTAIN results show the effect
of two modeling approaches for treating the injection of pump-side water
during the reflood phase of a PSDER accident.
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Figure 3-12  Comparison of CONTAIN calculated pressure profile with the assumed ,

pressure profile used to €stimate the quench spray flow rate as a
function of pressure.
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Figure 3-13 CONTAIN calculated pressure profiles for a PSDER scenario, showing
the effect of bounding quench spray flow rates on depressurization.
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4 Jce Condenser Containment Analysis

. .t s
In this chapter we discuss qualification and methods that can be used to model DBA response of

. a PWR ice condenser containment with CONTAIN [1]. Figure 4-1 depicts a typical ice .

. condenser containment. * A representation of the containment lower compartment and ice
condenser are shown in Figures 4-2 and 4-3, respectively. Ice condenser containments make use
of large columns of ice to condense steam from the containment atmosphere following a large

.. pipe rupture in the reactor coolant or secondary coolant system located in the lower compartment.
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Figure 4-1 Typical PWR ice condenser containment showing the three

regional divisions of the containment: lower compartment,
ice condenser, and dome or upper compartment.



Rapid condensation of steam provides a method for limiting the maximum short-term pressure
increases in the containment as lower compartment steam, driven by the pressurization, is
removed from air/steam inflows to the condenser region. 'A simple sketch of this pressure-
suppression process is shown in Figure 4-4. Long-term pressure control is maintained similarly

through a continuous removal of steam that has been generated by decay heating of vessel water.

In these long-term scenarios, a directed air/steam inflow to the ice condenser is produced by use
of deck fans. Additional margins for pressure control are designed into the containment by
including containment sprays (quench and recirculating sump spray subsystems), as indicated in
Figure 4-5. The sprays may be positioned, in some designs, in both upper and lower
compartment regions.

Instrument

room

Figure 4-2

Ventilating
wuipment sres
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dcad:end volume

Ventilating
equipment area

®

Lower compartment of a typical PWR ice condenser showing the

_ two subregions of this compartment: the open region contains the

reactor pump and piping, and steam generators; dead-ended
regions contain the instrumentation and other engineering safety
features.
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Figure 4-3 Cross-sectional sketch of a typical PWR ice condenser showing the inlet
doors, lower plenum, ice bed with ice baskets, and upper plenum.
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Figure 4-4 Sketch showing the pressure- suppression control for a PWR ice condenser
where steam is removed from the lower compartment injection by

condensation of steam on ice surfaces.
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With pressure-suppression capability, ice condenser containments are designed with a smaller
total free volume and lower design pressure than large dry containments. The load analysis for
these containments focuses on the assessment of pressure-suppression performance, where
maximum pressures and pressure differentials that developed during pipe rupture events are
evaluated. Pressure control, as steam is continuously generated during the post-blowdown time
period, must be verified during the ice melting phase and after ice melt out.

As a result of the compartmentalization that is de51gned into the containment for pressure-
suppression enablement, ice condenser containments require multiple- cell modeling methods,
and therefore represent a more complex geometrical setup than used for either large dry or
subatmospheric containments. Some of the more difficult aspects associated with modeling
pressure-suppression containments are addressed in an assessment report featuring the
CONTAIN code applied to Westinghouse’s scaled prototypical type ice condenser tests. This
report, which describes these tests and the CONTAIN validation for ice condensers, has therefore
been included in this report as an appendix (Appendix H), and may be consulted to illuminate
some of the modeling issues unique to ice condenser containments. In the following discussion,
we refer to this appendix to support various modeling recommendations and input preparation
guidelines. [Note that Appendix H is not in this versxon of the report]

In Section 4-1, we descnbe a short-term LOCA scenario fot' a demonstration plant, and discuss
the qualification, model recommendations, and input preparation when using CONTAIN. We
extend the dlscusswn to a long-term demonstration analysis in section 4.2, where we describe an
example long-term scenario, the CONTAIN qualification, model recommendations, and input
preparation guidelines.

4.1  LOCA Short-term Accident Analysis,

In the short-term accident analysis, we used the Watts Bar Nuclear Plant Final Safety Analysis
Report [13] to obtain specific information for our demonstration calculation; this consists mostly
of information on the geometrical arrangement of the containment and specific blowdown source
data. We compare CONTAIN results to the TMD code [14] calculations, as reported in the
FSAR, to support our conclusions regarding qualification where a degree of equivalency is
sought, and refer to the CONTAIN validation efforts (Appendix H) to show qualification based
on CONTAIN performance studies.

4.1.1 LOCA Short-term Scenario

The LOCA short-term scenario is initiated by a double-ended rupture in either a hot or cold leg
of the reactor primary coolant piping. In the scenario selected for a demonstration calculation, a
rupture is assumed to occur in the cold leg. During the reactor coolant system depressurization, a
release of high pressure, subcooled water pressurizes the lower compartment of the reactor
containment. Shown in Figure 4-6 is the mass and energy release for a typical cold leg pipe
rupture. As the lower compartment pressure increases, the lower plenum doors rapidly swing
open allowing inflow to the ice condenser lower plenum. Flow continues from the lower plenum
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to the ice bed, and then from the ice bed-into the upper plenum through intermediate doors on the
top of the ice bed. Finally the flow enters the upper compartment through the top ice condenser

-doors. Lower compartment maximum pressurization occurs within & ~ 2 seconds after a pipe

rupture for a design-basis LOCA. - Co I -

Lo : [ !y R *
Because the break injection is subcooled, the blowdown generates a two-phase steam/liquid
stream exiting the lower compartment: ' During this early portion of the blowdown, unflashed
water will be partly entrained into the highly turbulent flow in the lower compartment that enters
the ice condénser.” This portion of air/steam/liquid that enters the condenser also exits into the
upper compartment, but most of the steam content of the flow stream is removed by
condensation onto ice surfaces. Additionally, a fraction of thé lower compartment air (trapped in
the lower compartment dead-ended regions) remains in the compartment and is not available for
-transport to the upper compartment. Total air transported into the upper compartment pressurizes
that compartment mainly as a result of air accumulation. Temperature increases in the upper
‘compartment are therefore at a minimum. o . X -

L . e - - . B - .o
B . 4 = T v St

4.1.2' Qualification

In qualifying the CONTAIN code for icé ¢ondenser containment analysis, we explore issues of
equivalency and validation. For addressing equivalency, we approach the qualification by.
comparing the CONTAIN calculations to TMD code results for calculating pressurization and
the pressuré differentials across the operation deck; TMD code results are obtained from the-

“Watts Bar FSAR. Qualification by validation is an approach where thete is a transference of

validation conclusions arrived at in the Waltz Mill assessments (Appendix H) to the ..
demonstration calculation for short-term containment response.” These two approaches are -
complementary, and actually differ only in'terms of one input parameter, the multiplier on the ice

" bed Nusselt number for an ice column to account for interstitial flow and roughness.

FUP

Shown in Figure 4-7 are the CONTAIN pressurization profiles in a PWR ice condenser

.."“containment compared to results report in the Watts Bar FSAR obtained using the Westinghouse

TMD code. -A summary comparison of CONTAIN and TMD models is provided in Appendix B.
The pressurization profiles in Figure 4-7'show that CONTAIN results are in good agreement with

 the TMD calculation, especially in the case of upper compartment pressurization. ‘For example,

- Figure 4-8 shows that the upper compartirient pressures calculated with CONTAIN are generally

-within'a +/- 5% equivalency band centeréd on the TMD code results. More importantly, for the

" “lower compartment comparisons, the CONTAIN predicted maximum average pressure is also

within 2 4/- 5% equivalency band based on the TMD code results, see Figure 4-9. The shift of

 the lowér ‘compartment pressure profile between codes, CONTAIN profile slightly delayed, has
“been noted also in comparisons with TMD results reported for the Waltz Mill test and discussed

in Appendix H.*Those comparisons indicated that the shifted profile as calculated with -
CONTAIN was, in general, in better agreement with data than t}}; proﬁlg calculated with TMD.
The slight shift in the CONTAIN pressurization profile is believed not to be a concern for

* - qualification; rather,"We observe that the shift is consistent with a previous experimental study

that favors CONTAIN predicted pressurization rise over TMD calculations.<Furthermore, the
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shift has no effect on the estimated maximum pressurization during the accident.

A design criterion for a PWR ice condenser is the limitation on the pressure differential across
the containment operation deck that divides the lower and upper compartments. We show the
pressure differential, difference between the pressure in a local region of the pipe rupture and the
upper containment, in Figure 4-10. The profile of the CONTAIN pressure differential is -
compared in the figure with the maximum pressure differential reported in the Watts Bar FSAR.
The comparison shows that the maximum pressure differential calculated with the CONTAIN
code is reasonably within a +/-5% variation of the TMD maximum pressure differential.

The comparison of pressure calculations between CONTAIN and TMD codes are quite
exceptional. Agreement is a reflection of the similarity within each code for key phenomena
modeling and the relative insensitivity of key results to phenomena that is modeled differently.
For instance, we note that condensation in the ice condenser is not an especially sensitive
phenomenon as long as a limiting condensation rate is calculated that assures that most of the
steam inflow is removed before reaching the upper containment. Even though the condensation
models are quite different, this limit condition is realized by each code. However, we do note
that a small variation in pressurization can be realized by adjusting the multiplier on the Nusselt
number in the ice columns (cihtml). The CONTAIN results that are represented in Figures 4-7
through 4-10 have been obtained usmg a multlpher (cithml) of 40 for each ice bed cell (#4 - #7).
One of the key phenomena for the pressure predlctlons is the amount of entrained water
transported from the lower compartment to the lower plem_lm and ice bed. A mechanistic model
to determine this entrainment fraction is beyond the scope of both codes. However, through
analysis, e.g., the sensitivity analysis performed in Appendix H, it has been shown that
conservative pressure predictions will be obtained assuming 100% entrainment. In both the
CONTAIN and TMD code results presented here, the entrainment is assumed to be 100%; and
therefore, for this phenomenon the modeling is equivalent.

Due to the lower compartment rapid pressurization rate; there is a need to consider the possibility
that flow exiting through the lower plenum doors may choke, that is, the flow may reach the*
critical two-phase flow limit.. In that case, the pressurization rate may increase even more rapidly
than for unchoked flow as a result of the limitation on the rate of the escaping air/steam mixture
from the lower compartment. To assess this possibility and account for the effect of critical flow,
both the CONTAIN and TMD codes include two-phase critical flow models. The models are
similar but not identical. For the CONTAIN code, a “frozen” homogeneous equilibrium model
(FHEM) is used; whereas, the TMD code uses a homogeneous equilibrium model (HEM).! .
These models are compared in Figure 4-11, where the reservoir pressure may be related, in the
case of an ice condenser containment, to the lower compartment pressure with flow represented
as the mass flux exiting the lower compartment. There are a number of points to consider from

}

—~

! An explanation of the the assumptions for the FHEM and HEM for critical flow is given
in Reference [16].
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Figure 4-11: ‘ o : &

.. For each model, critical flow increases as the upstream or TESErvoir pressure increases.
. The ' HEM produces lower critical flows than the FHEM.
. . . ‘. O - N . - - -
. An experimentally derived correction factor for the HEM (as referred to as an augmented

flow correction) applied to the HEM results for a flow quality x = 0.4, gives critical flows
that are in very good agreement with the FHEM used in CONTAIN: (This conclusion is
consistent with a similar conclusioti from the literature that the FHEM more accurately

' represents experimentally measured critical flow rates.) - . . "7

- B -t

1

e .. Applying a multiplication factor F of 0.7 to the FHEM flows, reduces those ﬂo;vs well
' below the HEM results without augmentation.. - - e T

3 -~ N A~
- -

" .. The more conservative model for critical flow prediction is that model that calculates the lowest
. critical flow or limit flow exiting the lower compartment. Clearly, a fractional multiplier must be

applied to the FHEM to produce such a critical flow." The CONTAIN calculations that have been
reported in Figures 4-7 through 4-10 have been run using a multiplication factor F of 0.7. In the
CONTAIN jargon used in the CONTAIN code manual, such a multiplication factor is referred to
as the vena contracta factor, VCONTRA. An émphasis on'critical flow modeling is important if
“ the conditions of critical flow are satisfied.':We note however, even with the disparity in the
critical flow models, as shown in Figure 4-11, the CONTAIN and TMD code pressurization
results are in good agreement. This can occur only in the case where conditions for critical flow
have hot been realized in either code model: It is concluded then that critical flow is not a factor
in the demonsttation calculation. Such an ‘assessment is consistent with the analyses performed
in the full-scale Waltz'Mill tests,-and is the basis for the conservative estimate for the’: -
multiplication factor F, as explained in the following discussion on model validation.. - .
© Model Validation. ) IR T S

AT ’ BRI S B TSI S AN (PR ST S IS

The phenomena occurring in an ice condenser during the rapid pressurization phase of a LOCA
.event is very complex. There are issues regarding entrainment, two-phase choking, forced-
convective condensation in‘a time varying flow geometry, and drain-down effects of suspended
"* or entrained liquid within'channels'in the ice bed and regions of the lower plénum, only to name
¢ afew. To assess the importance of these various processes, and to calibrate the modeling -~
-approaches, Westinghouse conducted a series of full-scale ice condenser blowdown tests in their
Waltz Mill test facility. Weé have includedin Appendix H an assessment of the CONTAIN code
- for modeling rapid pressurization in the Waltz Mill facility. From'this assessment we were able
to 1) calibrate the multiplier in the ice bed convection corrélation used in the HMT analogy, and
2) set conservative bounds on the critical flow model used to limit two-phase flow in regions
where pressure differentials across flow paths aré large: These methods, can be misinterpreted as
tuning, are appropriate only when there is a sufficient database of experimental information for
tests that themselves are geometrically and temporally “scaled” to represent a full scale
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containment event accurately. In the case of the Waltz Mill tests, distortions in the measured and
containment conditions are minimized such that quantitative conclusions regarding the setting of
parameters may be transferred directly from test to a containment event. We have this type of
scaling with the Waltz Mill tests that allows transference of calibration parameters — for these
tests, the geometry is full-scale and the rate processes are essentially identical with the postulated
accident event. Two of the input parameters of special interest in the calibration of ice bed
energy transfers are the liquid film thickness and multiplier on the Nusselt number in the ice
columns. Both parameters affect the steam condensation process in the ice beds, and therefore
also affect the inflows from the lower compartment to the ice bed. These flow rates directly
determine pressurization rates. We have set the film thickness to a very small value to minimize
liquid film resistance. This setting seems reasonable in the sense that surface water will be
entrained by the high flow velocities within the ice bed where most of the condensation is
occurring. The multiplier theréefore becomes the main calibration parameter for the experiments.
We have determined that a very good fit between calculations and measured pressurization
occurs with a multiplier of 10. This value is less than that used above for establishing
equivalency with the TMD code. -Figures 4-12 through 4-14 show the comparison of CONTAIN
results with the two choices of multipliers. In these figures we see that selecting a multiplier of
10, as compared to 40, produces a slightly more conservative pressurization profile; yet, either
choice produces an equivalent pressure differential profile.
We also note that in the CONTAIN code application to the Waltz Mill tests, insights into the key
phenomena and the appropriateness of various other modeling assumptions have been provided.
For example, the conservatism associated with an assumed 100% entrainment model is_

‘demonstrated in the Waltz Mill assessments. The experiments also provide a needed justification

for elimination of some modeling - like the inertia model for the lower and intermediate ice,
condenser doors in the CONTAIN code. Appendix Hj therefore, provides validation of the
CONTAIN methodology and corresponding user selection of input for ice condenser
calculations, representing a valuable contribution for qualifying the CONTAIN code.

In the above discussion on comparisons with the TMD code, it was mentioned that critical flow
is apparently not a modeling issue affecting the containment pressurization in the demonstration
calculation — in either the CONTAIN or TMD applications. We would anticipate this..

conclusion based on the Waltz Mill analyses. Shown in Figure 4-15 are the lower compartment

- exit flows as calculated with the CONTAIN momentum equation and as would be predicted,
- - using the CONTAIN FHEM for critical flow (with and without a multiplication factor applied).

For the demonstration calculation presented in Figures 4-12 through 4-14, a multiplication factor

-of 0.7 has been inputted to the code, as the vena contracta input VCONTRA. From Figure 4-15,

we ‘see that curve labeled “0.7 * G, just bounds the unchoked flow G. We have based our

cnt”

selection of the factor “0.7 “ on experimental assessments of the Waltz Mill tests, as explained in
Appendix H. The choice of this factor gives the most conservative critical flow modeling, that is

-also consistent with experimental analyses, where we have concluded critical flow was not

attained in the Waltz Mill tests investigated.
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A summary of the qualification of the CONTAIN code for short-term scenario is presented in
Table 4-1; the summary includes information on the equivalency as well as the validation
approach to qualification. . ron NPT
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4.1.3° Modeling Recommendations ’ -

The model recommendations for a short-term LOCA analysis of a PWR ice condenser *
containment are developed in a manner that ensures conservative estimates of maximum pressure
loads within the containment. These recommendations have been verified in full-scale tests, and
have been found to provide conservative results also when compared to LOCA calculations
obtained with a previously reviewed ice condenser containment code, TMD, referred to in the
USNRC'’s Standard Review Plan for ice condenser containments.?

A summary of the model recommendations for the short-term LOCA scenario is presented in
Table 4-2.

4.1.4 Input Preparation

Table 4-3 gives a summary of the input preparation for performing a short-term LOCA scenario
analysis in an ice condenser containment with the CONTAIN code. In the section of the table
dealing with ice bed input there are two sets of input specifications corresponding to the
equivalency and validation argument as discussed in Section 4.1.1. We recommend the user
select the ice bed parameter cihtml that gives the more conservative results, that is, the lower
value; however, we recognize that the user may also be satisfied with an equivalency approach.
In the latter case, the higher value of cihtml may be chosen.

Nodalization.

The complexity of an ice condenser containment, designed for pressure suppression, makes some
challenging demands on code modeling and on the user for input preparation. Nodalization is
one area where we depart from the simple single cell approach recommended for the large dry
and subatmospheric containments. The adoption of multi-cell modeling in the case of ice
condenser containments is a consequence of two facets associated with this unique containment

type:

. The physical partitioning of major regions of containment that are coupled by well-
defined flow paths suggests that we recognize the partitioning in a containment model to
enable a prediction of realistic containment responses.

. The safety review of ice condenser containment systems emphasizes not only maximum
internal pressure but also internal pressure differentials. Resolving these differentials
requires a reasonable degree of containment partitioning by the user.

In the short-term scenario analysis, the containment model used for the demonstration calculation

? Standard Review Plan, NUREG-0800, Rev. 2, July 1981, Section 6.2.1.1.B, “Ice
Condenser Containments.”
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is a 22 cell model of the containment, Figure 4-16, based on a compartmentalization described in
the Watts Bar FSAR. 'The model, although similar to the FSAR containment nodalization, is not
identical to that model. The FSAR containment model used for the TMD code calculations .,
consisted of 50 cells. The added cells, that is, beyond the 22 cells of the CONTAIN model, were
incorporated to circumferentially divide the ice condenser region. We do not recommend that
level of detail in modeling the ice condenser; rather, we suggest a one-dimensional segmentation
of the condenser that is similar to the level of detail used and verified in the CONTAIN
assessment of the Waltz Mill tests. In the demonstration problem we have used four cells to
miodel the ice bed and one cell each to model the ice condenser lower and upper plenums,

-+ respectively. Shown in Figures 4-17 and 4-18 are the cell partitioning described in the FSAR

TMD model. In the 6pen region of the lower compartment, consisting of cells 1 through 6 in the

- FSAR TMD model, the region of the pipe rupture is cell #1. .This region is characterized by the
- highest local pressure following the break, and therefore is also an important region for

establishing the maximum pressure differential across the operation deck that divides the lower
and upper containment region. To resolve the pressure in the immediate vicinity of the pipe
rupture from the rest of the open region, we collapse the FSAR partitioning into two regions, a
large open region that excludes the pipe break and a smaller open region surrounding the break.
The dead-ended rooms in the CONTAIN model remain as described in the FSAR, that is, each
physical room is identified as a separate computational cell. - The correspondence between the
FSAR cell numbering and that used in the CONTAIN model is shown in Table 4-4.

We note that it is important to model the dead-ended rooms in the lower compartment since these
compartments will trap air during the blowdown. Trapping air in these compartments will
reduce the inventory of air transported to the upper compartment and therefore reduce the upper
compartment pressurization. This effect is demonstrated in Figure 4-19, where pressurization
with and without lower compartment dead-ended regions modeled are compared. -

Ice Condenser.

A modeling approach for the ice condenser has been chosen that is very similar to that used in the
Waltz Mill tests; as described in Appendix H. Because this modeling approach has been
validated for an application, that is nearly identical to the DBA demonstration problem, we .
suggest a conservative combination of input parameters that set filmliquid thickness and-
convection multiplier, that is, parameters ciflmx and cihtml, respectively. For the short-term
scenario, these parameters are set as: ‘ o . ]

ciflmx = 5.0 x 10 meters, and
cihtml = 10.
The input parameters that correspond to the physical description of the ice bed, ice mass, initial

ice surface area, and channel flow area, are all set according to the plant-specific geometrical
specification of the ice bed.
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We have noted that because of the exceptionally wet conditions that occur in the ice bed, the gas
temperature in the bed is at the saturation temperature. In the CONTAIN code, the exit water
temperature is limited to the saturation temperature when the ice bed is calculated to be saturated,
irrespective of the set exit water temperature.

Structures.

P [ [N y o .
Structural heat transfer is not modeled in the short-term LOCA input deck. Because the time
frame for the short-termranalysis is very brief, only a few seconds, heat transfer to structural
material is not a significant contributor to energy removal from the containment atmosphere. For
example, the lower compartment pressurization is essentially unaffected by excluding heat’
transfer to structures. - There is a small effect in the case of the upper compartment pressurization,
where a slight reduction in upper compartment pressurization can be observed with the inclusion
of heat transfer to structures, as shown in Figure 4-20. Thus, by assuming no structural heat
transfer, a slight conservative bias for maximum load analysis is provided.

Flow Path Characterization.

Characterizing the flow paths for the ice condenser is an important requirement for enabling a
conservative determination of pressure maximums and pressure differentials. The most
important parameter in this characterization is the loss coefficient, as demonstrated in the
sensitivity analysis performed in the Waltz Mill test assessment.

Clearly, determining the loss coefficients for an ice condenser is a difficult matter, given the
complicated geometry and the character of the flow stream.- In this determination we turn to-
scaled flow tests conducted by Westinghouse for the Waltz Mill test facility. Shown in Table 4-5
are loss coefficients determined using 1/10 and 1/4 scaled models. We may apply these
coefficients to the plant ice condensers by 1) observing the basis on which the coefficients’ K are
reported, and 2) adjusting the ice bed frictional coefficient to correspond to the plant ice bed
length which is 1/3 greater in length than the Waltz Mill facility.- We have adjusted the
coefficients reported for the Waltz Mill facility to the plant ice condenser in the demonstration
input [Appendix E]. Briefly, we show the steps in converting the loss coefficient used for the
Waltz Mill facility to the demonstration ice condenser plant:

Door entrance (cell #1 to #3):

: A
. change of basis —  Kj,,, = Kpq—220r

2
Abed
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. convert to CONTAIN flow coefficient (CFC)’ - [CF ¢ =‘K‘;W]

Turning and ice bed entrance (cell #3 to #4): S

£

. 1 ‘ ;r‘)o change in'the bzyls,isr— * Kentrance =12
. determine frictional loss for ¥2 of the downstream cell —  Kj,, = 018
. convertto CONTAIN . o Kt K
:» . .convert to CONTAIN flow coefficient (CFC) —--CFC = e
Ice bed (#4 to #5, #5 to #6, #6 0 #7): , o
. frictional loss coefficient for ¥ of ice bed cell (adjusted for scided' height) —

total ice loss coefficient = (ice bed and exit loss - exit loss) * 1.33
friction loss for ¥z of ice bed cell = total ice loss coefficient / 8
. frictional loss coefficient for flow between ice bed cells —
flow path loss coefficient = 2 x frictional loss for ¥2 of ice bed cell
. convert to CONTAIN flow coefficient (CFC) —
CFC = flow path loss coefficient / 2
Ice bed exit (#7 to #8):
. frictional loss of ice bed exit = exit loss (K = 1) + friction loss for 2 of ice bed cell
. convert to CONTAIN flow coefficient (CFC)
CFC = friction loss of ice bed exit /2
Upper plenum exit (#8 to #2):

. frictional loss of plenum exit = exit loss (K=1)

3 CONTAIN flow coefficient CFC is equal to loss coefficient / 2
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. convert to CONTAIN flow coefficient (CFC)
CFC=1/2

For determining the loss coefficients for flow paths in the lower compartment cells, we have used
the TMD loss coefficients as reported in the Watts Bar FSAR.  For additional details on the flow
path input, see the comments in the demonstration input deck listed in Appendix E.

As previously mentioned, we have relied on an analysis with the Waltz Mill tests to conclude that
plenum door inertia modeling is not important for predicting containment pressurization during
the short-term rapid pressurization phase of the postulated DBA.” Consequently, we model the
opening and closing of plenum doors with a static pressure versus area specification. This is
accomplished in the CONTAIN code by using the reversible flow path input described in the
CONTAIN manual [1]. The pressure versus area specification used in the demonstration
calculation has been used in previous CONTAIN ice condenser analyses [17].

4-16




Li-v

[

N

Table 4-1 Summary of the CONTAIN quahﬁcatxon for shori-term LOCA calculations in a PWR ice condenser containment,

b

“ Modeling Area ™D~ /-~ CONTAN " Comments “Reference
geometric nodalization: L . ‘ ’ ‘ N
' L ' . - 4 s
upper compartment "| single cell single cell ~ pressurization dué mainly to air accumulation ~ | pressure
o . i ' v stratification effects minimal importance due to suppression
' the small effect of heat transfer in upper design
- o - compartment during thc short time period
ice condenser + | 3 vertical layers of ice | 4, vertically stacked ice bed | small circumferential ﬂows main pressure ‘sensitivity
bed cells -6 t| cells; single cell for each vanahon due to vertlcal flows’ (calculations
‘circumferential . .| plenum * et 4 ‘reported for TMD
! | divisions (total of 18 - - co ' SRS 3] C
SEon ' cells); 6 ; "L
Torm e e = | circumferential cells - - e - .
- { for each plenum .
- i
lower compartment *1 6 cells model open | 2cells model open region; - | identical cell for pipe rupture located in open .TMD
' ‘region; 13 cells model | 13 cells model dead-ended ~ | region = small variations in pressure within - pressatization
i dead-endedrooms. ‘| rooms - . most of the open region (excluding break cell); | calculation [13 }
’ equivalent nodalization for dead-ended rooms
two-phase steam injection thermal equilibrium, .| thermal equilibrium, thermal equilibrium models are equivalent [Appendix H, pp.
| homiogeneous mixing, : | homogeneous mixing, with | methods for partitioning steam and liquid water; | H-74, H-75]
+ | without dropout 100% entrainment no dropout of water (CONTAIN) and 100% '
TR B ’ entrainment (TMD) assumptions are essentially o
% L i KR . identical; thermal equilibrium and no dropout A
. represent conservative assumptions 3
heat transfer to structures structuresnot .. .. ‘| structures not modeled equivalent treatment, conservative —_ .
B { | modeled” ° ' ‘ T
heat transfer to pools pool interaction with ' | pool interaction with - equnvalent treatment, conservative ° = ;
I . atmosphere not - - atmosphere not modeled --~| -« -~ - s - - - e e -

modeled
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Table 4-1 Summary of the CONTAIN qualification for sh;m-term LOCA calculations in a PWR ice condenser containment (cont.)

Modeling Area T™D CONTAIN Comments Reference
flow paths:
? N . t
equations lumped parameter lumped parameter equivalent flow equations for vertical flows; TMD [14]
momentum equation, | momentum equation sensitivity calculations with the TMD code for radial '| CONTAIN [1]
with acceleration (1-D), with - and hoop flows in the Watts Bar FSAR shows that Watt Bar FSAR
terms; radial and hoop’ | acceleration terms pressurization is insensitive to these more * ; (3] - -
flow equations P A sophisticated flow models .-, . :
included S
loss coefficients (ice based on experimental | based on experimental | equivalent basis for time invariant loss coefficients as | Waltz Mill test
condenser) tests for scaled tests for scaled models | determined in the scaled model tests, conducted with ‘| report [15]
models; variable in © 7 lair, . : g
time due to ice
melting
critical flow isentropic, frozen, homogeneous FHEM with a multiplication factor of 0.7 is shownto | Watts Bar FSAR
homogeneous - equilibrium model be more conservative than the HEM implemented in | {13]; Appendix
equilibrium model [FHEM)] with ‘TMD; and, the FHEM with factor is additionally JH -« -
[HEM] ‘multiplier (0.7) - shown to be the most conservative critical flow .
* ' o model that is also consistent with experimental g
analyses, that is, the Waltz Mill assessments,
ice bed heat and mass semi-empirical model | physically based HMT | Both the CONTAIN and TMD models are .| Waltz Mill test
transfer with calibration factor | analogy method with implemented using a calibration factor to account for | report [15);
‘ ) ELJAC calibration factor the complexity of the ice bed flow geometry and ° Appendix H
applied to Nusselt convective correlation. These calibration factors are
number calculated in based on pressurization data for the Waltz Mill full-
ice column scale ice condenser tests.
plenum door inertia (door door inertia, frictional | static model; pressure Investigation of . pressurization sensitivity to door Appendix H
dynamics) resistance, and gravity | versus area modeling motion conducted for the Waltz Mill tests, with the
forces included ina CONTAIN and standalone dynamic door modeling,
dynamic door motion concluded that door response is so rapid as to not be a
model factor in pressurization calculations
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Table 4-2 General modclmg tecommendatlons fora quahﬁed CONTAIN short-term LOCA calculation in a PWR ice condenser

containment.

»

]

~ Phenomena {

o

Modeling Recommendations

Multi-component gas compression

Nodalize the upper containment with a single cell; use multiple, vertical stacked cells for
condenser (4 cells in the ice bed, single cells for lower and upper plenums); multiple cells in
the lower compartment to resolve break region, open region, and dead-ended rooms

Two-phase water expansion

o *

Use a thermal equilibrium method for water m]ectlon modeling (ATMOS SOURCE) no"
dropout of liquid water (default) - CLr L)

61-v

Two-phase inter-compartment flows

Gas loss coefficients (ice condenser scaled tests); critical flow model for all paths (default)

{ .

Plénum'doors : Static opening under pressure - préssre versus area (reversible, engineering vent option)
Ice bed h_e'at. and mass transfer Gedxhgtrical spwiﬁcgiioné;'Mhm l\iquid'film thickness; Nusselt multiplier X
Structure heat transfer . Neglect (conservative assumption for ébtaihing maximum loads) \
Pools Include upper and lower compartment pools and lower plenum pools for gas volume

. displacement; no surface or bottom energy transfers "¢ : o
Icej rpelt and condensate - Divert to lower plenum with overflow to lower compartment; use default ice meltand -

- - - P

[N

condensate exit temperature _

LR




Table 4-3 Input guidance for modeling a short-term LOCA scenario in a PWR ice condenser containment.

Input Section/Block Parameter(s) Comment
Global: ‘
Nodalization ncells = M (multiple-cells) Suggest single upper compartment, 4 cells for ice bed, single cell for cach plenum,
I ‘ minimum of three cells for lower compartment (open region excluding break region,
ncells = 22 (demonstration break region, and dead-ended rooms ~ consult FSAR for “region and room description)
calculation) . e e e v e — e e - .

Material propemes default properties compound propemes for mtrogen, oxygen, water vapor, and water liquid

Tunesteps 4 ~0.01 se;mnds T setto glve accurate results for the time scale of i mterest (fracnons of seconds)

Flow — no dropout of liquid water (default) !

engineering vents
N plenum doors RVAREA-P reversible pressure versus area (see listing)
&Y .
< pool type paths type = pool liquid redistribution paths from lower plenum to lower compartment (set elevation for
path at plenum floor level, set plenum gas path to lower compartment at clevation above
pool path to avoxd pos51ble closmg due to ﬂoodmg)
loss coefficients VCFC gas loss coefﬂcxems (use FSAR specnf' cauons) .
- inertia mass - VAVL area/length for paths (use FSAR specification as given for TMD; otherwnse, in case of i ice
e bed, use ﬂow paxh arca/ length between adjommg cell centers of mass)
¢« yena contracta VCONTRA set for all paths, VCONTRA =0.7
clevations VELEVB, VELEVF set according to specifications, use RESOLVE keyword

Upper compartment:

Geometry gasvol, cellhist free volume for equivalency (FSAR specification), set to define pool

Atmosphere initial conditions | ATMOS block, pressure, temperature, and humidity equivalency (FSAR specfication)

Structures STRUC (omit), or HT-TRAN | neglect heat and mass transfer to structures

—
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Table 4-3 Input guidénce for modeling a short-term LOCA scenario in a PWR ice condenser containment (cont.). ' ‘

i | mputSeetion , | Block/Parameter(s) : S . Comment | ‘ ’
t i H t . . s ‘
Upper compartment:  * ' ) ’ ! . : » ! '
v v ' : . ’ . } 4 ’
Lowet cell ‘ : : low-cell . : include with no heat or mass transfer (HT-TRAN off off off off off)
L ! ’ : f H s . ¢ ' t
Lower compartments: ' , , ) . ‘ , , ! i ‘ .
Ggonery P t ;-- | gasvel, cellhist | -« | .. ¢ | free volume for equivalency (FSAR speciﬁcation), set'to define pool
Atmosphiere initial thi}if’“% ! ATMOS b|0¢ka SOURCE block * pressure tempemturc, and humidity equlvalency (FSAR specf' ication); blowdown
and water injection -t s - ST T : - mjectlonmbreakreglon o e
P | N s . v . ! i y i o}
Structures l ‘ . | STRUC (omit)! | . . neglect heat and mass transfer o structures , o I
K M i ¢ ] ! 1 . ‘A . { ’ 5 ¢ N ‘ ! :
Lower cell ‘ , | low-cell | . include with no heat or mass transfer (HT-TRAN off off off off off) !
Ice condenser: ¢ : Lo o o
Geon{euy ‘ ' ‘ ICECOND (hmcl tmsici, ciarfl, setto FSAR geometric and initial condition specification , ; o E
? i ahin) | L L L
Heat and mass transfer ; ICBCOND (c1ﬂmx cihtml cmcc) l 'clflmx 5x 10‘ cihtm! = 10 (based on Waltz Mill assessment) . .
‘ * o e e i S, ot - cihtm] = 40 (for equwalency to TMD code) |
P ‘ A R citice (default) U :
lower plenum pool "|towcei” ¢+ 1§ " |include with no heat or mass transfer (HT-TRAN off off off off off) T
H + ‘ t ' . i ' ! v , i o . T 1 AN -
T A P | N L S T ‘
' ' s { i ' ¢ Cor : | H ',
vy [ T T SRR B SRR C ' -
\ ) . . - . - I P “- X |

~ PP S . - p—— oo w— - s




Table 4-4 Basis for CONTAIN lower compartment nodalization used for the ice
condenser short-term demonstration calculation.

CONTAIN | TMD cell # * Volume, m®
cell #

Open region (excluding break region):

1 2 1042.1
3 1987.9°
‘4’ 1098.7 -
5 10421
6, 711.2

(Total = 5881.9)

Open region (break region):

9 1 ‘ 812.7

Dead-ended rooms:

10 26 331.3
11 27 - 1506.9
12 o |28 3172
13 " |29 529.5
14 30 - 317.2
15 31 509.7
16 32 - {286
17 33. 4333
18 34 | 368.1
19 35 : 124.6
20 36 1246 *
21 37 263.4
22 . 150 | 39.6
* Watts Bar FSAR [13] :
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Table 4-5 Ice condenser unrecoverable loss coefficients for Waltz Mill test facility (TMD

* Waltz Mill final report [15] . .
** jce bed réfers to region of ice conderiser where ice columns are located

L 423

model). *

Location Loss coefficient (bed flow Source
. . _ . areabasis) o
Door entrance 1.8 1/10 scale model test
Turning and ice bed ** 12 1/10 scale model test
entrance 1
Ice bed friction and exit 3.1 *| 1/4 scale model test

1
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Figure 4-6 Break mass and energy flow from a double-ended cold leg break, Watts

Bar FSAR [13].
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Figure 4-7 Comparison of short-term pressurization for ice condenser

containment (double-ended cold leg break).
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Figure 4-8 Upper compartment pressurization, showing the equivalency between
the CONTAIN and TMD calculations.
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Figure 4-10

CONTAIN calculated maximum pressure udifferential across the
containment operation deck in a ice condenser following a double-
ended cold leg pipe rupture.
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| — Homogeneous equil. model (TMD code)
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Reservoir Pressure; bar |

Figure 4-11  Two-phase critical flows calculated by CONTAIN and the TMD code for flow
mixtures of quality x = 0.4 and 1.0 (steam). Curve labeled “Expr. correction”
is an experimental correction applied to TMD results at x = 0.4; curves labeled

[ ——

—

“0.7 * G, “ apply to the CONTAIN results at x = 0.4 and 1.0.
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Figure 4-12

4-30

CONTAIN calculations of the upper corripartment pressurization,
showing the effect of ice bed Nusselt number multiplication factor on
results (cihtml =10 used for Waltz Mill analysis, Appendix H).
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-« Figure 4-13

CONTALIN calculation of lower compartment pressurization, showing the

: effect of ice bed Nusselt number multiplication factor on results (cihtml

=10 used for Waltz Mill analysis, Appendix H). -
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Figure 4-14

CONTAIN calculation of maximum differential pressure profile across
the containment operation deck, showing the effect of ice bed Nusselt
number multiplication factor on results (cihtml =10 used for Waltz
Mill analysis, Appendix H).
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Figure 4-16 CONTAIN nodalization scheme for the short-term ice condenser plant
demonstration calculation.
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" TFigure 4-19 ~~ Comparison of CONTAIN and TMD pressurization profiles for a double-
" % 7+ 7 ended cold leg pipe rupture, where the CONTAIN model excludes
7. "modeling the dead-ended rooms in'the lower compartment ( Nusselt
number multiplication factor, cihtml, set to 40 for an equivalent
calculation comparison). The lower compartment over prediction by
CONTAIN is due to the exhausting of the complete inventory of air in the
lower compartment to the upper compartment during the blowdown.
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Upper compartment pressurization effect when including heat sinks in

the short-term LOCA analysis (Nusselt number multiplication factor,
cihtml, set to 40).
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found in Safety Evaluation Reports (SERs). . -7 - et T

4.2 - LOCA Long-term Accident Analysis . - ; - A

-In the long-term accident analysis, we used the Watts Bar Final Safety Report (FSAR) [13]to
obtain specific information for our demonstration calculation; this consists of information on the

.. containment geometry, heat sinks, injection sources, and safety systems. We compare .. _-

CONTAIN results to LOTIC code [18] calculations, as reported in the FSAR. . The FSAR
calculation serves as a guidepost for establishing an independent measure to support the - -
- qualification of the CONTAIN code, which may be differentiated from the claims of equivalency

_'made in comparing CONTAIN results to other USNRC auditing calculations. The use of the,

--term guidepost, a downgrading of our previous use of equivalency, reflects on our limited
knowledge of the modeling details of the LOTIC code and input for the accident scenario. To
address this concern, we have identified the key phenomena and included a number of sensitivity
calculations in the qualification section that put into context comments regarding code . ... -
qualification..- . -. T TR I N N P RN
Furthermore, qualification for the CONTAIN code is supported by our validation efforts - _ ..
documented in Appendix H, where the CONTAIN code is exercised for a long-term test in the
Waltz Mill test facility. From this validation work, we have established good evidence indicating
phenomena important during the process of ice melt-out, and have shown that the CONTAIN
modeling can be used to provide good estimates of ice melt-out times. -However, there are no
experimental data available to use as a basis to verify some of our calculational assumptions .
made during the pressurization period subsequent to ice melt-out. This pressurization phase is
critical to establishing the peak pressure obtained in the long-term scenario. : :

N >

It should be noted that the intent of these calculations, being demonstrative in nature,-are
intended only for qualification purposes and are not offered as a re-review of any conclusions

421 LOCALong-termScenaio  « .+ 1 . ... - e

1) v -

« The LOCA long-term scenario is initiated as a pump suction pipe rupture.-This type of pipe
. .Tupture in the RCS results in the most severe post-blowdown injection into the containment that

is expected to result in the highest late time pressurization of the containment when the ice melts
out. In this case, core reflooding rate is high and all reflood water vented to the containment
must past through the steam generators, becoming superheated before entering the lower
compartment of the ice condenser containment.” Shown in Figures 4.21-and 4.22 are the mass

.- _rate and energy of the injection into the lower compartment. The injection from the RCS is - -

- partitioned into four phases: blowdown, reflood, froth, and decay heating. "We have shown in

- Figure 4.21 a band of some uncertainty for the decay heating portion of the injection. The
uncertainty is the result of a lack of specificity in the Watts Bar FSAR concerning the injection
mass rate during the decay heating period. In the qualification of the CONTAIN code, we will
-address what impact such an uncertainty in the injection has on containment loading, and how
that uncertainty affects our perception of qualification based on comparisons with other code
results. . ; S LV : : : S
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In Section 4.1, we considered only the early portion of the blowdown phase when no active :
safety features of the plant were operational. However, during the long-term scenario not only
must we be concerned with'the pressure control provided by the ice condenser, which acts as a
passive mitigator,’but we must also consider the active safety features such as the quench and
recirculation sprays activated after the blowdown phase. For the demonstration plant that we are
using for code qualification, we have chosen a plant where the sprays are located in the upper
compartment; as opposed to another configuration where sprays are located in both upper and
'lower compartments; this configuratlon was selected because it is the most common among ice
condenser plants. Drains are placed in the upper compartment sump to return spray water to the
lower compartment sump where spray water passes through recirculation spray pumps and heat
exchangers.: Shown in Table 4.6 is the accident chronology for a pump suction pipe rupture.
This scenario is characterized as one with an assumed minimum safeguards condition; that'is, a
condition where there is one of two spray pumps, and one of two, spray heat exchangers
operating; one of two RHR pumps and one of two RHR heat exchangers; one of two safety
injection pumps and one of two centrifugal pumps; and, one of two air return fans available for
mitigating the acc1dent event.

422 Quahﬁcatlon

The qualification of CONT AIN for the long-term ice condenser analysis is based on an
assessment of the code for predicting pressure suppression control. With our emphasis being
placed on pressure response rather than both pressure and temperature means that we are less
interested in our modeling assumption that will specifically affect lower compartment
superheating. We will mention some of the processes that affect superheating but will not
consider those processes in hght of temperature estimations.

In qualifying the CONTAIN code for long-term ice condenser analysm a‘corresponding
calculation is extracted from the Watts Bar FSAR. Since the FSAR calculation was determined
using a vendor’s proprietary code, we will not consider the CONTAIN qualification basis to be
one of equivalency as previously done when comparing other USNRC code results with
CONTAIN. Rather, we use the FSAR results as a guidepost for discussing how results obtained
with CONTAIN maybe contrasted with other codes, and spec1ﬁcally where modeling is or is not
implemented in a mechanistic and consistent manner.

Vi

As in previous qualiﬁcation séctions for other plant types and scenarios, we will base much of
our qualifying statements on CONTAIN validation studies: For long-term applications, the
CONTAIN code has been'compared to experimental data obtained by Westinghouse in the Waltz
Mill test facility. Those comparisons for a long-term test, Test K, are documented in Appendix
H. Test K represents‘a near prototypical test for evaluating the rate of ice melt-out during a long-
term scenario that includes the effects of blowdown, frothing, and decay heating on the ice melt-
‘out rate. Subsequent to melt-out, the pressunzauon phase is not addressed in the Waltz Mill -
testmg because the facility does not include spray systems. - However, the pressurization phase
involves CONTAIN modeling and input options that have previously been qualified for other
plant types. In this case, the phenomena of interest for modeling are the interaction of sprays
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with steam/air mixtures (see Section 3.2 ).

Comparis&n with Watts Bar FSAR results. . ¢

The purpose. of the ice condenser for long-term accidents is to provide pressure suppression -
control during those post-blowdown time periods (reflood and frothing) when steam injection
ratés are still relatively high.- This means that ice melting must proceed at a rate that extends the

. time of melt-out beyond the frothing period, as in the case of the scenario considered here.

Melting out too early may result in pressure increases above the desi gn pressure, while melting
out later during a less energetic injection period will allow the activated sprays to limit pressure
increases to values below the containment design pressure, typically with some margin. In the

following discussions we address modeling issues of melt-out and pressure control through a

number of comparisons with results reported from the Westinghouse LOTIC code. Later in the
discussion we also investigate how uncertainties in the decay heat steam injection can account for
a range of CONTAIN pressure predictions that bound the FSAR long-term peak pressure
estimate. - T S . L . . -

Lyt P T - - PR -

Shown in Figure 4.23 are the comparisons between the calculated long-term pressures as
determined using the LOTIC and CONTAIN codes.. Table 4.7 provides a summary of the inputs
and assumptions for modeling used for each code. ‘We note in the pressure profiles that the
CONTAIN code predicts an early and delayed onset of pressurization depending on whether or
not we assume in the CONTAIN modeling ice melt and condensate water interaction with the

‘lower compartment atmosphere. The CONTAIN calculated ice melt-out times are compared in

Figure 4.24 with the predictions from the LOTIC code. - A comparison of containment
atmospheric and sump temperatures are shown in Figures 4.25 and 4.26. We note those results

. from'either code indicate that the condenser ice melts out at least 1000 seconds beyond the end of

the frothing period.In the case where the extended melt-out is predicted by CONTAIN with -

- drain-down interaction, modeled by assuming that the drain-down water forms a spray-like

condition in the lower compartment, pressurization is minimized by the slightly reduced steam
injection’ (reduced decay heat rate) and by the increase in the upper compartment spray flow rate
that is caused by the start of the residual spray pumpsat 3600 seconds. . - - -

< In the LOTIC calculation, the atmospheric temperatures are constrained to the saturation line,

however, this is not the case for the CONTAIN code.. While the upper compartment- - :
temperatures are saturdted for both’code calculations, due to the introduction of sprays in that
compartment, the lower compartment temperatures are calculated with CONTAIN do show a
significant amount of superheating when no drain-down water interaction is assumed, and to a
lesser degree when the ice melts out. Shown in Figure 4.27 are the lower compartment -
atmospheric and saturation temperatures calculated with CONTAIN compared to the LOTIC
atmospheric temperature.;; Figure 4.28 presents a comparison of the CONTAIN calculated exit
water temperature from the ice bed with the set value used for the LOTIC code. The code values
may also be compared in this figure to the measured water temperature on the floor of the lower

plenum in the Waltz Mill test facility during a long-termtest. = -~~~ = = =~
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Clearly, there are some significant inconsistencies between the CONTAIN and LOTIC results -
that may give rise to some concerns regarding validity of the comparisons, especially with regard
to how saturation conditions in the lower compartment are arrived at. In an effort to resolve
these concerns we note the following points concerning the LOTIC results as compared to
CONTAIN:

. The LOTIC code restricts atmospheric temperatures to follow a saturation curve which
we assume is suggested by the wet condition of the lower compartment, especially during
periods of high rates of drain-down water that cascade from the lower plenum doors. *
Near saturated conditions in the lower compartment during the CONTAIN predictions
can occur only if there is assumed a substantial thermal interaction between the drain-
down water and lower compartment atmosphere; this interaction, however, substantially
delays the rate of ice melt-out. - ’

. The assumption to restrain the lower compartment atmospheric temperature to the
saturation curve in LOTIC should be associated with an energy exchange between the
atmosphere and liquid water in the lJower compartment (suspended, on structures, or in
the sump). We note however that the sump temperature (sole repository for lower
compartment liquid water) predicted with the code is low, and in comparison to the
CONTAIN results compares favorably only to estimates where drain-down water
interaction is not accounted for. .

. The LOTIC code predicts an early ice melt-out time that is consistent with the CONTAIN
code only for a case where no drain-down water interaction'is assumed.

These observations point to a conclusion that the LOTIC code invokes a restrictive condition in
its modeling of the atmosphere (assumed saturation) that is not consistent with energy
conservation rules that are adhered to with the CONTAIN code.’ As a result, it is not possible for
the CONTAIN code to predict-an early ice melt-out time while maintaining saturation conditions
in the lower compartment. This is believed to be the reason for the inconsistencies between
atmospheric and sump temperatures predicted by each code. ‘

The CONTAIN pressure increases calculated after ice melt-out have been made using the lower
bound decay heat steam injection rate shown in Figure 4.21. The upper bound on the decay heat
steam injection is obtained from a tabulation in the Watts Bar FSAR: The lower bound steam-
rate is based on'1) a standard decay heat equation,® 2) the FSAR specified reactor power for, .
decay heat prediction, and 3) 100% of decay heat directed to steam production. Our concern for
uncertainty in this discussion of comparison calculations is that the pressure and temperature
profiles in the LOTIC results do not appear consistent with the tabulated steam rate during the
decay heat period, that is, a significant drop in pressure and temperature are noted in the LOTIC
‘calculation at the end of frothing, whereas, the tabulated steam rates would suggest no reduction.

7 ¢ H

* Way and Wigner estimate of PWR decay heating given in Reference 19.
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We show in Figure 4.29 the LOTIC and CONTAIN pressure comparisons with the tabulated
decay heat steam rates listed in the Watts Bar FSAR used in the CONTAIN input. These results
* show that the CONTAIN result$ are significantly above the LOTIC prediction for either the early
or delayed ice melt-out times. We believe from the CONTAIN sensitivity calculations (using the
lower and upper bound decay heat steam rates) that the actual LOTIC input for the Watts Bar
- long-term containment pressurization most likely used a decay heat steam rate within the range
* inferred in Figure 4.21. We therefore observe that the CONTAIN predicted peak pressures for
- the long-term scenario would be in reasonable agreement with LOTIC predictions given a more
~definitive specification of decay heat steaming rates:-. » :.% .. . -

H . . - -

* Model Validation. - ' A T I ST IR VR R

- + PRI PR

As noted in the discussion on code comparisons that one of the items regarding ice melt=out was
whether modeling of drain-down water interactions with the lower compartment atmosphere
should be included. Additionally, if the interaction is included, to what extent should that

*interaction be assumed. - Should we assume that 100% of the drain-down water interacts, and

* what amount of efficiency should be associated with the interaction? From our analysis of the
Waltz Mill long-term testing we can attempt to answer these questions only to the extent that
these facility tests are believed to be prototypical of the class of plant scenarios that are
represented by our demonstration calculation. In terms of the prototypical aspects of the Waltz
Mill tests, Westinghouse has stated that these tests are essentially full-scaled geometrical tests
with appropriately scaled injections that represent long-term plant scenarios.” Our analysis of the

“Waltz Mill long-term test (Appendix H) has shown the following, with respect to ice melt-out:

Using a facility nodalization similar to that of the plant demonstration calculation (single
ice condenser cell), with ice condenser parameters set identically, the CONTAIN code
predicted ice melt-out time earlier than measured.

¢ EE e PR L. - I3
' fy AN

Invoking drain-down water interaction by use of spray modeling in the lower : -7
compartment resulted in a predicted ice melt-out time that was in better agreement yet
still somewhat earlier than the measured ice melt-out time. .. - . - <

+ Only in the'case of the inclusion of drain-down water interaction could we calculate both

‘an'improved ice mélt-out tie along with a good estimate of the measured lower

*7.'"" compartment sump temperatures (lower compartment atmospheric temperatures were not
“." ‘reported in the Waltz Mill Final Test Report)..c-- .- = . o0 »ooe 0 -

f
I . : B T - . ot - T
- H . 2 it o & v TR PRey| }r. PRI Ca g R P . M :

The important points to be made'in these observations are that 1) using the input configuration
“for nodalization and ice’condénser parameters, CONTAIN predicts ice melt-out earlier than
measured in the prototypical test; and 2) drain-down water interaction is an important process

_— — PR - ~——

-5 “Westinghouse Water Reactor Subcommittee Meeting on Ice Condensers,” Advisory
Committee on Reactor Safeguards, Monroeville, PA.,27 August 1974. :
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that, if modeled, will extend the period of ice-melt.
oL o - il .
Another observation'made in the CONTAIN assessment of the Waltz Mill long-term test, and
consistent with the measurements, was that while there is even a small amount of ice in the
condenser, the pressure suppression effect of the condenser is extremely good. Only, when
essentially all of the ice melts out'does the pressure begins to increase: As a result, we may view
the pressurization phase during the long-term scenario as occurring subsequent to ice melt-out
when the pressure suppression process is mainly the result of spray/atmosphere effects. In this
case, we may rely on previous discussions where spray modeling validation was at issue. For
those discussions we noted that pressure suppression by sprays has been investigated with very
good results using the CONTAIN code. These validation studies have confirmed the CONTAIN
modeling with both separate and integral test analyses. Specifically, the CONTAIN code spray
modeling has been assessed using the' JAERI and CVTR spray test results to verify the ability of
code to predict accurately pressure suppression in a steam/air mixture.
A summary of the qualification of the CONTAIN code for a long-term scenario is presented in
Table 4.8. This summary includes information on the code-to-code comparisons and the model
validation approach to qualification:.

4.2.3 Modeling Recommendations

The model recommendations for a long-term LOCA analysis of a PWR ice condenser
containment are developed in a manner that ensures conservative estimates of maximum pressure
loads within the containment. These recommendations have been verified in full-scale test of ice
condensers and by comparisons with another NRC reviewed long-term ice condenser analysis
code, LOTIC.®

A summary of the model recommendations for the long-term LOCA scenario is presented in
Table 4-9.

4.2.4 Input Preparation i

Table 4-10 gives a summary of the input preparation for performing a long-term LOCA scenario
analysis in an ice condenser containment with the CONTAIN code. These input guidelines when
followed should produce the type of long-term response result that are discussed in Section 4.2
with the most conservative ice melt-out time. These input guidelines, with respect to a neglect of
ice melt and condensate water interactions with the lower compartment atmosphere are intended
mainly for pressure suppression assessment. Should there be a requirement to investigate |
temperature loads in the lower compartment, an inclusion of drain-down water interaction via
simulation with spray modeling would be recommended. In such a case, all water from the lower

" ¢ The LOTIC code is the Westinghouse long-term ice condenser code referenced in the
USNRC'’s SRP for ice condenser containments [4].
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plenum pool would be used to feed a lower compartment spray small spray droplets diameters
(0.0007 meters). - ‘ . - . - ..

Nodalization.

Shown in Figure 4-30 is a sketch of the nodalization used in the demonstration calculation
discussed above. We include a “dummy” cell to receive excess sump water from the lower

- compartments. This is necessary for long-term scénario modeling where water injection rates are

specified and no primary system or safety injection pumps are modeled to control the

containment water inventory. .-The dummy cell with a connection to the lower compﬁartmenti

7 allows the user to limit at late 'times fhe active and inactive sump volumes that are approximately
* the volumes that would be present during the accident when water recirculation via safety .
'+’ injection pumping is occurring. < T oo T S

k'\ T, DN Y g S . T

- s
HEa < iy L P [

For simplicity and conservatisin, we have selected a nodalization for the long-term-sccnério

" analysis that has the ice condenser modeled as a single cell. . In the short-term scenario, we

divided thé ice condenser into four vertical sections.’ Shown in Figure 4-31 is the comparison of
pressure profiles calculated with the ice condenser modeled with a single and multiple cells. As
we see the single cell model results in a more conservative estimate of the late time peak pressure
after ice melt-out. Since the single model is shown to be the more conservative model while
representing a more simple and economical modeling approach, the single cell ice condenser
scheme is used for qualification.

Sprays.

We have noted in various validation studies,” that pressure suppression by sprays is well
represented by a modeling that simulates a high spray efficiency. To invoke the CONTAIN spray
modeling with a high spray efficiency, we need to specify spray droplets of reasonably small size,
in the range of the mean droplet size for most spray nozzles. Good results for comparisons with
both pressure and temperature suppression profiles have been obtained using a spray droplet
diameter of approximately 0.0007 meters.

We have arbitrarily selected the shell type heat exchanger to simulate the spray and residual spray
heat exchangers that cool sump water recirculated to the upper compartment spray nozzles. In
CONTAIN there are four types of heat exchangers that may be simulated (shell, cross flow,
counter flow, or parallel). The method of modeling heat exchanger performance in the code is
the well known effectiveness — NTU method, where heat exchanger performance can be modeled
when only the inlet temperatures are known. A shell type exchanger has been used for the
qualification of the code but other exchanger types could have been used with little impact on the
calculated late time pressure profiles since the effectiveness between exchanger types is relatively

7 NRC report, “An Assessment of CONTAIN 2.0: A Focus on Containment Thermal
Hydraulics (Including Hydrogen Distribution).”
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small. Figure 4-32 shows the importance of including the spray heat exchangers for limiting the
late time pressurization. In this figure, we show the limiting cases where the spray temperatljre is
1) set at the ambient tank temperature, and 2) set at the sump temperature assuming no spray heat
exchangers.

Lower Compartment Sumps. : .

The lower compartment sumps (active and inactive) are modeled with an exposed surface area
that is equal approximately to the flooded floor area specified in the Watts Bar FSAR. The heat
exchangers for the recirculating sprays are located in the active sump which is the pool in the
open region of the lower compartment. The pool-type flow path that connects the two pools in
the lower compartment (open and dead-ended regions) maintains a near equal pool level between
each region. The inclusion of an overflow to the “dummy” cell functions to limit the maximum
sump volumes at late times, as discussed above. It is important that the “dummy” cell be
modeled in a manner that does not'limit the flow of this overflowing water. This means that the
“dummy” cell should be modeled as a large volume cell having a nearly constant pressure that is
less than the containment — we chose a pressure condition for the “dummy” cell that is at the
ambient atmospheric condition.

v
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Table 4.6 Accrdent chronology for a double-ended purnp suctron LOCA, mmlmum safety

injection. ) o
Event | Time, sec T Commentt T 7 T
Rupture h 0. | Lower compartment break locatlon in the open
. y 'Tegion P
Accumulator flow starts 15.5 Water driven into core by nitrogt{n ;')r’e“ss'qrized
e e . accumulators (begin nitrogen injection)
Assumed initiation of ECCS 2.0 - : SO ’
End of blowdown o - 240 -~ - - - . ’
Assumed initiation of quench spray system — 55.0‘ R .Spray water from RWST 135 seconds delay to
- ..+ - .| reach full flow rate of ~ 253 kg/s P,
Accumulators empty 561 _ ST T ] . R
End of reflood A 19507 T s e
"I Froth mjectron from steam’ generators starts | 195.0° 7 Froth boiling in steam generator tubes after core
- - S has been quenched
Iiecircunl.ating fans start " | 600.0° - Flow rate of 18.88 m*/s from upper to lower ‘
" i . compartment '
End of froth injection 1765 . -- ;
Start of decay heating phase o res e T
End of quench spray water from RWST - 27714 l
Spray system begins to draw water from® 2894 ' ¢ Flow rate maintained at ~ 253 kg/s, flow frorﬂ
lower compartment sump - “ 7| 77T 7 777 | 'sump is cooled by the spray system heat - -
- e . -| exchangers N B T
Residual spray lgegins 3600 Switch over of a residual heat removal pump from
) l o T | safety mjecuon mode to recirculation spray mode,
' b N o remi 0| fiow rateis ~ 126.5 kg/s .
~ ] D T IR - - H
. R $ ¢« . i
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Table 4.7 Modeling and input selection for the Watts Bar demonstration calculation.

Modeling/Input--- CONTAIN LOTIC
Input: ,
Source injection FSAR basis (tabulated values) | Same
(blowdown, reflood, frothmg, and ’ T
decay heat) ,
Cooling water temperature for | 3026K
heat exchangers : : ‘-
Steam flow to ice bed no maldistribution of flow
Ice condenser bypass _ . no bypass
Spray pump flow . FSAR basis (~ 253 kg/s)
Residual spray FSAR basis ( ~ 126 kg/s)
Structure heat sinks | ; _’ [ 'FSAR basis for cbmpoéitiﬁn, FSAR basis for

geometry and location

(forced convection for
blowdown, free convection for
post-blowdown)

composition, geometry

“and location

(Tagami correlation
during blowdown)

Sump heat exchangers

FSAR basis for overall heat
transfer coefficient X area

FSAR basis (1457 m®)

Active sump volume -

Air return fan rate

| ESAR basis (18.88 ke/s)

Same

Modeling:

Blowdown and postiblowdown ice
condenser drain temperatures -

Calculated (~ saturation
temperature in ice condenser)

Set: blowdown (361 K)
post-blowdown
(328 K)

Pressure differentials Calculated Single pressure for
entire containment
atmospheric temperatures Calculated Restricted to saturation

Ice melt and condensate drain-
down interaction with lower
compartment atmosphere

may be simulated using a
spray-type modeling

Assumed not to occur
(inferred from
CONTAIN sensitivity
analyses)
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Table 4-8 Summary of the CONTAIN qualiﬁcatinn for ldng-term LOCA calculations in a PWR ice condenser containment. .

:
i

[ .,

basemat mcluded — :

- v e vt

included; natural convective
conditions assumed

since evaporatron of hot sump water will slightly ,
retard the depressurization rate

RN
3

:Modeling Area P oromc  -+| ! CONTAIN - v Comments: + ; ¢ Reference -
geometric nodalization:.- . : ‘, s- - ‘ o : . l_.' T, .. xr- - {, ; M m r - ! e - :" e - ‘ '
upper compartment sinéle cell single cell S sprays in upper compartment result in a well mixed | CAR®* [pp. 3-33,
PR C e e e e , region, justifying a single cell model .| 3-64,3-67, 4-15,
N T T Ve 3 PN N T oo T, 4-126]~ ' '
fce condenser single cell (subsections | singlé cell ~ "| CONTAIN ice condenset single cell nodalization | Appendix H [H-
to account for local ‘ as used in the Waltz Mill long-term test assessment | 58, H-90]
melt-out regions) T e — e e , -
1 AR I . .’,»w e ; B " , Lt ("w,., ot . os N v. O L e .
lower compartment twocells (openand | two cells (open and dead- similar modglmé approach; drain-down waterand | —
: dead-ended regions) ended regrons) steam source maintains well mixed open region
, : } ‘ where the active sump and interactive atmosphere
' ; A region is located
steam injeciions - ‘ "+ | thermal eqtrilibrium; . trrn:e'penod of interest rs"dunng the perro'ds where i Appendix H[H-
L.l { L homogeneous mixing, with | the injection is single phase steam (thermal . 58]
dropout - equilibrium homogeneous mixing is conservative), :
L s »+++ | and when the injection rate is relatively low so that
g BT : ! i suspended or entrained liquid water is minimum |
heat transfer to’ | included - FSAR included - FSAR . "7 7| forced convective condensation velocity‘set toa —
structures specification; Tagami specification; ramped velocity rate to simulate Tagami correlation; )
: correlation used during | forced convective natural convective condensation represents a '
. blowdown condensation used during * | conservative assessment of condcnsatron
i “ . |bvlowdown; natural " condrtrons " :
. e convection condensation pe e o !
St s ‘ after blowdown : :
heat transfer to pools 'pool interaction with - podl interaction with ~ - pobl area specified in FSAR (floor structure in CAR [pp:4-22)
t atmosphere and atmosphere and basmat contact with pool); conservative model approach _

Hydrogen Distribution),” March 1999.

. CONTAIN assessment report (CAR) —NRC mformal report, “An Assessment of CONTAIN 2.0: A Focus on Containment Thermal Hydraullcs (Includmg
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Table 4-8 Summary of the CONTAIN qualiﬁcétion for long-term LOCA calculations in a PWR ice condenser containment (cont.).

Modeling Area LOTIC CONTAIN Comments Reference
flow paths: - T .
equations uniform pressure lumped parameter- © small pressure difference between cell due to the —
momentum equation (1-D),- | relatively low flow rates between cells
. with acceleration terms -~ o
loss coefficients (ice — : b;scd on experimental tes:ts minimum importance due to the small pressure —
condenser) ) for scaled models differentials between cells '
cr;tic;l Af‘lo‘\;' ‘ — frozen, lionioééhéoﬁ—s " |no ixnp};nance due to the small i)ressure differentials | —
equilibrium model [FHEM]. | between cells .
with multiplier (0.7)
ice bed heat and mass semi-empirical model physically baisgd‘HMT CONTAIN ice bed parameters are set according to Appendix H -
transfer with calibration factor | analogy method with the input selected for the Waltz Mill long-term test [H-58]
calibration factor applied to | analysis
Nusselt number calculated
for ice column
plcnhm doors not modeled smuc model; pressure '| CONTAIN door op;:ning parameters based on plant | Appendix H
" verses area modeling specification obtained for TVA ice condenser plants; | [H-58),
parameters set the same as CONTAIN input for Reference 16
Waltz Mill long-term test analysis i :
drain-down ice melt and | not modeled interaction by spray lower compartment spray modeling to simulate . | Appendix H ‘
condensate interaction (assumed saturation ' modeling in lower drain-down water cooling of atmosphere verified by | [H-58, H-90}
temperature) compartment fed by drain- | Waltz Mill long-term CONTAIN calculations ‘
down water ’
sprays modeled (quench and modeled (quench and CONTAIN spray model validated in separate and CAR [pp. 3-33,
recirculation sprays) recirculation sprays) integral effects tests (JAERI and CVTR) 3-64, 3-67, 4-
. 15]
spray heat exchangers modeled modeled (using overall heat | CONTAIN analytical testing of heat exchanger —_
transfer coefficient and area | modeling during code development used as
specified in FSAR) validation of modeling
i { | { { { { { { { { t t
e | wrevpmesem—nd E = I = == | se———t | o | ey = | w— | g—— | Sp— (1.
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‘Table 4-9 General modeling recommendations for a qualified CONTAIN long-term LOCA calculationina PWRICC condenser

Phenomena

.

Modeling Recommendations

Multi-component gas compression’

Nodalize upper containment with single cell; single cell model of ice condenser; multiple cells for lower
compartment — resolving the open and dead-endéd volumes.

Use a thermal equilibriuni method for water iﬁjection modeling (ATMOS SOﬁRCE); include drépout

& W

exchanger ' .’ ! :

Steam injection .
modeling of suspended liquid water (DROPOUT) {
Inter-compartment flows Gas loss coefTicients (ice condenser scaled téébs) A I . . !
By-pass condenser flows Neglect . oty C e T
Plenum doors ; ' Static opening under pressure - preséix'ré versus area (reversible or irreversible engineering vents)
- b
Ice bed heat and mass transfer Geometrical specifications; minimum liquid film thickness; Nusselt multiplier .
Structure heat transfer . 1" ‘ Include FSAR specifications for area and thickness; use adiabatic boundary conditions for outer shell
surface; optional — to include forced convective héat transfer for blowdown; natural convective heat -
e Poaps v transfer for periods after blowdown . . . .. . . . . e e e $
Pools i T T 57T | Include upper and lower compartriient pools; diverting water from upper compartment to lower = * “7
RS LAY e .| compartment; include pooVatmosphere heat and mass transfer; overflow lower compartment pool at set
. . ot e height to maintain active and inactive pool volumes — overflow to dummy cell; allow default basemat heat
' transfer ! ’ o
; e | ., . - . .
Ice melt and condensate : Divert to lower compartment without drain-down water interaction with lower compartment atmosphere; !
2N Y A use default ice melt and condensate exit temperature e et e '
Sprays T Usé spray droplet diametets of 0.0007 meterS; simulate the delay of recirculating sprays with small tank~ -
o e e e e e ow | massandmassrate .. .. .. _ L ]
Heat cxcl;angcrs e Specif-y heat exchanger overall coefficient and area according todsfazeciﬁcation; use shell-type heat g
f O e Cor ot L - - - ;

- B - - v . - - P LS PR




Table 4-10 Input guidelines for modeling a long-term LOCA scenario in a PWR ice condenser containment.

Input Section Block/Parameter(s) Comment
Global: ‘
Nodalization ncells = M (multiple-cells) suggest single upper compartment, single cell for ice condenser, single cell for each
. o Y .., .. | plenum, two cells for lower compartment (open and dcad—cndcd rcglons) consult
ncells = 7 (demonstration _ _| FSAR for region and room descnptlon
calculation)
Material properties properties specifjcatic{n (rho, " consult l;SAR for s;peciﬁc probex}iés vi}ues J ' !
cond, and sph) ~ USERDAT . .
Thnestéps' ‘TIMES ‘ “set to give accurate results for the time scale of interest (~ seconds); gradual increase
from ~,0.01 to 2 seconds over a 300 seconds period
Flow DROPOUT dropout of liquid water in atmosphere
- engineering vents
© \ e
plenum doors RVAREA-P or IRAREA-P use static pressure vs. area tables (see listing)
pool type paths type=pool liquid redistribution path from lower plenum to lower compartment (set elevation for
. path at level just above plenum floor level, set plenum gas path to lower compartment
at level above pool path to avoxd possible closing due to flooding)
liquid rcdlstnbutwn path from open to dead-ended cell in lower compartment, set path
elevation below the open compartment overflow level to dummy cell that receives
excess lower compartment sump water -
liquid redlsmbutlon path for upper to lower companmcnt sump
loss coefficients VCFC gas loss coefficients (see listing)
inertia mass VAVL area/length for paths (use FSAR specification; flow path area/length between adjoining
cell center in ice condenser; otherwise, flow path area / volume ** 1/3, where the
volume is the minimum volume connected to the path)
{ L { [ ! [ { { { { l { 1 { 1 t L
| =g | Sewum—— | o F L3 [+ | gps— | gpomm— === | purmm— | gews— | S— | S— | ] i i




€S

[N RERE

Table 4-10 Input guidelines for modeling a long-term LOCA scenario in a PWR ice condenser containment (cont.).~ - - - e e -

‘

b ~ ~- - Input Section - Block/Parameter(s) o e e . - Comment -
i I - ‘ e
, vena contracta -~ -~ VCONTRA - set for all paths, VCONTRA 0 7 R - - - e
f elevatlons VELEVB VELEVF set accordmg to specnt' catlon, use RESOLVE keyword
} fan ﬂow rate YFLOW-T ; set volumctnc ﬂow vs. tune accordmg to FSAR specxf' cation "‘
Upper compartment:
'G'eometry o v me oo oo .| gasvol, cellhist _ free volume and pool areas set to FSAR s'peciﬁ‘cation (assure that cellhist and free
A volume are consistent)
Atmosphere initial conciiﬁc;;ls | AT™MOS block pms;u}e, témpcrature, and humidity (;set accor:iir;g to FSAR~ s;aeciﬁcatic—x}li
Structures SIILRUC‘ : . structure area, thickness, and composition (set according to FSAR'épeéiﬁcation)
Lowercell " liow-eell” 77 77" 7'[linclude with heat and mass transfer to atmosphere and basemat ~ j
Spréys .(q\.lénch) . ENLG“INEER _ source and receiver cells to dxrect sprays (source and receiver cell is currcnt cell that !
Lo SPRAY is, upper compartment cell #) .
o 5 source table - mﬁss raté and temperature vs. time (according to FSAR specification);
; o . spray droplet diamter = 0. 0007 metets, spmy height dxstance from operahon floor to
. Tt CT spring-line | -’ S N
‘Sprays (recirculation) ENGINEER ‘source and receiver cells to direct sprays (sump in lowér compartment, receiver cell i ls
o SPRAY T the current cell, that is, upper compartment cell #), mclude TANK, HEX, and PUMP
LT ol e ~ | keyword input in this sequence
, tank 7, - TANK " ", T | use to set effective time to begin recirulation; use small tank mass and mass flow rate :
. L o . to set time that tank empties and pump flow begins L o
; spﬁy heat ex'changer'l HEX, éHELLW ‘ , | use F_éAR ;pcciﬁcaﬁorr;s‘ for exchanger overall heat transfer coefficient, heat transfer ;
area, coolant flow rate, and inlet coolant temperature
spray recirculation rate PUMP use FSAR specifications
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Table 4-10 Inpﬁt ﬁuidelmn for modeling a long-term LOCA scenario in a PWR ice condenser containment (coxft.).

Input Section Block/Parameter(s) Comment
Lower compartment (open):
Geometry gasvol, cellhist free volume and active sump area and volume (set to FSAR specification, using a two
o ' v level cellhist input to define the (first level) active sump area and volume and -
remaining free volume using the second level height) ~ -
Atmosphere initial conditions ATMOS block, SOURCE pressure, temperature, and humidity (FSAR specification); blowdown, reflood,
and water injection block frothing, and decay heat sources (FSAR specification) -t
Structures STRUC structure area, thickness, and composition (set according to FSAR specification)
Lower cell Io'w_—g:cll set area to sump area set in éel‘lhwist input; include basemat according to F SAR
. specification .
Overflow excess water ENGINEER source cell is low compartment cell #; divert water to dummy receiver cell
OVERFLOW set overflow height to corrcspond 1o active sump volume (~ fust level height in cellhist
. input) ( ;
Ice condenser:
Ge.ome“u‘y - ENGINEER source céli is cﬁne'ntfice‘ condcnsér:ccjl #, divcri water to
ICECOND (hitici, tmsici, - set to FSAR geometric and initial condition specification
" ciarfl, arhtin) ‘ S et R L
Heat and mass transfer ICECOND (ciflmx, cihtml, ciflmx = 5 x 10, cihtml = 10 (based on Waltz Mill assessment)
citice, citlex) citice (FSAR specification, or default), citlex (default)
Lower plenum pool low-cell include with no basemat heat transfer (HT-TRAN on off on on on)
Dummy compartment:
Geometry gasvol, celthist dummy large volume
Atmosphere initial conditions ATMOS - set to atmospheric conditions - -
Lower cell low-cell dummy receiver pool
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Figure 4-21. Break mass flow rate for long-term scenario (pump suction pipe rupture).

Decay heating mass rates indicate the uncertainty in the projected rates.
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Figure 4-22. Break specific enthalpy for long-term scenario (pump suction pipe

rupture).
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Figure 4.23

Calculated long-term pressures for'a pump suction pipe rupture

scenario in an ice condenser containment.
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Figure 4-24  Calculated ice melt-out for a pump suction pipe rupture scenario,

showing the effect of drain-down water interaction with lower

compartment atmosphere.
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Figure 4-26  Calculated lower compartment active sump temperatures for a pump
suction pipe rupture scenario.
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Calculated lower compartment atmospheric temperatures for a pump
suction pipe rupture scenario (no drain-down water interaction for the

CONTAIN calculation). ’ -
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Figure 4-28  Ice bed melt water and condensate exit temperature for pump suction
pipe rupture scenario.

4-62

===




[~

)

24

Pressure, bar

1.4
13T

e CONTAIN (drain-dow n interaction)
reimeme= CONTAIN (no drain-dow n interaction)
LOTIC (FSAR)

: Lowefbound (decay)

. - £

1.2

102 2 3 45678403 2 3 4 567840
Time, seconds | !

. Figure4-29,
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Figure 4-30  Sketch of the CONTAIN nodalization of an ice condenser containment
recommended for long-term pressure analysis.
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Figure'4-31 - Calculated pressures for pﬁmp suction pif)e rupture scenario, showing

the effect of ice bed nodalization (no drain-down water interaction with
lower compartment atmosphere).
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Figure 4-32  Effect of spray water temperature on CONTAIN calculated pressures
for a pump suction pipe rupture scenario (no drain-down water
interaction with lower compartment atmosphere).
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5 Secondary Containment Analysis

In'this chapter We disciss qualification'and methods that can be used to evaluate the functional

" capab111ty of a secondary containment system with CONTAIN [1]. The secondary containment
system includes the outer contamment structure of dual containment plants and the associated

systems that mitigate the radlologlcal consequences of postulated accidents. Figure 5-1 shows
the shield building of an ice condenser plant. In this case, the primary containment building steel
wall is included as a structure which is part of the secondary containment system. - The region
between the pnmary and shield building walls is referred to as the secondary containment.
Secondary containment structures and supportmg systems are provided to collect and process
radloacttve materral that may leak from the primary contamment following an accident. The
supportmg systems (e.g., fans and dampers) maintaina negative pressure"wrthm the secondary

- containment and also collect and f process rad1oact1ve miaterial. The design-basis for the -
secondary containment is devised to assure that an effective barrier exists for airborne fission
products that leak from the primary containment during a loss-of-coolant accident (LOCA). The
Standard Review Plan 6.2.3, “Secondary Contamment Functional Design” provides guidance and
considerations that should be addressed in'order to demonstrate ‘the plant’s desxgn capabilities
can mamtam negatlve secondary contamment pressure dunng a LOCA event ‘

-

) The focus of this chapter is on the CONTAIN code’s thermal hydrauhc models for the secondary
" containment analysrs however, it should be noted that the CONTAIN code has sophlstlcated

models to address fission product tracking and transport. These features of the code may be’
espec1ally useful for a compléte analysis of the secondary containment function. -‘Examples of the
fission product transport capability for the CONTAIN code can be found among numerous
"*CONTAIN references that address source term ‘issues.- Wxth respect to those issues related to
fission product releases from stacks and ventilation systems, CONTAIN has been utilized by the
Department of Energy for the analyses of production reactor confinements, such as the N-Reactor
[20]. These applications required some modification to the code vent path logic to treat the
complicated confinement ventilation system. The modifications are not included in the official
CONTAIN 2.0 version of the code and are not requtred for the secondary contamment analy51s
dlscussed in thrs chapter o : sl SR -

., e g - i~
4o

» A o
PR - o M * 5. -

51 , Scenarlo Selected for Analy51s ‘

~ ~ - b [ W

" Asa demonstrat1on we have chosen to analyze a plant that usés secondary containment systems

similar to those used in the Watts Bar i ice condenser plant “This plant was arbitrarily selected for
‘purposes of demonstrating code capabilities for modeling a generic ice condenser problem wh1ch

oo Secondary containment pressure is represented as'a différential or gauge pressure m

_ most cases in thls chapter where the reference environnient pressure is assumed tobe .

atmosphenc (1.0x 10° Pa). The common unit for 1nd1cat1ng small pressure differentials in.
secondary containment analyses is'in inches of water."Gauge pressure units are therefore denoted
as “in; w.-g.” in the figures. . .- .. S e ‘
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tends to be more difficult than other containment types. Hence, in some areas actual plant
specific information was not used because further clarification was needed. In this regard, the
long-term LOCA scenario dlscussed in section 4.2 of the previous chapter is used as the basis for
the analysis. Shown in Figures 5-2 and 5- 3 are the profiles of the primary containment pressure
and temperature loading profile for a LOCA scenario. These proﬁles were discussed in the |
previous chapter, where the specific calculation was denoted as “drain-down interaction” proﬁles
(Figures 4-23 and 4-25)

As noted with the ice condenser LOCA, there are four phases to the acc1dent as described i in
Chapter 4. From the standpoint of the secondary containment analyses, the concern is w1th all
phases — the blowdown, reflood, frothing, ‘and decay heat portion of the accident. However .
with respect to our review and code qualification, we have restricted our analysis to the first 2000
seconds of an accident scenario, which is prior to ice melt-out.

The accident scenario therefore begins with a very rapid pfessurization of the primary
containment due to a high energy line rupture and then continues during the period of significant
ice melting when the primary containment pressure is partlally reduced. Pressure in the
secondary containment rapidly increases as a result of the 1) secondary volume decrease when
the primary containment shell expands due to pressure and thermal loading, 2) heating of the
secondary containment atmosphere as the primary containment shell temperature increases, and
3) post-accident secondary containment in-leakage. As the safety grade emergency gas treatment
system (EGTS) is activated, gas from the secondary containment is exhausted to maintain a ;
negative pressure differential. Of special importance to our analysrs is the ability of the EGTS to
keep the air pressure within the secondary containment below atrnospherlc pressure at all times
in which the integrity of the secondary containment is required.

5.2  Modeling Requirements '
Shown in Figure 5-4 isa sketch of a primary and secondary contamment where the primary
containment pressure and temperature loads Pp(t) and Tp(t), as well as, the secondary
containment loads Ps(t) and Ts(t) are indicated as functions of time. Due to the large range of
primary containment loads, there will be an expansion of the primary containment steel shell into
the secondary containment enclosure due to pressure and thermal loads on the shell from the’
- primary. containment side. In the sketch, this is indicated by the dashed line around the primary
, containment initial boundary and the de51gnat10n dV(t). As a result of the “flexing” of the
primary containment boundary during the accident, the secondary containment volume varies
with time, Vs(t).

To keep the secondary containment pressure below atmospheric pressure, the EGTS activates
during an accident to maintain negatlve pressure that was also maintained during normal
operation by another control subsystem The EGTS is a comphcated ventilation system that pulls

secondary containment air from the top of the containment ( Vout(t) ) and returns a portion of the
air (after filtering) to the lower elevation of the secondary containment ( Vin(t) ). A portion of

52
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the air taken from the secondary containment is not returned;

P L R

Vex(t) ~ Vout(t) - Vin(t) ’

is exhausted from the secondary containment. Dampers in the EGTS control the amount of
exhaust gas to keep the secondary containment air pressure below a post-accident et point

i

(~.- 0.5 inches of water, or -124.4 Pa below atmospheric pressure). Whether this pressure control

" is capable of maintaining a negative pressure in the secondary containment is the objective of this
- [T - f . ter . b . o oL . A

- -
analysis. -~ | e n s ek . .
. . L. . UL S U S U SRS B JPPINE AR - L, [T B
.

To model the secondary containment system during a LOCA we require modeling infour -
important areas: ) ' o

. containment volume change;

. atmospheric heating; L . } e,

‘. in-leakage; and, . T -
.« veptilaﬁon. g o T e e J,: N S

]

. ' . . N . - . -
5 N R - * et PO S . 4 1

_Additionally, we require that the containment model bé able to resolve’the hydrostatic pressure
variation within the containment space. Resolution of the hydrostatic préssure variation'is

- . . . . L Y4 v e . LT L :
" needed to analyze the potential for leakage at various elevations into the containment from the
. surrounding environiment.? ‘ ) o

3 .

4 L ) 4
B 4 - e

* The driving functions for the containment volume change are based on the primary containment
pressure and thermal loads. “The pressure load is determined from a decoupled primary to -
secondary containment calculation, such as presented in Figure 5-2. The atmospheric heating of
the primary containment shell and the secondary containment gases are based also on a
decoupled calculation, Figure 5-3, where now the driving function for the calculation is the "
primary containment gas temperature determined as discussed in Chapter 4. In this case, the
primary gas temperature, as a boundary condition for this analysis, provides a conservative
‘estimate of the actual gas temperature since the temperature is based on a calculation ' where the
primary containment shell outer boundary condition is assumed adiabatic. Using this gas
temperature boundary condition for the primary shell, and a conservative gas to wall heat transfer
coefficient, the thermal loading of the shell and sensible heat transfer to the secondary

.containment is determined in a conservative manner. ~

RIS

In-leakage results from the negative pressure being maintained in the secondary containment air
space, resulting from leakage occurring around penetrations in the primary containment shell and
shield building. ‘The ventilation system that maintains pressure control during an accident ,
_consists of a network of fans, filters, and dampers that operate on feedback from measured |
pressure differentials between the secondary containment and environment. \'IT'his'functional

2 Note, the hydrostatic head in the secondary containment is approximately 2.2 inches.
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control is designed into the EGTS.
5.3 Qualification

In quahfymg the CONTAIN code, a secondary containment demonstration calculation is
described and’ some Tesults are compared to mformanon presented in the Watts Bar FSAR In
our approach, we assure that the key modelmg reqmrements are met by the various modehng and
input features of thé code, as showr in Table 5-1. In the followmg subsections we discuss how
each key phenomenon or design feature may be modeled by the code. These models are then
combined in the final subsection that presents a CONTAIN secondary contamment
demonstration calculation.

5.3.1 Containment Volumetric Change

In the CONTAIN code, atmosphere gases in a volume can be displaced by water in a pool. As
the water rises or falls, the volume of gas is compressed or expanded. To simulate the secondary
containment volume change due to the movement of the primary containment shell; we use a
tlme varying pool volume to represent a function dv(s) . The pool mput 1s setup so that there are
no heat or mass transfer interactions between the pool and secondary contalnment atmosphere
Since the primary contamment shell expansmn and contraction is decoupled from the secondary
containment analysis, so ‘that in order to derive the function” dV(r) , we may devise some srmple

methods. For instance, if we assume that the primary containment is a pressure vessel with a thin
shell wall, then we can use simple quasi-static equations for the deformation due to an internal
pressure, or pressure differential p and wall temperature change AT.

Pressure. The deformatlon or dilation of the primary contamment due only to pressure, is as
follows:

2

s..=2 _2-u, 5-1
cyl ZhE( H) ‘ . :

for the cylinder portion of the primary containment wall; and, for the hemispherical portion

Oh = T (1- 1) 52

T . LR

In these equations; p'is the pressure differential across the wall, r is the cylinder or spherical-
dome radius (17.5 m), and h is the thickness of the wall (~0.02 m):: Eand u are the wall
modulus of elastlclty ‘and Poisson’s ratio, respectively. The volume change as a result of dilation
may be given by ‘ x

press(t) ”L{(r+ 'l(t))z _ r2] , 5-3

!
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for the cylinder portion, where L is the height of the cylinder (34 m). For the dome assumed to
" be hermspherlcal the change in volume is s

/

dvprgss(t) = (r+ 5sph(t)) -r ] h - ; r o ' 5‘4

The total volume change of the secondary contamment due to pressure loadmg on the prlmary
contamment shell is ) e

3 . "<

cyl”

| dV’”“S(r) NEEOLERO. 56

by

Usmg the pressure profiles shown in Frgure 5-2, the secondary contamment volume changes are
calculated as shown i m Figure 5-5. The maximum volume change due to pressure loading is_
approximately 21 m’, which compares favorably to the total volume change listed in the Watts

. BarFSAR 217m o . P R IR 15 S SR S N E e

. S A T
Temperature The dllatlon of the lower compartment and upper compartment is determmed
approximately by calculating an average primary wall temperature 7szg durmg the transient, and

i

estimating the dilation as; ‘ : -

S (1) = Roya(Toow (2) = Toog (0)) , and 5-7
SE™ (1) = Royy@(TE(D-Teh, ) © 77 77 0 T e et _; ;: 5-8

ot ~ TR R

. oo
where « is the thermal expansion coefﬁcrent for the pnmary contamment steel wall

Additionally, there will be a vertical expansion of .the primary containment steel cylmder based
on the vertical section heated (which would be the lower compartment sectron) and the volume

change is T -, T

el U T U L T e T T
tem, i/ !/ H N TR L
dv ert,pcyl - ”R IaLIow(TZnO’; - 7;13;’ (0)) L o o et 5-9

- ' * - N

where L,,,,is the portion of the lower compartment prxmary contamment shell that is heated

¥ 5 -~ N
[ S t AU z:t'f"

The average wall temperatures are based on heat transfer calculatlons for the secondary
containment air space, and that calculatron mcludes heat transfer to ‘the primary containment
shell as a bounding structure. The basis for the secondary containment heat transfer calculation
is addressed in the following subsection. ‘Once the dilation of the lower and ‘upper compartment
regions are determined, the volume changes may be calculated usrng equauons smular to those
used above for the volume change ¢ due to pressure. However in the case of the lower
compartment, we estimate that only a portlon of the vertrcal cyhnder height will expand smce
the ice bed region does not experience a 51gn1ﬁcant temperature change, the containment

5-5
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expansxon in this regxon is ne°1ected Shown in Flgure 5-6is the secondary containment volume
change due to temperature expansion of the primary containment shell. The total expansion
maximum is about 38 m®, which also compares favorably with the 34.9 m® listed in the Watts
Bar FSAR.

Secondary pressure change due to dilation effects. To calculate the secondary pressure change
as a result of volume changes due to dilation of the primary containment shell, we first construct
a profile of the total volume change for the transient, and from that profile calculate a rate of
volume change. Next, the volume rate of change is formulated as a liquid volumetric inflow and
outflow to a pool modeled in the secondary containment. The pool is modeled such that there is
no heat or mass exchange with the secondary containment atmosphere (HT-TRAN keyword).
The purpose of the pool is to displace air in the secondary containment, thereby simulating the
movement of the primary containment shell.

Shown in Figure 5-7 is the total volume change for the secondary containment. The CONTAIN
engineered vent input for volumetric rates of liquid between a dummy pool (cell 5) and the pool
modeled in the secondary containment (cell 4) is

&& pool flow for volume compression
from5to 4
type=pool
vilow-t
flag=1
x=54
0.0000E+00 5.3650E-01 3.3070E+00 6.1858E+00 9.9004E+00

1.2426E+01
2.1445E+401
3.8591E+01
9.0727E+01
. 1.3997E+02
1.9850E+02
2.9476E+02
7.5861E+02
1.2075E+03
1.9546E+03
y=54
3.8316E+01
9.1103E-01

1.3413E+01
2.3816E+01
4.4960E401

1.0535E+02 -

1.5266E+02
2.1100E+02
3.4237E+02
8.4382E+02
1.5404E+03
2.1364E+03

1.5518E+01
2.5726E+01
4.9296E+01

1.1901E+02 .

1.6704E+02
2.2634E+02
5.9506E+02
9.0388E+02
1.7502E+03
2.3574E+03

1.7494E+01
2.8617E+01

6.1253E+01°

1.2902E+02
1.8191E+02
2.4029E+02
6.2583E+02
9.8628E+02
1.7950E+03
2.4860E+03

5.5773E-01 5.3793E-01' 5.9834E-01
8.5124E-03 6.1951E-02 -5.0443E-01 -8.9033E-01

1.8747E+01
3.3340E+01
7.5617E+01
1.3511E+02
1.9265E+02
2.6823E+02
6.7756E+02
1.0229E+03
1.8650E+03

-1.1674E-01 -4.1900E-01 -4.6320E-01 4.7587E-01 1.1291E+00
_9.0925E-01 7.1563E-01 5.5388E-01" 3.4150E-01 1.8789E-01
' 8.3596E-02 4.4169E-02" 2.0500E-03 -4.9256E-02 1.5382E-01
"2.1296E-01 1.0149E-02 5.2020E-02 2.9670E-02 -7.5190E-03
-8.5567E-02 -3.2985E-02 -2.6854E-02 1.4817E-02 -1.0873E-02
-3.7310E-03 -5.1527E-02 5.3380E-04 -2.9844E-02 -2.56215-02
-1.6305E-02 -8. 2910E—03 -6. 6950E-O3 -7.3320E-03 -1.3390E-03
-1.9370E-03 -1.6600E-04 5. 71105-04 -1.6809E-02 -9.3700E-03
-4,1190E-03 -9.2400E-04 9.7710E-04 8.5580E-04 0.0

eoi
eoi
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’ secondary contarnment

7

The pressure change in a secondary containment, which is initially at an average negative

pressure of -5 inches of water, due to dilation effects is shown in Figure 5-8. We see from this
calculation that the effect of dllatlon is significant, but that by itself the drlatlon effect will not
result in pressure changes that cha]lenge the requrrement to mamtarn a negatlve pressure in the

R ’A.~ i

.

e - - [

- P

532 ‘Con'tainm’ent At'rncispheric He'ating‘ . S -

—————

atmosphere will have two consequences for the secondary containment pressure response. The
ﬁrst has been dlscussed above; it concerns the thermal expansron of the primary containment

" wall and the compression of the secondary containment gas‘space. The other effect of concern

here is the heating of the secondary containment air as the primary containment shell temperature
increases, causmg sensible energy to be transferred via free convection from the hot shell surface
to the air. ‘Because we are concerned with small vanatlons in secondary containment pressure,

" only a small change in the secondary containment air temperature (1 e.,a few degrees) will be
important.

._The procedure for perforrmng a secondary atmospherlc heating calculation has been described in
" the Watts Bar FSAR. We have adopted this procedure asa "demonstration to show that the
CONTAIN code can address these types of modeling'i issues. As mentioned previously, the
forcing functions for the calculation are containment loads (gas temperatures) obtained in the
DBA ana1y51s for the Wafts Bar containment (Flgure 5-3). To formulate'the heat transfer
problem consistent with the FSAR specrﬁcatlons we Tequire the followmg -

Heat transfer coefficients —

¢y, e - . -
- 4 x >

3

. primary containment atmosphere to primary containiment wall = 2274 W/m*K

. primary contamment atmosphere to secondary contamment atmosphere =

13* AT WimtK ,
. secondary containment wall to secondary contamment atmosphere = 13%ATY3 W/m?-K

- Wall thermal radiation emissivity — Cl RUSLIE

. primary containment ermssrv1ty 09
. secondary contamment emrsswlty 09 L R A A

- e Yy : P . .t s "L,
T . LML R FUPENCY SR T LR A S AR S

: The high valué for the primary contamment atmosphere to primary containment wall heat -
transfer coefficient is used to assure’a‘conservative estimate for the heat transfer to the primary
containment wall. The convective coefficient formulas specified for the secondary containment
air space are simplified forms of free convection for a vertical surface where the fluid is air at
conditions near ambient. The emissivity specifications indicate the nieed to include a thermal
radiation model for structure-to-structure heat transfer.
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The CONTAIN models for surface-to- -atmosphere and structure to- structure heat transfers a are
well suited to address the specification listed above In terms of the heat transfer from the ~
primary atmosphere to the primary wall, the CONTAIN structure outer boundary conditions can
model a temperature dependent gas temperature with a specified heat transfer coefficient. The
convection formulas, being a free convective correlation, are simulated directly using the
CONTAIN default convective models for vertical surfaces. The stricture-to-structure heat
transfer by thermal radiation is treated in the code through a radiation enclosure model.

Shown in Figure 5-9 is a CONT AIN model of the secondary containment, showing four
vertically stacked cells. The use of four cells as opposed to a single cell is preferred for a number
of reasons:

. vertically stacked cells allow a deterrmnatlon of the hydrostatic pressure in the
containment, which can be important for determining potentials for leakage at various
penetration locations.

. vertically stacked cells provide a more accurate representatron of the regional gas
volumes that are in contact with the containment primary shell whose temperature varies
according to its vertical location.

i kd

. >vent11at10n mﬂows and outflows are separated by srgmﬁcant elevation differences; .
meaning that gases removed or introduced in the contamment ‘will be transported at the
local average temperature of the containment gas.

. dividing the secondary containment space into cells simplifies the specification of view
factors for the radiation enclosure model.

In reporting pressure drfferentlals for this demonstratlon calculatlon we give only the average
_ pressure differential A}z,vg where

AP, = i+ BV + BV + BV,

5-10
& Vi+V3+ V34V, e

In referencing calculated pressure differentials to atmospherrc pressure an environmental .
pressure P, of 1.0 x 10° Pa is assumed. Therefore, an initial pressure differential of -5 inches

translates into an average secondary containment pressure differential of 1244 Pa, and an average
pressure in the secondary containment of 9.876 x 10* Pa. .

. P ., ‘ [T - - o : -

An example of the type of structure heat transfer input used for a portion of the primary
- containment wall in cell 3 (lower compartment region) is: :

&& primary shell
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name=slab5 tunif=310.92
" type=wall shape-slab nslab=14 chrlen=10.0 v e, oo
slarea=549.78 . « . -, - . K x - )
beinner hpaint= 1 .Oe4 hmxmul 1.0 hydarea-l Oe6eoi . ]
beouter hcoef=2271.0° ‘
var-parm
flag=2 name=tlow
var-x=time .
x=13 0.0 0.6 10.0 25.0 40.0 60.0 100.0 132.0 o ’
170.0 200.0 1000.0 2000.0 2500.0
var-y=tgas
y—1331092374735947345253695937422 ‘‘‘‘ 2t e R ’
367.76 363.5 369.16 366.46 360.01 359.33 359.73 . e
eoi B T . o .- T
coi T T -
compound ” ' T o o
cs5 cs5 cs5 cs5 csS ¢s5 ¢s5 - S B
csS csS csS5 csS csS cs5 csS
0010e-320e-330e-340e360e—380e—3 T I o
001001200140016001700180019002 o C e . .
eoi . .

P - - ; N e PR .-

-2 * [P - ¥ e}

Theé enclosure radratlon is srmply treated in an approx1mate fash1on for cells l through 3 (dome,
‘ice condenser and lower compartment regxons) by assuming that’ the gas space is totally enclosed
byt the pnmary ‘and secondary walls. "For cell 4 (pool region), there 1s no convectlon or thermal
radlatlon modeled An example of the enclosure 1nput for cell 3 (lower compartment reglon) is

[P v ) - [ - \ !
- - - ~ : N - RSN

‘rad-heat "
emsvt 0.9 0.9 , y e { ' -
enclos
vufac 0.0 1.0 R
0.54005 ’
. e0i - ' Toes Coa . . - ey o« - <, . PR .- e
" eo ' :, : ) . A . MRS Y .

. - - “r
A S, M s e e [ . . P L e s e
T » . “ . [ . P TR S -

where the recrprocrty relation and simmation rule for view factors are used to determme the

- values followmg the keyword vufac HEREE A TR SR R
Shown in Flgure 5-10'is the’; pressure d1fferent1a1 for the secondary confainment based only on a

) consrderatlon of atmosphenc heatmg Atmosphenc heatmg is clearly seen as a 51gmﬁcant -and

B requmng mterventron (ventllatlon) to mamtam a negatlve pressure dlfferentlal 3

vt Tow s os,
’1 DL v - - [P
s - .o . »l

-

T nen e ew

et r B - . T k. e g, ¢
E .»ixit PRI YOIDRE g A 4 3 - T

.

. PR S S BN i),
. - R . , .-

g el e Yy em 1AL N B PTE L PSS

‘5.3.3'1n-;e‘akage‘- SRR e e e

s . [ A s TS I3 ' 1 G
LR S * B . « LPER R e v dE o Sav ot ~

In-leakage refers to the flow of gas into the secondary containment space as a result’of
i penetrations | in the walls, and the negative pressure differential between the air space and
. surroundrng gas volumes connected by these penetratlons For the purpose of th1s demonstrauon

i

I - - Dl
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we use the in-leakage rate specified in the Watts Bar FSARfor the secondary containment wall,
250 cfm (or 0.118 m’/s). To model this inflow, we specified a volumetric flow rate from an
environmental cell (cell 6) to the secondary containment air space (for example, cell 3):

from6to3

type=gas
vvflow=0.118
eoi

Shown in Figure 5-11 is the pressure differential for the secondary containment based onlyon a
consideration of in-leakage. For this ice condenser plant case, unlike the volume change or
temperature effect phenomena which can change the pressure differential by 5 inches of water
within ~ 100 seconds, in-leakage is a slower process taking nearly 1000 seconds to change the
pressure differential by the same amount.

In-leakage has been treated here in a simple manner, mainly because the specification for the
process (that is, in terms of a constant volumetric rate) was first order, in that the rate was
independent of the pressure differential. A more sophisticated modehng approach would assume
some dependence on the pressure differential between the source volume and the secondary
containment air volume. In most cases, the flow may not resemble the type of turbulent flow
modehng for flow paths that i is treated directly by the CONTAIN orifice type flow ‘model. In
those cases, that i is, where flow is dependent on pressure differential and an equational form,
different from a ‘turbulent orlﬁce equatlon a different approach to ﬂow modelmg must be
considered. This is similar to that discussed in the next section that deals with ventilation; it
involves the use of flow path area versus pressure differentials, and can offer some generality
with respect to in-leakage and ventilation.

5.3.4 Ventilation

Especially for conditions of atmospheric heating and in-leakage, a ventilation system must be
operating to maintain pressure control for the secondary containment. This is the purpose of the
EGTS. In auditing licensee’s calculations, we can take a couple of approaches: the first one is
the easiest in terms of modelmg and requires that we model a specrﬁed exhaust rate; the second
approach is more difficult, requiring that we simulate the system feedback so as to specify the
exhaust rate based on the secondary containment pressure with respect to the environment or
another reference pressure., We will demonstrate how each approach can be modeled with the
CONTAIN code in this subsectlon It should be noted, however that direct comparisons with
FSAR results are not p0551ble with these demonstration calculations since more information
regarding the licensee’s calculation for the FSAR results would be required. Yet the information
that is available provides input for a reasonable demonstration calculation, at least for the first
approach.

P4

Flltered air from the secondary contamment is removed from containment and exhausted to the
environment through the secondary containment exhaust stack. We assume that the EGTS

5-10
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begins operation shortly after accldent initiation. Shown in Flgure 5-12 is a specified exhaust
volumetric flow rate V,,,., for the secondary contamment The intake of the EGTS is at the top

of the containment (cell 3); the intake rate V. i5'1.8878 mf‘/s.r The portion of V,,, thatis

returned to the containment (cell 1) is

Vin = Vour = Ivexhaust .

mn

.

L

- 5-11

We can model the behavior of the EGTS by prov1d1ng two engmeered vents that specrfies 1) the

air extracted from the dome region and retumed to the lower compartment regxon (

exhaust rate V.., - For example, the exhaust rate is model as follows:

&& stack exhaust
from1t06
type=gas'
“vilow-t - ©*
flag=2
x=31
0.0000E+00, 1. 0000E+01
-1 2312E+02 1.3009E+02
1.9746E+02 2.2301E+02
-3.6704E+02 4.0653E+02
5.9701E+02 6.0631E+02
.1 J16TE+03 1. 8003E+03
2 0977E+03

O

y_31 . W ";’ .

* 0.0000E+00 :0.0000E+00
1.2661E+00 1.3014E+00 ,

8.8274E+01
1.4635E+02

2.4392E+02

4,5299E+02 -
1.0000E+03
1.9049E+03

1.6831E+00 .
.1.3305E+00

1.0221E+02

"1.5796E+402°

2.8573E+02
5.0874E+02
1.0001E+03
1.9931E+03

AR

, 1.689TE+00
1.3499E+00

1.0686E+02
1.7423E+02
3.3219E+02
5.4823E+02
1.7004E+03

'2.0698E+03

1.2049E+00 _

. 1.3532E+00

" 13470E+00 1.3119E+00 1.2672E+00 1.1616E+00 1.0400E+00 -

9.3440E-01 8.3845E-01 7.0725E-01 5.8578E-01,5.1871E-01 _
4.5816E-01 3.5000E-01 3.5000E-01 4. 0178E-02 5.0178E-02

9.3156E-02 '9.3586E-02 1.0175E-01 l 0175E—01 1. 0246E-01

: 1.0269E-01.
eoi
eol

the containment is given as

1 e

&& redxstnbuted air from secondary contamment

oot o
’oa-

froml1to3:
type=gas ' ..

vilow-t L,

flag=2" "~
x=31

e

S fr

— -

0.0000E+00 1.0000E+01 8.8274E+01 1 0221E+02 1. 0686E+02
1.2312E+02 1.3009E+02 1.4635E+02 1.5796E+02 1.7423E+02

5-11

) and 2) the

- The designated cell 6 is a dummy cell that represents the environment. Redistribution of the
portion of air removed from the dome region and returned to the lower compartment reglon of



1.9746E+02 2.2301E}02 2.4392E+02 2.8573E+02 3.3219E+02
3.6704E+02 4.0653E+02 4.5299E+02 5.0874E+02 5.4823E+02
5.9701E+02 6.0631E+02 1.0000E+03 1.0001E+03 1.7004E+03
1.7167E+03 1.8003E+03 1.9049E+03 1.9931E+03 2.0698E+03
2.0977E+03

y=31

. 1.8878E+00 1.8878E+00 2.0468E-01 1.9812E-01 6 8285E-01
6.2169E-01 5.8634E-01 5.5727E-01 5.3792E-01 5.3457E-01
5.4075E-01 5.7586E-01 6.2061E-01 7.2618E-01 8.4775E-01
9.5337E-01 1.0493E+00. 1.1805E+00 1.3020E+00 1.3691E+00
1.4296E+00 1.5370E+00 1.5370E+00 1.77E+00 1.77E+00
1.77E400 1.77E+00 1.77E+00 1.77E+00 1.77E+00
1.77E+00

eoi

eoi

Shown in Figure 5-13 is the secondary containment pressure differential obtained with the. .
exhaust rate specification. The CONTAIN input used to generate this calculation is listed in
Appendix E.

In the case where an exhaust rate is glven as a function ‘of secondary containment pressure
differential, we can utilize the CONTAIN vent flow tables for area versus pressure differential to

construct a flow rate versus pressure differential. Once a table is constructed for V,chaus: 35 2

function of pressure differential, we may use that table in an exhaust path connected to the
secondary containment and the reference pressure (or exhaust cell) that is specified as a constant
pressure cell with a pressure that is expected to remain below the secondary containment cell

connected to the vent path. As an example, suppose that we 1ntend the’ exhaust rate, Vochaust 1S @
function of the pressure differential AP as shown in Figure 5-14.. The pressure in the secondary
containment is given as P, = 10° - AP . We include a reference cell in the CONTAIN input with a
constant pressure B, = 9.5 x 10* Pa. The exhaust is from the secondary containment cell at
pressure P, to the reference cell at pressure B, . To approximate the exhaust function, a variable
area is calculated as
Vei'hausr - 5-12
\/ (16°- AP)- B,

,Es

A(AP)=

t

Because we are concerned with only small changes in the secbndary containment pressdre, the air
density p, may be assumed to be a constant average density for the containment atmosphere.

Following the above method, the vent path input for an exhaust rate (Figure 5-14) from cell 1 in
the secondary containment to reference cell 6 is given as
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ﬁom]to6

vavl=1.0 vcfe=1.0 type—gas

resolvhd . : M T S LT Tt
rvarea-p flag=2 - C o .
x=6 0.0 3756.0 4751.0 5000. 5124052490 N - -, .
y—6000000295] 002877002842002808 \ o R : ! ’
eoi - C

eoi - - B - R
Note that in this deve]opment the CONTA]N loss coefﬁcrent “vcfc is specified as unity as
1mphedbyEquat10n511 ST ; T

o s > L
2T N < .2

54  Modeling Recommendatrons “ L

The modeling recommendations for secondary containment analysis are developed to ensure a
conservative estimate of containment pressure that could be used to assess the release of .
radioactivity to the environment during a postulated accident event. Conservatlsm is bu1lt into

*

the modeling in a number of ways: NI S

o Volumetric change is determined based on a conservative decoupled primary containment
calculation of 2 LOCA event, méaning that pressure and gas temperature loads are -
" calculated higher than actual loads: From these conservative loads, the primary :.:~
containment shell pressure expansion is determined. ‘Additionally, the gas temperature in
" the primary containment analysis (with an adiabatic outer boundary condition on the
“primary shell) is used to drive the thermal calculation of the primary containment shell as

-.d+v-- ~ well as the secondary containment ‘atmospheric heating calculation. Assumptions made

TY

’in the thermal calculation produce a conservative thermal expansion of theshell. .The

]

sum of the pressure and thermal expansions of the shell translate into a transient '« .
_ secondary containment volumetric change that is expected to be greater than the actual

-+ -4 e ¢

£ change dunng the accrdent R T I ) T

A e,y ’o-
I IR Yy e e
i P Lt - N

R Atmospherrc heatrng is conservatlvely calculated through the use of the conservatrve

" “primary atmosphenc gas temperature,as a boundary condition for the secondary ::-
" . 1. containment calculation, along with a‘conservative assumptron regardingthe pnmary
' containment gas to shell heat transfer coefficient. -For times greater than a few seconds
after the initial blowdown, the prima.ty containment heat transfer coefficient used is
"+ believed to be approximately 4 to 5 times hlgher than a coefﬁcrent based on free
convective heat transfer. -+ -~ .5 I T T e

.. In-leakage through the shield building wall is specified as a constant value throughout the
. -secondary containment calculation. The value is the rated in-leakage amount during
normal operatlon conditions. Using a constant value when the secondary containment
pressure is rising is a conservative assumptron, ‘since increased secondary contamrnent
B pressure would be expected to reduce the m-leakage rate. . 7 -

- . 3o~
Lol ,‘,~ “ LTl 2 ‘ B
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The modeling of the secondary containment ventilation is somewhat problematical in that the
EGTS is a complicated system that functions on a set of sophisticated dampering, filtering, and
cooling controls. Because audit reviews are not intended as design calculations, the complexity
of the EGTS can be avoided by using the licensee’s estimate of exhaust rates versus time. A
conservative aspect of the secondary containment calculation is that returning air removed from
the top of the containment is returned to the lower containment space without cooling. The
startup of the EGTS and the in-leakage to this system can introduce additional air mass into the
containment. An approximation for this additional air injection into the containment is included
in the demonstration calculation. Audit calculations would need to assess and quantify rates of
any additional air or primary containment gases that enter into the secondary containment air
space.

Shown in Table 5-2 is a summary of the recommendations for a CONTAIN model for secondary
containment analysis. ' : .

5.5  Input Preparation

Shown in Table 5-3 is a summary of the input guidance for a secondary containment analysis.
The guidance relates to the construction of the CONTAIN input for calculating secondary
containment pressurization during a DBA. Most of the specific guidance has been demonstrated
© in the previous subsections that reduced the problem into separate effects modeling for
volumetric change, atmospheric heating and in-leakage. In addition to a review of those
subsections, the user is directed to the subsection on ventilation where the overall CONTAIN
input deck was exercised (containing all models) to predict the secondary containment pressure
response. The input for that calculation is listed in Appendix E (subsection E.3), and discussed
below is guidance for specific categories of input preparation.

Primary containment calculation. In order to setup the secondary containment calculation, a
primary containment analysis of the LOCA event must be made first. Guidance for that analysis
is given in the previous chapters for PWR containment types, for instance, the ice condenser -
plant. In general, a coupled calculation both the primary and secondary containment is possible,
however, only to the extent that volumetric changes in the secondary air space are determined
independently. Volumetric changes must be determined independently because there is no
implicit modeling of volume changes due to pressure and temperature expansion of the primary
containment shell:" These changes had to be calculated separately and added to the CONTAIN
calculation through air displacement by a variable level pool surface..

We have followed a procedure here for demonstration that completely decouples the primary.
from the secondary containment calculation. In this case, a conservative primary containment
calculation, as discussed in previous calculations forms the boundary conditions for the
secondary containment analysis. The long-term ice condenser plant calculations as discussed in
the previous chapter may be used directly; for other containment types, the short-term inputs can
be used to extend the calculation to longer time periods by adjusting the time inputs in the
TIMES block.
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The pressure and gas temperature profiles calculated for the primary containment LOCA may be
extracted from the CONTAIN plot file and output as time hlstory vectors. The pressure vector is
used in‘standalone calculations t6 determine the ‘primary shell expansion due to pressurrzatron
(Equations 5-1 through 5-6). This calculation does not involve the CONTAIN code. For
estimating the thermal expansion of the primary shell, a separate CONTAIN secondary
atmosphere and primary shell heating calculation will be required. In this calculation the
secondary containment is modeled for atmospheric heating (including conservative heat transfer
coefficients for the primary gas to shell surface, and thermal radiation w1th1n the secondary air
space), yet without volumetric change effects. Since volume changes in 'the secondary
containment gas space are small and those changes have a minor effect on secondary

+ containment gas temperatures, then the decoupling of a thermal expansion calculation’ from a

secondary containment calculation that implicitly includes all volumetric changes is justified.

Thermal expansion. Once the primary shell temperature calculation is available, the thermal
expansion calculation is made using an average shell temperature. Various methods for
determining the shell average temperature may be suggested. For the demonstration calculation
we have used a three point averaging scheme that uses the inner, mlddle and outer structure node
temperature of the shell to form an average

LA

[N . L. N
. P B PP tea

vg 4 M -

T . p - R . - . s x  tar - ; t- Lot e

. -4 - - - LR ' LT -~ L LN .. P ¢

The node temperatures are obtamed from the CONTAIN plot file. The reglonal average
temperatures of the shell (Equatlons 5-7 through 5- 9) are then used to estrmate the dllatlon of the
. shell due to thermal expansmn N

Sy . - _— ~ [T te PR
5 ; .- L et B

Y

Volumetrtc change modelmg After the total (pressure and ternperature) volumetnc change
hlstory of the secondary containment is detérmined. The profile must be d1fferent1ated to" obtam
a volumetric rate profile. That rate is then used to specify a volumetric lquId water flow rate
into and out of the secondary containment air space. A dummy pool is defined with no heat or
mass transfer to the overlymg atmosphere Because the atmospherrc heating requlres modelmg
of thermal radiation from the pnmary shell to the secondary containment shield wall, all
atmosphere heat transfer cells need to mclude mput for modeling thermal enclosure radlatron If
.a cell has a pool surface this’ surface must also be 1nc1uded as a component surface inthe *
radlatron enclosure modelmg, by a requrrement ‘of the code CONTAIN cannot run wrth the
“enclosure modelmg actlve and no heat or mass transfer to the atmosphere from the pool surface

.Therefore the only way to 1nclude a pool with air dlsplacement is to place the pool ina small cell

with no structure-to structure thermal radlatlon As a result of this restriction, the dlsplacement
or volume change cell is a cell (cell #4 in the demonstratron calculatron) that has no structures
defined. In this way, heat and mass transfer from the pool to atmosphere ¢an be completely *
deactivated using the keyword HT-TRAN.

Thermal radiation enclosure. In the demonstration calculation we have modeled a simple
radiation enclosure model having two surfaces (concave and convex). In this case the convex

R
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prlmary contamment shell (surface #1) radlates all energy to the secondary contamment wall
(surface #2). The rec1pr001ty relation and summation rule are applxed to determine the, radlauon
view factors:

F.ll = O’FlZ =1 and’
"Y
Al :
K =':4—’F22 =1-F;.
2

View factor input is specified with the “vufac” input, where only the upper triangle of the view
factor matrix is input; that is, :

fy B2

Fp [ o
Pressure initialization. The setup of the vertlcally stacked cells is accordmg to the geometry and
elevations of the various regions of the secondary containment.’ In the case of the ice condénser
plant, these regions are defined by the three major compartmental regions of the plant adjacent to
the primary containment wall. The lower compartment regions that are in contact with the -
primary containment shell are mainly the dead-ended equipment rooms. Gas temperatures used
for atmospheric heaung calculatrons will use these reglonal gas temperatures as boundary
conditions. Forthei ice condenser reglon the pnmary contamment shell is assumed to be )
insulated on the condeénser side, and therefore an 2diabatic thermal boundary condition is used
for the outer boundary condition on the primary containment shell for this region. In the upper
compartment, the air temperature is generally calculated to be near ambient due to the cooling
effect of the ice. ThlS low gas temperature regron is'inl contact with the upper or dome portion of
the primary containment shell.

When initializing ‘the vertxcally stacked cells, we specrfy for each cell the average secondary
containment pressure and temperature at the beginning of the acmdent event, before the
operational ventilation system is switch to the EGTS. The code will calculate the relative '
pressures in the contamment as a result'of cell elevation (“cellhlst” mput) After time zero' *
(initialization time), the pressure reported in the CONTA]N output will reflect the hydrostauc
contribution to the total pressure. The average pressure of the containment however, after the
first time step, will equal the initial pressure specrﬁed in the CONTAIN ATMOS input block
" (This assumes that the secondary contamment pressure and temperature are specified with a
single pressure and temperature value.) Note, in all references to secondary containment
pressure, we have used the volume averaged pressure for the contamment (Equation 5-10).
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Table 5-1 Modeling and input features of the CONTAIN code to enable an evaluation of
secondary containment performance during postulated accidents.

Key pheno‘menon/glesigh"
feature

V Code m'o—dei/input fegturé
' "

: Code input
' keywords/parameter

containment volumetric
change, Vi(r) -

PR

.

atmospheric gas displacement

due to lower-cell pool ~
volume '

3 .

¥ LT
L7 “

4 - o

‘cellhist

Jower-cell

‘flows [pool volumetric flow
tables]

atmospheric heating

convective heat transfer from
structures to atmosphere;
thermal radiation heat -

'| transfer from structure to

structure P

struc

beinner [default free conv]
beouter [tables for tgas, and
hcoef]

'rad-heat [enclos, emsvt,
vufac]

inleakage . flow path specification - -flows'

- S P vvflow [volumetric flow
iy o from environment cell
Tanore T N D e . : 3w f

ventilation » 7 7 flow path specification flowsi *
) HEE vflow-t [volumetric flow vs.
oo R © 7| time table]
_ 1 . e tabt
, i T - = v | rvarea-p [flow area vs.
- c PE - differential pressure table]
‘ ot Dty ;
D S Che e
, '; : s
I S R
. A
§ .o, !
[ 1
: t 1 i . . ;
: LR
! ; = ‘ L P
. . . e
.o - o :
o . . Vo
. : ot <L
o i: H :"" é -
5-17




Table 5-2 General modeling recommendations for a CONTAIN quahﬁed secondary containment analysis.

Phenomena / Process

- Modeling recommendation .

Volumetric change

81-¢

Simulate with vanable pool volume; level control via pool flow path no heat or mass
transfer with surrounding atmosphere

l
Volume change based on de-coupled primary containment LOCA calculation; pnmary
containment pressure used to generate pressure dilation of pnmary containment;
primary containment volume change due to thermal expansion of containment wall
heating — where the primary containment wall temperatures are determined based on a.
conservative secondary containment thermal calculatxon (see atmospheric heatmg
phenomena) ‘ - ;

Atmospheric heating

Primary containment gas tempcraturc obtained from decoupled LOCA calculation;
conservative gas-to-wall heat transfer coefﬁcxent used for pnmary containment
atmosphere to wall heat transfer; free convectwe heat transfer for 'secondary
containment wall structures; thermal radiation heat transfer bctween primary and
secondary wall using enclosure radiation model

Inleakage

Specified lcakage rate via cngincering vent model

Ventilation

Time rate of exhaust modeled using a variable volumetric flow table with engineering_
vent model; alternative ETGS feedback exhaust based on pressure differential modeled
using variable area versus pressure differential table in the engineering vent model
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Table 5-3 Input guidance for modeling secondary containment pressure response during a long-term LOCA.

Input Section / Block Parameter(s) Comment
Global:
Nodahzatlon ncells =n+2 “n” vertically stack cells model the secondary containment; example, 4 vertical cells for ice
il - IR condenser plant (three cells corresponding to the regions of upper or dome compartment, ice
e . . condenser, and lower compartment; small pool cell at the bottom of the containment having
o : a volume of approxlmately three times the maximum volume change); two environmental
. : ) cells for 1) exhausting air and reserve pool volume to trarisfer to'containment pool; and, 2)
reserve cell for specified inleakage . .-, . oL o, -
Material i)'rel;énies 'user defiried properties ‘concrete and primary containment steel thermal conductlvny, density, and Ef)éEiﬁe heat
Th;lektcps 0.1 -2.0 seconds problem relatively insensitive to reasonable timestep settings
Flow ixflplfe‘it =n+2; engvent vvflow option for constant (inleakage) and time tables (for pool and exhaust flows); ,
o (vvflow, rarea); type = pool algemaﬁve 'rever:sible area versus pressure differential to specify exhaust flow rate |
e and gas ‘ C
Upper Cell: - < —-~ N TN cr st tms e e e e ot mn = aa e e e A e e e ey
Geometry — -~ ~ - gasvol; cellhist - - .- . - | cell lower and upper elevation boundary specified in cellhist keyword for secondary
A 4 N containment cells; envnronment cells use large volume (1.0¢10), helght of secondary
ey e Vs s o | containment 1o ot o v ot s e e -
-| Atmospheric initial ~--—---| ATMOS block (tgas, pgas)- average temperature and pressure in secondary containment - - e e
conditions
Structure Struc block (hcoef, tgas); Primary containment side specified as outer boundary with constant heat transfer coefficient,

heoef;, time dependent gas temperature for outer boundary using primary containment
temperatures obtain in LOCA calculation; inner boundary condition uses default free
convective model

[
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TaBle 5-3 Input guidance for modeling secondary containment pressure response during a long-term LOCA (cont.)

Input Section / Block Parameter(s) Comment
Upper Cell: ~ - -
'Ihgnnal radition between rad-heat block two surface radiation enclosure; inner structure — primary containment shell (1), outer
structures emsvt structure — secondary containment wall (2); )
enclos F,, =0; emissivity = 0.9 R
vufac
Lower Cell:
Low-cell (secondary geometry pool surface area equal to area of secondary containment floor (cellhist); no heat or mass
containment) pool transfer to pool (ht-tran off off off off off); no structures in pool cell; height of secondary
containment pool cell ~ | meter
Low-cell (environment) geometry dummy pool wnth approxunately three times the total volume change (pressure and '
: pool temperature expansion of primary contammcnt) in mmal water
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Figure 5-1 Dual-containment ice condenser plant
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Figure 5-2 CONTAIN calculated upper and lower co};lﬁarffnent pressure for an ice
condenser plant (assumed drain-down interaction as described in Chapter
4).
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Figure 5-3 CONTAIN calculated upper and lower compartment gas temperature
for an ice condenser plant (assumed drain-down interaction as
described in Chapter 4).
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Figure 5-4 Sketch of dual-containment plant showing various phenomena and features
important for secondary containment pressure evaluation.
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Figure 5-5 Secondary contamment volume change for ice condenser plant due to

pressure loading on n the primary containment dome and cylinder shell.
[Watts Bar plant containment volume change due to pressure -

‘expansmn is shown as FSAR max limit, Reference 13.] -
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Figure 5-6 Seco‘ndary‘cénfainment,voiume chaﬁge for ice condenser plant due

to thermal expansion of primary containment shell (LOCA long-
term calculation primary containment gas temperatures and
secondary containment thermal calculation using conservative
primary gas to containment wall heat transfer coefficient = 2271
W/m?-K). [Watts Bar plant containment volume change due to
pressure expansion is shown as FSAR max limit, Reference 13.]
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Figure 5-7

Total secondary containment volume change for the ice condenser
plant due to pressure and thermal expansion of primary containment
shell.
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Figure 5-8

Secondary containment pressure changé for the ice condenser plant
due to containment volume change.
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Primary side: _ ~ Shield Blg. side:

51.5m
Dome
shield blg. wall
Ice condenser
q= .
V inleakage -
Lower compartment
TI(t)
dV(t :
® om

i
Figure 5-9 Sketch of the secondary containment nodalization for the ice condenser plémt.
The primary containment gas temperatures for the upper (dome) compartment
and lower compartment are shown as . Td(t) and TI(t), respectively. Primary
containment shell in the ice condenser sectxon is assurned 1nsulated Bottom
cell 4 is used for a “pool” that is used to vary the secondary containment
volume change.
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. Figure 5-10 'Secof}déry’confainment pressure change for the ice condenser plant due to
atmospheric heating. ‘
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Figure 5-11

Secondary containment pressure change for the ice condenser
plant due to inleakage. o
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Figure 5-12

Stack exhaust volumetric flow rate for ice condenser plant
demonstration calculation.
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Figure 5-13 CONTAIN calculated secondary containment pressure response for a
" ~ demonstration icé condénser plant. oo
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Figure 5-14

' b ¢
Example of an exhaust volumetric flow rate profile as a function of
secondary containment pressure differential.
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Appendix A

_Modelirig Compariéon between the CONTEMPT and CONTAIN Codes

. . . e,
3 ‘ . I3

To understand the implications of using CONTAIN for DBA audltmg calculatlons in place of
traditional DBA codes, like CONTEMPT, it is important to compare the specific models in the

'codes. It is not expected that the models would be the same — on the contrary, the benefits of

making the transition to CONTAIN arises from the differences in the models. But an -
understanding of the differences, and their implications, will illuminate the degree of contmurty
in code predictions that is possible under various accident and plant conditions. It is sometimes

. possible to predict with confidence the implications of certain types of model differences (e.g.,
‘degree of conservatism) in the results predicted by the codes. However, it is more often the case

that general statements about the direction of differences may not be possible due to the -,
integrated influences that various models have on results.. That is why it is important to carry out
specific comparisons of code results, as in the main body of this report, and in this appendix

,where the code results are compared for a few 1ntegra1 and separate effects tests. ~

(In thls appendlx the CONTAIN modeling [A-l] as apphed to PWR contamments and safety
“systems is discussed and compared to models in the CONTEMPT-LT/028 code [A-2]. The

comparisons are summarized in Tables A-1 and A-4, and assumes that the user guidelines in the
main body of this report are being followed, e.g., single-cell representations of the large dry
containments.

“A.l. 'Contamment Modeling - oo e

A

“We note that the CONTEMPT code is apphcable to PWR large dry contamments and that in this
- domain the user, by code design; is limited to single-cell representations of the containment (i.e.,
‘thé drywell model). While not limited to single-cell representations, the CONTAIN code is

applied to containments in this report using only single-cell models. This choice, Wthh also
allows for a direct comparison to the CONTEMPT: code, was selected as a result of an
assessment of both CONTAIN single and multi-cell calculations that showed, for max1mum
containment loads during DBAs, single-cell models tend to give more conservative results than

" multiple-cell models. With the selection of a single-cell containment representation, model |

‘reviews of flow equations including buoyancy and stratification modeling are eliminated from

“the discussion here; rather, we focus on issues of atmospheric thermodynamics, two-phase water

injection, and heat and mass transfers to pools and passive heat sinks: Shown in Table A-1is a

hstlng of the comparlsons of CONTAIN and CONTEMPT code specific models in these areas.

- P " i A;\. K

One area showmg 51gmﬁcant difference in the modelmg approach between the codes is in the

I Ty

A-1



modeling of heat and mass transfer to passive heat sinks. Here the CONTAIN code uses a
physically based heat and mass transfer analogy [HMTA] method while the CONTEMPT code
uses an empirical correlation method. The empirical method is characteristic of an approach
used by most containment analysis codes developed for DBA-type analysis in the early 1970%.
Codes based on the HMTA or the diffusion layer method represent a more recent modeling
approach that is now used in state-of-the-art containment codes. Shown in Tables A-2 and A-3
are some of the modeling issues related to a comparison of each modeling method under near
stagnant and turbulent atmospheric conditions, respectively.

In the case of the near stagnant atmospheres, which are also characterized by natural convective
conditions, the CONTEMPT and CONTAIN mass transfer models show near equivalent
condensation heat transfers, as indicated by the similar trends in condensation heat transfer
coefficients, as shown in Figure A-1..The CONTEMPT tabulation of Uchida’s data follows the
measurements made for experiments conducted at relatively high initial air pressures. Peterson
[A-3] made note of the importance of initial air pressure for air/steam condensation coefficient
estimation using a'diffusion layer modeling method. The CONTAIN HMTA model similarly
shows such an effect, which is also noted in the Uchida data, as well as'more recently obtained
results for condensation in stagnant atmospheres [A-4]. For a single-cell representation of a
containment, an initial pressure of approximately one bar is appropriate. In applications where
pressures predictions during blowdown periods are required, the variations indicated in Figure
A-1 have only a small effect on calculations. For example, in Figure A-2 the similarity between
condensation models for an assumed near stagnant atmosphere is demonstrated by a comparison
of each code’s pressure prediction for the integral blowdown Test #3 performed in the CVTR
facility, without spray injection [A-5].

An improvement in the CVTR pressure prediction for each code can be realized by trying to
account for the enhancing effects of forced turbulence on atmosphere-to-structure heat and mass
transfer. In the case of CONTAIN, a forced convective velocity profile may be used to reproduce
measured pressures. For the CONTEMPT code, selection of the Tagami correlation may also be
used to account for enhancement of heat and mass transfer due to turbulence. However, in the
case of the CVTR test, use of the Tagami correlation still results in a significant over prediction
of CVTR pressures; and in fact, the Tagami coefficients must be multiplied by a factor of four to
give a pressure calculation that reproduces the maximum pressure in the CVTR facility [A-6].
Use of a multiplication factor for the Tagami correlation points to a difficulty known to exist
with this correlation, i.e., the correlation is not directly scalable to large containment

" configurations with scaled blowdowns. In this sense, that is, having a modeling method to
perform “best-estimate” pressure predictions during periods of high turbulence, we note that both
CONTAIN and CONTEMPT have limitations. Fortunately, most actual blowdown periods are
of such short duration, heat and mass transfers to structures are but a small factor in determining
atmospheric energies, and either the stagnant (natural convection) or turbulent (forced
convection) modeling method will provide good, yet slightly conservative containment loads
predictions. The CVTR facility blowdown tests, being of relatively long duration tend to over
emphasize the importance of turbulent heat and mass transfer modeling used for performing
DBA auditing calculations.

A2
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_In some DBA scenarios where the injected steam is superheated the containment gases may also
" become superheated. The CONTEMPT code has an ad hoc method for treating condensation

during superheated conditions, where a condensation coefficient derived from saturated
condensing experiments is assumed applicable to superheated environments through a simple
adjustment in the driving potential for condensation.! When an adjustment in the driving
potential is not performed, applications where the Uchida correlation coefficients are used will
significantly over predict condensation rates and result in non-conservative pressure and
temperature predictions, as noted in the Phebus FPTO test program [A-7]. Even with the ad hoc
correction, a predlcuon of superheat temperatures is problematic, as shown in Figure A-3. We
also note’ m the comparisons in Flgure ‘A-3 that the CONTEMPT input for partitioning sensible
and latent energy transfers (FAC) must be adjusted to improve superheated temperature
predictions. CONTAIN, on the other hand, includes this partitioning within the physical
modeling for both heat and mass transfers, and the good agreement with measurements shows the
advantage of this approach (Fora dCSCI'lptIOIl of the Phebus FPTO test, and more detall on the
CONTAIN calculatlons see the CONTA]N 2.0 assessment report (CAR) 2)

A.2 Containment Safety Systems Modeling
There are two types of containment safety systems activated durmg DBAs that are designed to

limit containment loads. These systems ‘are the containment sprays (quench or recirculation) and
fan coolers. Of the two, the more effective system for both short and long-term pressure

'suppressmn is the spray systems In the case of long-term analyses, pressure suppression is *

provided by the recirculation spray system, where the water is taken from the containment sump.
To effectively use sump water, safety grade heat exchangers serviced by external chill water are

. used to cool the sump water before the water reaches the spray nozzles. Shown in Table A-4 is a

summary of modeling compansons for the contalnment safety systems and component heat
exchanger. !

I -
l,«m

We note in Figure A-2, that the CONTAIN and CONTEMPT quench spray modeling provides a

similar degree of préssure suppression durmg short-term penods in the CVTR fac111ty (Test #4).
For a long-term, separate effects pressure suppression spray test ‘comparison we use data obtained

by. JAERI [A-9] which is dlscussed in the CAR For this test, the CONTAIN and CONTEMPT

P :
ER S

! During saturated atmospheric conditions condensation mass rate sz is given by
=h A(T T, ) where & is the condensation coefficient (Uchida or Tagami), A ‘is surface
area, T, and.T,, are the atmospheric gas and structure surface ltemperature. Under superheated

conditions, condensation is given by 7, = h AT,y - T,,) » Where T, is the atmosphere saturation

temperature. o

2«An Assessment of CONTAIN 2.0: A Focus on Containment Thermal-Hydraulics
(Including Hydrogen Distributions)”



models are compared to pressure and temperature data in Figures A-4 and A-5. The comparisons
are reasonably good, with the CONTAIN code spray model giving a slightly better prediction

than the CONTEMPT code.
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Table A-1. Modeling Comparisons between CONTAIN and CONTEMPT for Containment Conditions.

Modeling Item

CONTAIN

CONTEMPT

Atmosphere thermodynamlcs -

H

Bulk condcnsatlon of llqmd water
(excluding water injection)
! I T

Two-phase water injection

Homogeneous mixture,® thermal equilibrium .

Chonce of either leaving suspended in atmosphere (default),
or dropping out, into pool, at end of global timestep

1

Temperature and pressure flash models (mass rate and
specific enthalpy source tables)

Homogeneous mixture, thermal equilibrium

Dropout; into pool, at end of timestep

st

,| Temperature and pressure flash models (mass rate

and specific enthalpy source tables)

Free volume displacement *

Pool water displacement of free volume gases

Not modeled

Atmosphere to structure heat
(sensible) transfer

Convective correlation (natural and forced convection);
thermal radiation modeling

i

Parametric model (re-vaporation factor, fraction of

total heat and mass transfer) constant throughout
calculation Pt

Atmosphere to structure mass (latent)
transfer

Condensate mass accounting

Heat and mass transfer analogy [HMTA] — diffusion layer
model (natural and forced convection)

Condensatc film on structures, runofT directed to pool

.| Empirical correlation (Uchida tabulated data /

Tagamx corrclatxon)

Condensate directed to pool © L

Structure heat transfer

1-D, nnphmt conductlon algorithm (coinposne materials,
default and user supplied thermal properties); tcmperamre
defined at mesh nodes :

1-D, implicit conduction algorithm (composite
materials with user supplied thermal properties);
temperature defined at mesh gridlines

- | Pool heat (sensible) transfcr -

.
L g v I
‘

Natural convective correlation for atmosphere/pool interface

Pool to basemat heat transfer - _ -

Natural convective correlation

Pool to basemat not modeled .

| Pool mass (latent) transfer

Boiling

Evaporation/condensation

Instantaneous mass transfer model (assumed saturated pool
conditions)

HMTA, (natural convection) for saturated interface and
saturated or superheated bulk atmosphere conditions

Instantaneous mass transfer model (assumed
saturated pool conditions)

HMTA (natural convection) for saturated interface
and bulk atmosphere conditions

® Refers to the steam, air, and suspended blowdown water present in the containment.




CONTAIN codes.

Table A-2. Comparison of heat and mass transfer modeling methods for near stagnant atmospheres in the CON'I:EMPT and

Phenor;lena/ effect / process

CONTAIN

Heat anAdJMass Transfer Analogy [HMTA):

CONTEMPT
Uchida Tabulated Correlatio:;:

Surface orientation
Film resistance

Air/steam effects

Atmospheric-to-surface temperature
dependency

Superheated conditions

High mass transfer rates

Evaporation/condensation

Vertical, horizontal (roof and floor)

Parametric @ and simple laminar film

model

Diffusiox; layer model
Modeled (physical basis)

Modeled (physical basis)
Modeled (film theory)

Each modeled

No explicit orientation in method, database from
vertical surface implies an implicit applicability to
vertical surfaces

No explicit accminting; database from small
dimension plates implies applicability to small
vertically dimensioned surfaces.

Empiﬁcd\dam for stagnant air/steam atmosphere

Not modeled

Ad hoc model (no physical basis)

Unclear, database lacks information on mass transfer
rates investigated

Condensation only

@ User selectable film thickness

| s | spsanonsiny | Sty | S — | SUN——
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codes.

{

Table A-3. Comparison of heat and mass transfer quqlingyrﬁétho@s for turbulent atmospheres in the CONTEMPT and CONTAIN

Phenomena/ effect / process

CONTAIN

Heat and Mass Transfer Analogy [HMTA]:

CONTEMPT

Tagami Correlation:

Surface orientation

Film resistance

, Air/steam effects

N/A

Parametric ® and simple laminar film ‘
model

H
Diffusion layer molicl;
Time dependent forced velocity or Nusselt

t

N/A

No exi)liéit ‘accounting; database from small
dimension plates implies applicability to small
vertically dimensioned surfaces.

Empf}ical data for turbulent air/steam atméspherc

| . ¢ T

¥

!

i

A
@

" - - number table specification < - R - R
. " oy oo Tt ! Ty )

Atmospheric-to-surface temperature Modeled (physical basis) { Not modeled

dependency o o . . ; -

Superheated conditions Modeled (physical basis) ! Ad hoc model (no physical basis)

High mass transfer rates Modeled (film theory) ' Unclear; database lacks information on mass transfer

' !  rates investigated  © " ~
L : i
. Evaporation/condensation Eachmodeled - Condensation only

,® User sclectable film thickness

@ Degree of turbulence not characterized -
vy . O v

’
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Table A-4. Modeling Comparisons between CONTAIN and CONTEMPT for Containment Safety Systems.

Modeling System CONTAIN CONTEMPT
Sprays: C ‘ ‘ !
Heat and mass transfer analogy with rate effects; Steady state with user input efficiency for variable
single drop fall model with drag equation atmospheric and spray water thermal equilibrium
calculation
Ceoy e .
Time dependent spray rate and temperature Time dependent spray rate and temperature
specification for external source (quench spray) specification for extemal source (quench spray)
Heat exchanger for intemal (recirculation spray) Heat exchan ger for internal (recirculation spray)
Fan Cooler: Two modeling options: Energy versus saturation temperature table
MARCH code fan cooler model Energy and condensate mass removal from
atmosphere
Energy removed from atmosphere, Ratio of sensible to latent heat determined by
without condensate mass removal user input
Mechanistic model using heat and mass
transfer analogy
Energy (sensible and latent) and
condensate mass removal from
atmosphere
Sump heat exhangers: Four types modeled (paralle), cross-flow, counter- | Four types modeled (parallel, cross-flow, counter-

flow, and shell)

Effectiveness approach — NTU method

flow, and shel})

Effectiveness approach — NTU method

—
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Figure A-1. Condensation heat transfer coefficient determined using the CONTAIN heat
and mass transfer model for various initial air pressures and compared to the
CONTEMPT Uchida tabulation.. The CONTAIN calculations were made
for saturated atmospheres, 30 degree temperature difference between « -
atmosphere and condensing surface, and no paint layer or liquid film
‘ Jmodeled for the condensing surface.
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Figure A-2  Comparison of measure and calculated pressures in the CVTR facility for

blowdown tests #3 and #4. Test #3 was conducted without sprays and test #4
included sprays. The CONTAIN calculations were made with natural convective
heat and mass transfer modeling, and the CONTEMPT calculations were made
using the CONTEMPT Uchida tabulation for condensation coefficients.
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Figure A-3. Comparison of measured and calculated vessel gas temperatures for the

Phebus FPTO test [A-8]. The CONTEMPT calculations represent

temperature variations resulting from inputs that change the fraction of total

energy transfer that is assumed to be sensible energy transfer. Parameter
FAC is often associated with a “re-vaporation percentage,” where the re-
vaporation percentage is (1-FAC) X 100.
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Figure A-4.  Comparison of measured and calculated pressures for the JAERI spray
pressure suppression test PHS-6 [A-9].
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Figure A-5. Comparison of measured and calculated gas temperatures for the JAERI

pressure suppression spray test PHS-6 [A-9].

A-13




